
Improved Human Interferon Molecules and Their Uses
CROSS-REFERENCE TO RELATED APPLICATIONS [01] This
application claims priority to U.S. provisional patent
application 60/687,173 filed June 3, 2005 entitled
"Improved Human Interferon Molecules and Their Uses"
and U.S. provisional patent application 60/753,375
filed December 21, 2005 entitled "Improved Human
Interferon Molecules and Their Uses", the
specifications of which are incorporated herein in
their entirety. FIELD OF THE INVENTION [02] This
invention relates to interferon polypeptides modified
with at least one nonnaturally encoded amino acid.
BACKGROUND OF THE INVENTION [03] The growth hormone
(GH) supergene family (Bazan, F. Immunology Today 11:
350-354 (1990); Mott, H. R. and Campbell, I . D.
Current Opinion in Structural Biology 5 : 114- 121
(1995); Silvennoinen, O. and IhIe, J. N. (1996)
SIGNALING BY THE HEMATOPOIETIC CYTOKINE RECEPTORS)
represents a set of proteins with similar structural
characteristics. Each member of this family of
proteins comprises a four helical bundle. While there
are still more members of the family yet to be
identified, some members of the family include the
following: growth hormone, prolactin, placental
lactogen, erythropoietin (EPO), thrombopoietin (TPO),
interleukin-2 (IL-2), IL-3, IL-4, IL-5, IL-6, IL-7,
IL-9, IL-IO, IL-I l , IL-12 (p35 subunit), IL-13, IL-
15, oncostatin M, ciliary neurotrophic factor,
leukemia inhibitory factor, alpha interferon, beta
interferon, gamma interferon, omega interferon, tau
interferon, epsilon interferon, granulocyte-colony
stimulating factor (G-CSF), granulocyte-macrophage
colony stimulating factor (GM-CSF), macrophage colony
stimulating factor (M-CSF) and cardiotrophin-1 (CT-I)
("the GH supergene family"). Members of the GH
supergene family have similar secondary and tertiary
structures, despite the fact that they generally have
limited amino acid or DNA sequence identity. The
shared structural features allow new members of the
gene family to be readily identified. The general
structure of IFNa-2 is shown in Figure 1.[04j
inlerterons are relatively small, singie-ciiam
glycoproteins released by cells invaded by viruses or
exposed to certain other substances. Interferons are
presently grouped into three major classes,
designated: 1) leukocyte interferon (interferon-alpha,
a-interferon, IFN-a), 2) fibroblast interferon
(interferon-beta, b-interferon, IFN-b), and 3) immune
interferon (interferon-gamma, g-interferon, IFN-g) .
In response to viral infection, lymphocytes synthesize
primarily a-interferon (with omega interferon, IFN-w),
while infection of fibroblasts usually induces
production of b-interferon. IFNa and IFNb share about
20-30 percent amino acid sequence homology. The gene
for human IFN-b lacks introns, and encodes a protein
possessing 29% amino acid sequence identity with human
IFN-a, suggesting that IFN-a and IFN-b genes have
evolved from a common ancestor (Taniguchi et al.,
Nature 285 547-549 ( 980)). By contrast, IFN-g is
synthesized by lymphocytes in response to mitogens.
IFNa, IFN b and IFNw are known to induce MHC Class I
antigen expression and are referred to as type I
interferons, while IFNy induces MHC Class II antigen
expression, and is referred to as type II interferon.
Pestka et al. in Annu. Rev. Immunol. (2004) 22:929-79,
which is incorporated by reference herein in its
entirety, describes class 2 a-helical cytokines
including interferons (IFN-a, -b, -e, - K, -w, -d, -t,
and - g) as well as interferon-like molecules such as
limitin, IL-28A, IL-28B, and IL-29 as well as the
ligands, receptors, and signal transduction pathways
employed by these molecules. The interferons have
different species and many allelic variants. In
additional, interferons with novel activities and
mutant sequences have been isolated from cells from
patients with various diseases. [05] A large number of
distinct genes encoding different species of IFNa have
been identified. Alpha interferons fall into two major
classes, I and II, each containing a plurality of
discrete proteins (Baron et al., Critical Reviews in
Biotechnology 10, 179-190 (1990); Nagata et al.,
Nature 287, 401-408 (1980); Nagata et al., Nature 284,
316-320 (1980); Streuli et al., Science 209, 1343-1347
(1980); Goeddel et al., Nature 290, 20-26 (1981); Lawn
et al., Science 212, 1159-1 162 (1981); Ullrich et
al., J . MoI. Biol. 156, 467-486 (1982); Weissmann et
al., Phil. Trans. R. Soc. Lond. B299, 7-28 (1982);
Lund et al., Proc. Natl. Acad. Sci. 81, 2435-2439
(1984); Capon et al., MoI. Cell. Biol. 5, 768 (1985)).
The various IFN-aspecies include IFN-aA (IFN-a2),
IFN-aB, IFN-aC, IFN-aCl, IFN-aD (IFN-al), IFN-aE,
IFN-aF, IFN-aG, IFN-aH, IFN-al, IFN-aJl, IFN-aJ2,
IFN-aK, IFN-aL, IFN-a4B, IFN-a5, IFN-a6, IFN-a74,
IFN-a76 IFN-a4a), IFN-a88, and alleles thereof. Trotta
et al. in "Approval Standards for Alfa Interferon
Subtypes" Drug Information Journal 34:1231-1246
(2000), which is incorporated by reference herein in
its entirety, describe the members of the human IFN a
gene family and proteins and the biological activities
of this family including the immunomodulatory,
antiproliferative, antiviral and anti-microbial
activities. The interferon proteins mentioned by
Trotta et al. include IFN o (from IFN Ai gene), IFN
aD, IFN a2 (IFN a2b) IFN aA (IFN a2a), IFN a2c IFN a4a
(IFN Ct76) , IFN a4b, IFN a5, IFN aG, IFN a6 1, IFN
a6, IFN ak, IFN a54, IFN a7, IFN ah IFN aji, IFN a8,
IFN aB2, IFN aB, IFN ac , YIFN aio, YIFN aL, IFN a6L,
IFN a,3, IFN a 4, IFN aH, IFN aHi, IFN CC16 , IFN awA,
IFN a0 , IFN a 7, IFN a, (from IFN A i7 gene), IFN a88
IFN a (from IFN A2 , gene), IFN a , and YIFN CCE.
Trotta et al. also discuss the production,
characterization, quality assurance, biological
activity, and clinical safety and efficacy issues that
relate to recombinant versions of proteins in this
family. Release tests and physicochemical
characterization tests are also discussed. IFN a2 j,
IFN a4 IFN aiO and IFN a3 are other interferon
proteins that have been previously described. [06]
Interferons were originally derived from naturally
occurring sources, such as buffy coat leukocytes and
fibroblast cells, optionally using inducing agents to
increase interferon production. Interferons have also
been produced by recombinant DNA technology. [07] The
cloning and expression of recombinant IFNaA (IFNaA,
also known as IFN a2) was described by Goeddel et al.,
Nature 287, 4 11 (1980). The amino acid sequences of
IFNaA, B , C, D , F , G, H , K and L , along with the
encoding nucleotide sequences, are described by Pestka
in Archiv. Biochem. Biophys. 221, 1 (1983). The
cloning and expression of mature IFN b is described by
Goeddel et al., Nucleic Acids Res. 8, 4057 (1980). The
cloning and expression of mature IFNy are described b
y Gray et al., Nature 295, 503 (1982). IFN w has been
described by Capon et al., MoI. Cell. Biol. 5, 768
(1985). IFN t has been identified and disclosed by
Wlialey et al., J . Biol. Chem. 269, 10864-8 (1994).
[08] Interferons have a variety of biological
activities, including anti-viral, immunoregulatory and
anti -proliferative properties, and have been utilized
as therapeutic agents for treatment of diseases such
as cancer, and various viral diseases. As a class,
interferon- a' s have been shown to inhibit various
types of cellular proliferation, and are especially
useful for the treatment of a variety of cellular
proliferation disorders frequently associated with
cancer, particularly hematologic malignancies such as
leukemias. These proteins have shown anti
proliferative activity against multiple myeloma,
chronic lymphocytic leukemia, low-grade lymphoma,
Kaposi's sarcoma, chronic myelogenous leukemia,
renal-cell carcinoma, urinary bladder tumors and
ovarian cancers (Bonnem, E . M. et al. (1984) J .
Biol. Response Modifiers 3:580; Oldham, R . K . (1985)
Hospital Practice 20:71). [09] In addition,
interferon- a may have important neuroregulatory
functions in the CNS. Structural and functional
similarities have been shown between IFN a and
endorphins. Ithas been reported that the IFNa molecule
contains distinct domains that mediate immune and
opioid-like effects and that the m opioid receptor may
be involved in the analgesic effect of IFNa. Analgesic
domains of the tertiary structure of interferon-a have
been described which locate around the 122nd Tyr
residue of the molecule and includes the Phe residues
36, 38, and 123 (Wang et al. J. Neuroimmunol. (2000)
108:64-67 and Wang et al. NeuroReport (2001)
12(4):857-859, which are incorporated by reference
herein). Specifically, Wang et al. found that an
interferon-a mutant at residue 36 (F36S) resulted in a
complete loss of analgesic activity and a reduction of
anti-viral activity. Another IFN-a mutant (F38S)
resulted in a complete loss of analgesic activity and
almost a complete loss of anti-viral activity. Other
mutants of IFNa that have been studied include F38L
and Y129S. Wang et al. describe these two mutants in
studies investigating fever induced by human IFNa, and
found that this side effect of IFNa therapy is
mediated by IFNa' s interaction with opioid receptor
and a subsequent induction of prostaglandin E2 (J. of
Neuroimmunology (2004) 156:107-1 12). Modulating the
interaction between IFN and opioid receptors may be
critical in the development of novel IFN therapeutics
to prevent side effects involving this family of
receptors. Prostaglandins modulate CNS functions
including but not limited to, the generation of fever,
the sleep/wake cycle, and the perception of pain. They
are produced by the enzymatic activity of
cyclooxygenases COX-I and COX-2. [10] The
administration of IFN-a may also result in a number of
neuropsychiatric side effects including depression
(Wichers and Maes, Rev. Psychiat. Neurosci. (2004)
29(1):1 1-17). Wichers and Maes indicate serotonin
(5-HT) brain neurotransmission and the induction of
the enzyme IDO (indolamine 2,3-dioxygenase) are
involved. Other hypotheses involve nitric oxide and
soluble ICAM-I induction by IFN. Modulating the
mechanisms by which IFN causes such side effects may
be critical in the development of novel IFN
therapeutics. [11] Specific examples of commercially
available IFN products include IFNg-lb (Actimmune(r)),
IFNb-la (Avonex(r), and Rebif(r)), IFNb-lb
(Betaseron(r)), IFN alfacon-1 (Infergen(r)), IFNa-2
(Intron A(r)), IFNa-2a (Roferon-A(r)), Peginterferon
alfa-2a (PEGASYS(r)), and Peginterferon alfa-2b
(PEG-Intron(r)) . Some of the problems associated with
the production of PEGylated versions of IFN proteins
are described in Wang et al. (2002) Adv. Drug Deliv.
Rev. 54:547-570; and Pedder, S.C. Semin Liver Dis.
2003;23 Suppl 1:19-22. Wang et al. characterized
positional isomers of PEG-Intron(r), and Pedder at al.
compared PEGASYS(r) with PEG-Intron(r) describing the
lability of the PEGylation chemistries used and
effects upon formulation. PEGASYS(r) is comprised of
nine identifiable isoforms, which specific
isoformsdiffering in anti-viral activity (Foser el al,
Pharmacogenomics J 2U03; 3:312).  espite the number of
IFN products currently available on the market, there
is still an unmet need for interferon therapeutics. In
particular, interferon therapeutics that modulate one
or more side effects found with current IFN
therapeutics are of interest. [12] Covalent attachment
of the hydrophilic polymer poly(ethylene glycol),
abbreviated PEG, is a method of increasing water
solubility, bioavailability, increasing serum
half-life, increasing therapeutic half-life,
modulating immunogenicity, modulating biological
activity, or extending the circulation time of many
biologically active molecules, including proteins,
peptides, and particularly hydrophobic molecules. PEG
has been used extensively in pharmaceuticals, on
artificial implants, and in other applications where
biocompatibility, lack of toxicity, and lack of
immunogenicity are of importance. In order to maximize
the desired properties of PEG, the total molecular
weight and hydration state of the PEG polymer or
polymers attached to the biologically active molecule
must be sufficiently high to impart the advantageous
characteristics typically associated with PEG polymer
attachment, such as increased water solubility and
circulating half life, while not adversely impacting
the bioactivity of the parent molecule. [13] PEG
derivatives are frequently linked to biologically
active molecules through reactive chemical
functionalities, such as lysine, cysteine and
histidine residues, the N-terminus and carbohydrate
moieties. Proteins and other molecules often have a
limited number of reactive sites available for polymer
attachment. Often, the sites most suitable for
modification via polymer attachment play a significant
role in receptor binding, and are necessary for
retention of the biological activity of the molecule.
As a result, indiscriminate attachment of polymer
chains to such reactive sites on a biologically active
molecule often leads to a significant reduction or
even total loss of biological activity of the
polymer-modified molecule. R. Clark et al., (1996), J
. Biol. Chem.. 271:21969-21977. To form conjugates
having sufficient polymer molecular weight for
imparting the desired advantages to a target molecule,
prior art approaches have typically involved random
attachment of numerous polymer arms to the 



molecule, thereby increasing the risk of a reduction
or even total loss in bioactivity of the parent
molecule. [14] Reactive sites that form the loci for
attachment of PEG derivatives to proteins are dictated
by the protein's structure. Proteins, including
enzymes, are composed of various sequences of
alpha-amino acids, which have the general structure
H2N-CHR-COOH. The alpha amino moiety (H N-) of one
amino acid joins to the carboxyl moiety (-COOH) of an
adjacent amino acid to form amide linkages, which can
be represented as -(NH-CHR-CO) n -,where the subscript
"n" can equal hundreds or thousands. 1he tragment
represented by K can contain reactive sites for
protein biological activity and for attachment of PEG
derivatives. [15] For example, in the case of the
amino acid lysine, there exists an -NH 2 moiety in the
epsilon position as well as in the alpha position. The
epsilon --NH2 is free for reaction under conditions of
basic pH. Much of the art in the field of protein
derivatization with PEG has been directed to
developing PEG derivatives for attachment to the
epsilon --NH2 moiety of lysine residues present in
proteins. "Polyethylene Glycol and Derivatives for
Advanced PEGylation", Nelctar Molecular Engineering
Catalog, 2003, pp. 1-17. These PEG derivatives all
have the common limitation, however, that they cannot
be installed selectively among the often numerous
lysine residues present on the surfaces of proteins.
This can be a significant limitation in instances
where a lysine residue is important to protein
activity, existing in an enzyme active site for
example, or in cases where a lysine residue plays a
role in mediating the interaction of the protein with
other biological molecules, as in the case of receptor
binding sites. [16] A second and equally important
complication of existing methods for protein
PEGylation is that the PEG derivatives can undergo
undesired side reactions with residues other than
those desired. Histidine contains a reactive imino
moiety, represented structurally as - N(H)-, but many
chemically reactive species that react with epsilon
-NH 2 can also react with - N(H)--. Similarly, the
side chain of the amino acid cysteine bears a free
sulfhydryl group, represented structurally as -SH. In
some instances, the PEG derivatives directed at the
epsilon - -NH group of lysine also react with
cysteine, histidine or other residues. This can create
complex, heterogeneous mixtures of PEG-derivatized
bioactive molecules and risks destroying the activity
of the bioactive molecule being targeted. It would be
desirable to develop PEG derivatives that permit a
chemical functional group to be introduced at a single
site within the protein that would then enable the
selective coupling of one or more PEG polymers to the
bioactive molecule at specific sites on the protein
surface that are both well-defined and predictable.
[17] In addition to lysine residues, considerable
effort in the art has been directed toward the
development of activated PEG reagents that target
other amino acid side chains, including cysteine,
histidine and the N-terminus. See, e.g., U.S. Pat. No.
6,610,281 which is incorporated by reference herein,
and "Polyethylene Glycol and Derivatives for Advanced
PEGylation", Nektar Molecular Engineering Catalog,
2003, pp. 1-17. A cysteine residue can be introduced
site-selectively into the structure of proteins using
site-directed mutagenesis and other techniques known
in the art, and the resulting free sulfhydryl moiety
can be reacted with PEG derivatives that bear
thiol-reactive functional groups. This approach is
complicated,however, in mat me introduction of a free
suimydryl group can complicate the expression, folding
and stability of the resulting protein. Thus, it would
be desirable to have a means to introduce a chemical
functional group into bioactive molecules that enables
the selective coupling of one or more PEG polymers to
the protein while simultaneously being compatible with
(i.e., not engaging in undesired side reactions with)
sulfhydryls and other chemical functional groups
typically found in proteins. [18] As can be seen from
a sampling of the art, many of these derivatives that
have been developed for attachment to the side chains
of proteins, in particular, the -NPI moiety on the
lysine amino acid side chain and the -SH moiety on the
cysteine side chain, have proven problematic in their
synthesis and use. Some form unstable linkages with
the protein that are subject to hydrolysis and
therefore decompose, degrade, or are otherwise
unstable in aqueous environments, such as in the
bloodstream. See Pedder, S.C. Semin Liver Dis. 2003
;23 Suppl 1:19-22 for a discussion of the stability of
linkages in PEG-Intron(r). Some form more stable
linkages, but are subject to hydrolysis before the
linkage is formed, which means that the reactive group
on the PEG derivative may be inactivated before the
protein can be attached. Some are somewhat toxic and
are therefore less suitable for use in vivo. Some are
too slow to react to be practically useful. Some
result in a loss of protein activity by attaching to
sites responsible for the protein's activity. Some are
not specific in the sites to which they will attach,
which can also result in a loss of desirable activity
and in a lack of reproducibility of results. In order
to overcome the challenges associated with modifying
proteins with poly(ethylene glycol) moieties, PEG
derivatives have been developed that are more stable
(e.g., U.S. Patent 6,602,498, which is incorporated by
reference herein) or that react selectively with thiol
moieties on molecules and surfaces (e.g., U.S. Patent
6,610,281, which is incorporated by reference herein).
There is clearly a need in the art for PEG derivatives
that are chemically inert in physiological
environments until called upon to react selectively to
form stable chemical bonds. [19] Recently, an entirely
new technology in the protein sciences has been
reported, which promises to overcome many of the
limitations associated with site-specific
modifications of proteins. Specifically, new
components have been added to the protein biosynthetic
machinery of the prokaryote Escherichia coli (E. col)
(e.g., L. Wang, et al., (2001), Science 292:498-500)
and the eukaryote Sacchromyces cerevisiae (S.
cerevisiae) (e.g., J . Chin et al., Science 301 :964-7
(2003)), which has enabled the incorporation of
non-genetically encoded amino acids to proteins in
vivo. A number of new amino acids with novel chemical,
physical or biological properties, including photoaff
nity labels and photoisomerizable amino acids,
photocrosslinking amino acids (see, e.g., Chin, J. W.,
et al. (2002) Proc. Natl. Acad. Sci. U. S.A1 y y : i
iu/u-i iU24; and, Uhin, J. W., et al., [20Ui) J . Am.
hern. Soc. 124:y026-9027), keto amino acids, heavy
atom containing amino acids, and glycosylated amino
acids have been incorporated efficiently and with high
fidelity into proteins in E. coli and in yeast in
response to the amber codon, TAG, using this
methodology. See, e.g., J . W. Chin et al., (2002),
Journal of the American Chemical Society
124:9026-9027; J. W. Chin, & P. G. Schultz, (2002),
ChemBioChem 3(1 1):1 135-1 137; J. W. Chin, et al.,
(2002), PNAS United States of America 99:1 1020-1
1024; and, L. Wang, & P. G. Schultz, (2002), Chem.
Comm., 1:1-1 1. All references are incorporated by
reference in their entirety. These studies have
demonstrated that it is possible to selectively and
routinely introduce chemical functional groups, such
as ketone groups, alkyne groups and azide moieties,
that are not found in proteins, that are chemically
inert to all of the functional groups found in the 20
common, genetically-encoded amino acids and that may
be used to react efficiently and selectively to form
stable covalent linkages. [20] The ability to
incorporate non-genetically encoded amino acids into
proteins permits the introduction of chemical
functional groups that could provide valuable
alternatives to the naturally-occurring functional
groups, such as the epsilon -NH 2 of lysine, the
sulfhydryl - SH of cysteine, the imino group of
histidine, etc. Certain chemical functional groups are
known to be inert to the functional groups found in
the 20 common, genetically-encoded amino acids but
react cleanly and efficiently to form stable linkages.
Azide and acetylene groups, for example, are known in
the art to undergo a Huisgen [3+2] cycloaddition
reaction in aqueous conditions in the presence of a
catalytic amount of copper. See, e.g., Tornoe, et al.,
(2002) J. Ore. Chem. 67:3057-3064; and, Rostovtsev, et
al., (2002) Angew. Chem. Int. Ed. 41:2596-2599. By
introducing an azide moiety into a protein structure,
for example, one is able to incorporate a functional
group that is chemically inert to amines, sulfhydryls,
carboxylic acids, hydroxyl groups found in proteins,
but that also reacts smoothly and efficiently with an
acetylene moiety to form a cycloaddition product.
Importantly, in the absence of the acetylene moiety,
the azide remains chemically inert and unreactive in
the presence of other protein side chains and under
physiological conditions. [21] The present invention
addresses, among other things, problems associated
with the activity and production of interferon
polypeptides, and also addresses the production of an
interferon polypeptide with improved biological or
pharmacological properties, such as improved
therapeutic half-life and/or modulation of one or more
biological activities or side effects found with
current IFN therapeutics.BRIEF SUMMARY OF THE
INVENTION [22] This invention provides hIFN
polypeptides comprising one or more non-naturally
encoded amino acids. [23] In some embodiments, the
hIFN polypeptide comprises one or more
posttranslational modifications. In some embodiments,
the MFN polypeptide is linked to a linker, polymer, or
biologically active molecule. In some embodiments, the
hIFN polypeptide is linked to a bifunctional polymer,
bifunctional linker, or at least one additional hIFN
polypeptide. [24] In some embodiments, the
non-naturally encoded amino acid is linked to a water
soluble polymer. In some embodiments, the water
soluble polymer comprises a poly(ethylene glycol)
moiety. In some embodiments, the non-naturally encoded
amino acid is linked to the water soluble polymer with
a linker or is bonded to the water soluble polymer. In
some embodiments, the poly(ethylene glycol) molecule
is a bifunctional polymer. In some embodiments, the
bifunctional polymer is linked to a second
polypeptide. In some embodiments, the second
polypeptide is a hIFN polypeptide. In some
embodiments, the hIFN polypeptide comprises one or
more naturally-encoded amino acid substitutions,
additions, or deletions. In some embodiments, the hIFN
polypeptide comprises one or more naturally encoded
amino acid substitutions. [25] In some embodiments,
the hIFN polypeptide comprises at least two amino
acids linked to a water soluble polymer comprising a
poly(ethylene glycol) moiety. In some embodiments, at
least one amino acid is a non-naturally encoded amino
acid. [26] In some embodiments, one or more
non-naturally encoded amino acids are incorporated at
any position in one or more of the following regions
corresponding to secondary structures in IFN as
follows: 1-9 (N-terminus), 10-21 (A helix), 22-39
(region between A helix and B helix), 40-75 (B helix),
76-77 (region between B helix and C helix), 78-100 (C
helix), 101-1 10 (region between C helix and D helix),
111-132 (D helix), 133-136 (region between D and E
helix), 137-155 (E helix), 156-165 (C-terminus) (SEQ
ID NO: 2, or the corresponding amino acids in SEQ ID
NO: 1 or 3, other interferons, or interferon-like
cytokines such as limitin). In some embodiments, one
or more non-naturally encoded amino acid are
substituted at, but not limited to, one or more of the
following positions of hIFN (as in SEQ ID NO: 2, or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide): before position 1 (i.e.,
at the N-terminus), 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77,
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157,
158, 159, 160, 161, 162, 163, 164, 165, or 166 (i.e.
at the carboxyl terminus). In some embodiments, one or
more non-naturally encoded amino acids are
incorporated in one or more of the following positions
in IFN: before position 1 (i.e. at the N terminus), 1,
2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 16, 19, 20, 22, 23,
24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35, 40, 4 1,
42, 45, 46, 48, 49, 50, 51, 58, 61, 64, 65, 68, 69,
70, 71, 73, 74, 77, 78, 79, 80, 81, 82, 83, 85, 86,
89, 90, 93, 94, 96, 97, 100, 101, 103, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 117, 118, 120, 121,
124, 125, 127, 128, 129, 131, 132, 133, 134, 135, 136,
137, 148, 149, 152, 153, 156, 158, 159, 160, 161, 162,
163, 164, 165, 166 (i.e. at the carboxyl terminus of
the protein) (SEQ ID NO: 2, or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, one
or more nonnaturally encoded amino acids are
incorporated in one or more of the following positions
in IFN: 



6, 9, 12, 13, 16, 41, 45, 46, 48, 49, 61, 64, 65, 96,
100, 101, 103, 106, 107, 108, 110, 111, 113, 114, 117,
120, 121, 149, 156, 159, 160, 161 and 162 (SEQ ID NO:
2, or the corresponding amino acids in SEQ ID NO: 1 or
3). In some embodiments, the IFN polypeptides of the
invention comprise one or more non-naturally encoded
amino acids at one or more of the following positions:
100, 106, 107, 108, 111, 113, 114 (SEQ ID NO: 2, or
the corresponding amino acids in SEQ ID NO: 1 or 3).
In some embodiments, the IFN polypeptides of the
invention comprise one or more non-naturally encoded
amino acids at one or more of the following positions:
41, 45, 46, 48, 49 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the IFN polypeptides of the invention
comprise one or more non-naturally encoded amino acids
at one or more of the following positions: 61, 64, 65,
101, 103, 110, 117, 120, 121, 149 (SEQ ID NO: 2, or
the corresponding amino acids in SEQ ID NO: 1 or 3).
In some embodiments, the IFN polypeptides of the
invention comprise one or more non-naturally encoded
amino acids at one or more of the following positions:
6, 9, 12, 13, 16, 96, 156, 159, 160, 161, 162 (SEQ ID
NO: 2, or the corresponding amino acids in SEQ ID NO:
1 or 3). In some embodiments, the IFN polypeptides of
the invention comprise one or more nonnaturally
encoded amino acids at one or more of the following
positions: 2, 3, 4, 5, 7, 8, 16, 19, 20, 40, 42, 50,
51, 58, 68, 69, 70, 71, 73, 97, 105, 109, 112, 118,
148, 149, 152, 153, 158, 163, 164, 165 (SEQ ID NO: 2,
or the corresponding amino acids in SEQ ID NO: 1 or
3). In some embodiments, the IFN polypeptides of the
invention comprise one or more non-naturally encoded
amino acids at one or more of the following positions:
34, 78, 107 (SEQ ID NO: 2, orthe corresponding amino
acid in SEQ ID NO: 1, 3, or any other LbJN
polypeptide). In some embodiments, the non-naturally
encoded amino acid at one or more of these or other
positions is linked to a water soluble polymer,
including but not limited to positions: before
position 1 (i.e., at the N-terminus), 1, 2, 3, 4 , 5,
6, 7, 8, 9, 10, 11 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,
143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, or 166 (i.e. at the carboxyl terminus) (SEQ ID
NO: 2, or the corresponding amino acid in SEQ ID NO:
1, 3, or any other IFN polypeptide). In some
embodiments, the non-naturally encoded amino acid at
one or more of these positions is linked to a water
soluble polymer, including but not limited to
positions: before position 1 (i.e. at the N terminus),
1, 2 , 3, 4, 5, 6, 7, 8, 9, 12, 13, 16, 19, 20, 22,
23, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35, 40,
41, 42, 45, 46, 48, 49, 50, 51, 58, 61, 64, 65, 68,
69, 70, 71, 73, 74, 77, 78, 79, 80, 81, 82, 83, 85,
86, 89, 90, 93, 94, 96, 97, 100, 101, 103, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 117, 118, 120,
121, 124, 125, 127, 128, 129, 131, 132, 133, 134, 135,
136, 137, 148, 149, 152, 153, 156, 158, 159, 160, 161,
162, 163, 164, 165, 166 (i.e. at the carboxyl
terminus) (SEQ ID NO: 2 , or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
non-naturally encoded amino acid is linked to a water
soluble polymer at one or more of the following
positions: 6, 9, 12, 13, 16, 41, 45, 46, 48, 49, 61,
64, 65, 96, 100, 101, 103, 106, 107, 108, 110, 111,
113, 114, 117, 120, 121, 149, 156, 159, 160, 161 and
162 (SEQ ID NO: 2, or the corresponding amino acids in
SEQ ID NO: 1 or 3). In some embodiments, the
non-naturally encoded amino acid is linked to a water
soluble polymer at one or more of the following
positions: 100, 106, 107, 108, 111, 113, 114 (SEQ ID
NO: 2 , or the corresponding amino acids in SEQ ID NO:
1 or 3). In some embodiments, the non-naturally
encoded amino acid is linked to a water soluble
polymer at one or more of the following positions: 41,
45, 46, 48, 49 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the non-naturally encoded amino acid is
linked to a water soluble polymer at one or more of
the following positions: 61, 64, 65, 101, 103, 110,
117, 120, 121, 149 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the non-naturally encoded amino acid is
linked to a water soluble polymer at one or more of
the followingpositions: 6, 9, 12, 13, 16, 96, 156,
159, 160, 161, 162 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). [27] In some
embodiments, the one or more non-naturally encoded
amino acids at one or more of the following positions
is linked to one or more water-soluble polymer: 2, 3,
4, 5, 7, 8 16, 19, 20, 40, 42, 50, 51, 58, 68, 69, 70,
71, 73, 97, 105, 109, 112, 118, 148, 149, 152, 153,
158, 163, 164, 165 (SEQ ID NO: 2, or the corresponding
amino acid in or the corresponding amino acid in SEQ
ID NO: 1, 3, or any other IFN polypeptide). In some
embodiments, the one or more non-naturally encoded
amino acids at one or more of the following positions
is linked to one or more water-soluble polymer: 34,
78, 107 (SEQ ID NO: 2, or the corresponding amino acid
in SEQ ID NO: 1, 3, or any other IFN polypeptide). In
some embodiments, the water soluble polymer is coupled
to the IFN polypeptide to a non-naturally encoded
amino acid at one or more of the following amino acid
positions: 6, 9, 12, 13, 16, 41, 45, 46, 48, 49, 61,
64, 65, 96, 100, 101, 103, 106, 107, 108, 110, 1 1 1,
113, 114, 117, 120, 121, 149, 156, 159, 160, 161 and
162 (SEQ ID NO: 2, or the corresponding amino acid in
SEQ ID NO: 1, 3, or any other IFN polypeptide). In
some embodiments the water soluble polymer is coupled
to the IFN polypeptide at one or more of the following
amino acid positions: 6, 9, 12, 13, 16, 41, 45, 46,
48, 49, 61, 64, 65, 96, 100, 101, 103, 106, 107, 108,
110, 111, 113, 114, 117, 120, 121, 149, 156, 159, 160,
161 and 162 (SEQ ID NO: 2, or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide). In some embodiments, the non-naturally
encoded amino acid at one or more of these positions
is linked to one or more water soluble polymers,
positions: 34, 78, 107 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide). In some embodiments, the IFN
polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions providing an antagonist: 2, 3,
4, 5, 7, 8, 16, 19, 20, 40, 42, 50, 51, 58, 68, 69,
70, 71, 73, 97, 105, 109, 112, 118, 148, 149, 152,
153, 158, 163, 164, 165 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide); a hIFN polypeptide comprising one of
these substitutions may potentially act as a weak
antagonist or weak agonist depending on the intended
site selected and desired activity. Human IFN
antagonists include, but are not limited to, hIFN
polypeptides with one or more non-naturally encoded
amino acid substitutions at 22, 23, 24, 25, 26, 27,
28, 30, 31, 32, 33, 34, 35, 74, 77, 78, 79, 80, 82,
83, 85, 86, 89, 90, 93, 94, 124, 125, 127, 128, 129,
131, 132, 133, 134, 135, 136, 137, or any combinations
thereof (hIFN; SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3, or any other IFN
polypeptide).[28] In some embodiments, one or more
non-naturally encoded amino acids are substituted at,
but not limited to, one or more of the following
positions of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in SEQ ID NO: 1 or 3, or any
other IFN polypeptide): 31, 134, 34, 38, 129, 36, 122,
37, 121, 41, 125, 124, 149, 117, 39, 118, 120, 107,
108, 106, 100, 111, 113, 114, 41, 45, 46, 48, 49, 61,
64, 65, 101, 103, 102, 110, 117, 120, 121, 149, 96, 6,
9, 12, 13, 16, 68, 70, 109, 159, 161, 156, 160, 162,
24, 27, 78, 83, 85, 87, 89, 164. In one embodiment, a
non-naturally encoded amino acid is substituted at
position 38 of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in SEQ ID NO: 1 or 3, or any
other IFN polypeptide). In some embodiments, the
non-naturally encoded amino acid at one or more of
these or other positions is linked to a water soluble
polymer, including but not limited to positions: 31,
134, 34, 38, 129, 36, 122, 37, 121, 41, 125, 124, 149,
117, 39, 118, 120, 107, 108, 106, 100, 111, 113, 114,
41, 45, 46, 48, 49, 61, 64, 65, 101, 103, 102, 110,
117, 120, 121, 149, 96, 6, 9, 12, 13, 16, 68, 70, 109,
159, 161, 156, 160, 162, 24, 27, 78, 83, 85, 87, 89,
164 (as in SEQ ID NO: 2, or the corresponding amino
acids in SEQ ID NO: 1 or 3, or any other IFN
polypeptide). [29] In some embodiments, one or more
non-naturally encoded amino acids are substituted at,
but not limited to, one or more of the following
positions of hIFN (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3): before position 1
(i.e., at the Nterminus), 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, or
166 (i.e. at the carboxyl terminus) and one or more
natural amino acid substitutions. In some embodiments,
the one or more non-naturally encoded amino acids are
coupled to a water soluble polymer. In some
embodiments, the one or more nonnaturally encoded
amino acids are coupled to PEG. In one embodiment, the
natural amino acid substitution is R149Y. In some
embodiments, the natural amino acid substitution is
R149E. In some embodiments, the natural amino acid
substitution is R149S. In one embodiment, the
nonnatural amino acid substitution is at position 107
and the natural amino acid substitution is Rl 49Y. In
one embodiment, the non-natural amino acid
substitution is at position 106 and the natural amino
acid substitution is R149Y. In some embodiments, the
one or more naturally encoded amino acid substitution
is at one or more of the following positions of hIFN
(SEQ IDNu: i or me corresponding amino acids in SEQ i
JNU: I or ), including but not limited to: 10, 16, 13,
79, 83, 85, 86, 87, 90, 91, 93, 94, 96, 120, 121, 124,
125, 128, 149. In some embodiments, the one or more
naturally encoded amino acid substitution is one or
more of the following substitutions (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3),
including but not limited to: GlOE, M16R, R13E, T79R,
K83Q, K83S, Y85L, T86S, E87S, Q90R, Q91E, N93Q, D94V,
E96K, R120K, K121T, Q124R, R125G, L128R, R149Y, R149E,
R149S. In some embodiments, the natural amino acid
substitution is at position 1 (the Nterminus). In some
embodiments, one or more non-naturally encoded amino
acids are substituted at one or more of the following
positions of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in other IFN's): 107, 78,
34. In some embodiments, the nonnaturally encoded
amino acid at one or more of these positions is
coupled to a water soluble polymer: 107, 78, 34. [30]
One or more amino acids found in a limitin sequence
may be substituted into a hIFN polypeptide (hybrid
limitin/hIFN polypeptides). Examples include but are
not limited to the natural amino acid substitutions
described in the previous paragraph. Alternatively, a
set of amino acids found in an interferon polypeptide
may be replaced by a set of amino acids found in a
limitin sequence. A set of amino acids may comprise
contiguous amino acids or amino acids present in
different portions of the molecule but are involved in
a structural characteristic or biological activity of
the polypeptide. The mouse limitin molecule has an
improved CFU-GM toxicity profile compared to other
IFNa proteins. Alignment of human IFNa-2a with the
limitin protein sequence showed 30% amino acid
identity. 50% sequence conservation was also observed.
In particular, a prominent deletion in the limitin
sequence between the C and D helices (in the loop
between C and D helices) was observed. The "HV" mutant
was generated with the following substitutions in hIFN
a-2a (SEQ ID NO: 2): D77-D94 is replaced with the
mouse limitin sequence HERALDQLLSSLWRELQV. The "CD"
mutant was generated with the following substitutions
in hIFN a-2a (SEQ ID NO: 2): V105-D1 14 with GQSAPLP.
This hybrid molecule with the loop region from limitin
substituted into the human IFNa-2a protein ("CD"
mutant) was found to have equivalent anti-viral
activity as the WHO IFN standard. In addition to the
one or more limitin amino acids, the hIFN polypeptide
may comprise one or more non-naturally encoded amino
acids at any one or more positions of the hIFN
polypeptide. In some embodiments, the one or more
non-naturally encoded amino acids may be linked to a
water soluble polymer such as PEG or bonded directly
to a water soluble polymer such as PEG. In addition to
the natural amino acid substitutions in the HV or the
CD mutant, one or more additional natural amino acid
substitutions may be found in the hIFN
polypeptide.[31] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally 



encoded amino acids at one or more of the following
positions: 6, 16, 34, 39, 45, 46, 64, 65, 68, 78, 85,
87, 101, 107, 108, 1 1 1, 114, 118, 124, 125, 145,
146, 153, 156, 96, 149 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions linked to one or more water-soluble polymer:
6, 16, 34, 39, 45, 46, 64, 65, 68, 78, 85, 87, 101,
107, 108, 111, 114, 118, 124, 125, 145, 146, 153, 156,
96, 149 (SEQ ID NO: 2, or the corresponding amino acid
in or the corresponding amino acid in SEQ ID NO: 1, 3,
or any other IFN polypeptide). In some embodiments,
the hIFN polypeptide comprises one or more
non-naturally encoded amino acids at one or more of
the following positions linked to one or more
watersoluble polymer: 6, 16, 34, 39, 45, 46, 64, 65,
68, 78, 85, 87, 101, 107, 108, 111, 114, 118, 124,
125, 145, 146, 153, 156, 96, 149 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN polypeptide)
and comprises one or more naturally encoded amino acid
substitution. In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions linked to one or more water-soluble polymer:
6, 16, 34, 39, 45, 46, 64, 65, 68, 78, 85, 87, 101,
107, 108, 111, 114, 118, 124, 125, 145, 146, 153, 156,
96, 149 (SEQ ID NO: 2, or the corresponding amino acid
in or the corresponding amino acid in SEQ ID NO: 1, 3,
or any other IFN polypeptide) and comprises one or
more of the following naturally encoded amino acid
substitutions GlOE, M16R, R13E, T79R, K83Q, K83S,
Y85L, T86S, E87S, Q90R, Q91E, N93Q, D94V, E96K, R120K,
K121T, Q124R, R125G, L128R, R149Y, R149E, R149S. [32]
In some embodiments, the hIFN polypeptide comprises
one or more nonnaturally encoded amino acids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 89, 107, 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 89, 107, 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3) that
is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
89, 107, 108 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3) that is bonded to a water
soluble polymer. [33] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78,87, 89, 107, 108 and one or more
of the following naturally encoded amino acid
substitutions: T79R, L80A, K83S, Y85L, Y85S, T86S,
E87S, Q91E (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 6, 16, 37, 45, 46, 78, 87, 89, 107, 108
that is linked to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, L80A, K83S,
Y85L, Y85S, T86S, E87S, Q91E (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 89, 107, 108 that is bonded to a water soluble
polymer and comprises one or more of the following
naturally encoded amino acid substitutions: T79R,
L80A, K83S, Y85L, Y85S, T86S, E87S, Q91E (SEQ ID NO: 2
or the corresponding amino acids in SEQ ID NO: 1 or
3). [34] In some embodiments, the hIFN polypeptide
comprises one or more nonnaturally encoded amino acids
at one or more of the following positions: 6, 16, 37,
45, 46, 78, 87, 107, and 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 107, and 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3) that
is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
107, and 108 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3) that is bonded to a water
soluble polymer. [35] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78, 87, 107, and 108 and comprises
one or more of the following naturally encoded amino
acid substitutions: T79R, K83S, Y85L, T86S, E87S, Q91E
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 6, 16, 37, 45, 46, 78, 87, 107, and 108
that is linked to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, K83S, Y85L,
T86S, E87S, Q91E (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
107, and 108 that is bonded to a water soluble polymer
and comprises one or more of the following naturally
encoded aminoacia substitutions: '179R, K83S, Y85L,
T86S, E87S, Q91E (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3). [36] In some
embodiments, the hIFN polypeptide comprises one or
more nonnaturally encoded amino acids at one or more
of the following positions: 37, 45, 46, 89, and 107
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 37, 45, 46, 89, and 107 (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3)
that is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 37, 45, 46, 89, and 107
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3) that is bonded to a water soluble
polymer. [37] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
37, 45, 46, 89, and 107 and comprises one or more of
the following naturally encoded amino acid
substitutions: T79R, L80A, Y85L, Y85S, E87S (SEQ ID
NO: 2 or the corresponding amino acids in SEQ ID NO: 1
or 3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions: 37,
45, 46, 89, and 107 that is linked to a water soluble
polymer and comprises one or more of the following
naturally encoded amino acid substitutions: T79R,
L80A, Y85L, Y85S, E87S (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 37, 45, 46, 89, and
107 that is bonded to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, L80A, Y85L,
Y85S, E87S (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). [38] In some embodiments,
the hIFN polypeptide comprises one or more
nonnaturally encoded amino acids at one or more of the
following positions: 23, 24, 25, 26, 27, 28, 30, 31,
32, 33, 128, 129, 131, 132, 133, 134, 135, 136, 137,
158, 159, 160, 161, 162, 163, 164, 165 (SEQ ID NO: 2
or the corresponding amino acids in SEQ ID NO: 1 or
3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions that
is linked or bonded to a water soluble polymer: 23,
24, 25, 26, 27, 28, 30, 31, 32, 33, 128, 129, 131,
132, 133, 134, 135, 136, 137, 158, 159, 160, 161, 162,
163, 164, 165 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 23, 24, 27, 31, 128, 131, 134, 158 (SEQID
NO: 2 or the corresponding amino acids in SEQ ID NO: 1
or 3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions that
is linked or bonded to a water soluble polymer: 23,
24, 27, 31, 128, 131, 134, 158 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 24, 27, 31, 128, 131,
134 (SEQ ID NO: 2 or the corresponding amino acids in
SEQ ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions that is linked or bonded to a water soluble
polymer: 24, 27, 31, 128, 131, 134 (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3).
[39] In some embodiments, the IFN polypeptides of the
invention comprise one or more non-naturally encoded
amino acids at one or more of the following positions
providing an antagonist: 2, 3, 4, 5, 7, 8, 16, 19, 20,
40, 42, 50, 51, 58, 68, 69, 70, 71, 73, 97, 105, 109,
112, 118, 148, 149, 152, 153, 158, 163, 164, 165, or
any combination thereof (SEQ ID NO: 2, or the
corresponding amino acids in SEQ ID NO: 1 or 3); a
hIFN polypeptide comprising one of these substitutions
may potentially act as a weak antagonist or weak
agonist depending on the site selected and desired
activity. Human IFN antagonists include, but are not
limited to, those with one or more substitutions at
22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35,
74, 77, 78, 79, 80, 82, 83, 85, 86, 89, 90, 93, 94,
124, 125, 127, 128, 129, 131, 132, 133, 134, 135, 136,
137, or any combination thereof (hIFN; SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3).
[40] In some embodiments, one or more non-naturally
encoded amino acids are substituted at, but not
limited to, one or more of the following positions of
hIFN (as in SEQ ID NO: 2, or the corresponding amino
acids in other IFN's): 31, 134, 34, 38, 129, 36, 122,
37, 121, 41, 125, 124, 149, 117, 39, 118, 120, 107,
108, 106, 100, 111, 113, 114, 41, 45, 46, 48, 49, 61,
64, 65, 101, 103, 102, 110, 117, 120, 121, 149, 96, 6,
9, 12, 13, 16, 68, 70, 109, 159, 161, 156, 160, 162,
24, 27, 78, 83, 85, 87, 89, 164. In one embodiment, a
non-naturally encoded amino acid is substituted at
position 38 of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in other IFN's). In some
embodiments, the non-naturally encoded amino acid at
these or other positions is linked to a water soluble
polymer, including but not limited to positions: 31,
134, 34, 38, 129, 36, 122, 37, 121, 41, 125, 124, 149,
117, 39, 118, 120, 107, 108, 106, 100, 111, 113, 114,
41, 45, 46, 48, 49, 61, 64, 65, 101, 103, 102, 110,
117, 120, 121, 149, 96, 6, 9, 12, 13, 16, 68, 70, 109,
159, 161, 156, 160, 162, 24, 27, 78, 83, 85, 87, 89,
164.[41] In some embodiments, the hIFN polypeptide
comprises one or more nonnaturally encoded amino acid
and a naturally encoded amino acid substitution, In
some embodiments, the non-naturally encoded amino acid
present in the hIFN polypeptide is linked to a water
soluble polymer and the hIFN polypeptide comprises one
or more naturally encoded amino acid substitution.
[42] In some embodiments, the hIFN polypeptide
comprises a substitution, addition or deletion that
modulates affinity of the hIFN polypeptide for a hIFN
polypeptide receptor. In some embodiments, the hIFN
polypeptide comprises a substitution, addition, or
deletion that increases the stability of the hIFN
polypeptide when compared with the stability of the
corresponding hIFN without the substitution, addition,
or deletion. In some embodiments, the hIFN polypeptide
comprises a substitution, addition, or deletion that
modulates the immunogenicity of the hIFN polypeptide
when compared with the immunogenicity of the
corresponding hIFN without the substitution, addition,
or deletion. In some embodiments, the hIFN polypeptide
comprises a substitution, addition, or deletion that
modulates serum half-life or circulation time of the
hIFN polypeptide when compared with the serum
half-life or circulation time of the corresponding
hIFN without the substitution, addition, or deletion.
[43] In some embodiments, the hIFN polypeptide
comprises a substitution, addition, or deletion that
modulates hIFN polypeptide receptor conformation when
compared with MFN polypeptide receptor conformation
with the corresponding hIFN without the substitution,
addition, or deletion. In some embodiments, the hIFN
polypeptide comprises a substitution, 



addition, or deletion that modulates one or more
downstream signaling events of the hIFN polypeptide
receptor when compared to the downstream signaling
events of the hIFN polypeptide receptor with the
corresponding hIFN without the substitution, addition,
or deletion. In some embodiments, the hIFN polypeptide
comprises a substitution, addition, or deletion that
modulates hIFN polypeptide receptor binding kinetics
when compared to hIFN polypeptide receptor binding
kinetics with the corresponding hIFN without the
substitution, addition, or deletion. [44] In some
embodiments, the hIFN polypeptide comprises a
substitution, addition, or deletion that increases the
aqueous solubility of the hIFN polypeptide when
compared to aqueous solubility of the corresponding
hIFN without the substitution, addition, or deletion.
In some embodiments, the hIFN polypeptide comprises a
substitution, addition, or deletion that increases the
solubility of the hIFN polypeptide produced in a host
cell when compared to the solubility of the
corresponding hIFN without the substitution, addition,
or deletion. In some embodiments, the hIFN polypeptide
comprises a substitution, addition, or deletion that
increasesth Lpic-.biup ui me ipr i polypeptide in a
Host ceil or increases syntJiesis in vilro when
compared to the expression or synthesis of the
corresponding hIFN without the substitution, addition,
or deletion. In some embodiments, the hIFN polypeptide
comprises a substitution, addition, or deletion that
increases protease resistance of the hIFN polypeptide
when compared to the protease resistance of the
corresponding hIFN without the substitution, addition,
or deletion. In some embodiments, the hIFN polypeptide
comprises a substitution, addition, or deletion that
modulates interaction with one or more members of the
opioid family of receptors. In some embodiments, the
hIFN polypeptide comprises a substitution, addition,
or deletion that modulates 5-HT brain
neurotransmission. In some embodiments, the hIFN
polypeptide comprises a substitution, addition, or
deletion that modulates induction of indoleamine 2,3-
dioxygenase (IDO). In some embodiments, the hIFN
polypeptide comprises a substitution, addition, or
deletion that modulates one or more of the biological
activities of IFN, including but not limited to, side
effects found with current IFN therapeutics. In some
embodiments, the hIFN polypeptide comprises a
substitution, addition, or deletion that has modulated
toxicity when compared to the toxicity of the
corresponding hIFN without the substitution, addition,
or deletion. In some embodiments, the hIFN polypeptide
comprises a non-naturally encoded amino acid linked to
a water soluble polymer that modulates one or more
side effects found with IFN. In some embodiments, the
hIFN polypeptide comprises a non-naturally encoded
amino acid linked to a water soluble polymer and has
modulated toxicity. In some embodiments, the hIFN
polypeptide comprises a substitution, addition,
deletion, or non-naturally encoded amino acid that has
modulated anti-viral activity when compared to the
anti-viral activity of the corresponding hIFN without
the substitution, addition, deletion, or non-naturally
encoded amino acid. In some embodiments, the hIFN
polypeptide comprises a substitution, addition,
deletion, or non-naturally encoded amino acid that has
modulated immunogenicity when compared to the
immunogenicity of the corresponding hIFN without the
substitution, addition, deletion, or nonnaturally
encoded amino acid. In some embodiments, the hIFN
polypeptide comprises a substitution, addition,
deletion, or non-naturally encoded amino acid that has
modulated anti tumor activity when compared to the
anti-tumor activity of the corresponding hIFN without
the substitution, addition, deletion, or non-naturally
encoded amino acid. In some embodiments, the hIFN
polypeptide comprises a substitution, addition,
deletion, or non-naturally encoded amino acid that has
modulated anti-infective activity when compared to the
anti-infective activity of the corresponding hIFN
without the substitution, addition, deletion, or
non-naturally encoded amino acid. In some embodiments,
the hIFN polypeptide comprises a substitution,
addition, deletion, or non-naturally encoded amino
acid that has modulated prophylaxis activity for
infectiousagcuib wncp cumpareu io me propnyiaxis
activity ior iniectious agents of the corresponding
hIFN without the substitution, addition, deletion, or
non-naturally encoded amino acid. In some embodiments,
the hIFN polypeptide comprises a substitution,
addition, deletion, or nonnaturally encoded amino acid
that has modulated tumor prophylaxis activity when
compared to the tumor prophylaxis activity of the
corresponding hIFN without the substitution, addition,
deletion, or non-naturally encoded amino acid. [45] In
some embodiments the amino acid substitutions in the
hIFN polypeptide may be with naturally occurring or
non-naturally occurring amino acids, provided that at
least one substitution is with a non-naturally encoded
amino acid. [46] In some embodiments, the
non-naturally encoded amino acid comprises a carbonyl
group, an acetyl group, an aminooxy group, a hydrazine
group, a hydrazide group, a semicarbazide group, an
azide group, or an alkyne group. [47] In some
embodiments, the non-naturally encoded amino acid
comprises a carbonyl group. In some embodiments, the
non-naturally encoded amino acid has the structure:
wherein n is 0-10; Ri is an alkyl, aryl, substituted
alkyl, or substituted aryl; R2 is H, an alkyl, aryl,
substituted alkyl, and substituted aryl; and R3 is H,
an amino acid, a polypeptide, or an amino terminus
modification group, and R4 is H, an amino acid, a
polypeptide, or a carboxy terminus modification group.
[48] In some embodiments, the non-naturally encoded
amino acid comprises an aminooxy group. In some
embodiments, the non-naturally encoded amino acid
comprises a hydrazide group. In some embodiments, the
non-naturally encoded amino acid comprises a hydrazine
group. In some embodiments, the non-naturally encoded
amino acid residue comprises a semicarbazide group.
[49] In some embodiments, the non-naturally encoded
amino acid residue comprises an azide group. In some
embodiments, the non-naturally encoded amino acid has
the structure: wherein n is 0-10; Ri is an alkyl,
aryl, substituted alkyl, substituted aryl or not
present; X is O, N, S or not present; m is 0-10; R2 is
H, an amino acid, a polypeptide, or an amino terminus
modification group, and R3 is H, an amino acid, a
polypeptide, or a carboxy terminus modification
group.[50] In some embodiments, the non-naturally
encoded amino acid comprises an alkyne group. In some
embodiments, the non-naturally encoded amino acid has
the structure: wherein n is 0-10; R is an alkyl, aryl,
substituted alkyl, or substituted aryl; X is O, N, S
or not present; m is 0-10, R is H, an amino acid, a
polypeptide, or an amino terminus modification group,
and R is H, an amino acid, a polypeptide, or a carboxy
terminus modification group. [51] In some embodiments,
the polypeptide is a hIFN polypeptide agonist, partial
agonist, antagonist, partial antagonist, or inverse
agonist. In some embodiments, the hIFN polypeptide
agonist, partial agonist, antagonist, partial
antagonist, or inverse agonist comprises a
non-naturally encoded amino acid linked to a water
soluble polymer. In some embodiments, the water
soluble polymer comprises a poly(ethylene glycol)
moiety. In some embodiments, the hIFN polypeptide
agonist, partial agonist, antagonist, partial
antagonist, or inverse agonist comprises a
non-naturally encoded amino acid and one or more
post-translational modification, linker, polymer, or
biologically active molecule. In some embodiments, the
non-naturally encoded amino acid linked to a water
soluble polymer is present within the Site II region
(the region of the protein encompassing the AC
helical-bundle face, amino terminal region of helix A
and a portion of helix C) of the hIFN polypeptide. In
some embodiments, the hIFN polypeptide comprising a
non-naturally encoded amino acid linked to a water
soluble polymer prevents dimerization of the hIFN
polypeptide receptor by preventing the hIFN
polypeptide antagonist from binding to a second hIFN
polypeptide receptor molecule. [52] The present
invention also provides isolated nucleic acids
comprising a polynucleotide that hybridizes under
stringent conditions to SEQ ID NO: 2 1 or 22 wherein
the polynucleotide comprises at least one selector
codon. In some embodiments, the selector codon is
selected from the group consisting of an amber codon,
ochre codon, opal codon, a unique codon, a rare codon,
a five-base codon, and a four-base codon. [53] The
present invention also provides methods of making a h
IFN pol ypeptide linked to a water soluble polymer. In
some embodiments, the method comprises contacting an
isolated hIFN polypeptide comprising a non-naturally
encoded amino acid with a water soluble polymer
comprising a moiety that reacts with the non-naturally
encoded amino acid. In some embodiments, the
non-naturally encoded amino acid incorporated into the
hIFN polypeptide is reactive toward a water soluble
polymer that is otherwise unreactive toward any of the
20 common amino acids. In some embodiments, the
non-naturally encoded amino acidincorporated into the
hIFN polypeptide is reactive toward a linker, polymer,
or biologically active molecule that is otherwise
unreactive toward any of the 20 common amino acids.
[54] In some embodiments, the hIFN polypeptide linked
to the water soluble polymer is made by reacting a
hIFN polypeptide comprising a carbonyl-containing
amino acid with a poly(ethylene glycol) molecule
comprising an aminooxy, hydrazine, hydrazide or
semicarbazide group. In some embodiments, the
aminooxy, hydrazine, hydrazide or semicarbazide group
is linked to the poly(ethylene glycol) molecule
through an amide linkage. [55] In some embodiments,
the hIFN polypeptide linked to the water soluble
polymer is made by reacting a poly(ethylene glycol)
molecule comprising a carbonyl group with a
polypeptide comprising a non-naturally encoded amino
acid that comprises an aminooxy, hydrazine, hydrazide
or semicarbazide group. [56] In some embodiments, the
hIFN polypeptide linked to the water soluble polymer
is made by reacting a hIFN polypeptide comprising an
alkyne-containing amino acid with a poly(ethylene
glycol) molecule comprising an azide moiety. In some
embodiments, the azide or alkyne group is linked to
the poly(ethylene glycol) molecule through an amide
linkage. [57] In some embodiments, the hIFN
polypeptide linked to the water soluble polymer is
made by reacting a hIFN polypeptide comprising an
azide-containing amino acid with a poly(ethylene
glycol) molecule comprising an alkyne moiety. In some
embodiments, the azide or alkyne group is linked to
the poly(ethylene glycol) molecule through an amide
linkage. [58] In some embodiments, the poly(ethylene
glycol) molecule has a molecular weight of between
about 0.1 and about 100 kDa. In some embodiments, the
poly(ethylene glycol) molecule has a molecular weight
of between 0.1 kDa and 50 kDa. [59] In some
embodiments, the poly(ethylene glycol) molecule is a
branched polymer. In some embodiments, each branch of
the poly(ethylene glycol) branched polymer has a
molecular weight of between 1 kDa and 100 IcDa, or
between 1 kDa and 50 IcDa. [60] In some embodiments,
the water soluble polymer linked to the hIFN
polypeptide comprises a polyalkylene glycol moiety. In
some embodiments, the non-naturally encoded amino acid
residue incorporated into the hIFN polypeptide
comprises a carbonyl group, an aminooxy group, a
hydrazide group, a hydrazine, a semicarbazide group,
an azide group, or an alkyne group. In some
embodiments, the non-naturally encoded amino acid
residue incorporated into the hIFN polypeptide
comprises a carbonyl moiety and the water soluble
polymer comprises an aminooxy, hydrazide, hydrazine,
or semicarbazide moiety. In some embodiments, the
non-naturally encoded amino acid residue incorporated
into the MFN polypeptide comprises an alkyne moiety
and the water soluble polymer comprises an
azidemoiety, in some embodiments, the non-naturally
encoded amino acid residue incorporated into the hIFN
polypeptide comprises an azide moiety and the water
soluble polymer comprises an alkyne moiety. [61] The
present invention also provides compositions
comprising a hIFN polypeptide comprising a
non-naturally encoded amino acid and a
pharmaceutically acceptable carrier. In some
embodiments, the non-naturally encoded amino acid is
linked to a water soluble polymer. [62] The present
invention also provides cells comprising a
polynucleotide encoding the hIFN polypeptide
comprising a selector codon. In some embodiments, the
cells comprise an orthogonal RNA synthetase and/or an
orthogonal tRNA for substituting a non-naturally
encoded amino acid into the hIFN polypeptide. [63] The
present invention also provides methods of making a h
IFN pol ypeptide comprising a non-naturally encoded
amino acid. In some embodiments, the methods comprise
culturing cells comprising a polynucleotide or
polynucleotides encoding a hIFN polypeptide, an 



orthogonal RNA synthetase and/or an orthogonal tRNA
under conditions to permit expression of the hIFN
polypeptide; and purifying the hIFN polypeptide from
the cells and/or culture medium. [64] The present
invention also provides methods of increasing
therapeutic half-life, serum half-life or circulation
time of hIFN polypeptides. The present invention also
provides methods of modulating immunogenicity of hIFN
polypeptides. The present invention also provides
methods of modulating toxicity of hIFN polypeptides.
The present invention also provides methods of
modulating side effects of current IFN therapeutics.
In some embodiments, the methods comprise substituting
a non-naturally encoded amino acid for any one or more
amino acids in naturally occurring hIFN polypeptides
and/or linking the hIFN polypeptide to a linker, a
polymer, a water soluble polymer, or a biologically
active molecule. [65] The present invention also
provides methods of treating a patient in need of such
treatment with an effective amount of a hIFN molecule
of the present invention. In some embodiments, the
methods comprise administering to the patient a
therapeutically-effective amount of a pharmaceutical
composition comprising a hIFN polypeptide comprising a
nonnaturally- encoded amino acid and a
pharmaceutically acceptable carrier. In some
embodiments, the non-naturally encoded amino acid is
linked to a water soluble polymer. [66] The present
invention also provides hIFN polypeptides comprising a
sequence shown in SEQ ID NO: 1, 2, 3 or any other hIFN
polypeptide sequence or interferon-like cytokine such
as limitin, except that at least one amino acid is
substituted by a non-naturally encoded amino acid. In
some embodiments, the non-naturally encoded amino acid
is linked to a water soluble polymer. In some
embodiments, the water soluble polymer comprises
amuieiy. m some embodiments, me non-naturally encoded
amino acid comprises a carbonyl group, an aminooxy
group, a hydrazide group, a hydrazine group, a
semicarbazide group, an azide group, or an alkyne
group. [67] The present invention also provides
pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and a hIFN
polypeptide comprising the sequence shown in SEQ ID
NO: 1, 2, 3 or any other IFN polypeptide sequence or
interferon-like cytokine such as limitin, wherein at
least one amino acid is substituted by a non-naturally
encoded amino acid. In some embodiments, the
non-naturally encoded amino acid comprises a
saccharide moiety. In some embodiments, the water
soluble polymer is linked to the polypeptide via a
saccharide moiety. In some embodiments, a linker,
polymer, or biologically active molecule is linked to
the hIFN polypeptide via a saccharide moiety. [68] The
present invention also provides a hIFN polypeptide
comprising a water soluble polymer linked by a
covalent bond to the hIFN polypeptide at a single
amino acid. In some embodiments, the water soluble
polymer comprises a poly(ethylene glycol) moiety. In
some embodiments, the amino acid covalently linked to
the water soluble polymer is a nonnaturally encoded
amino acid present in the polypeptide. [69] The
present invention provides a hIFN polypeptide
comprising at least one linker, polymer, or
biologically active molecule, wherein said linker,
polymer, or biologically active molecule is attached
to the polypeptide through a functional group of a
non-naturally encoded amino acid ribosomally
incorporated into the polypeptide. In some
embodiments, the polypeptide is monoPEGylated. The
present invention also provides a hIFN polypeptide
comprising a linker, polymer, or biologically active
molecule that is attached to one or more non-naturally
encoded amino acid wherein said non-naturally encoded
amino acid is ribosomally incorporated into the
polypeptide at pre-selected sites. [70] In another
embodiment, conjugation of the hIFN polypeptide
comprising one or more non-naturally occurring amino
acids to another molecule, including but not limited
to PEG, provides substantially purified hIFN due to
the unique chemical reaction utilized for conjugation
to the non-natural amino acid. Conjugation of hIFN
comprising one or more nonnaturally encoded amino
acids to another molecule, such as PEG, may be
performed with other purification techniques performed
prior to or following the conjugation step to provide
substantially pure hIFN. BRIEF DESCRIPTION OF THE
DRAWINGS [71] Figure 1-A diagram of the general
structure for the four helical bundle protein
Interferon alpha-2 (IFNa-2) is shown.[72] Figure 2 - A
diagram of results obtained from the pSTATl assay is
shown. [73] Figure 3 - A diagram showing the
specificity of the pSTATl assay is shown. [74] Figure
4 - A diagram of the effect of endotoxin on the pSTATl
assay is shown. [75] Figure 5 - A diagram of results
obtained from an anti-proliferation assay is shown.
[76] Figure 6 - A diagram of the effect of endotoxin
on the anti-proliferation assay is shown. [77] Figure
7 - A diagram of results obtained from an assay
measuring induction of HLA expression is shown. [78]
Figure 8 - A diagram of Tyk2 phosphorylation in U266
cells is shown. [79] Figure 9 - A diagram of CPE
results obtained with nine PEGylated hIFN polypeptides
and PEGASYS(r) is shown. [80] Figure 10 - A graph of
CFU-GM colony count vs. International Units is shown
for PEGASYS(r) and four hIFN polypeptides. [81] Figure
11- An analysis of anti-viral IC50 and KD for IFNR2 is
shown. [82] Figure 12 - Results from a hematopoietic
toxicity assay are shown. [83] Figure 13 - Results
from a hematopoietic toxicity assay are shown. [84]
Figure 14 - Results from a hematopoietic toxicity
assay are shown. [85] Figure 15 - Results from a
hematopoietic toxicity assay are shown. [86] Figure
16-Results from a hematopoietic toxicity assay are
shown. [87] Figure 17 -Results from a hematopoietic
toxicity assay are shown. [88] Figure 18 - A diagram
of CPE results obtained with five PEGylated hIFN
polypeptides and PEGASYS(r). [89] Figure 19 - A
diagram is shown of the structure of linear, 30 kDa
monomethoxypoly( ethylene glycol)-2-aminooxy
ethylamine carbamate hydrochloride. [90] Figure 20 - A
diagram is shown of the synthesis of mPEG (40K)
aminoethoxyamine hydrochloride from mPEG (40K)
p-nitrophenolcarbonate. DEFINITIONS [91] It is to be
understood that this invention is not limited to the
particular methodology, protocols, cell lines,
constructs, and reagents described herein and as such
may vary. It is also to be understood that the
terminology used herein is for the purpose of
describing particular embodiments only, and is not
intended to limit the scope of the present invention,
which will be limited only by the appended claims.[92]
As used herein and in the appended claims, the
singular forms "a," "an," and "the" include plural
reference unless the context clearly indicates
otherwise. Thus, for example, reference to a "hlFN" is
a reference to one or more such proteins and includes
equivalents thereof known to those of ordinary skill
in the art, and so forth. [93] Unless defined
otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood to
one of ordinary skill in the art to which this
invention belongs. Although any methods, devices, and
materials similar or equivalent to those described
herein can be used in the practice or testing of the
invention, the preferred methods, devices and
materials are now described. [94] All publications and
patents mentioned herein are incorporated herein by
reference for the purpose of describing and
disclosing, for example, the constructs and
methodologies that are described in the publications,
which might be used in connection with the presently
described invention. The publications discussed herein
are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein
is to be construed as an admission that the inventors
are not entitled to antedate such disclosure by virtue
of prior invention or for any other reason. [95] The
term "substantially purified" refers to a hlFN
polypeptide that may be substantially or essentially
free of components that normally accompany or interact
with the protein as found in its naturally occurring
environment, i.e. a native cell, or host cell in the
case of recombinantly produced MFN polypeptides. hlFN
polypeptide that may be substantially free of cellular
material includes preparations of protein having less
than about 30%, less than about 25%, less than about
20%, less than about 15%, less than about 10%, less
than about 5%, less than about 4%, less than about 3%,
less than about 2%, or less than about 1% (by dry
weight) of contaminating protein. When the hlFN
polypeptide or variant thereof is recombinantly
produced by the host cells, the protein may be present
at about 30%, about 25%, about 20%, about 15%, about
10%, about 5%, about 4%, about 3%, about 2%, or about
1% or less of the diy weight of the cells. When the
hlFN polypeptide or variant thereof is recombinantly
produced by the host cells, the protein may be present
in the culture medium at about 5g/L, about 4g/L, about
3g/L, about 2g/L, about lg/L, about 750mg/L, about
500mg/L, about 250mg/L, about 100mg/L, about 50mg/L,
about 10mg/L, or about lmg/L or less of the dry weight
of the cells. Thus, "substantially purified" hlFN
polypeptide as produced by the methods of the present
invention may have a purity level of at least about
30%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about
70%, specifically, a purity level of at least about
75%, 80%, 85%, and morespecifically, a purity level of
at least about 90%, a purity level of at least about
95%, a purity level of at least about 99% or greater
as determined by appropriate methods such as SDS/PAGE
analysis, RP-HPLC5 SEC, and capillary electrophoresis.
[96] A "recombinant host cell" or "host cell" refers
to a cell that includes an exogenous polynucleotide,
regardless of the method used for insertion, for
example, direct uptake, transduction, f-mating, or
other methods known in the art to create recombinant
host cells. The exogenous polynucleotide may be
maintained as a nonintegrated vector, for example, a
plasmid, or alternatively, may be integrated into the
host genome. [97] As used herein, the term "medium" or
"media" includes any culture medium, solution, solid,
semi-solid, or rigid support that may support or
contain any host cell, including bacterial host cells,
yeast host cells, insect host cells, plant host cells,
eukaryotic host cells, mammalian host cells, CHO
cells, prokaryotic host cells, E. coli, or Pseudomonas
host cells, and cell contents. Thus, the term may
encompass medium in which the host cell has been
grown, e.g., medium into which the hIFN polypeptide
has been secreted, including medium either before or
after a proliferation step. The term also may
encompass buffers or reagents that contain host cell
lysates, such as in the case where the hIFN
polypeptide is produced intracellularly and the host
cells are lysed or disrupted to release the hIFN
polypeptide. [98] "Reducing agent," as used herein
with respect to protein refolding, is defined as any
compound or material which maintains sulfhydryl groups
in the reduced state and reduces intra- or
intermolecular disulfide bonds. Suitable reducing
agents include, but are not limited to, dithiothreitol
(DTT), 2-mercaptoethanol, dithioerythritol, cysteine,
cysteamine (2- aminoethanethiol), and reduced
glutathione. It is readily apparent to those of
ordinary skill in the art that a wide variety of
reducing agents are suitable for use in the methods
and compositions of the present invention. [99]
"Oxidizing agent," as used hereinwith respect to
protein refolding, is defined as any compound or
material which is capable of removing an electron from
a compound being oxidized. Suitable oxidizing agents
include, but are not limited to, oxidized glutathione,
cystine, cystamine, oxidized dithiothreitol, oxidized
erythreitol, and oxygen. It is readily apparent to
those of ordinary skill in the art that a wide variety
of oxidizing agents are suitable for use in the
methods of the present invention. [100] "Denaturing
agent" or "denaturant," as used herein, is defined as
any compound or material which will cause a reversible
unfolding of a protein. The strength of a denaturing 



agent or denaturant will be determined both by the
properties and the concentration of the particular
denaturing agent or denaturant. Suitable denaturing
agents or denaturants may bechaotropes, detergents,
organic solvents, water miscible solvents,
phospholipids, or a combination of two or more such
agents. Suitable chaotropes include, but are not
limited to, urea, guanidine, and sodium thiocyanate.
Useful detergents may include, but are not limited to,
strong detergents such as sodium dodecyl sulfate, or
polyoxyethylene ethers (e.g. Tween or Triton
detergents), Sarkosyl, mild non-ionic detergents
(e.g., digitonin), mild cationic detergents such as
N->2,3-(Dioleyoxy)-propyl-N,N,N-trimethylammonium,
mild ionic detergents (e.g. sodium cholate or sodium
deoxycholate) or zwitterionic detergents including,
but not limited to, sulfobetaines (Zwittergent),
3-(3-chlolamidopropyl)dimethylammonio-l -propane
sulfate (CHAPS), and
3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-l
-propane sulfonate (CHAPSO). Organic, water miscible
solvents such as acetonitrile, lower alkanols
(especially C2 - C4 alkanols such as ethanol or
isopropanol), or lower alkandiols (especially C2 - C4
alkandiols such as ethylene-glycol) may be used as
denaturants. Phospholipids useful in the present
invention may be naturally occurring phospholipids
such as phosphatidylethanolamine, phosphatidylcholine,
phosphatidylserine, and phosphatidylinositol or
synthetic phospholipid derivatives or variants such as
dihexanoylphosphatidylcholine or
diheptanoylphosphatidylcholine. [101] "Refolding," as
used herein describes any process, reaction or method
which transforms disulfide bond containing
polypeptides from an improperly folded or unfolded
state to a native or properly folded conformation with
respect to disulfide bonds. [102] "Cofolding," as used
herein, refers specifically to refolding processes,
reactions, or methods which employ at least two
polypeptides which interact with each other and result
in the transformation of unfolded or improperly folded
polypeptides to native, properly folded polypeptides.
[103] As used herein, "interferon" or "IFN" shall
include those polypeptides and proteins that have at
least one biological activity of an interferon,
including but not limited to IFNa, IFNb, IFNg , IFNw,
IFNe, or IFNt or interferon-like cytokines such as
limitin (such as those described in U.S. Patent
4,414,150; 4,456,748; 4,727,138; 4,762,791, 4,929,554;
5,096,705; 4,695,623; 4,614,651; 4,678,751; 4,925,793;
5,460,81 1; 5,120,832; 4,780,530; 4,908,432;
4,970,161; 4,973,479; 4,975,276; 5,098,703; 5,278,286;
5,661,009; 6,372,206; 6,433,144; 6,472,512; 6,572,853;
6,703,225; 6,200,780; 6,299,869; 6,300,475; 6,323,006;
6,350,589; 5,705,363; 5,738,845; 5,789,551; 6,1
17,423; 6,174,996; 5,540,923; 5,541,293; 5,541,312;
5,554,513; 5,593,667 which are incorporated by
reference herein), as well as IFN analogs, IFN
isoforms, IFN mimetics, IFN fragments, hybrid IFN
proteins, fusion proteins, oligomers and multimers,
homologues, glycosylation pattern variants, variants,
splice variants,anu niutems, uiereoi, regaraiess or me
mologicai activity or same, and further regardless of
the method of synthesis or manufacture thereof
including, but not limited to, recombinant (whether
produced from cDNA, genomic DNA, synthetic DNA or
other form of nucleic acid), in vitro, in vivo, by
microinjection of nucleic acid molecules, synthetic,
transgenic, and gene activated methods. Specific
examples of IFN include, but are not limited to,
IFNg-lb (Actimmune (r)), IFNb-la (Avonex(r), and
Rebif(r)), IFNb-lb (Betaseron(r)), consensus IFN, IFN
alfacon-1 (Infergen(r)), IFNa-2 (Intron A(r)), IFNa-2a
(Roferon-A(r)), Peginterferon alfa-2a (PEGASYS (r)),
Peginterferon alfa-2b (PEG-Intron (r)), IFN analog,
IFN mutants, altered glycosylated human IFN, and PEG
conjugated IFN analogs. Specific examples of cells
modified for expression of endogenous human IFN are
described in Devlin et al., J. Leukoc. Biol. 41:306
(1987); U.S. Patent Nos. 6,610,830; 6,482,613;
6,489,144; 6,159,712; 5,814,485; 5,710,027; 5,595,888;
4,966,843; which are incorporated by reference herein.
See also, U.S. Patent Nos. 6,716,606; 6,379,661;
6,004,548; 5,830,705; 5,582,823; 4,810,643; and
6,242,218, which are incorporated by reference herein,
for expression of GH family members. [104] The term
"human IFN (hlFN)" or "hlFN polypeptide" refers to
interferon or IFN as described above, as well as a
polypeptide that retains at least one biological
activity of a naturally-occurring hlFN. The term "hlFN
polypeptides" or "hlFN" also includes the
pharmaceutically acceptable salts and prodrugs, and
prodrugs of the salts, polymorphs, hydrates, solvates,
biologically-active fragments, biologically-active
variants and stereoisomers of the naturally-occurring
human IFN as well as agonist, mimetic, and antagonist
variants of the naturally-occurring human IFN and
polypeptide fusions thereof. Examples of hlFN
polypeptides include, but are not limited to, those
described in U.S. Patent No. 4,604,284; 5,582,824;
6,531,122; 6,204,022; 6,120,762; 6,046,034; 6,036,956;
5,939,286; 5,908,626; 5,780,027; 5,770,191; 5,723,125;
5,594,107; 5,378,823; 4,898,931; 4,892,743, which are
incorporated by reference herein. Fusions comprising
additional amino acids at the amino terminus, carboxyl
terminus, or both, are encompassed by the term "hlFN
polypeptide." Exemplary fusions include, but are not
limited to, e.g., methionyl IFN in which a methionine
is linked to the N-terminus of hlFN resulting from the
recombinant expression of the mature form of hlFN
lacking the secretion signal peptide or portion
thereof, fusions for the purpose of purification
(including but not limited to, to poly-histidine or
affinity epitopes), fusions with serum albumin binding
peptides and fusions with serum proteins such as serum
albumin. Also the term "hlFN polypeptide" also
includes hybrid molecules that have one or more amino
acid substitutions from limitin or other
interferon-like cytokines. U.S. Patent No. 5,750,373,
which is incorporated by reference herein, describes a
method for selecting novel proteins such as
growthhormone and antibody fragment variants having
altered binding properties for their respective
receptor molecules. The method comprises fusing a gene
encoding a protein of interest to the carboxy terminal
domain of the gene III coat protein of the filamentous
phage Ml 3. The naturally-occurring hIFN nucleic acid
and amino acid sequences for full-length and mature
forms are known, as are variants such as single amino
acid variants or splice variants. [105] Consensus
interferon is a recombinant type 1 interferon
containing 166 amino acids. Consensus IFN was derived
by scanning the sequences of several natural alpha
interferons and assigning the most frequently observed
amino acid in each corresponding position. Consensus
IFN, when compared on an equal mass basis with IFNa-2a
and a-2b in in vitro assays, typically displays 5-10
times higher biological activity (Blatt et al. J .
Interferon Cytokine Res. 1996; 16:489-99). [106]
Modified hIFN polypeptides may exhibit one or more
properties or biological activities found with a
different interferon molecule. For example, a hIFN
polypeptide that was generated from an IFNa-2a amino
acid sequence and that comprises one or more
non-naturally encoded amino acid that is unPEGylated
or PEGylated may exhibit one or more biological
activity that is found with IFNb. One such activity
may be anti-proliferative activity. [107] For the
complete full-length naturally-occurring IFNa-2a amino
acid sequence as well as the mature
naturally-occurring IFNa-2a amino acid sequence, see
SEQ ID NO: 1, and SEQ ID NO: 2, respectively, herein.
In some embodiments, hIFN polypeptides of the
invention are substantially identical to SEQ ID NO: 1,
SEQ ID NO: 2, SEQ ID NO: 3, or any other sequence of
an interferon polypeptide or interferon-like cytokine
such as limitin. Nucleic acid molecules encoding hIFN
mutants and mutant hIFN polypeptides are well known
and include, but are not limited to, those disclosed
in U.S. Patent No.: 6,331,525; 6,069,133; 5,955,307;
5,869,293; 5,831,062; 5,081,022; 5,004,689; 4,738,931;
4,686,191; which are incorporated by reference herein.
Examples of hIFN mutants include those disclosed in
U.S. Patent Nos. 6,514,729 and 5,582,824, which are
incorporated by reference herein. [108] Interferons
have a variety of biological activities, including
anti-viral, immunoregulatory and anti-proliferative
properties, and have been utilized as therapeutic
agents for treatment of diseases such as cancer, and
various viral diseases. Interferon- a' s have been
shown to inhibit various types of cellular
proliferation, and are especially useful for the
treatment of a variety of cellular proliferation
disorders frequently associated with cancer,
particularly hematologic malignancies such as
leukemias. These proteins have shown anti
proliferative activity against multiple myeloma,
chronic lymphocytic leukemia, low-grade lymphoma,
Kaposi's sarcoma, chronic myelogenous leukemia,
renal-cell carcinoma, urinarybladder tumors and
ovarian cancers (Bonnem, E. M. et al. (1984) J. Biol.
Response Modifiers 3:580; Oldham, R. K. (1985)
Hospital Practice 20:71). [109] IFNa' s are useful
against various types of viral infections (Finter, N.
B. et al. (1991) Drugs 42(5):749). Interferon-a' s
have shown activity against human papillomavirus
infection, Hepatitis B, and Hepatitis C infections
(Finter, N. B. et al., 1991, supra; Kashima, H. et al.
(1988) Laryngoscope 98:334; Dusheiko, G. M. et al.
(1986) J . Hematology 3 (Supple. 2):S199; Davis, G L
et al. (1989) N. England J . Med. 321 :1501). The role
of interferons and interferon receptors in the
pathogenesis of certain autoimmune and inflammatory
diseases has also been investigated (Benoit, P. et al.
(1993) J. Immunol. 150(3):707). In addition,
interferon-ahas been approved for use for the
treatment of diseases such as hairy cell leukemia,
renal cell carcinoma, basal cell carcinoma, malignant
melanoma, AIDS-related Kaposi's sarcoma, multiple
myeloma, chronic myelogenous leukemia, non-Hodgkin's
lymphoma, laryngeal papillomatosis, mycosis fungoides,
condyloma acuminata, chronic hepatitis B, hepatitis C,
chronic hepatitis D, and chronic non-A, non-B/C
hepatitis. [110] Interferons have been implicated in
the pathogenesis of various autoimmune diseases, such
as systemic lupus erythematoses, Behcet's disease, and
insulin-dependent diabetes mellitus (IDDM, also
referred to as type I diabetes). It has been
demonstrated in a transgenic mouse model that b cell
expression of IFN-a can cause insulitis and IDDM, and
IFN-a antagonists (including antibodies) have been
proposed for the treatment of IDDM (WO 93/04699,
published Mar. 18, 1993). Impaired IFN-g and
IFN-aproduction has been observed in multiple
sclerosis (MS) patients. IFN-a has been detected in
the serum of many AIDS patients, and it has been
reported that the production of IFN-g is greatly
suppressed in suspensions of mitogen-stimulated
mononuclear cells derived from AIDS patients. For a
review see, for example, Chapter 16, "The Presence and
Possible Pathogenic Role of Interferons in Disease",
In: Interferons and other Regulatory Cytokines, Edward
de Maeyer (1988, John Wiley and Sons publishers).
Alpha and beta interferons have been used in the
treatment of the acute viral disease herpes zoster (T.
C. Merigan et al, N. Engl. J. Med. 298, 981-987
(1978); E. Heidemann et al., Onkologie 7, 210-212
(1984)), chronic viral infections, e.g. hepatitis C
and hepatitis B infections (R. L. Knobler et al.,
Neurology 34(10): 1273-9 (1984); M. A. Faerkkilae et
al., Act, Neurol. Sci. 69, 184-185 (1985)). rIFNa-2a
(Roferon(r), Roche) is an injection formulation
indicated in use for the treatment of hairy cell
leukemia and AIDS-related Kaposi's sarcoma.
Recombinant IFNa-2b (Intron A(r), Schering) has been
approved for the treatment of hairy cell leukemia,
selected cases of condylomata acuminata, AIDS-related
Kaposi's sarcoma, chronic hepatitis C, and chronic
hepatitis B infections in certain patients.
Compositions of multiple subtypes of IFNaare also used
to treat a variety of diseases (Multiferon 1 ,
Viragen, Inc.). IFNg l b (Actimmune (r), Intermune
Pharmaceuticals, Inc.) is commercially available for
the treatment of chronic granulomatous disease and
malignant osteopetrosis. [Ill] The biologic activities
of type I IFNs have been disclosed and are known in
the art, and can be found, for example, in Pfeffer,
Semin. Oncol. 24 (suppl 9), S9-63-S9-69 (1997) and
U.S. Patent No.: 6,436,391; 6,372,218; 6,270,756;
6,207,145; 6,086,869; 6,036,949; 6,013,253; 6,007,805;
5,980,884; 5,958,402; 5,863,530; 5,849,282; 5,846,526;
5,830,456; 5,824,300; 5,817,307; 5,780,021; 5,624,895;
5,480,640; 5,268,169; 5,208,019; 5,196,191; 5,190,751;
5,104,653; 5,019,382; 4,959,210; which are
incorporated by reference herein. A related
application is U.S. Patent Application entitled
"Modified Human Interferon Polypeptides and Their
Uses" published as US 2005/0220762 on October 6, 2005,
which is incorporated by reference herein. [112] IFNa'
s are members of the diverse helical-bundle
superfamily of cytokine genes (Sprang, S. R. et al.
(1993) Curr. Opin. Struct. Biol. 3:815-827). The human
interferon a' s are encoded by a family of over 20
tandemly duplicated nonallelic genes that share 85-98%
sequence identity at the amino acid level (Henco, K.
et al. (1985) J . MoI. Biol. 185:227-260). Human IFNb
is a regulatory polypeptide with a molecular weight of
about 22 kDa consisting of 



166 amino acid residues. It can be produced by most
cells in the body, in particular fibroblasts, in
response to viral infection or exposure to other
agents. It binds to a multimeric cell surface
receptor, and productive receptor binding results in a
cascade of intracellular events leading to the
expression of IFNb inducible genes which in turn
produces effects which can be classified as
anti-viral, anti-proliferative and immunomodulatory.
[113] The amino acid sequence of human IFNb is known
and was reported for example by Taniguchi, Gene 10:1
1-15, 1980, and in EP 83069, EP 41313 and U.S. Pat.
No. 4,686,191 which are incorporated by reference
herein. Crystal structures have been reported for
human and murine IFNb, respectively (Proc. Natl. Acad.
Sci. USA 94:1 1813-1 1818, 1997; J . MoI. Biol.
253:187-207, 1995; U.S. Patent No.: 5,602,232;
5,460,956; 5,441,734; 4,672,108; which are
incorporated by reference herein). They have been
reviewed in Cell MoI. Life Sci. 54:1203- 1206, 1998.
Variants of IFNb have been reported (WO 95/25170, U.S.
Patent No. 6,572,853, U.S. Pat. No. 5,545,723, U.S.
Pat. No. 4,914,033, EP 260350, U.S. Pat. No.
4,588,585, U.S. Pat. No. 4,769,233, Stewart et al, DNA
Vol. 6 no. 2 1987 pp. 119-128, Runkel et al, 1998, J .
Biol. Chem. 273, No. 14, pp. 8003-8008, which are
incorporated by reference herein). Expression of IFNb
in CHO cells has been reported (U.S. Pat. No.
4,966,843, U.S. Pat. No. 5,376,567 and U.S. Pat. No.
5,795,779, which are incorporated by reference
herein). IFNb molecules with aparticular glycosylation
pattern and methods for their preparation have been
reported (EP 287075 and EP 529300). [114] Commercial
preparations of IFNb are sold under the names
Betaseron (r) (also termed interferon blb, which is
non-glycosylated, produced using recombinant bacterial
cells, has a deletion of the N-terminal methionine
residue and the C17S mutation), and Avonex (r) and
Rebii (also termed interferon bla, which is
glycosylated, produced using recombinant mammalian
cells) for treatment of patients with multiple
sclerosis, have shown to be effective in reducing the
exacerbation rate, and more patients remain
exacerbation-free for prolonged periods of time as
compared with placebo-treated patients. Furthermore,
the accumulation rate of disability is reduced
(Neurol. 51:682-689, 1998). [115] Comparison of IFNbIa
and blb with respect to structure and function has
been presented in Pharmaceut. Res. 15:641-649, 1998.
IFNb has been shown to delay the progression of
multiple sclerosis, a relapsing then progressive
inflammatory degenerative disease of the central
nervous system. IFNb may have inhibitory effects on
the proliferation of leukocytes and antigen
presentation. IFNb may modulate the profile of
cytokine production towards an anti inflammatory
phenotype. IFNb can reduce T-cell migration by
inhibiting the activity of T-cell matrix
metalloproteases. These activities are likely to act
in concert to account for the mechanism of IFNb in MS
(Neurol. 51:682-689, 1998). [116] IFNb may be used for
the treatment of osteosarcoma, basal cell carcinoma,
cervical dysplasia, glioma, acute myeloid leukemia,
multiple myeloma, Hodgkin's disease, breast carcinoma,
melanoma, and viral infections such as papilloma
virus, viral hepatitis, herpes genitalis, herpes
zoster, herpetic keratitis, herpes simplex, viral
encephalitis, cytomegalovirus pneumonia, and
rhinovirus, Various side effects are associated with
the use of current preparations of IFNb, including
injection site reactions, fever, chills, myalgias,
arthralgias, and other flu-like symptoms (Clin.
Therapeutics, 19:883-893, 1997). [117] Given the
multitude of side effects with current IFNb products,
their association with frequent injection, the risk of
developing neutralizing antibodies impeding the
desired therapeutic effect of IFNb, and the potential
for obtaining more optimal therapeutic IFNb levels
with concomitant enhanced therapeutic effect, there is
clearly a need for improved IFNb-like molecules. [118]
Additional side effects found in patients receiving
interferon therapy include flulike symptoms such as
fatigue, headache, and fever, anorexia,
myelosuppression, and neutropenia. Side effects such
as these can require cessation of treatment or a
reduction ofdosage. See Jonasch, E. Oncologist 2001;
6:34-55, which is incorporated by reference. IFNa2a
therapy has other associated toxicities including
thrombocytopenia. Among the most common side effects
of IFNa current therapy are pyrexia, headache, rigors,
and myalgia. Side effects that lead to dose reductions
are most commonly hematological consequences of bone
marrow suppression, including anemia and neutropenia.
Adverse effects of IFNs are problematic even with
IFN/ribavirin combination therapy; the combined use of
a PEGylated interferona (PEGASYS(r) or PEG-Intron (r))
and Ribavirin (Copegus(r)) is the current standard of
care in HCV therapy. Moreover, patients with HCV
genotype 1 (Ia or Ib) have been shown to be much less
likely to respond to combination therapy than HCV
genotype 2 or 3. Also, these combination regimens are
found to be remarkably less effective in patients with
a high viral load. Thus, there is clearly a need for
improved IFN-like therapeutics. [119] Other
interferons (IFN-e, IFN-K, IFN-d, IFN-t) and four
interferon-like cytokines (limitin, IL-28A, IL-28B,
IL-29) have been described. The interaction of
interferons and interferon-like molecules with
receptor molecules as well as their biological
activities and clinical applications are described by
Pestka, S. et al. in "Interferons, interferon-like
cytokines, and their receptors," Immunol Rev. 2004
Dec;202:8-32, which is incorporated by reference
herein. Type I receptor chains IFNaRl and IFNaR2 are
utilized by a number of the interferons including
IFN-a, IFN-b, and limitin. The gene encoding sequence
of IFNaRl was originally cloned by Uze et al. Cell
1990; 60:225, which is incorporated by reference
herein. It is a 110 kDa protein, whereas IFNaR2 occurs
in two different forms. The two forms of IFNaR2 are
from the same gene and are generated as differentially
spliced products (Lutfalla et al. EMBO J 1995;
14:5100; Domanski et al. J. Biol. Chem. 1995;
270:21606; and Novick et al. Cell 1994; 77:391, which
are incorporated by reference herein). The short form
(IFNAR2b) has a molecular mass of 5 1 kDa and the long
form (IFNAR2c) is 90-100 kDa. Thus, two forms of the
receptor complex thus exist, with IFNaRl associating
with IFNAR2b or IFNARZc. Colamonici et al. J . Biol.
Chem. 1994; 269:5660, which is incorporated by
reference herein, have shown that both types of
receptor transduce signals and mediate the biological
effects of interferons. IFNs utilize the Jak-Stat
signal transduction pathway in addition to other
pathways. [120] Limitin (Interferon-zeta) has been
found only in mice and was isolated based on its
ability to inhibit the proliferation of a
myelomonocytic leukemia cell line (Oritani, K. et al.
Nature Medicine 2000 6(6):659-666, which is
incorporated herein by reference). Limitin (SEQ ID NO:
23) has been shown to kill or arrest the proliferation
of certain lympho-hematopoietic cell lines (B
lymphopoiesis), but showed little influence on
erythropoiesis or myelopoiesis.Sequence analysis of
the 182 amino acid protein has shown homology to IFN-a
and IFN-b (31.9% and 25.9% identical in 166
overlapping amino acids) and a hydrophobic set of
residues at the amino terminus. Kawamoto et al. J
Virol. 2003 Sep;77(17):9622-31, which is incorporated
by reference, describe studies of the antiviral
activity of limitin with encephalomyocarditis virus
(EMCV) and herpes simplex virus (HSV) infected cells,
and plaque formation in mouse hepatitis virus (MHV)
infected cells. [121] Differences between limitin and
interferons such as IFNa have been discussed,
including, but not limited to, differences in signal
transduction pathways for antiviral effects, in the
antiviral effects themselves, and in myelosuppressive
effects. See Kawamoto et al. J Virol. 2003 Sep;
77(17):9622-31. Kawamoto et al. Experimental
Hematology 2004; 32:797-805, which is incorporated by
reference herein, describes differences found between
limitin and IFN-a in assays measuring antiviral,
immunomodulatory, antitumor, and myelosuppressive
activity and in an in vivo study. Limitin was found to
separate anti-viral activity from bone marrow
toxicity. [122] Thirteen different alpha interferons
transmit distinct signals through a single paired a/b
two chain receptor complex. Modulating of components
involved in one or more signaling pathways mediated
through the same receptor complex may provide
optimization of the antiviral effects of WFN
polypeptides, and modulation of toxic side effects. A
number of molecules are involved with downstream
signaling pathways. Antisense oligonucleotides to CrkL
and CrkII that inhibited protein expression of these
molecules were used by Platanias et al. and were found
to reverse the inhibition of IFNa or IFNg on
proliferation of bone marrow cells (CFU-GM and BFU-E).
IFNa is known to activate the STATl pathway, and
knockout mouse studies point to the importance of the
STATl signaling cascade in fighting viral infections.
Durbin et al. (Cell. 1996 Feb 9;84(3):443-50) have
shown that mice homozygous for a STATl knockout
develop spontaneous viral infections unless they are
raised in a sterile environment. In addition,
signaling through STAT5 and CrkL ultimately lead to
activation of the RAP 1 protein which may be necessary
for producing growth-inhibitory signals. The
phosphorylation of STAT3 may also be measured. [123]
Various references disclose modification of
polypeptides by polymer conjugation or glycosylation.
The term "hlFN polypeptide" includes polypeptides
conjugated to a polymer such as PEG and may be
comprised of one or more additional derivitizations of
cysteine, lysine, or other residues. In addition, the
hlFN polypeptide may comprise a linker or polymer,
wherein the amino acid to which the linker or polymer
is conjugated may be a non-natural amino acid
according to the present invention, or may be
conjugated to a naturally encoded amino acid utilizing
techniques known in the art such as coupling to lysine
or cysteine.[lZ4J Polymer modification of native p or
a (J17S variant thereof has been reported (EP 229108,
U.S. Pat. No. 5,382,657; EP 593868; U.S. Pat. No.
4,917,888 and WO 99/55377, which are incorporated by
reference herein). U.S. Pat. No. 4,904,584 discloses
PEGylated lysine depleted polypeptides, wherein at
least one lysine residue has been deleted or replaced
with any other amino acid residue. WO 99/67291
discloses a process for conjugating a protein with
PEG, wherein at least one amino acid residue on the
protein is deleted and the protein is contacted with
PEG under conditions sufficient to achieve conjugation
to the protein. WO 99/03887 discloses PEGylated
variants of polypeptides belonging to the growth
hormone superfamily, wherein a cysteine residue has
been substituted with a non-essential amino acid
residue located in a specified region of the
polypeptide. Examples of PEGylated IFN molecules
include those disclosed in U.S. Patent No.: 6,524,570;
6,250,469; 6,180,096; 6,177,074; 6,042,822; 5,981,709;
5,951,974; 5,908,621; 5,738,846; 5,71 1,944;
5,382,657, which are incorporated by reference herein.
IFNb is mentioned as one example of a polypeptide
belonging to the growth hormone superfamily. WO 00/231
14 discloses glycosylated and pegylated IFNb. WO
00/23472 discloses IFNb fusion proteins. WO 00/26354
discloses a method of producing a glycosylated
polypeptide variant with reduced allergenicity, which
as compared to a corresponding parent polypeptide
comprises at least one additional glycosylation site.
IFNb is disclosed as one example among many
polypeptides that can be modified according to the
technology described in U.S. Pat. No. 5,218,092, which
is incorporated by reference herein. U.S. Pat. No.
5,218,092, which is incorporated by reference herein,
discloses modification of granulocyte colony
stimulating factor (G-CSF) and other polypeptides so
as to introduce at least one additional carbohydrate
chain as compared to the native polypeptide. [125] The
term "hlFN polypeptide" also includes glycosylated
hlFN, such as but not limited to, polypeptides
glycosylated at any amino acid position, N-linked or
O-linked glycosylated forms of the polypeptide. These
forms included, but are not limited to, a polypeptide
with an O-linked glycosylation site at position 129 of
SEQ ID NO: 1, or the equivalent position of SEQ ID NO:
2 or 3, or any other IFN polypeptide (Adolf et al.,
Biochem. 276:511 (1991)). [126] Variants containing
single nucleotide changes are also considered as
biologically active variants of hlFN polypeptide. In
addition, splice variants are also included. The term
"hlFN polypeptide" also includes hlFN polypeptide
heterodimers, homodimers, heteromultimers, or
homomultimers of any one or more hlFN polypeptides or
any other polypeptide, protein, carbohydrate, polymer,
small molecule, linker, ligand, or other biologically
active molecule of any type, linked by chemical means
or expressed as a fusion protein, as wellas j ui c uuc
aiifcuu u containing, ior example, speci pc deletions
or oter modifications yet maintain biological
activity. [127] All references to amino acid positions
in hIFN described herein are based on the position in
SEQ ID NO: 2, unless otherwise specified (i.e., when
it is stated that the comparison 



is based on SEQ ID NO: 1, 3, or other hIFN sequence or
interferon-like cytokine such as limitin). Those of
skill in the art will appreciate that amino acid
positions corresponding to positions in SEQ ID NO: 1,
2, 3, or any other IFN sequence or interferon-like
cytokine such as limitin can be readily identified in
any other hIFN molecule or interferon-like cytokine
such as limitin such as hIFN fusions, variants,
fragments, etc. For example, sequence alignment
programs such as BLAST can be used to align and
identify a particular position in a protein that
corresponds with a position in SEQ ID NO: 1, 2, 3, or
other IFN sequence or interferon-like cytokine such as
limitin. Substitutions, deletions or additions of
amino acids described herein in reference to SEQ ID
NO: 1, 2, 3, or other IFN sequence are intended to
also refer to substitutions, deletions or additions in
corresponding positions in hIFN fusions, variants,
fragments, interferon-like cytokines such as limitin,
etc. described herein or known in the art and are
expressly encompassed by the present invention. [128]
The term "hIFN polypeptide" or "hIFN" encompasses hIFN
polypeptides comprising one or more amino acid
substitutions, additions or deletions. hIFN
polypeptides of the present invention may be comprised
of modifications with one or more natural amino acids
in conjunction with one or more non-natural amino acid
modification. For example, a hIFN polypeptide may
comprise a non-naturally encoded amino acid
substitution as well as a natural amino acid
substitution for the first amino acid at the
N-terminus. Exemplary substitutions in a wide variety
of amino acid positions in naturally-occurring hIFN
polypeptides have been described, including but not
limited to substitutions that modulate one or more of
the biological activities of the hIFN polypeptide,
such as but not limited to, increase agonist activity,
increase solubility of the polypeptide, decrease
protease susceptibility, convert the polypeptide into
an antagonist, etc. and are encompassed by the term "
hIFN polypeptide." [129] Human IFN antagonists
include, but are not limited to, those with
substitutions at: 2, 3, 4, 5, 7, 8, 16, 19, 20, 40,
42, 50, 51, 58, 68, 69, 70, 71, 73, 97, 105, 109, 112,
118, 148, 149, 152, 153, 158, 163, 164, 165, or any
combination thereof (SEQ ID NO: 2, or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN sequence); a hIFN polypeptide comprising one
of these substitutions may potentially act as a weak
antagonist or weak agonist depending on the site
selected and the desired activity. Human IFN
antagonists include, but are not limited to, those
with substitutions at 22, 23, 24, 25, 26, 27, 28, 30,
31, 32, 33, 34, 35, 74, 77,78, 79, 80, 82, 83, 85, 86,
89, 90, 93, 94, 124, 125, 127, 128, 129, 131, 132,
133, 134, 135, 136, 137, or any combination thereof
(HFN; SEQ ID NO: 2 or the corresponding amino acids in
SEQ ID NO: 1 or 3). In some embodiments, hIFN
antagonists comprise at least one substitution in the
regions 1-9 (N-terminus), 10-21 (A helix), 22-39
(region between A helix and B helix), 40- 75 (B
helix), 76-77 (region between B helix and C helix),
78-100 (C helix), 101-1 10 (region between C helix and
D helix), 111-132 (D helix), 133-136 (region between D
and E helix), 137- 155 (E helix), 156-165 (C-terminus)
that cause IFN to act as an antagonist. In other
embodiments, the exemplary sites of incorporation of a
non-naturally encoded amino acid include residues
within the amino terminal region of helix A and a
portion of helix C. In other embodiments, the
above-listed substitutions are combined with
additional substitutions that cause the hIFN
polypeptide to be a hIFN antagonist. In some
embodiments, the hIFN antagonist comprises a
non-naturally encoded amino acid linked to a water
soluble polymer that is present in a receptor binding
region of the hIFN molecule. [130] In some
embodiments, the hIFN polypeptides further comprise an
addition, substitution or deletion that modulates
biological activity of the hIFN polypeptide. For
example, the additions, substitutions or deletions may
modulate one or more properties or activities of hIFN.
For example, the additions, substitutions or deletions
may modulate affinity for the hIFN polypeptide
receptor, modulate (including but not limited to,
increases or decreases) receptor dimerization,
modulate downstream signaling events post hIFN
receptor binding, stabilize receptor dimers, modulate
circulating half-life, modulate therapeutic half-life,
modulate stability of the polypeptide, modulate
cleavage by proteases, modulate dose, modulate release
or bio availability, modulate one or more side effects
found with current IFN therapeutics, modulate
toxicity, facilitate purification, or improve or alter
a particular route of administration. Similarly, hIFN
polypeptides may comprise protease cleavage sequences,
reactive groups, antibody-binding domains (including
but not limited to, FLAG or poly-His) or other
affinity based sequences (including but not limited
to, FLAG, poly-His, GST, etc.) or linked molecules
(including but not limited to, biotin) that improve
detection (including but not limited to, GFP),
purification or other traits of the polypeptide. [131]
The term "hIFN polypeptide" also encompasses
homodimers, heterodimers, homomultimers, and
heteromultimers that are linked, including but not
limited to those linked directly via non-naturally
encoded amino acid side chains, either to the same or
different nonnaturally encoded amino acid side chains,
to naturally-encoded amino acid side chains, or
indirectly via a linker. Exemplary linkers including
but are not limited to, small organiccompounds, water
soluble polymers of a variety of lengths such as
poly(ethylene glycol) or polydextran, or polypeptides
of various lengths. [132] A "non-naturally encoded
amino acid" refers to an amino acid that is not one of
the 20 common amino acids or pyrrolysine or
selenocysteine. Other terms that may be used
synonymously with the term "non-naturally encoded
amino acid " are "non-natural amino acid," "unnatural
amino acid," "non-naturally-occurring amino acid," and
variously hyphenated and non-hyphenated versions
thereof. The term "non-naturally encoded amino acid"
also includes, but is not limited to, amino acids that
occur by modification (e.g. post-translational
modifications) of a naturally encoded amino acid
(including but not limited to, the 20 common amino
acids or pyrrolysine and selenocysteine) but are not
themselves naturally incorporated into a growing
polypeptide chain by the translation complex. Examples
of such non-naturallyoccurring amino acids include,
but are not limited to, N-acetylglucosaminyl-L-serine,
Nacetylglucosaminyl- L-threonine, and
O-phosphotyrosine. [133] An "amino terminus
modification group" refers to any molecule that can be
attached to the amino terminus of a polypeptide.
Similarly, a "carboxy terminus modification group"
refers to any molecule that can be attached to the
carboxy terminus of a polypeptide. Terminus
modification groups include, but are not limited to,
various water soluble polymers, peptides or proteins
such as serum albumin, or other moieties that increase
serum half-life of peptides. [134] The terms
"functional group", "active moiety", "activating
group", "leaving group", "reactive site", "chemically
reactive group" and "chemically reactive moiety" are
used in the art and herein to refer to distinct,
definable portions or units of a molecule. The terms
are somewhat synonymous in the chemical arts and are
used herein to indicate the portions of molecules that
perform some function or activity and are reactive
with other molecules. [135] The term "linkage" or
"linker" is used herein to refer to groups or bonds
that normally are formed as the result of a chemical
reaction and typically are covalent linkages.
Hydrolytically stable linkages means that the linkages
are substantially stable in water and do not react
with water at useful pH values, including but not
limited to, under physiological conditions for an
extended period of time, perhaps even indefinitely.
Hydrolytically unstable or degradable linkages mean
that the linkages are degradable in water or in
aqueous solutions, including for example, blood.
Enzymatically unstable or degradable linkages mean
that the linkage can be degraded by one or more
enzymes. As understood in the art, PEG and related
polymers may include degradable linkages in the
polymer backbone or in the linker group between the
polymer backbone and one or more of the terminal
functional groups of the polymermolecule. For example,
ester linkages formed by the reaction of PEG
carboxylic acids or activated PEG carboxylic acids
with alcohol groups on a biologically active agent
generally hydrolyze under physiological conditions to
release the agent. Other hydrolytically degradable
linkages include, but are not limited to, carbonate
linkages; imine linkages resulted from reaction of an
amine and an aldehyde; phosphate ester linkages formed
by reacting an alcohol with a phosphate group;
hydrazone linkages which are reaction product of a
hydrazide and an aldehyde; acetal linkages that are
the reaction product of an aldehyde and an alcohol;
orthoester linkages that are the reaction product of a
formate and an alcohol; peptide linkages formed by an
amine group, including but not limited to, at an end
of a polymer such as PEG, and a carboxyl group of a
peptide; and oligonucleotide linkages formed by a
phosphoramidite group, including but not limited to,
at the end of a polymer, and a 5' hydroxyl group of an
oligonucleotide. [136] The term "biologically active
molecule", "biologically active moiety" or
"biologically active agent" when used herein means any
substance which can affect any physical or biochemical
properties of a biological system, pathway, molecule,
or interaction relating to an organism, including but
not limited to, viruses, bacteria, bacteriophage,
transposon, prion, insects, fungi, plants, animals,
and humans. In particular, as used herein,
biologically active molecules include, but are not
limited to, any substance intended for diagnosis,
cure, mitigation, treatment, or prevention of disease
in humans or other animals, or to otherwise enhance
physical or mental well-being of humans or animals.
Examples of biologically active molecules include, but
are not limited to, peptides, proteins, enzymes, small
molecule drugs, hard drugs, soft drugs, carbohydrates,
inorganic atoms or molecules, dyes, lipids,
nucleosides, radionuclides, oligonucleotides, toxins,
cells, viruses, liposomes, microparticles and
micelles. Classes of biologically active agents that
are suitable for use with the invention include, but
are not limited to, drugs, prodrugs, radionuclides,
imaging agents, polymers, antibiotics, fungicides,
anti-viral agents, anti-inflammatory agents,
anti-tumor agents, cardiovascular agents, anti-anxiety
agents, hormones, growth factors, steroidal agents,
microbially derived toxins, and the like. [137] A
"bifunctional polymer" refers to a polymer comprising
two discrete functional groups that are capable of
reacting specifically with other moieties (including
but not limited to, amino acid side groups) to form
covalent or non-covalent linkages. A bifunctional
linker having one functional group reactive with a
group on a particular biologically active component,
and another group reactive with a group on a second
biological component, may be used to form a conjugate
that includes the first biologically active component,
the bifunctional linker and the second biologically
active component. Many procedures and linker molecules
for attachment of various compounds to peptides are
known. See, e.g., European Patent Application No.
188,256;U.S. Patent Nos. 4,671,958, 4,659,839,
4,414,148, 4,699,784; 4,680,338; and 4,569,789 which
are incorporated by reference herein. A
"multi-functional polymer" refers to a polymer
comprising two or more discrete functional groups that
are capable of reacting specifically with other
moieties (including but not limited to, amino acid
side groups) to form covalent or noncovalent linkages.
A bi-functional polymer or multi-functional polymer
may be any desired length or molecular weight, and may
be selected to provide a particular desired spacing or
conformation between one or more molecules linked to
hIFN and its receptor or hlFN. [138] Where substituent
groups are specified by their conventional chemical
formulas, written from left to right, they equally
encompass the chemically identical substituents that
would result from writing the structure from right to
left, for example, the structure -CH2O- is equivalent
to the structure -OCH2-. [139] The term "substituents"
includes but is not limited to "non-interfering
substituents". "Non-interfering substituents" are
those groups that yield stable compounds. Suitable
non-interfering substituents or radicals include, but
are not limited to, halo, Ci -Ci 0 alkyl, C2-CiO
alkenyl, C2-Ci0 alkynyl, Ci-Ci 0 alkoxy, Ci-Ci 2
aralkyl, Ci-Ci 2 alkaryl, C3-Ci 2 cycloalkyl, C3-Cn
cycloalkenyl, phenyl, substituted phenyl, toluoyl,
xylenyl, biphenyl, C -C) 2 alkoxyalkyl, C2-Ci 2
alkoxyaryl, C7-Ci2 aryloxyalkyl, C7-C] 2 oxyaryl, C
-C6 alkylsulfinyl, Ci-Ci 0 alkylsulfonyl, ~(CH 2)m
-O-(Ci-Ci o alkyl) wherein m is from 1 to 8, aryl,
substituted aryl, substituted alkoxy, fluoroalkyl,
heterocyclic radical, substituted heterocyclic
radical, nitroalkyl, - -NO2, -CN, -NRC(O)-(Ci-C 10
alkyl), -C(O)-(Ci-Ci 0 alkyl), C2-C] 0 alkyl
thioalkyl, -C(O)O- -( Ci-C 10 alkyl), -OH, -SO 2, =S,
-COOH, -NR 2, carbonyl, -C(O)-(Ci-Ci 0 alkyl)-CF3, -
C(O)- CF3, -C(0)NR2, -(Ci-C 10 aryl)-S-(C 6-C10 aryl),
-C(O)-(Ci-Ci 0 aryl), ~(CH 2)m -O- (-(CH 2)m-0-(Cj-Cio
alkyl) wherein each m is from 1 to 8, -C(O)NR 2,
-C(S)NR 2, - SO2NR2, 



-NRC(O) NR2, -NRC(S) NR2, salts thereof, and the like.
Each R as used herein is H, alkyl or substituted
alkyl, aryl or substituted aryl, aralkyl, or alkaryl.
[140] The term "halogen" includes fluorine, chlorine,
iodine, and bromine. [141] The term "alkyl," by itself
or as part of another substituent, means, unless
otherwise stated, a straight or branched chain, or
cyclic hydrocarbon radical, or combination thereof,
which may be fully saturated, mono- or polyunsaturated
and can include di- and multivalent radicals, having
the number of carbon atoms designated (i.e. Ci-Ci 0
means one to ten carbons). Examples of saturated
hydrocarbon radicals include, but are not limited to,
groups such as methyl, ethyl, n-propyl, isopropyl,
n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl,
(cyclohexyl)methyl, cyclopropylmethyl, homologs and
isomers of, for example, n-pentyl, nhexyl, n-heptyl,
n-octyl, and the like. An unsaturated alkyl group is
one having one or moredouuic unus or ippie oonas.
Jbxampies of unsaturated aikyi groups include, but are
not limited to, vinyl, 2-propenyl, crotyl,
2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl,
3-(l,4-pentadienyl), ethynyl, 1- and 3-propynyl,
3-butynyl, and the higher homologs and isomers. The
term "alkyl," unless otherwise noted, is also meant to
include those derivatives of alkyl defined in more
detail below, such as "heteroalkyl." Alkyl groups
which are limited to hydrocarbon groups are termed
"homoalkyl". [142] The term "alkylene" by itself or as
part of another substituent means a divalent radical
derived from an alkane, as exemplified, but not
limited, by the structures -CH 2CH2- and -CH
2CH2CH2CH2- , and further includes those groups
described below as "hetero alkylene." Typically, an
alkyl (or alkylene) group will have from 1 to 24
carbon atoms, with those groups having 10 or fewer
carbon atoms being a particular embodiment of the
methods and compositions described herein. A "lower
alkyl" or "lower alkylene" is a shorter chain alkyl or
alkylene group, generally having eight or fewer carbon
atoms. [143] The terms "alkoxy," "alkylamino" and
"alkylthio" (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl groups
attached to the remainder of the molecule via an
oxygen atom, an amino group, or a sulfur atom,
respectively. [144] The term "heteroalkyl," by itself
or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain,
or cyclic hydrocarbon radical, or combinations
thereof, consisting of the stated number of carbon
atoms and at least one heteroatom selected from the
group consisting of O, N, Si and S, and wherein the
nitrogen and sulfur atoms may optionally be oxidized
and the nitrogen heteroatom may optionally be
quaternized. The heteroatom(s) O, N and S and Si may
be placed at any interior position of the heteroalkyl
group or at the position at which the alkyl group is
attached to the remainder of the molecule. Examples
include, but are not limited to, -CH2-CH2-O-CH3,
-CH2-CH2-NH-CH3, - CH2-CH2-N(CH3)-CH3, -CH2-S-CH2-CH3,
-CH2-CH2 5-S(O)-CH3, -CH2-CH2-S(O)2-CH3, - CH=CH-O-CH3
-Si(CH3)3, -CH2-CH=N-OCH3, and -CH=CH-N(CH 3)-CH3. Up
to two heteroatoms may be consecutive, such as, for
example, -CH2-NH-OCH3 and -CH 2-O-Si(CH3)3. Similarly,
the term "heteroalkylene" by itself or as part of
another substituent means a divalent radical derived
from heteroalkyl, as exemplified, but not limited by,
-CH2-CH2-S-CH2-CH2- and -CH 2-S-CH2-CH2-NFI-CH2-. For
heteroalkylene groups, the same or different
heteroatoms can also occupy either or both of the
chain termini (including but not limited to,
alkyleneoxy, alkylenedioxy, alkyleneamino,
alkylenediamino, aminooxyalkylene, and the like).
Still further, for alkylene and heteroalkylene linking
groups, no orientation of the linking group is implied
bythe direction in which the formula of the linking
group is written. For example, the formula - C(O)2R'-
represents both -C(O) 2R'- and - R5C(O)2- . [145] The
terms "cycloalkyl" and "heterocycloalkyl", by
themselves or in combination with other terms,
represent, unless otherwise stated, cyclic versions of
"alkyl" and "heteroalkyl", respectively. Thus, a
cycloalkyl or heterocycloalkyl include saturated,
partially unsaturated and fully unsaturated ring
linkages. Additionally, for heterocycloalkyl, a
heteroatom can occupy the position at which the
heterocycle is attached to the remainder of the
molecule. Examples of cycloalkyl include, but are not
limited to, cyclopentyl, cyclohexyl, 1-cyclohexenyl,
3- cyclohexenyl, cycloheptyl, and the like. Examples
of heterocycloalkyl include, but are not limited to,
l-(l,2,5,6-tetrahydropyridyl), 1-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4- morpholinyl,
3-morpholinyl, tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, tetrahydrothien-2-yl,
tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl,
and the like. Additionally, the term encompasses
bicyclic and tricyclic ring structures. Similarly, the
term "heterocycloalkylene" by itself or as part of
another substituent means a divalent radical derived
from heterocycloalkyl, and the term "cycloalkylene" by
itself or as part of another substituent means a
divalent radical derived from cycloalkyl. [146] As
used herein, the term "water soluble polymer" refers
to any polymer that is soluble in aqueous solvents.
Linkage of water soluble polymers to hIFN polypeptides
can result in changes including, but not limited to,
increased or modulated serum half-life, or increased
or modulated therapeutic half-life relative to the
unmodified form, modulated immunogenicity, modulated
physical association characteristics such as
aggregation and multimer formation, altered receptor
binding, altered receptor dimerization or
multimerization, modulated toxicity, and modulation of
one or more the biological activities of IFN including
side effects found with current IFN therapeutics. The
water soluble polymer may or may not have its own
biological activity, and may be utilized as a linker
for attaching hIFN to other substances, including but
not limited to one or more hIFN polypeptides, or one
or more biologically active molecules. Suitable
polymers include, but are not limited to, polyethylene
glycol, polyethylene glycol propionaldehyde, mono
Cl-ClO alkoxy or aryloxy derivatives thereof
(described in U.S. Patent No. 5,252,714 which is
incorporated by reference herein),
monomethoxy-polyethylene glycol, polyvinyl
pyrrolidone, polyvinyl alcohol, polyamino acids,
divinylether maleic anhydride, N-(2-
Hydroxypropyl)-methacrylamide, dextran, dextran
derivatives including dextran sulfate, polypropylene
glycol, polypropylene oxide/ethylene oxide copolymer,
polyoxyethylated polyol, heparin, heparin fragments,
polysaccharides, oligosaccharides, glycans, cellulose
and cellulose derivatives, including but not limited
to methylcellulose and carboxymethyl cellulose, starch
andstarch derivatives, polypeptides, polyalkylene
glycol and derivatives thereof, copolymers of
polyalkylene glycols and derivatives thereof,
polyvinyl ethyl ethers, and alpha-beta-poly[(2-
hydroxyethyl)-DL-aspartamide, and the like, or
mixtures thereof. Examples of such water soluble
polymers include, but are not limited to, polyethylene
glycol and serum albumin. [147] As used herein, the
term "polyalkylene glycol" or "poly(alkene glycol)"
refers to polyethylene glycol (poly (ethylene
glycol)), polypropylene glycol, polybutylene glycol,
and derivatives thereof. The term "polyalkylene
glycol" encompasses both linear and branched polymers
and average molecular weights of between 0.1 IcDa and
100 IcDa. Other exemplary embodiments are listed, for
example, in commercial supplier catalogs, such as
Shearwater Corporation's catalog "Polyethylene Glycol
and Derivatives for Biomedical Applications" (2001).
[148] The term "aryl" means, unless otherwise stated,
a polyunsaturated, aromatic, hydrocarbon substituent
which can be a single ring or multiple rings
(including but not limited to from 1 to 3 rings) which
are fused together or linked covalently. The term
"heteroaryl" refers to aryl groups (or rings) that
contain from one to four heteroatoms selected from N,
O, and S, wherein the nitrogen and sulfur atoms are
optionally oxidized, and the nitrogen atom(s) are
optionally quaternized. A heteroaryl group can be
attached to the remainder of the molecule through a
heteroatom. Non-limiting examples of aryl and
heteroaryl groups include phenyl, 1- naphthyl,
2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
pyrazinyl, 2-oxazolyl, 4-oxazolyl,
2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl,
4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl,
5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3- thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl,
4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-
benzimidazolyl, 5-indolyl, 1-isoquinolyl,
5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-
quinolyl, and 6-quinolyl. Substituents for each of the
above noted aryl and heteroaryl ring systems are
selected from the group of acceptable substituents
described below. [149] For brevity, the term "aryl"
when used in combination with other terms (including
but not limited to, aryloxy, arylthioxy, arylalkyl)
includes both aryl and heteroaryl rings as defined
above. Thus, the term "arylalkyl" is meant to include
those radicals in which an aryl group is attached to
an alkyl group (including but not limited to, benzyl,
phenethyl, pyridylmethyl and the like) including those
alkyl groups in which a carbon atom (including but not
limited to, a methylene group) has been replaced by,
for example, an oxygen atom (including but not limited
to, phenoxymethyl, 2-pyridyloxymethyl,
3-(l-naphthyloxy)propyl, and the like).[l uj acn oi me
above terms (including out not limited to, "alkyl,"
"heteroalkyl," "aryl" and "heteroaryl") are meant to
include both substituted and unsubstituted forms of
the indicated radical. Exemplary substituents for each
type of radical are provided below. [151] Substituents
for the alkyl and heteroalkyl radicals (including
those groups often referred to as alkylene, alkenyl,
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, and
heterocycloalkenyl) can be one or more of a variety of
groups selected from, but not limited to; -OR', =0,
=NR\ =N-0R\ -NR' R", -SR', -halogen, - SiR'R"R"',
-OC(O)R', -C(O)R', -CO2R', -CONR'R", -0C(0)NR'R",
-NR"C(0)R', -NR'-C(0)NR"R"', -NR C(O)2R',
-NR-C(NR'R"R'")=NR' 5", -NR-C(NR'R")=NR ", -S(O)R',
-S(O)2R5, -S(O)2NR5R", -NRSO2R', -CN and -NO 2 in a
number ranging from zero to (2m'+l), where m' is the
total number of carbon atoms in such a radical. R5, R
, R55 and R5 55 each independently refer to hydrogen,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted aryl, including but not limited to,
aryl substituted with 1-3 halogens, substituted or
unsubstituted alkyl, alkoxy or thioalkoxy groups, or
arylalkyl groups. When a compound of the invention
includes more than one R group, for example, each of
the R groups is independently selected as are each R ,
R' , R and R5' ' groups when more than one of these
groups is present. When R' and R" are attached to the
same nitrogen atom, they can be combined with the
nitrogen atom to form a 5-, 6-, or 7-membered ring.
For example, -NR R" is meant to include, but not be
limited to, 1-pyrrolidinyl and 4-morpholinyl. From the
above discussion of substituents, one of skill in the
art will understand that the term "alkyl is meant to
include groups including carbon atoms bound to groups
other than hydrogen groups, such as haloalkyl
(including but not limited to, -CF3 and -CH 2CF3) and
acyl (including but not limited to, -C(O)CH3,
-C(O)CF3, - C(O)CH2OCH3, and the like). [152] Similar
to the substituents described for the alkyl radical,
substituents for the aryl and heteroaryl groups are
varied and are selected from, but are not limited to:
halogen, -OR', O, =NR\ =N-0R\ -NR'R", -SR , -halogen,
-SiR'R"R'", -OC(O)R , -C(O)R , -CO2R', - CONR'R",
-OC(O)NR R", -NR5 C(O)R , -NR'-C(0)NR"R"\ -NR C(O)2R ,
-NRC( NR'R"R'")=NR"", -NR-C(NR'R")=NR'", -S(O)R ,
-S(O)2R5, -S(O)2NR R", -NRSO2R5, -CN and -NO 2, -R ,
-N3, -CH(Ph)2, fluoro(Ci-C4)alkoxy, and fiuoro(d-C
4)alkyl, in a number ranging from zero to the total
number of open valences on the aromatic ring system;
and where R', R", R"' and R"" are independently
selected from hydrogen, alkyl, heteroalkyl, aryl and
heteroaryl. When a compound of the invention includes
more than one R group, for example, each of the R
groups is independently selected as are each R', R",
R'" and R"" groups when more than one of these groups
is present.[l j A S usea nerein, the term "modiuatea
serum nail-Hie" means the positive or negative change
in circulating half-life of a modified hIFN relative
to its non-modified form. Serum half-life is measured
by taking blood samples at various time points after
administration of hIFN, and determining the
concentration of that molecule in each sample.
Correlation of the serum concentration with time
allows calculation of the serum half-life. Increased
serum halflife desirably has at least about two-fold,
but a smaller increase may be useful, for example
where it enables a satisfactory dosing regimen or
avoids a toxic effect. In some embodiments, the
increase is at least about three-fold, at least about
five-fold, or at least about ten-fold. [154] The term
"modulated therapeutic half-life" as used herein means
the positive or negative change in the half-life of
the therapeutically effective amount of hIFN, relative
to its 



non-modified form. Therapeutic half-life is measured
by measuring pharmacokinetic and/or pharmacodynamic
properties of the molecule at various time points
after administration. Increased therapeutic half-life
desirably enables a particular beneficial dosing
regimen, a particular beneficial total dose, or avoids
an undesired effect. In some embodiments, the
increased therapeutic half-life results from increased
potency, increased or decreased binding of the
modified molecule to its target, increased or
decreased breakdown on the molecule by enzymes such as
proteases, or an increase or decrease in another
parameter or mechanism of action of the non-modified
molecule. [155] The term "isolated," when applied to a
nucleic acid or protein, denotes that the nucleic acid
or protein is free of at least some of the cellular
components with which it is associated in the natural
state, or that the nucleic acid or protein has been
concentrated to a level greater than the concentration
of its in vivo or in vitro production. It can be in a
homogeneous state. Isolated substances can be in
either a dry or semi-dry state, or in solution,
including but not limited to, an aqueous solution. It
can be a component of a pharmaceutical composition
that comprises additional pharmaceutically acceptable
carriers and/or excipients. Purity and homogeneity are
typically determined using analytical chemistry
techniques such as polyacryl amide gel electrophoresis
or high performance liquid chromatography. A protein
which is the predominant species present in a
preparation is substantially purified. In particular,
an isolated gene is separated from open reading frames
which flank the gene and encode a protein other than
the gene of interest. The term "purified" denotes that
a nucleic acid or protein gives rise to substantially
one band in an electrophoretic gel. Particularly, it
may mean that the nucleic acid or protein is at least
85% pure, at least 90% pure, at least 95% pure, at
least 99% or greater pure.[156] The term "nucleic
acid" refers to deoxyribonucleotides,
deoxyribonucleosides, ribonucleosides, or
ribonucleotides and polymers thereof in either single-
or double-stranded form. Unless specifically limited,
the term encompasses nucleic acids containing known
analogues of natural nucleotides which have similar
binding properties as the reference nucleic acid and
are metabolized in a manner similar to naturally
occurring nucleotides. Unless specifically limited
otherwise, the term also refers to oligonucleotide
analogs including PNA (peptidonucleic acid), analogs
of DNA used in antisense technology
(phosphorothioates, phosphoroamidates, and the like).
Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompasses conservatively
modified variants thereof (including but not limited
to, degenerate codon substitutions) and complementary
sequences as well as the sequence explicitly
indicated. Specifically, degenerate codon
substitutions may be achieved by generating sequences
in which the third position of one or more selected
(or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Batzer et al, Nucleic Acid Res.
19:5081 (1991); Ohtsuka et al, J. Biol. Chem.
260:2605-2608 (1985); Rossolini et al, MoI. Cell.
Probes 8:91-98 (1994)). [157] The terms "polypeptide,"
"peptide" and "protein" are used interchangeably
herein to refer to a polymer of amino acid residues.
That is, a description directed to a polypeptide
applies equally to a description of a peptide and a
description of a protein, and vice versa. The terms
apply to naturally occurring amino acid polymers as
well as amino acid polymers in which one or more amino
acid residues is a non-naturally encoded amino acid.
As used herein, the terms encompass amino acid chains
of any length, including full length proteins, wherein
the amino acid residues are linked by covalent peptide
bonds. [158] The term "amino acid" refers to naturally
occurring and non-naturally occurring amino acids, as
well as amino acid analogs and amino acid mimetics
that function in a manner similar to the naturally
occurring amino acids. Naturally encoded amino acids
are the 20 common amino acids (alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, and valine)
and pyrrolysine and selenocysteine. Amino acid analogs
refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, i. e.,
an a carbon that is bound to a hydrogen, a carboxyl
group, an amino group, and an R group, such as,
homoserine, norleucine, methionine sulfoxide,
methionine methyl sulfonium. Such analogs have
modified R groups (such as, norleucine) or modified
peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid.[159]
Amino acids may be referred to herein by either their
commonly known three letter symbols or by the
one-letter symbols recommended by the IUPAC-IUB
Biochemical Nomenclature Commission. Nucleotides,
likewise, may be referred to by their commonly
accepted single-letter codes. [160] "Conservatively
modified variants" applies to both amino acid and
nucleic acid sequences. With respect to particular
nucleic acid sequences, "conservatively modified
variants" refers to those nucleic acids which encode
identical or essentially identical amino acid
sequences, or where the nucleic acid does not encode
an amino acid sequence, to essentially identical
sequences. Because of the degeneracy of the genetic
code, a large number of functionally identical nucleic
acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino acid
alanine. Thus, at every position where an alanine is
specified by a codon, the codon can be altered to any
of the corresponding codons described without altering
the encoded polypeptide. Such nucleic acid variations
are "silent variations," which are one species of
conservatively modified variations. Every nucleic acid
sequence herein which encodes a polypeptide also
describes every possible silent variation of the
nucleic acid. One of ordinary skill in the art will
recognize that each codon in a nucleic acid (except
AUG, which is ordinarily the only codon for
methionine, and TGG, which is ordinarily the only
codon for tryptophan) can be modified to yield a
functionally identical molecule. Accordingly, each
silent variation of a nucleic acid which encodes a
polypeptide is implicit in each described sequence.
[161] As to amino acid sequences, one of ordinary
skill in the art will recognize that individual
substitutions, deletions or additions to a nucleic
acid, peptide, polypeptide, or protein sequence which
alters, adds or deletes a single amino acid or a small
percentage of amino acids in the encoded sequence is a
"conservatively modified variant" where the alteration
results in the deletion of an amino acid, addition of
an amino acid, or substitution of an amino acid with a
chemically similar amino acid. Conservative
substitution tables providing functionally similar
amino acids are known to those of ordinary skill in
the art. Such conservatively modified variants are in
addition to and do not exclude polymorphic variants,
interspecies homologs, and alleles of the invention.
[162] Conservative substitution tables providing
functionally similar amino acids are known to those of
ordinary skill in the art. The following eight groups
each contain amino acids that are conservative
substitutions for one another: 1) Alanine (A), Glycine
(G); 2) Aspartic acid (D), Glutamic acid (E);3)
Asparagine (TMJ, uriutamme (Q); 4) Arginine (R),
Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine
(M), Valine (V); 6) Phenylalanine (F), Tyrosine (Y),
Tryptophan (W); 7) Serine (S), Threonine (T); and 8)
Cysteine (C), Methionine (M) {see, e.g., Creighton,
Proteins: Structures and Molecular Properties (W H
Freeman & Co.; 2nd edition (December 1993) [163] The
terms "identical" or percent "identity," in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or
subsequences that are the same. Sequences are
"substantially identical" if they have a percentage of
amino acid residues or nucleotides that are the same
{i.e., about 60% identity, about 65%, about 70%, about
75%, about 80%, about 85%, about 90%, or about 95%
identity over a specified region), when compared and
aligned for maximum correspondence over a comparison
window, or designated region as measured using one of
the following sequence comparison algorithms (or other
algorithms available to persons of ordinary skill in
the art) or by manual alignment and visual inspection.
This definition also refers to the complement of a
test sequence. The identity can exist over a region
that is at least about 50 amino acids or nucleotides
in length, or over a region that is 75-100 amino acids
or nucleotides in length, or, where not specified,
across the entire sequence of a polynucleotide or
polypeptide. [164] For sequence comparison, typically
one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence
comparison algorithm, test and reference sequences are
entered into a computer, subsequence coordinates are
designated, if necessary, and sequence algorithm
program parameters are designated. Default program
parameters can be used, or alternative parameters can
be designated. The sequence comparison algorithm then
calculates the percent sequence identities for the
test sequences relative to the reference sequence,
based on the program parameters. [165] A "comparison
window", as used herein, includes reference to a
segment of any one of the number of contiguous
positions selected from the group consisting of from
20 to 600, usually about 50 to about 200, more usually
about 100 to about 150 in which a sequence may be
compared to a reference sequence of the same number of
contiguous positions after the two sequences are
optimally aligned. Methods of alignment of sequences
for comparison are known to those of ordinary skill in
the art. Optimal alignment of sequences for comparison
can be conducted, including but not limited to, by the
local homology algorithm of Smith andWaterman ( y /O)
Adv. Appl. Math. 2:482c, by the homology alignment
algorithm of Needleman and Wunsch (1970) J MoI. Biol.
48:443, by the search for similarity method of Pearson
and Lipman (1988) Proc. Nat'l Acad. Sci. USA 85:2444,
by computerized implementations of these algorithms
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group,
575 Science Dr., Madison, WI), or by manual alignment
and visual inspection {see, e.g., Ausubel et al.,
Current Protocols in Molecular Biolog (1995
supplement)). [166] One example of an algorithm that
is suitable for determining percent sequence identity
and sequence similarity are the BLAST and BLAST 2.0
algorithms, which are described in Altschul el al.
(1997) Nuc. Acids Res. 25:3389-3402, and Altschul et
al. (1990) J. MoI. Biol 215:403-410, respectively.
Software for performing BLAST analyses is publicly
available through the National Center for
Biotechnology Information available at the World Wide
Web at ncbi.nlm.nih.gov. The BLAST algorithm
parameters W, T, and X determine the sensitivity and
speed of the alignment. The BLASTN program (for
nucleotide sequences) uses as defaults a wordlength
(W) of 11, an expectation (E) or 10, M=5, N=-4 and a
comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaults a wordlength of 3,
and expectation (E) of 10, and the BLOSUM62 scoring
matrix (see Henikoff and Henikoff (1992) Proc. Natl.
Acad. Sci. USA 89:10915) alignments (B) of 50,
expectation (E) of 10, M=5, N=-4, and a comparison of
both strands. The BLAST algorithm is typically
performed with the "low complexity" filter turned off.
[167] The BLAST algorithm also performs a statistical
analysis of the similarity between two sequences (see,
e.g., Karlin and Altschul (1993) Proc. Natl. Acad.
Sci. USA 90:5873-5787). One measure of similarity
provided by the BLAST algorithm is the smallest sum
probability (P(N)), which provides an indication of
the probability by which a match between two
nucleotide or amino acid sequences would occur by
chance. For example, a nucleic acid is considered
similar to a reference sequence if the smallest sum
probability in a comparison of the test nucleic acid
to the reference nucleic acid is less than about 0.2,
or less than about 0.01, or less than about 0.001.
[168] The phrase "selectively (or specifically)
hybridizes to" refers to the binding, duplexing, or
hybridizing of a molecule only to a particular
nucleotide sequence under stringent 



hybridization conditions when that sequence is present
in a complex mixture (including but not limited to,
total cellular or library DNA or RNA). [169] The
phrase "stringent hybridization conditions" refers to
hybridization of sequences of DNA, RNA, PNA, or other
nucleic acid mimics, or combinations thereof
underconditions of low ionic strength and high
temperature as is known in the art. Typically, under
stringent conditions a probe will hybridize to its
target subsequence in a complex mixture of nucleic
acid (including but not limited to, total cellular or
library DNA or RNA) but does not hybridize to other
sequences in the complex mixture. Stringent conditions
are sequencedependent and will be different in
different circumstances. Longer sequences hybridize
specifically at higher temperatures. An extensive
guide to the hybridization of nucleic acids is found
in Tijssen, Laboratory Techniques in Biochemistry and
Molecular Biology-Hybridization with Nucleic Probes,
"Overview of principles of hybridization and the
strategy of nucleic acid assays" (1993). Generally,
stringent conditions are selected to be about 5-10 C
lower than the thermal melting point (Tm) for the
specific sequence at a defined ionic strength pH. The
Tm is the temperature (under defined ionic strength,
pH, and nucleic concentration) at which 50% of the
probes complementary to the target hybridize to the
target sequence at equilibrium (as the target
sequences are present in excess, at Tm, 50% of the
probes are occupied at equilibrium). Stringent
conditions may be those in which the salt
concentration is less than about 1.0 M sodium ion,
typically about 0.01 to 1.0 M sodium ion concentration
(or other salts) at pH 7.0 to 8.3 and the temperature
is at least about 3O0C for short probes (including but
not limited to, 10 to 50 nucleotides) and at least
about 60 C for long probes (including but not limited
to, greater than 50 nucleotides). Stringent conditions
may also be achieved with the addition of
destabilizing agents such as formamide. For selective
or specific hybridization, a positive signal may be at
least two times background, optionally 10 times
background hybridization. Exemplary stringent
hybridization conditions can be as following: 50%
formamide, 5X SSC, and 1% SDS, incubating at 420C, or
5X SSC, 1% SDS, incubating at 650C, with wash in 0.2X
SSC, and 0.1% SDS at 650C. Such washes can be
performed for 5, 15, 30, 60, 120, or more minutes.
[170] As used herein, the term "eukaryote" refers to
organisms belonging to the phylogenetic domain Eucarya
such as animals (including but not limited to,
mammals, insects, reptiles, birds, etc.), ciliates,
plants (including but not limited to, monocots,
dicots, algae, etc.), fungi, yeasts, flagellates,
microsporidia, protists, etc. [171] As used herein,
the term "non-eukaryote" refers to non-eukaryotic
organisms. For example, a non-eukaryotic organism can
belong to the Eubacteria (including but not limited
to, Escherichia coli, Thermus thermophilus, Bacillus
stearothermophilus, Pseudomonas fluorescein,
Pseudomonas aeruginosa, Pseudomonas putida, etc.)
phylogenetic domain, or the Archaea (including but not
limited to, Methanococcus jannaschii, Methanobacterium
thermoautotrophicum, Halobacterium such as Haloferax
volcanii and Halobacterium speciesNRC-I, Archaeoglobus
fulgidus, Pyrococeus furiosus, Pyrococcus horikoshii,
Aeuropyrum pernix, etc.) phylogenetic domain. [172]
The term "subject" as used herein, refers to an
animal, in some embodiments a mammal, and in other
embodiments a human, who is the object of treatment,
observation or experiment. [173] The term "effective
amount" as used herein refers to that amount of the
modified non-natural amino acid polypeptide being
administered which will relieve to some extent one or
more of the symptoms of the disease, condition or
disorder being treated. Compositions containing the
modified non-natural amino acid polypeptide described
herein can be administered for prophylactic,
enhancing, and/or therapeutic treatments. [174] The
terms "enhance" or "enhancing" means to increase or
prolong either in potency or duration a desired
effect. Thus, in regard to enhancing the effect of
therapeutic agents, the term "enhancing" refers to the
ability to increase or prolong, either in potency or
duration, the effect of other therapeutic agents on a
system. An "enhancing-effective amount," as used
herein, refers to an amount adequate to enhance the
effect of another therapeutic agent in a desired
system. When used in a patient, amounts effective for
this use will depend on the severity and course of the
disease, disorder or condition, previous therapy, the
patient's health status and response to the drugs, and
the judgment of the treating physician. [175] The term
"modified," as used herein refers to any changes made
to a given polypeptide, such as changes to the length
of the polypeptide, the amino acid sequence, chemical
structure, co-translational modification, or
post-translational modification of a polypeptide. The
form "(modified)" term means that the polypeptides
being discussed are optionally modified, that is, the
polypeptides under discussion can be modified or
unmodified. [176] The term "post-translationally
modified" refers to any modification of a natural or
non-natural amino acid that occurs to such an amino
acid after it has been incorporated into a polypeptide
chain. The term encompasses, by way of example only,
co-translational in vivo modifications,
co-translational in vitro modifications (such as in a
cell-free translation system), post-translational in
vivo modifications, and post-translational in vitro
modifications. [177] In prophylactic applications,
compositions containing the modified non-natural amino
acid polypeptide are administered to a patient
susceptible to or otherwise at risk of a particular
disease, disorder or condition. Such an amount is
defined to be a "prophylactically effective amount."
In this use, the precise amounts also depend on the
patient's state of health, weight, and the like. It is
considered well within the skill of the art for one to
determine suchprupuyiaiHicauy cneuuve amounts oy
routine expepmeniauon {e.g., a aose escalation
clinical trial). [178] The term "protected" refers to
the presence of a "protecting group" or moiety that
prevents reaction of the chemically reactive
functional group under certain reaction conditions,
The protecting group will vary depending on the type
of chemically reactive group being protected. For
example, if the chemically reactive group is an amine
or a hydrazide, the protecting group can be selected
from the group of tert-butyloxycarbonyl (t-Boc) and 9-
fluorenylmethoxycarbonyl (Fmoc). If the chemically
reactive group is a thiol, the protecting group can be
orthopyridyldisulfide. If the chemically reactive
group is a carboxylic acid, such as butanoic or
propionic acid, or a hydroxyl group, the protecting
group can be benzyl or an alkyl group such as methyl,
ethyl, or tert-butyl. Other protecting groups known in
the art may also be used in or with the methods and
compositions described herein, including photolabile
groups such as Nvoc and MeNvoc. Other protecting
groups known in the art may also be used in or with
the methods and compositions described herein. [179]
By way of example only, blocking/protecting groups may
be selected from: ally! Bn Cbz alloc Me H3 Et t-butyl
TBDMS Teoc Boc pMBn trityl acetyl Fmoc [180] Other
protecting groups are described in Greene and Wuts,
Protective Groups in Organic Synthesis, 3rd Ed., John
Wiley & Sons, New York, NY, 1999, which is
incorporated herein by reference in its entirety.
[181] In therapeutic applications, compositions
containing the modified non-natural amino acid
polypeptide are administered to a patient already
suffering from a disease, condition or disorder, in an
amount sufficient to cure or at least partially arrest
the symptoms of the disease, disorder or condition.
Such an amount is defined to be a "therapeutically
effectiveamount," and will depend on the severity and
course ot the disease, disorder or condition, previous
therapy, the patient's health status and response to
the drugs, and the judgment of the treating physician.
It is considered well within the skill of the art for
one to determine such therapeutically effective
amounts by routine experimentation (e.g., a dose
escalation clinical trial). [182] The term "treating"
is used to refer to either prophylactic and/or
therapeutic treatments. [183] Non-naturally encoded
amino acid polypeptides presented herein may include
isotopically-labelled compounds with one or more atoms
replaced by an atom having an atomic mass or mass
number different from the atomic mass or mass number
usually found in nature. Examples of isotopes that can
be incorporated into the present compounds include
isotopes of hydrogen, carbon, nitrogen, oxygen,
fluorine and chlorine, such as 2H, 3H, 13C, 14C, 15N,
18O, 17O, 35S, 18F, 36Cl, respectively. Certain
isotopically-labelled compounds described herein, for
example those into which radioactive isotopes such as
3H and 14C are incorporated, may be useful in drug
and/or substrate tissue distribution assays. Further,
substitution with isotopes such as deuterium, i.e.,
2H, can afford certain therapeutic advantages
resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage
requirements. [184] All isomers including but not
limited to diastereomers, enantiomers, and mixtures
thereof are considered as part of the compositions
described herein. In additional or further
embodiments, the non-naturally encoded amino acid
polypeptides are metabolized upon administration to an
organism in need to produce a metabolite that is then
used to produce a desired effect, including a desired
therapeutic effect. In further or additional
embodiments are active metabolites of non-naturally
encoded amino acid polypeptides. [185] In some
situations, non-naturally encoded amino acid
polypeptides may exist as tautomers. In addition, the
non-naturally encoded amino acid polypeptides
described herein can exist in unsolvated as well as
solvated forms with pharmaceutically acceptable
solvents such as water, ethanol, and the like. The
solvated forms are also considered to be disclosed
herein. Those of ordinary skill in the art will
recognize that some of the compounds herein can exist
in several tautomeric forms. All such tautomeric forms
are considered as part of the compositions described
herein. [186] Unless otherwise indicated, conventional
methods of mass spectroscopy, NMR, HPLC, protein
chemistry, biochemistry, recombinant DNA techniques
and pharmacology, within the skill of the art are
employed.DETAILED DESCRIPTION / . Introduction [187]
Interferon molecules comprising at least one unnatural
amino acid are provided in the invention. In certain
embodiments of the invention, the hIFN polypeptide
with at least one unnatural amino acid includes at
least one post-translational modification. In one
embodiment, the at least one post-translational
modification comprises attachment of a molecule
including but not limited to, a label, a dye, a
polymer, a water-soluble polymer, a derivative of
polyethylene glycol, a photocrosslinker, a
radionuclide, a cytotoxic compound, a drug, an
affinity label, a photoaffinity label, a reactive
compound, a resin, a second protein or polypeptide or
polypeptide analog, an antibody or antibody fragment,
a metal chelator, a cofactor, a fatty acid, a
carbohydrate, a polynucleotide, a DNA, a RNA, an
antisense polynucleotide, a saccharide, a
water-soluble dendrimer, a cyclodextrin, an inhibitory
ribonucleic acid, a biomaterial, a nanoparticle, a
spin label, a fluorophore, a metal-containing moiety,
a radioactive moiety, a novel functional group, a
group that covalently or noncovalently interacts with
other molecules, a photocaged moiety, an actinic
radiation excitable moiety, a photoisomerizable
moiety, biotin, a derivative of biotin, a biotin
analogue, a moiety incorporating a heavy atom, a
chemically cleavable group, a photocleavable group, an
elongated side chain, a carbon-linked sugar, a
redox-active agent, an amino thioacid, a toxic moiety,
an isotopically labeled moiety, a biophysical probe, a
phosphorescent group, a chemiluminescent group, an
electron dense group, a magnetic group, an
intercalating group, a chromophore, an energy transfer
agent, a biologically active agent, a detectable
label, a small molecule, a quantum dot, a
nanotransmitter, a radionucleotide, a
radiotransmitter, a neutron-capture agent, or any
combination of the above or any other desirable
compound or substance, comprising a second reactive
group to at least one unnatural amino acid comprising
a first reactive group utilizing chemistry methodology
that 



is known to one of ordinary skill in the art to be
suitable for the particular reactive groups. For
example, the first reactive group is an alkynyl moiety
(including but not limited to, in the unnatural amino
acid ^-propargyloxyphenylalanine, where the propargyl
group is also sometimes referred to as an acetylene
moiety) and the second reactive group is an azido
moiety, and [3+2] cycloaddition chemistry
methodologies are utilized. In another example, the
first reactive group is the azido moiety (including
but not limited to, in the unnatural amino acid p -
azido-L-phenylalanine) and the second reactive group
is the alkynyl moiety. In certain embodiments of the
modified hIFN polypeptide of the present invention, at
least one unnaturalamino acid (including but not
limited to, unnatural amino acid containing a keto
functional group) comprising at least one
post-translational modification, is used where the at
least one post-translational modification comprises a
saccharide moiety. In certain embodiments, the
post-translational modification is made in vivo in a
eukaryotic cell or in a non-eukaryotic cell. A linker,
polymer, water soluble polymer, or other molecule may
attach the molecule to the polypeptide. The molecule
may be linked directly to the polypeptide. [188] In
certain embodiments, the protein includes at least one
post-translational modification that is made in vivo
by one host cell, where the post-translational
modification is not normally made by another host cell
type. In certain embodiments, the protein includes at
least one post-translational modification that is made
in vivo by a eukaryotic cell, where the
post-translational modification is not normally made
by a non-eukaryotic cell. Examples of
post-translational modifications include, but are not
limited to, glycosylation, acetylation, acylation,
lipid-modification, palmitoylation, palmitate
addition, phosphorylation, glycolipidlinkage
modification, and the like. In one embodiment, the
post-translational modification comprises attachment
of an oligosaccharide to an asparagine by a
GlcNAc-asparagine linkage (including but not limited
to, where the oligosaccharide comprises (GlcNAc-Man)
2-Man- GlcNAc-GlcNAc, and the like). In another
embodiment, the post-translational modification
comprises attachment of an oligosaccharide (including
but not limited to, GaI-GaINAc, GaIGIcNAc, etc.) to a
serine or threonine by a GalNAc-serine, a
GalNAc-threonine, a GIcNAcserine, or a
GlcNAc-threonine linkage. In certain embodiments, a
protein or polypeptide of the invention can comprise a
secretion or localization sequence, an epitope tag, a
FLAG tag, a polyhistidine tag, a GST fusion, and/or
the like. Examples of secretion signal sequences
include, but are not limited to, a prokaryotic
secretion signal sequence, a eukaryotic secretion
signal sequence, a eukaryotic secretion signal
sequence 5'-optimized for bacterial expression, a
novel secretion signal sequence, pectate lyase
secretion signal sequence, Omp A secretion signal
sequence, and a phage secretion signal sequence.
Examples of secretion signal sequences, include, but
are not limited to, STII (prokaryotic), Fd GUI and M13
(phage), Bgl2 (yeast), and the signal sequence bla
derived from a transposon. [189] The protein or
polypeptide of interest can contain at least one, at
least two, at least three, at least four, at least
five, at least six, at least seven, at least eight, at
least nine, or ten or more unnatural amino acids. The
unnatural amino acids can be the same or different,
for example, there can be 1, 2, 3, 4, 5, 6, 7, 8, 9,
10 or more different sites in the protein that
comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
different unnatural amino acids. In
certainembodiments, at least one, but fewer than all,
of a particular amino acid present in a naturally
occurring version of the protein is substituted with
an unnatural amino acid. [190] The present invention
provides methods and compositions based on members of
the GH supergene family, in particular hlFN,
comprising at least one non-naturally encoded amino
acid. Introduction of at least one non-naturally
encoded amino acid into hlFN can allow for the
application of conjugation chemistries that involve
specific chemical reactions, including, but not
limited to, with one or more non-naturally encoded
amino acids while not reacting with the commonly
occurring 20 amino acids. In some embodiments, hlFN
comprising the nonnaturally encoded amino acid is
linked to a water soluble polymer, such as
polyethylene glycol (PEG), via the side chain of the
non-naturally encoded amino acid. This invention
provides a highly efficient method for the selective
modification of proteins with PEG derivatives, which
involves the selective incorporation of
non-genetically encoded amino acids, including but not
limited to, those amino acids containing functional
groups or substituents not found in the 20 naturally
incorporated amino acids, including but not limited to
a ketone, an azide or acetylene moiety, into proteins
in response to a selector codon and the subsequent
modification of those amino acids with a suitably
reactive PEG derivative. Once incorporated, the amino
acid side chains can then be modified by utilizing
chemistry methodologies known to those of ordinary
skill in the art to be suitable for the particular
functional groups or substituents present in the
non-naturally encoded amino acid. Known chemistry
methodologies of a wide variety are suitable for use
in the present invention to incorporate a water
soluble polymer into the protein. Such methodologies
include but are not limited to a Huisgen [3+2]
cycloaddition reaction (see, e.g., Padwa, A. in
Comprehensive Organic Synthesis, Vol. 4, (1991) Ed.
Trost, B. M., Pergamon, Oxford, p. 1069-1 109; and,
Huisgen, R. in 1,3-Dipolar Cycloaddition Chemistry ,
(1984) Ed. Padwa, A., Wiley, New York, p. 1-176) with,
including but not limited to, acetylene or azide
derivatives, respectively. [191] Because the Huisgen
[3+2] cycloaddition method involves a cycloaddition
rather than a nucleophilic substitution reaction,
proteins can be modified with extremely high
selectivity. The reaction can be carried out at room
temperature in aqueous conditions with excellent
regioselectivity (1,4 > 1,5) by the addition of
catalytic amounts of Cu(I) salts to the reaction
mixture. See, e.g., Tornoe, et al, (2002) J. OGR.
Chem. 67:3057-3064; and, Rostovtsev, et al., (2002)
Angew. Chem. Int. Ed. 41:2596-2599; and WO 03/101972.
A molecule that can be added to a protein of the
invention through a [3+2] cycloaddition includes
virtually any molecule with a suitable functional
group or substituent including but not limited to an
azido oracetylene derivative ihese molecules can be
added to an unnatural amino acid with an acetylene
group, including but not limited to,
p-propargyloxyphenylalanine, or azido group, including
but not limited to p-azido-phenylalanine,
respectively. [192] The five-membered ring that
results from the Huisgen [3+2] cycloaddition is not
generally reversible in reducing environments and is
stable against hydrolysis for extended periods in
aqueous environments. Consequently, the physical and
chemical characteristics of a wide variety of
substances can be modified under demanding aqueous
conditions with the active PEG derivatives of the
present invention. Even more importantly, because the
azide and acetylene moieties are specific for one
another (and do not, for example, react with any of
the 20 common, genetically-encoded amino acids),
proteins can be modified in one or more specific sites
with extremely high selectivity. [193] The invention
also provides water soluble and hydrolytically stable
derivatives of PEG derivatives and related hydrophilic
polymers having one or more acetylene or azide
moieties. The PEG polymer derivatives that contain
acetylene moieties are highly selective for coupling
with azide moieties that have been introduced
selectively into proteins in response to a selector
codon. Similarly, PEG polymer derivatives that contain
azide moieties are highly selective for coupling with
acetylene moieties that have been introduced
selectively into proteins in response to a selector
codon. [194] More specifically, the azide moieties
comprise, but are not limited to, alkyl azides, aryl
azides and derivatives of these azides. The
derivatives of the alkyl and aryl azides can include
other substituents so long as the acetylene-specific
reactivity is maintained. The acetylene moieties
comprise alkyl and aryl acetylenes and derivatives of
each. The derivatives of the alkyl and aryl acetylenes
can include other substituents so long as the
azide-specific reactivity is maintained. [195] The
present invention provides conjugates of substances
having a wide variety of functional groups,
substituents or moieties, with other substances
including but not limited to a label; a dye; a
polymer; a water-soluble polymer; a derivative of
polyethylene glycol; a photocrosslinker; a
radionuclide; a cytotoxic compound; a drug; an
affinity label; a photoaffmity label; a reactive
compound; a resin; a second protein or polypeptide or
polypeptide analog; an antibody or antibody fragment;
a metal chelator; a cofactor; a fatty acid; a
carbohydrate; a polynucleotide; a DNA; a RNA; an
antisense polynucleotide; a saccharide; a
water-soluble dendrimer; a cyclodextrin; an inhibitory
ribonucleic acid; a biomaterial; a nanoparticle; a
spin label; a fiuorophore, a metal-containing moiety;
a radioactive moiety; a novel functional group;a group
that covalently or noncovalently interacts with other
molecules; a photocaged moiety; an actinic radiation
excitable moiety; a photoisomerizable moiety; biotin;
a derivative of biotin; a biotin analogue; a moiety
incorporating a heavy atom; a chemically cleavable
group; a photocleavable group; an elongated side
chain; a carbon-linked sugar; a redox-active agent; an
amino thioacid; a toxic moiety; an isotopically
labeled moiety; a biophysical probe; a phosphorescent
group; a chemiluminescent group; an electron dense
group; a magnetic group; an intercalating group; a
chromophore; an energy transfer agent; a biologically
active agent; a detectable label; a small molecule; a
quantum dot; a nanotransmitter; a radionucleotide; a
radiotransmitter; a neutron-capture agent; or any
combination of the above, or any other desirable
compound or substance. The present invention also
includes conjugates of substances having azide or
acetylene moieties with PEG polymer derivatives having
the corresponding acetylene or azide moieties. For
example, a PEG polymer containing an azide moiety can
be coupled to a biologically active molecule at a
position in the protein that contains a nongenetically
encoded amino acid bearing an acetylene functionality.
The linkage by which the PEG and the biologically
active molecule are coupled includes but is not
limited to the Huisgen [3+2] cycloaddition product.
[196] It is well established in the art that PEG can
be used to modify the surfaces of biomaterials (see,
e.g., U.S. Patent 6,610,281; Mehvar, R., J. Pharm
Pharm ScL, 3(1):125-136 (2000) which are incorporated
by reference herein). The invention also includes
biomaterials comprising a surface having one or more
reactive azide or acetylene sites and one or more of
the azide- or acetylene-containing polymers of the
invention coupled to the surface via the Huisgen [3+2]
cycloaddition linkage. Biomaterials and other
substances can also be coupled to the azideor
acetylene-activated polymer derivatives through a
linkage other than the azide or acetylene linkage,
such as through a linkage comprising a carboxylic
acid, amine, alcohol or thiol moiety, to leave the
azide or acetylene moiety available for subsequent
reactions. [197] The invention includes a method of
synthesizing the azide- and acetylenecontaining
polymers of the invention. In the case of the
azide-containing PEG derivative, the azide can be
bonded directly to a carbon atom of the polymer.
Alternatively, the azidecontaining PEG derivative can
be prepared by attaching a linking agent that has the
azide moiety at one terminus to a conventional
activated polymer so that the resulting polymer has
the azide moiety at its terminus. In the case of the
acetylene-containing PEG derivative, the acetylene can
be bonded directly to a carbon atom of the polymer.
Alternatively, the acetylene-containing PEG derivative
can be prepared by attaching a linking agent that has
the acetylene moiety at oneterminus to a conventional
activated polymer so that the resulting polymer has
the acetylene moiety at its terminus. [198] More
specifically, in the case of the azide-containing PEG
derivative, a water soluble polymer having at least
one active hydroxyl moiety undergoes a reaction to
produce a substituted polymer having a more reactive
moiety, such as a mesylate, tresylate, tosylate or
halogen leaving group, thereon. The preparation and
use of PEG derivatives containing sulfonyl acid
halides, halogen atoms and other leaving groups are
known to those of ordinary skill in the art. The
resulting substituted polymer then undergoes a
reaction to substitute for the more reactive moiety an
azide moiety at the terminus of the polymer.
Alternatively, a water soluble polymer having at least
one active nucleophilic or electrophilic moiety
undergoes a reaction with a linking agent that has an
azide at one terminus so that a covalent bond is
formed between the PEG polymer and the linking agent
and the azide moiety is positioned at the terminus of
the polymer. Nucleophilic and electrophilic moieties,
including amines, thiols, hydrazides, hydrazines,
alcohols, carboxylates, aldehydes, ketones, thioesters
and the like, are known to those of ordinary skill in
the art. 



[199] More specifically, in the case of the
acetylene-containing PEG derivative, a water soluble
polymer having at least one active hydroxyl moiety
undergoes a reaction to displace a halogen or other
activated leaving group from a precursor that contains
an acetylene moiety. Alternatively, a water soluble
polymer having at least one active nucleophilic or
electrophilic moiety undergoes a reaction with a
linking agent that has an acetylene at one terminus so
that a covalent bond is formed between the PEG polymer
and the linking agent and the acetylene moiety is
positioned at the terminus of the polymer. The use of
halogen moieties, activated leaving group,
nucleophilic and electrophilic moieties in the context
of organic synthesis and the preparation and use of
PEG derivatives is well established to practitioners
in the art. [200] The invention also provides a method
for the selective modification of proteins to add
other substances to the modified protein, including
but not limited to water soluble polymers such as PEG
and PEG derivatives containing an azide or acetylene
moiety. The azide- and acetylene-containing PEG
derivatives can be used to modify the properties of
surfaces and molecules where biocompatibility,
stability, solubility and lack of immunogenicity are
important, while at the same time providing a more
selective means of attaching the PEG derivatives to
proteins than was previously known in the art. //.
Growth Hormone Supergene Family[201] The following
proteins include those encoded by genes of the growth
hormone (GH) supergene family (Bazan, F., Immunology
Today 11: 350-354 (1990); Bazan, J . F. Science 257:
410-413 (1992); Mott, H. R. and Campbell, I. D.,
Current Opinion in Structural Biolog)> 5: 114-121
(1995); Silvennoinen, O. and IhIe, J . N., SIGNALLING
BY THE HEMATOPOIETIC CYTOKINE RECEPTORS (1996)):
growth hormone, prolactin, placental lactogen,
erythropoietin (EPO), thrombopoietin (TPO),
interleukin-2 (IL-2), IL-3, IL-4, IL-5, IL-6, IL-7,
IL-9, IL-IO, IL- 11, IL-12 (p35 subunit), IL-13,
IL-15, oncostatin M, ciliary neurotrophic factor
(CNTF), leukemia inhibitory factor (LIF), alpha
interferon, beta interferon, epsilon interferon, gamma
interferon, omega interferon, tau interferon,
granulocyte-colony stimulating factor (G-CSF),
granulocyte-macrophage colony stimulating factor
(GM-CSF), macrophage colony stimulating factor (M-CSF)
and cardiotrophin-1 (CT-I) ("the GH supergene
family"). It is anticipated that additional members of
this gene family will be identified in the future
through gene cloning and sequencing. Members of the GH
supergene family have similar secondary and tertiary
structures, despite the fact that they generally have
limited amino acid or DNA sequence identity. The
shared structural features allow new members of the
gene family to be readily identified and the
non-natural amino acid methods and compositions
described herein similarly applied. Given the extent
of structural homology among the members of the GH
supergene family, non-naturally encoded amino acids
may be incorporated into any members of the GH
supergene family using the present invention. Each
member of this family of proteins comprises a four
helical bundle. The general structure of family member
IFNa-2 is shown in Figure 1. [202] Structures of a
number of cytokines, including G-CSF (Zink et al, FEBS
Lett. 314:435 (1992); Zink et al., Biochemistry
33:8453 (1994); Hill et al., Proc. Natl. Acad. Sci.USA
90:5167 (1993)), GM-CSF (Diederichs, K., et al.
Science 154: 1779-1782 (1991); Walter et al, J. MoI.
Biol 224:1075-1085 (1992)), IL-2 (Bazan, J . F. and
McKay, D. B. Science 257: 410-413 (1992)), IL-4
(Redfield et al., Biochemistry 30: 11029-11035 (1991);
Powers et al, Science 256:1673-1677 (1992)), and IL-5
(Milburn et al., Nature 363: 172-176 (1993)) have been
determined by X-ray diffraction and NMR studies and
show striking conservation with the GH structure,
despite a lack of significant primary sequence
homology. IFN is considered to be a member of this
family based upon modeling and other studies (Lee et
al., J. Interferon Cytokine Res. 15:341 (1995);
Murgolo et al., Proteins 17:62 (1993); Radhakrishnan
et al.. Structure 4:1453 (1996); Klaus et al., J .
MoI. Biol. 274:661 (1997)). EPO is considered to be a
member of this family based upon modeling and
mutagenesis studies (Boissel et al , J. Biol. Chem.
268: 15983-15993 (1993); Wen et al., J. Biol. Chem.
269: 22839-22846 (1994)). All of the above cytokines
and growth factors are now considered to comprise one
large gene family.[203] In addition to sharing similar
secondary and tertiary structures, members or this
family share the property that they must oligomerize
cell surface receptors to activate intracellular
signaling pathways. Some GH family members, including
but not limited to; GH and EPO, bind a single type of
receptor and cause it to form homodimers. Other family
members, including but not limited to, IL-2, IL-4, and
IL-6, bind more than one type of receptor and cause
the receptors to form heterodimers or higher order
aggregates (Davis et al., (1993), Science 260:
1805-1808; Paonessa et al., (1995), EMBO J . 14:
1942-1951; Mott and Campbell, Current Opinion in
Structural Biology 5: 114-121 (1995)). Mutagenesis
studies have shown that, like GH, these other
cytokines and growth factors contain multiple receptor
binding sites, typically two, and bind their cognate
receptors sequentially (Mott and Campbell, Current
Opinion in Structural Biology 5 : 114-121 (1995);
Matthews et al., (1996) Proc. Natl. Acad Sci. USA 93:
9471-9476). L ike GH, the primary receptor binding
sites for these other family members occur primarily
in the four alpha helices and the A-B loop. The
specific amino acids in the helical bundles that
participate in receptor binding differ amongst the
family members. Most of the cell surface receptors
that interact with members of the GH supergene family
are structurally related and comprise a second large
multi-gene family. See, e.g. U.S. Patent No.
6,608,183, which is incorporated by reference herein.
[204] A general conclusion reached from mutational
studies of various members of the GH supergene family
is that the loops joining the alpha helices generally
tend to not be involved in receptor binding. In
particular the short B-C loop appears to be
non-essential for receptor binding in most, if not
all, family members. For this reason, the B-C loop may
be substituted with non-naturally encoded amino acids
as described herein in members of the GH supergene
family. The A-B loop, the C-D loop (and D-E loop of
interferon/ IL-10-like members of the GH superfamily)
may also be substituted with a non-naturally-occurring
amino acid. Amino acids proximal to helix A and distal
to the final helix also tend not to be involved in
receptor binding and also may be sites for introducing
non-naturally-occurring amino acids. In some
embodiments, a non-naturally encoded amino acid is
substituted at any position within a loop structure,
including but not limited to, the first 1, 2, 3, 4, 5,
6, 7, or more amino acids of the A-B, B-C, C-D or D-E
loop. In some embodiments, one or more non-naturally
encoded amino acids are substituted within the last 1,
2, 3, 4, 5, 6, 7, or more amino acids of the A-B, B-C,
C-D or DE loop. [205] Certain members of the GH
family, including but not limited to, EPO, IL-2, IL-3,
IL-4, IL-6, G-CSF, GM-CSF, TPO, IL-IO, IL-12 p35,
IL-13, IL-15 and beta interferon contain N-linked
and/or O-linked sugars. The glycosylation sites in the
proteins occur almostexclusively in m ioop regions ana
not in the ayna nepcai ounaies. because tiie loop
regions generally are not involved in receptor binding
and because they are sites for the covalent attachment
of sugar groups, they may be useful sites for
introducing non-naturally-occurring amino acid
substitutions into the proteins. Amino acids that
comprise the N- and O-linked glycosylation sites in
the proteins may be sites for non-naturally-occurring
amino acid substitutions because these amino acids are
surface-exposed. Therefore, the natural protein can
tolerate bulky sugar groups attached to the proteins
at these sites and the glycosylation sites tend to be
located away from the receptor binding sites. [206]
Additional members of the GH supergene family are
likely to be discovered in the future. New members of
the GH supergene family can be identified through
computer-aided secondary and tertiary structure
analyses of the predicted protein sequences, and by
selection techniques designed to identify molecules
that bind to a particular target. Members of the GH
supergene family typically possess four or five
amphipathic helices joined by non-helical amino acids
(the loop regions). The proteins may contain a
hydrophobic signal sequence at their Nterminus to
promote secretion from the cell. Such later discovered
members of the GH supergene family also are included
within this invention. A related application is
International Patent Application entitled "Modified
Four Helical Bundle Polypeptides and Their Uses"
published as WO 05/074650 on August 18, 2005, which is
incorporated by reference herein. [207] Thus, the
description of the growth hormone supergene family is
provided for illustrative purposes and by way of
example only and not as a limit on the scope of the
methods, compositions, strategies and techniques
described herein. Further, reference to GH and IFN
polypeptides in this application is intended to use
the generic term as an example of any member of the GH
supergene family. Thus, it is understood that the
modifications and chemistries described herein with
reference to hIFN polypeptides or protein can be
equally applied to any member of the GH supergene
family, including those specifically listed herein.
///. General Recombinant Nucleic Acid Methods For Use
With The Invention [208] In numerous embodiments of
the present invention, nucleic acids encoding a hIFN
polypeptide of interest will be isolated, cloned and
often altered using recombinant methods. Such
embodiments are used, including but not limited to,
for protein expression or during the generation of
variants, derivatives, expression cassettes, or other
sequences derived from a hIFN polypeptide. In some
embodiments, the sequences encoding the polypeptides
of the invention are operably linked to a heterologous
promoter. Isolation of hIFN and production of IFN in
host cells are described in, e.g., U.S. Patent Nos.
6,489,144; 6,410,697; 6,159,712;5,955,307; 5,814,485;
5,710,027; 5,595,888; 5,391,713; 5,244,655; 5,196,323;
5,066,786; 4,966,843; 4,894,330; 4,364,863, which are
incorporated by reference herein. [209] A nucleotide
sequence encoding a hIFN polypeptide comprising a
non-naturally encoded amino acid may be synthesized on
the basis of the amino acid sequence of the parent
polypeptide, including but not limited to, having the
amino acid sequence shown in SEQ ID NO: 2 (hIFN), and
then changing the nucleotide sequence so as to effect
introduction (i.e., incorporation or substitution) or
removal (i.e., deletion or substitution) of the
relevant amino acid residue(s). The nucleotide
sequence may be conveniently modified by site-directed
mutagenesis in accordance with conventional methods.
Alternatively, the nucleotide sequence may be prepared
by chemical synthesis, including but not limited to,
by using an oligonucleotide synthesizer, wherein
oligonucleotides are designed based on the amino acid
sequence of the desired polypeptide, and preferably
selecting those codons that are favored in the host
cell in which the recombinant polypeptide will be
produced. For example, several small oligonucleotides
coding for portions of the desired polypeptide may be
synthesized and assembled by PCR, ligation or ligation
chain reaction. See, e.g., Barany, et al., Proc. Natl.
Acad. ScL 88: 189-193 (1991); U.S. Patent 6,521,427
which are incorporated by reference herein. [210] This
invention utilizes routine techniques in the field of
recombinant genetics. Basic texts disclosing the
general methods of use in this invention include
Sambrook et ah, Molecular Cloning, A Laboratory Manual
(3rd ed. 2001); Kriegler, Gene Transfer and
Expression: A Laboratory Manual (1990); and Current
Protocols in Molecular Biology (Ausubel et al, eds.,
1994)). [211] General texts which describe molecular
biological techniques include Berger and Kimmel, Guide
to Molecular Cloning Techniques, Methods in Enzvmology
volume 152 Academic Press, Inc., San Diego, CA
(Berger); Sambrook et al., Molecular Cloning - A
Laboratory Manual (2nd Ed.), Vol. 1-3 , Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York, 1989
("Sambrook") and Current Protocols in Molecular
Biology, F.M. Ausubel et al., eds., Current Protocols,
a joint venture between Greene Publishing Associates,
Inc. and John Wiley & Sons, Inc., (supplemented
through 1999) ("Ausubel")). These texts describe
mutagenesis, the use of vectors, promoters and many
other relevant topics related to, including but not
limited to, the generation of genes or polynucleotides
that include selector codons for production of
proteins that include unnatural amino acids,
orthogonal tRNAs, orthogonal synthetases, and pairs
thereof.[212] Various types of mutagenesis are used in
the invention for a variety of purposes, including but
not limited to, to produce novel synthetases or tRNAs,
to mutate tRNA molecules, to mutate polynucleotides
encoding synthetases, to produce libraries of tRNAs,
to produce libraries of synthetases, to produce
selector codons, to insert selector codons that encode



unnatural amino acids in a protein or polypeptide of
interest. They include but are not limited to
site-directed, random point mutagenesis, homologous
recombination, DNA shuffling or other recursive
mutagenesis methods, chimeric construction,
mutagenesis using uracil containing templates,
oligonucleotide-directed mutagenesis,
phosphorothioate-modified DNA mutagenesis, mutagenesis
using gapped duplex DNA or the like, or any
combination thereof. Additional suitable methods
include point mismatch repair, mutagenesis using
repair-deficient host strains, restriction-selection
and restriction-purification, deletion mutagenesis,
mutagenesis by total gene synthesis, double-strand
break repair, and the like. Mutagenesis, including but
not limited to, involving chimeric constructs, are
also included in the present invention. In one
embodiment, mutagenesis can be guided by known
information of the naturally occurring molecule or
altered or mutated naturally occurring molecule,
including but not limited to, sequence, sequence
comparisons, physical properties, tertiary, or
quaternary structure, crystal structure or the like.
[213] The texts and examples found herein describe
these procedures. Additional information is found in
the following publications and references cited
within: Ling et al., Approaches to DNA mutagenesis: an
overview, Anal Biochem. 254(2): 157-178 (1997); Dale
et al., Oligonucleotide-directed random mutagenesis
using the phosphor othioate method, Methods MoI. Biol.
57:369-374 (1996); Smith, In vitro mutagenesis, Ann.
Rev. Genet. 19:423-462 (1985); Botstein & Shortle,
Strategies and applications of in vitro mutagenesis,
Science 229:1 193-1201 (1985); Carter, Site-directed
mutagenesis, Biochem. J. 237:1-7 (1986); Kunkel, The
efficiency of oligonucleotide directed mutagenesis, in
Nucleic Acids & Molecular Biology (Eckstein, F. and
Lilley, D.M.J. eds., Springer Verlag, Berlin) (1987);
Kunkel, Rapid and efficient site-specific mutagenesis
without phenotypic selection, Proc. Natl. Acad. Sci.
USA 82:488-492 (1985); Kunkel et al., Rapid and
efficient site-specific mutagenesis without phenotypic
selection, Methods in Enzvmol, 154, 367-382 (1987);
Bass et al., Mutant Trp repressors with new
DNA-binding specificities, Science 242:240-245 (1988);
Zoller & Smith, Oligonucleotide-directed mutagenesis
using Ml 3-derived vectors: an efficient and general
procedure for the production of point mutations in any
DNA fragment, Nucleic Acids Res. 10:6487-6500 (1982);
Zoller & Smith, Oligonucleotide-directed mutagenesis
of DNAfragments cloned into M13 vectors, Methods in
Enzymol. 100:468-500 (1983); Zoller & Smith,
Oligonucleotide-directed mutagenesis: a simple method
using two oligonucleotide primers anda single-stranded
UNA template, Methods in Enzymol. 1 4 : y- "U (1987);
Taylor et al., The use of phosphorothioate-modified
DNA in restriction enzyme reactions to prepare nicked
DNA, Nucl. Acids Res. 13: 8749-8764 (1985); Taylor et
al., The rapid generation of oligonucleotidedirected
mutations at high frequency using
phosphorothioate-modified DNA, Nucl. Acids Res. 13:
8765-8785 (1985); Nakamaye & Eckstein, Inhibition of
restriction endonuclease Nci I cleavage by
phosphorothioate groups and its application to
oligonucleotide-directed mutagenesis, Nucl. Acids Res.
14: 9679-9698 (1986); Sayers et al., 5 '-3 '
Exonucleases in phosphorothioate-based
oligonucleotide-directed mutagenesis, Nucl. Acids Res.
16:791-802 (1988); Sayers et al., Strand specific
cleavage of phosphor othioate-containing DNA by
reaction with restriction endonucleases in the
presence ofethidium bromide, (1988) Nucl. Acids Res.
16: 803-814; Kramer et al., The gapped duplex DNA
approach to oligonucleotide-directed mutation
construction, Nucl. Acids Res. 12: 9441-9456 (1984);
Kramer & Fritz Oligonucleotide-directed construction
of mutations via gapped duplex DNA, Methods in
Enzymol. 154:350-367 (1987); Kramer et al., Improved
enzymatic in vitro reactions in the gapped duplex DNA
approach to oligonucleotide-directed construction of
mutations, Nucl. Acids Res. 16: 7207 (1988); Fritz et
al., Oligonucleotide-directed construction of
mutations: a gapped duplex DNA procedure without
enzymatic reactions in vitro, Nucl. Acids Res. 16:
6987-6999 (1988); Kramer et al., Different base/base
mismatches are corrected with different efficiencies
by the methyl-directed DNA mismatch-repair system of
E. coli, Cell 38:879-887 (1984); Carter et al.,
Improved oligonucleotide site-directed mutagenesis
using Ml 3 vectors, Nucl. Acids Res. 13: 4431-4443
(1985); Carter, Improved oligonucleotide-directed
mutagenesis using Ml 3 vectors, Methods in Enzymol.
154: 382-403 (1987); Eghtedarzadeh & Henikoff, Use of
oligonucleotides to generate large deletions, Nucl.
Acids Res. 14: 5 115 (1986); Wells et al., Importance
of hydrogen-bond formation in stabilizing the
transition state of subtilisin, Phil. Trans. R. Soc.
Lond. A 317: 415- 423 (1986); Nambiar et al., Total
synthesis and cloning of a gene codingfor the
ribonuclease S protein, Science 223: 1299-1301 (1984);
Sakmar and Khorana, Total synthesis and expression of
a gene for the alpha-subunit of bovine rod outer
segment guanine nucleotide-binding protein
(transducin), Nucl. Acids Res. 14: 6361-6372 (1988);
Wells et al., Cassette mutagenesis: an efficient
methodfor generation of multiple mutations at defined
sites, Gene 34:315-323 (1985); Grundstr m et al.,
Oligonucleotide-directed mutagenesis by microscale
'shot-gun' gene synthesis, Nucl. Acids Res. 13:
3305-3316 (1985); Mandecki, Oligonucleotide-directed
doublestrand break repair in plasmids of Escherichia
coli: a method for site-specific mutagenesis, Proc.
Natl. Acad. Sci. USA 83:7177-7181 (1986); Arnold,
Protein engineering for unusual environments, Current
Opinion in Biotechnology 4:450-455 (1993); Sieber, et
al., NatureBioxecnnoiogy, i : qo-4ou (/uui); w . P. C.
btemmer, iNature /U, -y i (iyy4); and, l , A. Lorimer,
I. Pastan, Nucleic Acids Res. 23, 3067-8 (1995).
Additional details on many of the above methods can be
found in Methods in EnzymoloRV Volume 154, which also
describes useful controls for trouble-shooting
problems with various mutagenesis methods. [214]
Oligonucleotides, e.g., for use in mutagenesis of the
present invention, e.g., mutating libraries of
synthetases, or altering tRNAs, are typically
synthesized chemically according to the solid phase
phosphoramidite triester method described by Beaucage
and Caruthers, Tetrahedron Letts. 22(20): 1859-1 862,
(1981) e.g., using an automated synthesizer, as
described in Needham-VanDevanter et al., Nucleic Acids
Res., 12:6159-6168 (1984). [215] The invention also
relates to eukaryotic host cells, non-eukaryotic host
cells, and organisms for the in vivo incorporation of
an unnatural amino acid via orthogonal tRNA/RS pairs.
Host cells are genetically engineered (including but
not limited to, transformed, transduced or
transfected) with the polynucleotides of the invention
or constructs which include a polynucleotide of the
invention, including but not limited to, a vector of
the invention, which can be, for example, a cloning
vector or an expression vector. For example, the
coding regions for the orthogonal tRNA, the orthogonal
tRNA synthetase, and the protein to be derivatized are
operably linked to gene expression control elements
that are functional in the desired host cell. The
vector can be, for example, in the form of a plasmid,
a cosmid, a phage, a bacterium, a virus, a naked
polynucleotide, or a conjugated polynucleotide. The
vectors are introduced into cells and/or
microorganisms by standard methods including
electroporation (Fromm et al., Proc. Natl. Acad. Sci.
USA 82, 5824 (1985)), infection by viral vectors, high
velocity ballistic penetration by small particles with
the nucleic acid either within the matrix of small
beads or particles, or on the surface (Klein et al.,
Nature 327, 70-73 (1987)), and/or the like. [216] The
engineered host cells can be cultured in conventional
nutrient media modified as appropriate for such
activities as, for example, screening steps,
activating promoters or selecting transform ants.
These cells can optionally be cultured into transgenic
organisms. Other useful references, including but not
limited to for cell isolation and culture (e.g., for
subsequent nucleic acid isolation) include Freshney
(1994) Culture of Animal Cells, a Manual of Basic
Technique , third edition, Wiley- Liss, New York and
the references cited therein; Payne et al. (1992)
Plant Cell and Tissue Culture in Liquid Systems John
Wiley & Sons, Inc. New York, NY; Gamborg and Phillips
(eds.) (1995) Plant Cell, Tissue and Organ Culture ;
Fundamental Methods Springer Lab Manual,
Springer-Verlag (Berlin Heidelberg New York) and Atlas
and Parks (eds.) The Handbook of Microbiological Media
(1993) CRC Press, Boca Raton, FL.[217] Several
well-known methods of introducing target nucleic acids
into cells are available, any of which can be used in
the invention. These include: fusion of the recipient
cells with bacterial protoplasts containing the DNA,
electroporation, projectile bombardment, and infection
with viral vectors (discussed further, below), etc.
Bacterial cells can be used to amplify the number of
plasmids containing DNA constructs of this invention.
The bacteria are grown to log phase and the plasmids
within the bacteria can be isolated by a variety of
methods known in the art (see, for instance,
Sambrook). In addition, kits are commercially
available for the purification of plasmids from
bacteria, (see, e.g., EasyPrep(tm), FlexiPrep(tm),
both from Pharmacia Biotech; StrataClean(tm) from
Stratagene; and, QIAprep(tm) from Qiagen). The
isolated and purified plasmids are then further
manipulated to produce other plasmids, used to
transfect cells or incorporated into related vectors
to infect organisms. Typical vectors contain
transcription and translation terminators,
transcription and translation initiation sequences,
and promoters useful for regulation of the expression
of the particular target nucleic acid. The vectors
optionally comprise generic expression cassettes
containing at least one independent terminator
sequence, sequences permitting replication of the
cassette in eukaryotes, or prokaryotes, or both,
(including but not limited to, shuttle vectors) and
selection markers for both prokaryotic and eukaryotic
systems. Vectors are suitable for replication and
integration in prokaryotes, eukaryotes, or both. See,
Gillam & Smith, Gene 8:81 (1979); Roberts, et al,
Nature 328:731 (1987); Schneider, E., et al, Protein
Expr. Purif. 6(l):10-14 (1995); Ausubel, Sambrook,
Berger {all supra). A catalogue of bacteria and
bacteriophages useful for cloning is provided, e.g.,
by the ATCC, e.g., The ATCC Catalogue of Bacteria and
Bacteriophage (1992) Gherna et al. (eds) published by
the ATCC. Additional basic procedures for sequencing,
cloning and other aspects of molecular biology and
underlying theoretical considerations are also found
in Watson et al (1992) Recombinant DNA Second Edition
Scientific American Books, NY. In addition,
essentially any nucleic acid (and virtually any
labeled nucleic acid, whether standard or
non-standard) can be custom or standard ordered from
any of a variety of commercial sources, such as the
Midland Certified Reagent Company (Midland, TX
available on the World Wide Web at mcrc.com), The
Great American Gene Company (Ramona, CA available on
the World Wide Web at genco.com), ExpressGen Inc.
(Chicago, IL available on the World Wide Web at
expressgen.com), Operon Technologies Inc. (Alameda,
CA) and many others. SELECTOR CODONS [218] Selector
codons of the invention expand the genetic codon
framework of protein biosynthetic machinery. For
example, a selector codon includes, but is not limited
to, a uniquethree base codon, a nonsense codon, such
as a stop codon, including but not limited to, an
amber codon (UAG), an ochre codon, or an opal codon
(UGA), an unnatural codon, a four or more base codon,
a rare codon, or the like. It is readily apparent to
those of ordinary skill in the art that there is a
wide range in the number of selector codons that can
be introduced into a desired gene or polynucleotide,
including but not limited to, one or more, two or
more, three or more, 4, 5, 6, 7, 8, 9, 10 or more in a
single polynucleotide encoding at least a portion of
the hIFN polypeptide. [219] In one embodiment, the
methods involve the use of a selector codon that is a
stop codon for the incorporation of one or more
unnatural amino acids in vivo. For example, an OtRNA
is produced that recognizes the stop codon, including
but not limited to, UAG, and is aminoacylated by an
O-RS with a desired unnatural amino acid. This O-tRNA
is not recognized by the naturally occurring host's
aminoacyl-tRNA synthetases. Conventional site-directed
mutagenesis can be used to introduce the stop codon,
including but not limited to, TAG, at the site of
interest in a polypeptide of interest. See, e.g.,
Sayers, J.R., et al. (1988), 5'-3' Exonucleases in
phosphorothioate-based oligonucleotide-directed
mutagenesis. Nucleic Acids Res, 16:791-802. When the
O-RS, O-tRNA and the nucleic acid that encodes the
polypeptide of interest are combined in vivo, the
unnatural amino acid is incorporated in response to
the UAG codon to give a polypeptide containing the
unnatural amino acid at the specified position. [220]
The incorporation of unnatural amino acids in vivo can
be done without significant perturbation of the
eukaryotic host cell. For example, because the
suppression efficiency for the UAG codon depends upon
the competition between the O-tRNA, including but not
limited to, the amber suppressor tRNA, and a
eukaryotic release factor (including but not limited
to, eRF) (which binds to a stop codon and initiates
release of the growing peptide from 



the ribosome), the suppression efficiency can be
modulated by, including but not limited to, increasing
the expression level of O-tRNA, and/or the suppressor
tRNA. [221] Unnatural amino acids can also be encoded
with rare codons. For example, when the arginine
concentration in an in vitro protein synthesis
reaction is reduced, the rare arginine codon, AGG, has
proven to be efficient for insertion of Ala by a
synthetic tRNA acylated with alanine. See, e.g., Ma et
al., Biochemistry . 32:7939 (1993). In this case, the
synthetic tRNA competes with the naturally occurring
tRNAArg, which exists as a minor species in
Escherichia coli. Some organisms do not use all
triplet codons. An unassigned codon AGA in Micrococcus
luteus has been utilized for insertion of amino acids
in an in vitro transcription/translationextract. See,
e.g., Kowal and Oliver, Nucl. Acid. Kes., :4 (.lyy/;.
components ot me present invention can be generated to
use these rare codons in vivo. [222] Selector codons
also comprise extended codons, including but not
limited to, four or more base codons, such as, four,
five, six or more base codons. Examples of four base
codons include, but are not limited to, AGGA, CUAG,
UAGA, CCCU and the like. Examples of five base codons
include, but are not limited to, AGGAC, CCCCU, CCCUC,
CUAGA, CUACU, UAGGC and the like. A feature of the
invention includes using extended codons based on
frameshift suppression. Four or more base codons can
insert, including but not limited to, one or multiple
unnatural amino acids into the same protein. For
example, in the presence of mutated O-tRNAs, including
but not limited to, a special frameshift suppressor
tRNAs, with anticodon loops, for example, with at
least 8-10 nt anticodon loops, the four or more base
codon is read as single amino acid. In other
embodiments, the anticodon loops can decode, including
but not limited to, at least a four-base codon, at
least a five-base codon, or at least a six-base codon
or more. Since there are 256 possible four-base
codons, multiple unnatural amino acids can be encoded
in the same cell using a four or more base codon. See,
Anderson et al., (2002) Exploring the Limits of Codon
and Anticodon Size, Chemistry and Biology , 9:237-244;
Magliery, (2001) Expanding the Genetic Code: Selection
of Efficient Suppressors of Four-base Codons and
Identification of "Shifty" Four-base Codons with a
Library Approach in Escherichia coli, J . MoI. Biol.
307: 755-769. [223] For example, four-base codons have
been used to incorporate unnatural amino acids into
proteins using in vitro biosynthetic methods. See,
e.g., Ma et al., (1993) Biochemistry 32:7939; and
Hohsaka et al., (1999) J. Am. Chem. Soc, 121 :34. CGGG
and AGGU were used to simultaneously incorporate
2-naphthylalanine and an NBD derivative of lysine into
streptavidin in vitro with two chemically acylated
frameshift suppressor tRNAs. See, e.g., Hohsaka et
al., (1999) J . Am. Chem. Soc , 121:12194. In an in
vivo study, Moore et al. examined the ability of
tRNALeu derivatives with NCUA anticodons to suppress
UAGN codons (N can be U, A, G, or C), and found that
the quadruplet UAGA can be decoded by a tRNALeu with a
UCUA anticodon with an efficiency of 13 to 26% with
little decoding in the 0 or -1 frame. See, Moore et
al., (2000) J. MoI. Biol, 298:195. In one embodiment,
extended codons based on rare codons or nonsense
codons can be used in the present invention, which can
reduce missense readthrough and frameshift suppression
at other unwanted sites. [224] For a given system, a
selector codon can also include one of the natural
three base codons, where the endogenous system does
not use (or rarely uses) the natural base codon.For
example, this includes a system that is lacking a tRNA
that recognizes the natural three base codon, and/or a
system where the three base codon is a rare codon.
[225] Selector codons optionally include unnatural
base pairs. These unnatural base pairs further expand
the existing genetic alphabet. One extra base pair
increases the number of triplet codons from 64 to 125.
Properties of third base pairs include stable and
selective base pairing, efficient enzymatic
incorporation into DNA with high fidelity by a
polymerase, and the efficient continued primer
extension after synthesis of the nascent unnatural
base pair. Descriptions of unnatural base pairs which
can be adapted for methods and compositions include,
e.g., Hirao, et al., (2002) An unnatural base pair for
incorporating amino acid analogues into protein,
Nature Biotechnology , 20:177-182. See, also, Wu, Y.,
et al., (2002) J . Am. Chem. Soc. 124:14626-14630.
Other relevant publications are listed below. [226]
For in vivo usage, the unnatural nucleoside is
membrane permeable and is phosphorylated to form the
corresponding triphosphate. In addition, the increased
genetic information is stable and not destroyed by
cellular enzymes. Previous efforts by Benner and
others took advantage of hydrogen bonding patterns
that are different from those in canonical
Watson-Crick pairs, the most noteworthy example of
which is the iso-C:iso-G pair. See, e.g., Switzer et
al., (1989) J. Am. Chem. Soc . 111:8322; and
Piccirilli et al., (1990) Nature , 343:33; Kool,
(2000) Curr. Opin. Chem. Biol., 4:602. These bases in
general mispair to some degree with natural bases and
cannot be enzymatically replicated. Kool and
co-workers demonstrated that hydrophobic packing
interactions between bases can replace hydrogen
bonding to drive the formation of base pair. See,
Kool, (2000) Curr. Opin. Chem. Biol., 4:602; and
Guckian and Kool, (1998) Angew. Chem. Int. Ed. Engl. ,
36, 2825. In an effort to develop an unnatural base
pair satisfying all the above requirements, Schultz,
Romesberg and co-workers have systematically
synthesized and studied a series of unnatural
hydrophobic bases. A PICS:PICS self-pair is found to
be more stable than natural base pairs, and can be
efficiently incorporated into DNA by Klenow fragment
of Escherichia coli DNA polymerase I (KF). See, e.g.,
McMinn et al., (1999) J . Am. Chem. Soc, 121:1 1585-6;
and Ogawa et al., (2000) J . Am. Chem. Soc , 122:3274.
A 3MN:3MN self-pair can be synthesized by KF with
efficiency and selectivity sufficient for biological
function. See, e.g., Ogawa et al., (2000) J . Am.
Chem. Soc, 122:8803. However, both bases act as a
chain terminator for further replication. A mutant DNA
polymerase has been recently evolved that can be used
to replicate the PICS self pair. In addition, a 7AI
self pair can be replicated. See, e.g., Tae et al.,
(2001) J. Am. Chem. Soc , 123:7439. A novel
metallobase pair, DipicPy, has also been developed,
which forms a stablepair upon binding Cu(II). See,
Meggers et al., (2000) J . Am. Chem. Soc. 122:10714.
Because extended codons and unnatural codons are
intrinsically orthogonal to natural codons, the
methods of the invention can take advantage of this
property to generate orthogonal tRNAs for them. [227]
A translational bypassing system can also be used to
incorporate an unnatural amino acid in a desired
polypeptide. In a translational bypassing system, a
large sequence is incorporated into a gene but is not
translated into protein. The sequence contains a
structure that serves as a cue to induce the ribosome
to hop over the sequence and resume translation
downstream of the insertion. [228] In certain
embodiments, the protein or polypeptide of interest
(or portion thereof) in the methods and/or
compositions of the invention is encoded by a nucleic
acid. Typically, the nucleic acid comprises at least
one selector codon, at least two selector codons, at
least three selector codons, at least four selector
codons, at least five selector codons, at least six
selector codons, at least seven selector codons, at
least eight selector codons, at least nine selector
codons, ten or more selector codons. [229] Genes
coding for proteins or polypeptides of interest can be
mutagenized using methods well-known to one of
ordinary skill in the art and described herein to
include, for example, one or more selector codon for
the incorporation of an unnatural amino acid. For
example, a nucleic acid for a protein of interest is
mutagenized to include one or more selector codon,
providing for the incorporation of one or more
unnatural amino acids. The invention includes any such
variant, including but not limited to, mutant,
versions of any protein, for example, including at
least one unnatural amino acid. Similarly, the
invention also includes corresponding nucleic acids,
i.e., any nucleic acid with one or more selector codon
that encodes one or more unnatural amino acid. [230]
Nucleic acid molecules encoding a protein of interest
such as a hIFN polypeptide may be readily mutated to
introduce a cysteine at any desired position of the
polypeptide. Cysteine is widely used to introduce
reactive molecules, water soluble polymers, proteins,
or a wide variety of other molecules, onto a protein
of interest. Methods suitable for the incorporation of
cysteine into a desired position of a polypeptide are
known to those of ordinary skill in the art, such as
those described in U.S. Patent No. 6,608,1 83, which
is incorporated by reference herein, and standard
mutagenesis techniques.IV. Non-Naturally EncodedAmino
Acids [231] A very wide variety of non-naturally
encoded amino acids are suitable for use in the
present invention. Any number of non-naturally encoded
amino acids can be introduced into a hIFN polypeptide.
In general, the introduced non-naturally encoded amino
acids are substantially chemically inert toward the 20
common, genetically-encoded amino acids (i.e.,
alanine, arginine, asparagine, aspartic acid,
cysteine, glutamine, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, and valine). In some embodiments, the
non-naturally encoded amino acids include side chain
functional groups that react efficiently and
selectively with functional groups not found in the 20
common amino acids (including but not limited to,
azido, ketone, aldehyde and aminooxy groups) to form
stable conjugates. For example, a hIFN polypeptide
that includes a non-naturally encoded amino acid
containing an azido functional group can be reacted
with a polymer (including but not limited to,
poly(ethylene glycol) or, alternatively, a second
polypeptide containing an alkyne moiety to form a
stable conjugate resulting for the selective reaction
of the azide and the alkyne functional groups to form
a Huisgen [3+2] cycloaddition product. [232] The
generic structure of an alpha-amino acid is
illustrated as follows (Formula I): I [233] A
non-naturally encoded amino acid is typically any
structure having the abovelisted formula wherein the R
group is any substituent other than one used in the
twenty natural amino acids, and may be suitable for
use in the present invention. Because the
non-naturally encoded amino acids of the invention
typically differ from the natural amino acids only in
the structure of the side chain, the non-naturally
encoded amino acids form amide bonds with other amino
acids, including but not limited to, natural or
non-naturally encoded, in the same manner in which
they are formed in naturally occurring polypeptides.
However, the non-naturally encoded amino acids have
side chain groups that distinguish them from the
natural amino acids. For example, R optionally
comprises an alkyl-, aryl-, acyl-, keto-, azido-,
hydroxyl-, hydrazine, cyano-, halo-, hydrazide,
alkenyl, alkynl, ether, thiol, seleno-, sulfonyl-,
borate, boronate, phospho, phosphono, phosphine,
heterocyclic, enone, imine, aldehyde, ester, thioacid,
hydroxylamine, amino group, or the like or any
combination thereof. Other non-naturally occurring
amino acids of interest that may be suitable for use
in the present invention include,out are not limited
to, amino acids comprising a photoactivatable
cross-linker, spin-labeled amino acids, fluorescent
amino acids, metal binding amino acids,
metal-containing amino acids, radioactive amino acids,
amino acids with novel functional groups, amino acids
that covalently or noncovalently interact with other
molecules, photocaged and/or photoisomerizable amino
acids, amino acids comprising biotin or a biotin
analogue, glycosylated amino acids such as a sugar
substituted serine, other carbohydrate modified amino
acids, keto-containing amino acids, amino acids
comprising polyethylene glycol or polyether, heavy
atom substituted amino acids, chemically cleavable
and/or photocleavable amino acids, amino acids with an
elongated side chains as compared to natural amino
acids, including but not limited to, polyethers or
long chain hydrocarbons, including but not limited to,
greater than about 5 or greater than about 10 carbons,
carbon-linked sugar-containing amino acids,
redox-active amino acids, amino thioacid containing
amino acids, and amino acids comprising one or more
toxic moiety. [234] Exemplary non-naturally encoded
amino acids that may be suitable for use in the
present invention and that are useful for reactions
with water soluble polymers include, but are not
limited to, those with carbonyl, aminooxy, hydrazine,
hydrazide, semicarbazide, azide and alkyne reactive
groups. In some embodiments, non-naturally encoded
amino acids comprise a saccharide moiety. Examples of
such amino acids include
iV-acetyl-L-glucosaminyl-L-serine, Nacetyl-
L-galactosaminyl-L-serine,
-acetyl-L-glucosaminyl-L-threonine,
iV-acetyl-Lglucosaminyl- 



L-asparagine and O-mannosaminyl-L-serine. Examples of
such amino acids also include examples where the
naturally-occuring N- or O- linkage between the amino
acid and the saccharide is replaced by a covalent
linkage not commonly found in nature - including but
not limited to, an alkene, an oxime, a thioether, an
amide and the like. Examples of such amino acids also
include saccharides that are not commonly found in
naturally-occuring proteins such as 2-deoxy-glucose,
2-deoxygalactose and the like. [235] Many of the
non-naturally encoded amino acids provided herein are
commercially available, e.g., from Sigma-Aldrich (St.
Louis, MO, USA), Novabiochem (a division of EMD
Biosciences, Darmstadt, Germany), or Peptech
(Burlington, MA, USA). Those that are not commercially
available are optionally synthesized as provided
herein or using standard methods known to those of
ordinary skill in the art. For organic synthesis
techniques, see, e.g., Organic Chemistry by Fessendon
and Fessendon, (1982, Second Edition, Willard Grant
Press, Boston Mass.); Advanced Organic Chemistry by
March (Third Edition, 1985, Wiley and Sons, New York);
and Advanced Organic Chemistry by Carey and Sundberg
(Third Edition, Parts A and B, 1990, Plenum Press, New
York). See, also, U.S. Patent No. 7,045,337 and U.S.
Patent Application Publication 2003/0108885, which are
incorporated by reference herein. Inaddition to
unnatural amino acids that contain novel side chains,
unnatural amino acids that may be suitable for use in
the present invention also optionally comprise
modified backbone structures, including but not
limited to, as illustrated by the structures of
Formula II and III: II III wherein Z typically
comprises OH, NH2, SH, NH-R', or S-R'; X and Y, which
can be the same or different, typically comprise S or
O, and R and R', which are optionally the same or
different, are typically selected from the same list
of constituents for the R group described above for
the unnatural amino acids having Formula I as well as
hydrogen. For example, unnatural amino acids of the
invention optionally comprise substitutions in the
amino or carboxyl group as illustrated by Formulas II
and III. Unnatural amino acids of this type include,
but are not limited to, a-hydroxy acids, a-thioacids,
a-aminothiocarboxylates, including but not limited to,
with side chains corresponding to the common twenty
natural amino acids or unnatural side chains. In
addition, substitutions at the a-carbon optionally
include, but are not limited to, L, D, or a-a-
disubstituted amino acids such as D-glutamate,
D-alanine, D-methyl-O-tyrosine, aminobutyric acid, and
the like. Other structural alternatives include cyclic
amino acids, such as proline analogues as well as 3, 4
,6, 7, 8, and 9 membered ring proline analogues, b and
g amino acids such as substituted b-alanine and
g-amino butyric acid. [236] Many unnatural amino acids
are based on natural amino acids, such as tyrosine,
glutamine, phenylalanine, and the like, and are
suitable for use in the present invention. Tyrosine
analogs include, but are not limited to,
para-substituted tyrosines, ortho-substituted
tyrosines, and meta substituted tyrosines, where the
substituted tyrosine comprises, including but not
limited to, a keto group (including but not limited
to, an acetyl group), a benzoyl group, an amino group,
a hydrazine, an hydroxyamine, a thiol group, a carboxy
group, an isopropyl group, a methyl group, a C6 - C20
straight chain or branched hydrocarbon, a saturated or
unsaturated hydrocarbon, an O-methyl group, a
polyether group, a nitro group, an alkynyl group or
the like.In addition, multiply substituted aryl rings
are also contemplated, (ilutamine analogs mat may be
suitable for use in the present invention include, but
are not limited to, a-hydroxy derivatives,
g-substituted derivatives, cyclic derivatives, and
amide substituted glutamine derivatives. Example
phenylalanine analogs that may be suitable for use in
the present invention include, but are not limited to,
para-substituted phenylalanines, ortho-substituted
phenyalanines, and metasubstituted phenylalanines,
where the substituent comprises, including but not
limited to, a hydroxy group, a methoxy group, a methyl
group, an allyl group, an aldehyde, an azido, an iodo,
a bromo, a keto group (including but not limited to,
an acetyl group), a benzoyl, an alkynyl group, or the
like. Specific examples of unnatural amino acids that
may be suitable for use in the present invention
include, but are not limited to, a^-acetyl-L-
phenylalanine, an O-methyl-Ltyrosine, an
L-3-(2-naphthyl)alanine, a 3-methyl-phenylalanine, an
O-4-allyl-L-tyrosine, a 4- propyl-L-tyrosine, a
tri-O-acetyl-GlcNAc b-serine, an L-Dopa, a fluorinated
phenylalanine, an isopropyl-L-phenylalanine, a
j!?-azido-L-phenylalanine, a /?-acyl-L-phenylalanine,
a /?-benzoyl-Lphenylalanine, an L-phosphoserine, a
phosphonoserine, a phosphonotyrosine, a
p-iodophenylalanine, a p-bromophenylalanine, a
/?-amino-L-phenylalanine, an isopropyl-Lphenylalanine,
and a p-propargyloxy-phenylalanine, and the like.
Examples of structures of a variety of unnatural amino
acids that may be suitable for use in the present
invention are provided in, for example, WO 2002/085923
entitled "In vivo incorporation of unnatural amino
acids." See also Kiick et al., (2002) Incorporation of
azides into recombinant proteins for chemoselective
modification by the Staudinger ligation, PNAS
99:19-24, which is incorporated by reference herein,
for additional methionine analogs. [237] In one
embodiment, compositions of a hIFN polypeptide that
include an unnatural amino acid (such as
/?-(propargyloxy)-phenyalanine) are provided. Various
compositions comprising p-(propargyloxy)-phenyalanine
and, including but not limited to, proteins and/or
cells, are also provided. In one aspect, a composition
that includes the p - (propargyloxy)-phenyalanine
unnatural amino acid, further includes an orthogonal
tRNA. The unnatural amino acid can be bonded
(including but not limited to, covalently) to the
orthogonal tRNA, including but not limited to,
covalently bonded to the orthogonal tRNA though an
aminoacyl bond, covalently bonded to a 3'OH or a 2'OH
of a terminal ribose sugar of the orthogonal tRNA,
etc. [238] The chemical moieties via unnatural amino
acids that can be incorporated into proteins offer a
variety of advantages and manipulations of the
protein. For example, the unique reactivity of a keto
functional group allows selective modification of
proteins with any of anumber of hydrazine- or
hydroxylamine-containing reagents in vitro and in
vivo. A heavy atom unnatural amino acid, for example,
can be useful for phasing X-ray structure data. The
sitespecific introduction of heavy atoms using
unnatural amino acids also provides selectivity and
flexibility in choosing positions for heavy atoms.
Photoreactive unnatural amino acids (including but not
limited to, amino acids with benzophenone and
arylazides (including but not limited to, phenylazide)
side chains), for example, allow for efficient in vivo
and in vitro photocrosslinking of protein. Examples of
photoreactive unnatural amino acids include, but are
not limited to, p-azido-phenylalanine and
p-benzoyl-phenylalanine. The protein with the
photoreactive unnatural amino acids can then be
crosslinked at will by excitation of the photoreactive
group-providing temporal control. In one example, the
methyl group of an unnatural amino can be substituted
with an isotopically labeled, including but not
limited to, methyl group, as a probe of local
structure and dynamics, including but not limited to,
with the use of nuclear magnetic resonance and
vibrational spectroscopy. Alkynyl or azido functional
groups, for example, allow the selective modification
of proteins with molecules through a [3+2]
cycloaddition reaction. [239] A non-natural amino acid
incorporated into a polypeptide at the amino terminus
can be composed of an R group that is any substituent
other than one used in the twenty natural amino acids
and a 2n reactive group different from the NH2 group
normally present in a-amino acids (see Formula I). A
similar non-natural amino acid can be incorporated at
the carboxyl terminus with a 2nd reactive group
different from the COOH group normally present in
a-amino acids (see Formula I). [240] The unnatural
amino acids of the invention may be selected or
designed to provide additional characteristics
unavailable in the twenty natural amino acids. For
example, unnatural amino acid may be optionally
designed or selected to modify the biological
properties of a protein, e.g., into which they are
incorporated. For example, the following properties
may be optionally modified by inclusion of an
unnatural amino acid into a protein: toxicity,
biodistribution, solubility, stability, e.g., thermal,
hydrolytic, oxidative, resistance to enzymatic
degradation, and the like, facility of purification
and processing, structural properties, spectroscopic
properties, chemical and/or photochemical properties,
catalytic activity, redox potential, half-life,
ability to react with other molecules, e.g.,
covalently or noncovalently, and the like.CHEMICAL
SYNTHESIS OF UNNATURAL AMINO ACIDS [241] Many of the
unnatural amino acids suitable for use in the present
invention are commercially available, e.g., from Sigma
(USA) or Aldrich (Milwaukee, WI USA). Those that are
not commercially available are optionally synthesized
as provided herein or as provided in various
publications or using standard methods known to those
of ordinary skill in the art. For organic synthesis
techniques, see, e.g., Organic Chemistry by Fessendon
and Fessendon, (1982, Second Edition, Willard Grant
Press, Boston Mass.); Advanced Organic Chemistry by
March (Third Edition, 1985, Wiley and Sons, New York);
and Advanced Organic Chemistry by Carey and Sundberg
(Third Edition, Parts A and B, 1990, Plenum Press, New
York). Additional publications describing the
synthesis of unnatural amino acids include, e.g., WO
2002/085923 entitled "In vivo incorporation of
Unnatural Amino Acids;" Matsoukas et al., (1995) J .
Med. Chem., 38, 4660-4669; King, F.E. & Kidd, D.A.A.
(1949) A New Synthesis ofGlutamim and of g-Dipeptides
of Glutamic Acid from Phthylated Intermediates. J.
Chem. Soc, 3315-33 19; Friedman, O.M. & Chatterrji, R.
(1959) Synthesis of Derivatives of Glutamine as Model
Substrates for Anti-Tumor Agents. J . Am. Chem. Soc.
81, 3750-3752; Craig, J.C. et al. (1988) Absolute
Configuration of the Enantiomers of 7-Chloro-4
[[4-(diethylamino)-lmethylbutyl] amino]quinoline
(Chloroquine). J. Org. Chem. 53, 1167-1 170; Azoulay,
M., Vilmont, M. & Frappier, F. (1991) Glutamine
analogues as Potential Antimalarials, Eur. J. Med.
Chem. 26, 201-5; Koskinen, A.M.P. & Rapoport, H.
(1989) Synthesis of 4-Substituted Prolines as
Conformational^ Constrained Amino Acid Analogues. J .
Org. Chem. 54, 1859- 1866; Christie, B.D. & Rapoport,
H. (1985) Synthesis of Optically Pure Pipecolates from
LAsparagine. Application to the Total Synthesis of
(+)-Apovincamine through Amino Acid Decarbonylation
and Iminium Ion Cyclization. J . Org. Chem.
50:1239-1246; Barton et al., (1987) Synthesis of Novel
alpha-Amino-Acids and Derivatives Using Radical
Chemistry: Synthesis of L- and D-alpha-Amino-Adipic
Acids, L-alpha-aminopimelic Acid and Appropriate
Unsaturated Derivatives. Tetrahedron 43:4297-4308;
and, Subasinghe et al., (1992) Quisqualic acid
analogues: synthesis of beta-heterocyclic
2-aminopropanoic acid derivatives and their activity
at a novel qinsqualate-sensitized site. J . Med. Chem.
35:4602-7. See also, U.S. Patent Publication No. US
2004/0198637 entitled "Protein Arrays," which is
incorporated by reference herein. A. Carbonyl reactive
groups[242] Amino acids with a carbonyl reactive group
allow for a variety of reactions to link molecules
(including but not limited to, PEG or other water
soluble molecules) via nucleophilic addition or aldol
condensation reactions among others. [243] Exemplary
carbonyl-containing amino acids can be represented as
follows: wherein n is 0-10; Ri is an alkyl, aryl,
substituted alkyl, or substituted aryl; R2 is H,
alkyl, aryl, substituted alkyl, and substituted aryl;
and R3 is H, an amino acid, a polypeptide, or an amino
terminus modification group, and R4 is H, an amino
acid, a polypeptide, or a carboxy terminus
modification group. In some embodiments, n is 1, Ri is
phenyl and R2 is a simple alkyl (i.e., methyl, ethyl,
or propyl) and the ketone moiety is positioned in the
para position relative to the alkyl side chain. In
some embodiments, n is 1, Ri is phenyl and R2 is a
simple alkyl (i.e., methyl, ethyl, or propyl) and the
ketone moiety is positioned in the meta position
relative to the alkyl side chain. [244] The synthesis
of />-acetyl-(+/-)-phenylalanine and
m-acetyl-(+/-)-phenylalanine is described in Zhang,
Z., et al., Biochemistry 42: 6735-6746 (2003), which
is incorporated by reference herein. Other
carbonyl-containing amino acids can be similarly
prepared by one of ordinary skill in the art. [245] In
some embodiments, a polypeptide comprising a
non-naturally encoded amino acid is chemically
modified to generate a reactive carbonyl functional
group. For instance, an 



aldehyde functionality useful for conjugation
reactions can be generated from a functionality having
adjacent amino and hydroxyl groups. Where the
biologically active molecule is a polypeptide, for
example, an TV-terminal serine or threonine (which may
be normally present or may be exposed via chemical or
enzymatic digestion) can be used to generate an
aldehyde functionality under mild oxidative cleavage
conditions using periodate. See, e.g., Gaertner, et
al, Bioconjug. Chem. 3: 262-268 (1992); Geoghegan, K.
& Stroh, J., Bioconjug. Chem. 3:138- 146 (1992);
Gaertner et al, J. Biol Chem. 269:7224-7230 (1994).
However, methods known in the art are restricted to
the amino acid at the iV-terminus of the peptide or
protein. [246] In the present invention, a
non-naturally encoded amino acid bearing adjacent
hydroxyl and amino groups can be incorporated into the
polypeptide as a "masked" aldehyde functionality. For
example, 5-hydroxylysine bears a hydroxyl group
adjacent to the epsilon amine. Reaction conditions for
generating the aldehyde typically involve addition of
molar excess of sodium metaperiodate under mild
conditions to avoid oxidation at other sites within
the polypeptide. The pH of the oxidation reaction is
typically about 7.0. A typical reactioninvolves the
addition of about 1.5 molar excess of sodium meta
periodate to a buffered solution of the polypeptide,
followed by incubation for about 10 minutes in the
dark. See, e.g. U.S. Patent No. 6,423,685, which is
incorporated by reference herein. [247] The carbonyl
functionality can be reacted selectively with a
hydrazine-, hydrazide-, hydroxylamine-, or
semicarbazide-containing reagent under mild conditions
in aqueous solution to form the corresponding
hydrazone, oxime, or semicarbazone linkages,
respectively, that are stable under physiological
conditions. See, e.g., Jencks, W. P., J. Am. Chem.
Soc. 81, 475-481 (1959); Shao, J . and Tam, J . P., J.
Am. Chem. Soc. 117:3893-3899 (1995). Moreover, the
unique reactivity of the carbonyl group allows for
selective modification in the presence of the other
amino acid side chains. See, e.g., Cornish, V. W., et
al, J. Am. Chem. Soc. 118:8150-8151 (1996); Geoghegan,
K. F. & Stroh, J. G., Bioconjug. Chem. 3:138- 146
(1992); Mahal, L. K., et al, Science 276:1 125-1 128
(1997). B. Hydrazine, hydrazide or semicarbazide
reactive groups [248] Non-naturally encoded amino
acids containing a nucleophilic group, such as a
hydrazine, hydrazide or semicarbazide, allow for
reaction with a variety of electrophilic groups to
form conjugates (including but not limited to, with
PEG or other water soluble polymers). [249] Exemplary
hydrazine, hydrazide or semicarbazide -containing
amino acids can be represented as follows: wherein n
is 0-10; Ri is an alkyl, aryl, substituted alkyl, or
substituted aryl or not present; X, is O, N, or S or
not present; R is H, an amino acid, a polypeptide, or
an amino terminus modification group, and R3 is H, an
amino acid, a polypeptide, or a carboxy terminus
modification group. [250] In some embodiments, n is 4,
Ri is not present, and X is N. In some embodiments, n
is 2, Ri is not present, and X is not present. In some
embodiments, n is 1, Ri is phenyl, X is O, and the
oxygen atom is positioned para to the alphatic group
on the aryl ring. [251] Hydrazide-, hydrazine-, and
semicarbazide-containing amino acids are available
from commercial sources. For instance, L-glutamate-
g-hydrazide is available from Sigma Chemical (St.
Louis, MO). Other amino acids not available
commercially can be prepared by one of ordinary skill
in the art. See, e.g., U.S. Pat. No. 6,281,21 1, which
is incorporated by reference herein.[252] Polypeptides
containing non-naturally encoded amino acids that bear
hydrazide, hydrazine or semicarbazide functionalities
can be reacted efficiently and selectively with a
variety of molecules that contain aldehydes or other
functional groups with similar chemical reactivity.
See, e.g., Shao, J . and Tarn, J., J. Am. Chem. Soc.
117:3893-3899 (1995). The unique reactivity of
hydrazide, hydrazine and semicarbazide functional
groups makes them significantly more reactive toward
aldehydes, ketones and other electrophilic groups as
compared to the nucleophilic groups present on the 20
common amino acids (including but not limited to, the
hydroxyl group of serine or threonine or the amino
groups of lysine and the N-terminus). C.
Aminooxy-containing amino acids [253] Non-naturally
encoded amino acids containing an aminooxy (also
called a hydroxylamine) group allow for reaction with
a variety of electrophilic groups to form conjugates
(including but not limited to, with PEG or other water
soluble polymers). Like hydrazines, hydrazides and
semicarbazides, the enhanced nucleophilicity of the
aminooxy group permits it to react efficiently and
selectively with a variety of molecules that contain
aldehydes or other functional groups with similar
chemical reactivity. See, e.g., Shao, J . and Tam, J.,
J. Am. Chem. Soc. 117:3893-3899 (1995); H. Hang and C.
Bertozzi, Ace. Chem. Res. 34: 727-736 (2001). Whereas
the result of reaction with a hydrazine group is the
corresponding hydrazone, however, an oxime results
generally from the reaction of an aminooxy group with
a carbonylcontaining group such as a ketone. [254]
Exemplary amino acids containing aminooxy groups can
be represented as follows: wherein n is 0-10; Ri is an
alkyl, aryl, substituted alkyl, or substituted aryl or
not present; X is O, N, S or not present; m is 0-10; Y
= C(O) or not present; R2 is H, an amino acid, a
polypeptide, or an amino terminus modification group,
and R3 is H, an amino acid, a polypeptide, or a
carboxy terminus modification group. In some
embodiments, n is 1, Ri is phenyl, X is O, m is 1, and
Y is present. In some embodiments, n is 2, Ri and X
are not present, m is 0, and Y is not present. [255]
Aminooxy-containing amino acids can be prepared from
readily available amino acid precursors (homoserine,
serine and threonine). See, e.g., M. Carrasco and R.
Brown, J. Org. Chem. 68: 8853-8858 (2003). Certain
aminooxy-containing amino acids, such as L-2-
amino-4-(aminooxy)butyric acid), have been isolated
from natural sources (Rosenthal, G., LifeSci. 60:
1635-1641 (1997). Other aminooxy-containing amino
acids can be prepared by one ot ordinary skill in the
art. D. Azide and alkyne reactive groups [256] The
unique reactivity of azide and alkyne functional
groups makes them extremely useful for the selective
modification of polypeptides and other biological
molecules. Organic azides, particularly alphatic
azides, and alkynes are generally stable toward common
reactive chemical conditions. In particular, both the
azide and the alkyne functional groups are inert
toward the side chains (i.e., R groups) of the 20
common amino acids found in naturallyoccuring
polypeptides. When brought into close proximity,
however, the "spring-loaded" nature of the azide and
alkyne groups is revealed and they react selectively
and efficiently via Huisgen [3+2] cycloaddition
reaction to generate the corresponding triazole. See,
e.g., Chin J., et al, Science 301 :964-7 (2003); Wang,
Q., et al, J . Am. Chem. Soc. 125, 3192-3193 (2003);
Chin, J . W., et al, J . Am. Chem. Soc. 124:9026-9027
(2002). [257] Because the Huisgen cycloaddition
reaction involves a selective cycloaddition reaction
(see, e.g., Padwa, A., in COMPREHENSIVE ORGANIC
SYNTHESIS, Vol. 4, (ed. Trost, B. M., 1991), p. 1069-1
109; Huisgen, R. in 1,3-DIPOLAR CYCLOADDITION
CHEMISTRY, (ed. Padwa, A., 1984) , p. 1-176 ) rather
than a nucleophilic substitution, the incorporation of
non-naturally encoded amino acids bearing azide and
alkyne-containing side chains permits the resultant
polypeptides to be modified selectively at the
position of the non-naturally encoded amino acid.
Cycloaddition reaction involving azide or
alkyne-containing hIFN polypeptide can be carried out
at room temperature under aqueous conditions by the
addition of Cu(II) (including but not limited to, in
the form of a catalytic amount of CuSO4) in the
presence of a reducing agent for reducing Cu(II) to
Cu(I), in situ, in catalytic amount. See, e.g., Wang,
Q., et al, J. Am. Chem. Soc. 125, 3192-3193 (2003);
Tomoe, C. W., et al, J. Org. Chem. 67:3057-3064
(2002); Rostovtsev, et al, Angew. Chem. Int. Ed.
41:2596-2599 (2002). Exemplary reducing agents
include, including but not limited to, ascorbate,
metallic copper, quinine, hydroquinone, vitamin K,
glutathione, cysteine, Fe2+, Co2+, and an applied
electric potential. [258] In some cases, where a
Huisgen [3+2] cycloaddition reaction between an azide
and an alkyne is desired, the hIFN polypeptide
comprises a non-naturally encoded amino acid
comprising an alkyne moiety and the water soluble
polymer to be attached to the amino acid comprises an
azide moiety. Alternatively, the converse reaction
(i.e., with the azide moiety on the amino acid and the
alkyne moiety present on the water soluble polymer)
can also be performed.[259] The azide functional group
can also be reacted selectively with a water soluble
polymer containing an aryl ester and appropriately
functional ized with an aryl phosphine moiety to
generate an amide linkage. The aryl phosphine group
reduces the azide in situ and the resulting amine then
reacts efficiently with a proximal ester linkage to
generate the corresponding amide. See, e.g., E. Saxon
and C. Bertozzi, Science 287, 2007-2010 (2000). The
azide-containing amino acid can be either an alkyl
azide (including but not limited to, 2-amino-
6-azido-l-hexanoic acid) or an aryl azide
(p-azido-phenylalanine). [260] Exemplary water soluble
polymers containing an aryl ester and a phosphine
moiety can be represented as follows: wherein X can be
O, N, S or not present, Ph is phenyl, W is a water
soluble polymer and R can be H, alkyl, aryl,
substituted alkyl and substituted aryl groups.
Exemplary R groups include but are not limited to
-CH2, -C(CH3) 3, -OR', -NR'R", -SR', -halogen,
-C(O)R', -CONR'R", - S(O)2R', -S(O)2NR R", -CN and -NO
2. R', R", R'" and R"" each independently refer to
hydrogen, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, including but not
limited to, aryl substituted with 1-3 halogens,
substituted or unsubstituted alkyl, alkoxy or
thioalkoxy groups, or arylalkyl groups. When a
compound of the invention includes more than one R
group, for example, each of the R groups is
independently selected as are each R', R", R'" and R""
groups when more than one of these groups is present.
When R' and R" are attached to the same nitrogen atom,
they can be combined with the nitrogen atom to form a
5-, 6-, or 7-membered ring. For example, -NR'R" is
meant to include, but not be limited to, 1-
pyrrolidinyl and 4-morpholinyl. From the above
discussion of substituents, one of skill in the art
will understand that the term "alkyl" is meant to
include groups including carbon atoms bound to groups
other than hydrogen groups, such as haloalkyl
(including but not limited to, -CF and - CH2CF3) and
acyl (including but not limited to, -C(O)CH3,
-C(O)CF3, -C(O)CH2OCH3, and the like). [261] The azide
functional group can also be reacted selectively with
a water soluble polymer containing a thioester and
appropriately functionalized with an aryl phosphine
moiety to generate an amide linkage. The aryl
phosphine group reduces the azide in situ and the
resulting amine then reacts efficiently with the
thioester linkage to generate the corresponding amide.
Exemplary water soluble polymers containing a
thioester and a phosphine moiety can be represented as
follows:wherein n is 1-10; X can be O, N, S or not
present, Ph is phenyl, and W is a water soluble
polymer. [262] Exemplary alkyne-containing amino acids
can be represented as follows: wherein n is 0-10; Ri
is an alkyl, aryl, substituted alkyl, or substituted
aryl or not present; X is O, N, S or not present; m is
0-10, R2 is H, an amino acid, a polypeptide, or an
amino terminus modification group, and R3 is H, an
amino acid, a polypeptide, or a carboxy terminus
modification group. In some embodiments, n is 1, Ri is
phenyl, X is not present, m is 0 and the acetylene
moiety is positioned in the para position relative to
the alkyl side chain. In some embodiments, n is 1, R]
is phenyl, X is O, m is 1 and the propargyloxy group
is positioned in the para position relative to the
alkyl side chain (i.e., O-propargyl-tyrosine). In some
embodiments, n is 1, Ri and X are not present and m is
0 (i.e., proparylglycine). [263] Alkyne-containing
amino acids are commercially available. For example,
propargylglycine is commercially available from
Peptech (Burlington, MA). Alternatively,
alkyne-containing amino acids can be prepared
according to standard methods. For instance, p -
propargyloxyphenylalanine can be synthesized, for
example, as described in Deiters, A., et al, J. Am.
Chem. Soc. 125: 11782-1 1783 (2003), and
4-alkynyl-L-phenylalanine can be synthesized as 



described in Kayser, B., et al, Tetrahedron 53(7):
2475-2484 (1997). Other alkyne-containing amino acids
can be prepared by one of ordinary skill in the art.
[264] Exemplary azide-containing amino acids can be
represented as follows: wherein n is 0-10; Ri is an
alkyl, aryl, substituted alkyl, substituted aryl or
not present; X is O, N, S or not present; m is 0-10; R
is H, an amino acid, a polypeptide, or an amino
terminus modification group, and R3 is H, an amino
acid, a polypeptide, or a carboxy terminus
modification group. In some embodiments, n is 1, Ri is
phenyl, X is not present, m is 0 and the azide moiety
is positioned para to the alkyl side chain. In some
embodiments, n is 0-4 and Ri and X are not present,
and m=0. In some embodiments, n is 1, Ri is phenyl, X
is O, m is 2 and the b-azidoethoxy moiety is
positioned in the para position relative to the alkyl
side chain.[265] Azide-containing amino acids are
available from commercial sources. For instance,
4-azidophenylalanine can be obtained from Chem-Impex
International, Inc. (Wood Dale, IL). For those
azide-containing amino acids that are not commercially
available, the azide group can be prepared relatively
readily using standard methods known to those of
ordinary skill in the art, including but not limited
to, via displacement of a suitable leaving group
(including but not limited to, halide, mesylate,
tosylate) or via opening of a suitably protected
lactone. See, e.g., Advanced Organic Chemistry by
March (Third Edition, 1985, Wiley and Sons, New York).
E. Aminothiol reactive groups [266] The unique
reactivity of beta-substituted aminothiol functional
groups makes them extremely useful for the selective
modification of polypeptides and other biological
molecules that contain aldehyde groups via formation
of the thiazolidine. See, e.g., J. Shao and J . Tarn,
J. Am. Chem. Soc. 1995, 117 (14) 3893-3899. In some
embodiments, beta-substituted aminothiol amino acids
can be incorporated into hIFN polypeptides and then
reacted with water soluble polymers comprising an
aldehyde functionality. In some embodiments, a water
soluble polymer, drug conjugate or other payload can
be coupled to a hIFN polypeptide comprising a
beta-substituted aminothiol amino acid via formation
of the thiazolidine. CELLULAR UPTAKE OF UNNATURAL
AMINO ACIDS [267] Unnatural amino acid uptake by a
cell is one issue that is typically considered when
designing and selecting unnatural amino acids,
including but not limited to, for incorporation into a
protein. For example, the high charge density of
a-amino acids suggests that these compounds are
unlikely to be cell permeable. Natural amino acids are
taken up into the eukaryotic cell via a collection of
protein-based transport systems. A rapid screen can be
done which assesses which unnatural amino acids, if
any, are taken up by cells. See, e.g., the toxicity
assays in, e.g., U.S. Patent Publication No. US
2004/0198637 entitled "Protein Arrays" which is
incorporated by reference herein; and Liu, D.R. &
Schultz, P.G. (1999) Progress toward the evolution of
an organism with an expanded genetic code. PNAS United
States 96:4780-4785. Although uptake is easily
analyzed with various assays, an alternative to
designing unnatural amino acids that are amenable to
cellular uptake pathways is to provide biosynthetic
pathways to create amino acids in vivo. BIOSYNTHESIS
OF UNNATURAL AMINO ACIDS [268] Many biosynthetic
pathways already exist in cells for the production of
amino acids and other compounds. While a biosynthetic
method for a particular unnatural amino acid may not
exist in nature, including but not limited to, in a
cell, the invention provides such methods. For
example, biosynthetic pathways for unnatural amino
acids are optionallygenerated in host cell by adding
new enzymes or modifying existing host cell pathways.
Additional new enzymes are optionally naturally
occurring enzymes or artificially evolved enzymes. For
example, the biosynthesis of /?-aminophenylalanine (as
presented in an example in WO 2002/085923 entitled "In
vivo incorporation of unnatural amino acids") relies
on the addition of a combination of known enzymes from
other organisms. The genes for these enzymes can be
introduced into a eukaryotic cell by transforming the
cell with a plasmid comprising the genes. The genes,
when expressed in the cell, provide an enzymatic
pathway to synthesize the desired compound. Examples
of the types of enzymes that are optionally added are
provided in the examples below. Additional enzymes
sequences are found, for example, in Genbank.
Artificially evolved enzymes are also optionally added
into a cell in the same manner. In this manner, the
cellular machinery and resources of a cell are
manipulated to produce unnatural amino acids. [269] A
variety of methods are available for producing novel
enzymes for use in biosynthetic pathways or for
evolution of existing pathways. For example, recursive
recombination, including but not limited to, as
developed by Maxygen, Inc. (available on the World
Wide Web at maxygen.com), is optionally used to
develop novel enzymes and pathways. See, e.g., Stemmer
(1994), Rapid evolution of a protein in vitro by DNA
shuffling, Nature 370(4):389-391; and, Stemmer,
(1994), DNA shuffling by random fragmentation and
reassembly: In vitro recombination for molecular
evolution, Proc. Natl. Acad. Sci. USA.,
91:10747-10751. Similarly DesignPath(tm), developed by
Genencor (available on the World Wide Web at
genencor.com) is optionally used for metabolic pathway
engineering, including but not limited to, to engineer
a pathway to create O-methyl-L-tyrosine in a cell.
This technology reconstructs existing pathways in host
organisms using a combination of new genes, including
but not limited to, those identified through
functional genomics, and molecular evolution and
design. Diversa Corporation (available on the World
Wide Web at diversa.com) also provides technology for
rapidly screening libraries of genes and gene
pathways, including but not limited to, to create new
pathways. [270] Typically, the unnatural amino acid
produced with an engineered biosynthetic pathway of
the invention is produced in a concentration
sufficient for efficient protein biosynthesis,
including but not limited to, a natural cellular
amount, but not to such a degree as to affect the
concentration of the other amino acids or exhaust
cellular resources. Typical concentrations produced in
vivo in this manner are about 10 mM to about 0.05 mM.
Once a cell is transformed with a plasmid comprising
the genes used to produce enzymes desired for
aspecific pathway and an unnatural amino acid is
generated, in vivo selections are optionally used to
further optimize the production of the unnatural amino
acid for both ribosomal protein synthesis and cell
growth. POLYPEPTIDES WITH UNNATURAL AMINO ACIDS [271]
The incorporation of an unnatural amino acid can be
done for a variety of purposes, including but not
limited to, tailoring changes in protein structure
and/or function, changing size, acidity,
nucleophilicity, hydrogen bonding, hydrophobicity,
accessibility of protease target sites, targeting to a
moiety (including but not limited to, for a protein
array), adding a biologically active molecule,
attaching a polymer, attaching a radionuclide,
modulating serum half-life, modulating tissue
penetration (e.g. tumors), modulating active
transport, modulating tissue, cell or organ
specificity or distribution (e.g. liver), modulating
immunogenicity, modulating protease resistance, etc.
Alterations in signal transduction may be achieved
through site specific PEGylation of hlFN. Proteins
that include an unnatural amino acid can have enhanced
or even entirely new catalytic or biophysical
properties. For example, the following properties are
optionally modified by inclusion of an unnatural amino
acid into a protein: toxicity, biodistribution,
structural properties, spectroscopic properties,
chemical and/or photochemical properties, catalytic
ability, half-life (including but not limited to,
serum halflife), ability to react with other
molecules, including but not limited to, covalently or
noncovalently, and the like. The compositions
including proteins that include at least one unnatural
amino acid are useful for, including but not limited
to, novel therapeutics, diagnostics, catalytic
enzymes, industrial enzymes, binding proteins
(including but not limited to, antibodies), and
including but not limited to, the study of protein
structure and function. See, e.g., Dougherty, (2000)
Unnatural Amino Acids as Probes of Protein Structure
and Function, Current Opinion in Chemical Biology,
4:645-652. [272] In one aspect of the invention, a
composition includes at least one protein with at
least one, including but not limited to, at least two,
at least three, at least four, at least five, at least
six, at least seven, at least eight, at least nine, or
at least ten or more unnatural amino acids. The
unnatural amino acids can be the same or different,
including but not limited to, there can be 1, 2, 3, 4,
5, 6, 7, 8, 9, or 10 or more different sites in the
protein that comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10
or more different unnatural amino acids. In another
aspect, a composition includes a protein with at least
one, but fewer than all, of a particular amino acid
present in the protein is substituted with the
unnatural amino acid. For a given protein with more
than one unnatural amino acids, the unnatural amino
acids can be identical or different (including but not
limited to,the protein can include two or more
different types of unnatural amino acids, or can
include two of the same unnatural amino acid). For a
given protein with more than two unnatural amino
acids, the unnatural amino acids can be the same,
different or a combination of a multiple unnatural
amino acid of the same kind with at least one
different unnatural amino acid. [273] Proteins or
polypeptides of interest with at least one unnatural
amino acid are a feature of the invention. The
invention also includes polypeptides or proteins with
at least one unnatural amino acid produced using the
compositions and methods of the invention. An
excipient (including but not limited to, a
pharmaceutically acceptable excipient) can also be
present with the protein. [274] By producing proteins
or polypeptides of interest with at least one
unnatural amino acid in eukaryotic cells, proteins or
polypeptides will typically include eukaryotic
posttranslational modifications. In certain
embodiments, a protein includes at least one unnatural
amino acid and at least one post-translational
modification that is made in vivo by a eukaryotic
cell, where the post-translational modification is not
made by a prokaryotic cell. For example, the
post-translation modification includes, including but
not limited to, acetylation, acylation,
lipid-modification, palmitoylation, palmitate
addition, phosphorylation, glycolipid-linkage
modification, glycosylation, and the like. In one
aspect, the post-translational modification includes
attachment of an oligosaccharide (including but not
limited to, (GlcNAc-Man)2-Man- GlcNAc-GlcNAc)) to an
asparagine by a GlcNAc-asparagine linkage. See Table 1
which lists some examples of N-linked oligosaccharides
of eukaryotic proteins (additional residues can also
be present, which are not shown). In another aspect,
the post-translational modification includes
attachment of an oligosaccharide (including but not
limited to, GaI-GaINAc, GaI-GIcNAc, etc.) to a serine
or threonine by a GalNAc-serine or GaINAc-threonine
linkage, or a GlcNAc-serine or a GIcNAc-threonine
linkage. TABLE 1: EXAMPLES OF OLIGOSACCHARIDES THROUGH
GlcNAc-LINKAGE Type Base StructureHigh-mannose
Manb1-4GlcNAc b1-4G!cNAc b1-Asn Hybrid Manbi
-4GlcNAcb1-4GlcNAcb1-Asn GlcNAcb1-2- GlcNAcb1-2-
Complex Manb1-4GlcNAcb1-4GlcNAcb1-Asn GlcNAcb1-2 -
Xylose Manb1-4GlcNAc b1-4GlcNAc b1-Asn [275] In yet
another aspect, the post-translation modification
includes proteolytic processing of precursors
(including but not limited to, calcitonin precursor,
calcitonin generelated peptide precursor,
preproparathyroid hormone, prepro insulin, proinsulin,
preproopiomelanocortin, pro-opiomelanocortin and the
like), assembly into a multisubunit protein or
macromolecular assembly, translation to another site
in the cell (including but not limited to, to
organelles, such as the endoplasmic reticulum, the
Golgi apparatus, the nucleus, lysosomes, peroxisomes,
mitochondria, chloroplasts, vacuoles, etc., or through
the secretory pathway). In certain embodiments, the
protein comprises a secretion or localization
sequence, an epitope tag, a FLAG tag, a polyhistidine
tag, a GST fusion, or the like. U.S. Patent Nos.
4,963,495 and 6,436,674, which are incorporated herein
by reference, detail constructs designed to improve
secretion of hGH polypeptides. [276] One advantage of
an unnatural amino acid is that it presents additional
chemical 



moieties that can be used to add additional molecules.
These modifications can be made in vivo in a
eukaryotic or non-eukaryotic cell, or in vitro. Thus,
in certain embodiments, the posttranslational
modification is through the unnatural amino acid. For
example, the posttranslational modification can be
through a nucleophilic-electrophilic reaction. Most
reactions currently used for the selective
modification of proteins involve covalent bond
formation between nucleophilic and electrophilic
reaction partners, including but not limited to the
reaction of a-haloketones with histidine or cysteine
side chains. Selectivity in these cases is determined
by the number and accessibility of the nucleophilic
residues in the protein. In proteins of theinvention,
other more selective reactions can be used such as the
reaction of an unnatural ketoamino acid with
hydrazides or aminooxy compounds, in vitro and in
vivo. See, e.g., Cornish, et al., (1996) J. Am. Chem.
Soc . 118:8150-8151; Mahal, et al., (1997) Science
276:1 125-1 128; Wang, et al., (2001) Science
292:498-500; Chin, et al., (2002) J . Am. Chem. Soc.
124:9026- 9027; Chin, et al., (2002) Proc. Natl. Acad.
ScL 99:1 1020-1 1024; Wang, et al., (2003) Proc. Natl.
Acad. ScL 100:56-61; Zhang, et al., (2003)
Biochemistry . 42:6735-6746; and, Chin, et al., (2003)
Science , 301:964-7, all of which are incorporated by
reference herein. This allows the selective labeling
of virtually any protein with a host of reagents
including fluorophores, crosslinking agents,
saccharide derivatives and cytotoxic molecules. See
also, U.S. Patent No. 6,927,042 entitled "Glycoprotein
synthesis," which is incorporated by reference herein.
Posttranslational modifications, including but not
limited to, through an azido amino acid, can also made
through the Staudinger ligation (including but not
limited to, with triarylphosphine reagents). See,
e.g., Kiick et al., (2002) Incorporation of azides
into recombinant proteins for chemoselective
modification by the Staudinger ligation, PNAS
99:19-24. [277] This invention provides another highly
efficient method for the selective modification of
proteins, which involves the genetic incorporation of
unnatural amino acids, including but not limited to,
containing an azide or alkynyl moiety into proteins in
response to a selector codon. These amino acid side
chains can then be modified by, including but not
limited to, a Huisgen [3+2] cycloaddition reaction
{see, e.g., Padwa, A. in Comprehensive Organic
Synthesis, Vol. 4 (1991) Ed. Trost, B. M., Pergamon,
Oxford, p . 1069-1 109; and, Huisgen, R. in
1,3-Dipolar Cycloaddition Chemistry , (1984) Ed.
Padwa, A., Wiley, New York, p. 1-176) with, including
but not limited to, alkynyl or azide derivatives,
respectively. Because this method involves a
cycloaddition rather than a nucleophilic substitution,
proteins can be modified with extremely high
selectivity. This reaction can be carried out at room
temperature in aqueous conditions with excellent
regioselectivity (1,4 > 1,5) by the addition of
catalytic amounts of Cu(I) salts to the reaction
mixture. See, e.g., Tornoe, et al., (2002) J . Ore.
Chem. 67:3057-3064; and, Rostovtsev, et al., (2002)
Angew. Chem. Int. Ed. 4 1:2596-2599. Another method
that can be used is the ligand exchange on a
bisarsenic compound with a tetracysteine motif, see,
e.g., Griffin, et al., (1998) Science 281 :269-272.
[278] A molecule that can be added to a protein of the
invention through a [3+2] cycloaddition includes
virtually any molecule with an azide or alkynyl
derivative. Molecules include, but are not limited to,
dyes, fluorophores, crosslinking agents, saccharide
derivatives, polymers (including but not limited to,
derivatives of polyethylene glycol),
photocrosslinkers,cytotoxic compounds, affinity
labels, derivatives of biotin, resins, beads, a second
protein or polypeptide (or more), polynucleotide(s)
(including but not limited to, DNA, RNA, etc.), metal
chelators, cofactors, fatty acids, carbohydrates, and
the like. These molecules can be added to an unnatural
amino acid with an alkynyl group, including but not
limited to, ppropargyloxyphenylalanine, or azido
group, including but not limited to,
p-azido-phenylalanine, respectively. V. In vivo
generation of hIFN polypeptides comprising
non-genetically-encoded amino acids [279] The hIFN
polypeptides of the invention can be generated in vivo
using modified tRNA and tRNA synthetases to add to or
substitute amino acids that are not encoded in
naturally-occurring systems. [280] Methods for
generating tRNAs and tRNA synthetases which use amino
acids that are not encoded in naturally-occurring
systems are described in, e.g., U.S. Patent No.
7,045,337 (Serial No. 10/126,927) and U.S. Patent
Application Publication 2003/0108885 (Serial No.
10/126,931) which are incorporated by reference
herein. These methods involve generating a
translational machinery that functions independently
of the synthetases and tRNAs endogenous to the
translation system (and are therefore sometimes
referred to as "orthogonal"). Typically, the
translation system comprises an orthogonal tRNA
(O-tRNA) and an orthogonal aminoacyl tRNA synthetase
(O-RS). Typically, the O-RS preferentially
aminoacylates the O-tRNA with at least one
non-naturally occurring amino acid in the translation
system and the O-tRNA recognizes at least one selector
codon that is not recognized by other tRNAs in the
system. The translation system thus inserts the
non-naturally-encoded amino acid into a protein
produced in the system, in response to an encoded
selector codon, thereby "substituting" an amino acid
into a position in the encoded polypeptide. [281] A
wide variety of orthogonal tRNAs and aminoacyl tRNA
synthetases have been described in the art for
inserting particular synthetic amino acids into
polypeptides, and are generally suitable for use in
the present invention. For example, keto-specific
OtRNA/ aminoacyl-tRNA synthetases are described in
Wang, L., et al., Proc. Natl. Acad. ScL USA 100:56-61
(2003) and Zhang, Z. et al., Biochem. 42(22):6735-6746
(2003). Exemplary O-RS, or portions thereof, are
encoded by polynucleotide sequences and include amino
acid sequences disclosed in U.S. Patent No. 7,045,337
and U.S. Patent Application Publication 2003/0108885,
each incorporated herein by reference. Corresponding
O-tRNA molecules for use with the ORSs are also
described in U.S. Patent No. 7,045,337 (Serial No.
10/126,927) and U.S. PatentApplication Publication
2003/0108885 (Serial No. 10/126,93 1) which are
incorporated by reference herein. [282] An example of
an azide-specific O-tRNA/aminoacyl-tRNA synthetase
system is described in Chin, J . W., et al, J. Am.
Chem. Soc. 124:9026-9027 (2002). Exemplary O-RS
sequences for jC-azido-L-Phe include, but are not
limited to, nucleotide sequences SEQ ID NOs: 14-16 and
29-32 and amino acid sequences SEQ ID NOs: 46-48 and
61-64 as disclosed in U.S. Patent Application
Publication 2003/0108885 (Serial No. 10/126,931) which
is incorporated by reference herein. Exemplary O-tRNA
sequences suitable for use in the present invention
include, but are not limited to, nucleotide sequences
SEQ ID NOs: 1-3 as disclosed in U.S. Patent
Application Publication 2003/0108885 (Serial No.
10/126,931) which is incorporated by reference herein.
Other examples of O-tRNA/aminoacyl-tRNA synthetase
pairs specific to particular non-naturally encoded
amino acids are described in U.S. Patent No. 7,045,337
(Serial No. 10/126,927) which is incorporated by
reference herein. O-RS and O-tRNA that incorporate
both keto- and azide-containing amino acids in S.
cerevisiae axe described in Chin, J . W., et al ,
Science 301:964-967 (2003). [283] Several other
orthogonal pairs have been reported. Glutaminyl {see,
e.g., Liu, D. R., and Schultz, P. G. (1999) Proc.
Natl. Acad. Sci. U. S. A. 96:4780-4785), aspartyl
{see, e.g., Pastrnak, M., et al, (2000) HeIv. Chim.
Acta 83:2277-2286), and tyrosyl {see, e.g., Ohno, S.,
et al., (1998) J. Biochem. (Tokyo, Jpn.)
124:1065-1068; and, Kowal, A. K., et al., (2001) Proc.
Natl. Acad. Sci. U. S. A. 98:2268-2273) systems
derived from S . cerevisiae tRNA's and synthetases
have been described for the potential incorporation of
unnatural amino acids in E. coli. Systems derived from
the E. coli glutaminyl {see, e.g., Kowal, A. K., et
al., (2001) Proc. Natl. Acad. Sci. U. S. A.
98:2268-2273) and tyrosyl {see, e.g., Edwards, H., and
Schimmel, P. (1990) MoL Cell. Biol. 10:1633-1641)
synthetases have been described for use in S.
cerevisiae. The E. coli tyrosyl system has been used
for the incorporation of 3-iodo-L-tyrosine in vivo, in
mammalian cells. See, Sakamoto. K., et al., (2002)
Nucleic Acids Res. 30:4692-4699. [284] Use of
O-tRNA/aminoacyl-tRNA synthetases involves selection
of a specific codon which encodes the non-naturally
encoded amino acid. While any codon can be used, it is
generally desirable to select a codon that is rarely
or never used in the cell in which the OtRNA/
aminoacyl-tRNA synthetase is expressed. For example,
exemplary codons include nonsense codon such as stop
codons (amber, ochre, and opal), four or more base
codons and other natural three-base codons that are
rarely or unused. [285] Specific selector codon(s) can
be introduced into appropriate positions in the hIFN
polynucleotide coding sequence using mutagenesis
methods known in the art (includingbin not nmitea to,
site-specipc mutagenesis, cassette mutagenesis,
restriction selection mutagenesis, etc.). [286]
Methods for generating components of the protein
biosynthetic machinery, such as O-RSs, O-tRNAs, and
orthogonal 0-tRNA/O-RS pairs that can be used to
incorporate a nonnaturally encoded amino acid are
described in Wang, L., et al, Science 292: 498-500
(2001); Chin, J . W., et al, J. Am. Chem. Soc.
124:9026-9027 (2002); Zhang, Z. et al, Biochemistry
42: 6735-6746 (2003). Methods and compositions for the
in vivo incorporation of non-naturally encoded amino
acids are described in U.S. Patent No. 7,045,337
(Serial No. 10/126,927) which is incorporated by
reference herein. Methods for selecting an orthogonal
tRNA-tRNA synthetase pair for use in in vivo
translation system of an organism are also described
in U.S. Patent No. 7,045,337 (Serial No. 10/126,927)
and U.S. Patent Application Publication 2003/0108885
(Serial No. 10/126,931) which are incorporated by
reference herein. PCT Publication No. WO 04/035743
entitled "Site Specific Incorporation of Keto Amino
Acids into Proteins," which is incorporated by
reference herein in its entirety, describes orthogonal
RS and tRNA pairs for the incorporation of keto amino
acids. PCT Publication No. WO 04/094593 entitled
"Expanding the Eukaryotic Genetic Code," which is
incorporated by reference herein in its entirety,
describes orthogonal RS and tRNA pairs for the
incorporation of non-naturally encoded amino acids in
eukaryotic host cells. [287] Methods for producing at
least one recombinant orthogonal aminoacyl-tRNA
synthetase (O-RS) comprise: (a) generating a library
of (optionally mutant) RSs derived from at least one
aminoacyl-tRNA synthetase (RS) from a first organism,
including but not limited to, a prokaryotic organism,
such as Methanococcus jannaschii, Methanobacterium
thermoautotrophicum, Halobacterium, Escherichia coli,
A. fulgidus, P. furiosus, P. horikoshii, A. pernix, T.
thermophilus, or the like, or a eukaryotic organism;
(b) selecting (and/or screening) the library of RSs
(optionally mutant RSs) for members that aminoacylate
an orthogonal tRNA (O-tRNA) in the presence of a
non-naturally encoded amino acid and a natural amino
acid, thereby providing a pool of active (optionally
mutant) RSs; and/or, (c) selecting (optionally through
negative selection) the pool for active RSs (including
but not limited to, mutant RSs) that preferentially
aminoacylate the O-tRNA in the absence of the
non-naturally encoded amino acid, thereby providing
the at least one recombinant O-RS; wherein the at
least one recombinant O-RS preferentially
aminoacylates the O-tRNA with the non-naturally
encoded amino acid. [288] In one embodiment, the RS is
an inactive RS. The inactive RS can be generated by
mutating an active RS. For example, the inactive RS
can be generated by mutating at least about 1, at
least about 2, at least about 3, at least about 4, at
least about 5, at least about 6, or atleast about 10
or more amino acids to different amino acids,
including but not limited to, alanine. [289] Libraries
of mutant RSs can be generated using various
techniques known in the art, including but not limited
to rational design based on protein three dimensional
RS structure, or mutagenesis of RS nucleotides in a
random or rational design technique. For example, the
mutant RSs can be generated by site-specific
mutations, random mutations, diversity generating
recombination mutations, chimeric constructs, rational
design and by other methods described herein or known
in the art. [290] In one embodiment, selecting (and/or
screening) the library of RSs (optionally mutant RSs)
for members that are active, including but not limited
to, that aminoacylate an orthogonal tRNA (OtRNA) in
the presence of a non-naturally encoded amino acid and
a natural amino acid, includes: introducing a positive
selection or screening marker, including but not
limited to, an antibiotic resistance gene, or the
like, and the library of (optionally mutant) RSs 



into a plurality of cells, wherein the positive
selection and/or screening marker comprises at least
one selector codon, including but not limited to, an
amber, ochre, or opal codon; growing the plurality of
cells in the presence of a selection agent;
identifying cells that survive (or show a specific
response) in the presence of the selection and/or
screening agent by suppressing the at least one
selector codon in the positive selection or screening
marker, thereby providing a subset of positively
selected cells that contains the pool of active
(optionally mutant) RSs. Optionally, the selection
and/or screening agent concentration can be varied.
[291] In one aspect, the positive selection marker is
a chloramphenicol acetyltransferase (CAT) gene and the
selector codon is an amber stop codon in the CAT gene.
Optionally, the positive selection marker is a
b-lactamase gene and the selector codon is an amber
stop codon in the b-lactamase gene. In another aspect
the positive screening marker comprises a fluorescent
or luminescent screening marker or an affinity based
screening marker (including but not limited to, a cell
surface marker). [292] In one embodiment, negatively
selecting or screening the pool for active RSs
(optionally mutants) that preferentially aminoacylate
the O-tRNA in the absence of the nonnaturally encoded
amino acid includes: introducing a negative selection
or screening marker with the pool of active
(optionally mutant) RSs from the positive selection or
screening into a plurality of cells of a second
organism, wherein the negative selection or screening
marker comprises at least one selector codon
(including but not limited to, an antibiotic
resistance gene, including but not limited to, a
chloramphenicol acetyltransferase (CAT) gene); and,
identifying cells that survive or show a specific
screening response in a first medium supplemented with
thenon-nalurally encoded amino acid and a screening or
selection agent, but fail to survive or to show the
specific response in a second medium not supplemented
with the non-naturally encoded amino acid and the
selection or screening agent, thereby providing
surviving cells or screened cells with the at least
one recombinant O-RS. For example, a CAT
identification protocol optionally acts as a positive
selection and/or a negative screening in determination
of appropriate O-RS recombinants. For instance, a pool
of clones is optionally replicated on growth plates
containing CAT (which comprises at least one selector
codon) either with or without one or more
non-naturally encoded amino acid. Colonies growing
exclusively on the plates containing non-naturally
encoded amino acids are thus regarded as containing
recombinant O-RS. In one aspect, the concentration of
the selection (and/or screening) agent is varied. In
some aspects the first and second organisms are
different. Thus, the first and/or second organism
optionally comprises: a prokaryote, a eukaryote, a
mammal, an Escherichia coli, a fungi, a yeast, an
archaebacterium, a eubacterium, a plant, an insect, a
protist, etc. In other embodiments, the screening
marker comprises a fluorescent or luminescent
screening marker or an affinity based screening
marker. [293] In another embodiment, screening or
selecting (including but not limited to, negatively
selecting) the pool for active (optionally mutant) RSs
includes: isolating the pool of active mutant RSs from
the positive selection step (b); introducing a
negative selection or screening marker, wherein the
negative selection or screening marker comprises at
least one selector codon (including but not limited
to, a toxic marker gene, including but not limited to,
a ribonuclease barnase gene, comprising at least one
selector codon), and the pool of active (optionally
mutant) RSs into a plurality of cells of a second
organism; and identifying cells that survive or show a
specific screening response in a first medium not
supplemented with the nonnaturally encoded amino acid,
but fail to survive or show a specific screening
response in a second medium supplemented with the
non-naturally encoded amino acid, thereby providing
surviving or screened cells with the at least one
recombinant O-RS, wherein the at least one recombinant
O-RS is specific for the non-naturally encoded amino
acid. In one aspect, the at least one selector codon
comprises about two or more selector codons. Such
embodiments optionally can include wherein the at
least one selector codon comprises two or more
selector codons, and wherein the first and second
organism are different (including but not limited to,
each organism is optionally, including but not limited
to, a prokaryote, a eukaryote, a mammal, an
Escherichia coli, a fungi, a yeast, an archaebacteria,
a eubacteria, a plant, an insect, a protist, etc.).
Also, some aspects include wherein the negative
selection marker comprises a ribonuclease barnase gene
(which comprises at least one selector codon). Other
aspects includewherein the screening marker optionally
comprises a fluorescent or luminescent screening
marker or an affinity based screening marker. In the
embodiments herein, the screenings and/or selections
optionally include variation of the screening and/or
selection stringency. [294] In one embodiment, the
methods for producing at least one recombinant
orthogonal aminoacyl-tRNA synthetase (O-RS) can
further comprise: (d) isolating the at least one
recombinant O-RS; (e) generating a second set of O-RS
(optionally mutated) derived from the at least one
recombinant O-RS; and, (f) repeating steps (b) and (c)
until a mutated O-RS is obtained that comprises an
ability to preferentially aminoacylate the O-tRNA.
Optionally, steps (d)-(f) are repeated, including but
not limited to, at least about two times. In one
aspect, the second set of mutated O-RS derived from at
least one recombinant O-RS can be generated by
mutagenesis, including but not limited to, random
mutagenesis, site-specific mutagenesis, recombination
or a combination thereof. [295] The stringency of the
selection/screening steps, including but not limited
to, the positive selection/screening step (b), the
negative selection/screening step (c) or both the
positive and negative selection/screening steps (b)
and (c), in the above-described methods, optionally
includes varying the selection/screening stringency.
In another embodiment, the positive
selection/screening step (b), the negative
selection/screening step (c) or both the positive and
negative selection/screening steps (b) and (c)
comprise using a reporter, wherein the reporter is
detected by fluorescence-activated cell sorting (FACS)
or wherein the reporter is detected by luminescence.
Optionally, the reporter is displayed on a cell
surface, on a phage display or the like and selected
based upon affinity or catalytic activity involving
the nonnaturally encoded amino acid or an analogue. In
one embodiment, the mutated synthetase is displayed on
a cell surface, on a phage display or the like. [296]
Methods for producing a recombinant orthogonal tRNA
(O-tRNA) include: (a) generating a library of mutant
tRNAs derived from at least one tRNA, including but
not limited to, a suppressor tRNA, from a first
organism; (b) selecting (including but not limited to,
negatively selecting) or screening the library for
(optionally mutant) tRNAs that are aminoacylated by an
aminoacyl-tRNA synthetase (RS) from a second organism
in the absence of a RS from the first organism,
thereby providing a pool of tRNAs (optionally mutant);
and, (c) selecting or screening the pool of tRNAs
(optionally mutant) for members that are aminoacylated
by an introduced orthogonal RS (O-RS), thereby
providing at least one recombinant O-tRNA; wherein the
at least one recombinant O-tRNA recognizes a selector
codon and is not efficiency recognized by the RS from
the second organism and is preferentially
aminoacylated by the O-RS. In some embodiments the at
least one tRNA is a suppressor tRNAand/or comprises a
unique three base codon of natural and/or unnatural
bases, or is a nonsense codon, a rare codon, an
unnatural codon, a codon comprising at least 4 bases,
an amber codon, an ochre codon, or an opal stop codon.
In one embodiment, the recombinant O-tRNA possesses an
improvement of orthogonality. It will be appreciated
that in some embodiments, O-tRNA is optionally
imported into a first organism from a second organism
without the need for modification. In various
embodiments, the first and second organisms are either
the same or different and are optionally chosen from,
including but not limited to, prokaryotes (including
but not limited to, Methanococcus jannaschii,
Methanobacterium thermoautotrophicwn, Escherichia
coli, Halobacterhim, etc.), eukaryotes, mammals,
fungi, yeasts, archaebacteria, eubacteria, plants,
insects, protists, etc. Additionally, the recombinant
tRNA is optionally aminoacylated by a non-naturally
encoded amino acid, wherein the non-naturally encoded
amino acid is biosynthesized in vivo either naturally
or through genetic manipulation. The nonnaturally
encoded amino acid is optionally added to a growth
medium for at least the first or second organism.
[297] In one aspect, selecting (including but not
limited to, negatively selecting) or screening the
library for (optionally mutant) tRNAs that are
aminoacylated by an aminoacyltRNA synthetase (step
(b)) includes: introducing a toxic marker gene,
wherein the toxic marker gene comprises at least one
of the selector codons (or a gene that leads to the
production of a toxic or static agent or a gene
essential to the organism wherein such marker gene
comprises at least one selector codon) and the library
of (optionally mutant) tRNAs into a plurality of cells
from the second organism; and, selecting surviving
cells, wherein the surviving cells contain the pool of
(optionally mutant) tRNAs comprising at least one
orthogonal tRNA or nonfunctional tRNA. For example,
surviving cells can be selected by using a comparison
ratio cell density assay. [298] In another aspect, the
toxic marker gene can include two or more selector
codons. In another embodiment of the methods, the
toxic marker gene is a ribonuclease barnase gene,
where the ribonuclease barnase gene comprises at least
one amber codon. Optionally, the ribonuclease barnase
gene can include two or more amber codons. [299] In
one embodiment, selecting or screening the pool of
(optionally mutant) tRNAs for members that are
aminoacylated by an introduced orthogonal RS (O-RS)
can include: introducing a positive selection or
screening marker gene, wherein the positive marker
gene comprises a drug resistance gene (including but
not limited to, b-lactamase gene, comprising at least
one of the selector codons, such as at least one amber
stop codon) or a gene essential to the organism, or a
gene that leads to detoxification of a toxic agent,
along with the O-RS, and thepool of (optionally
mutant) tRNAs into a plurality of cells from the
second organism; and, identifying surviving or
screened cells grown in the presence of a selection or
screening agent, including but not limited to, an
antibiotic, thereby providing a pool of cells
possessing the at least one recombinant tRNA, where
the at least one recombinant tRNA is aminoacylated by
the O-RS and inserts an amino acid into a translation
product encoded by the positive marker gene, in
response to the at least one selector codons. In
another embodiment, the concentration of the selection
and/or screening agent is varied. [300] Methods for
generating specific 0-tRNA/O-RS pairs are provided.
Methods include: (a) generating a library of mutant
tRNAs derived from at least one tRNA from a first
organism; (b) negatively selecting or screening the
library for (optionally mutant) tRNAs that are
aminoacylated by an aminoacyl-tRNA synthetase (RS)
from a second organism in the absence of a RS from the
first organism, thereby providing a pool of
(optionally mutant) tRNAs; (c) selecting or screening
the pool of (optionally mutant) tRNAs for members that
are aminoacylated by an introduced orthogonal RS
(O-RS), thereby providing at least one recombinant
O-tRNA. The at least one recombinant O-tRNA recognizes
a selector codon and is not efficiency recognized by
the RS from the second organism and is preferentially
aminoacylated by the O-RS. The method also includes
(d) generating a library of (optionally mutant) RSs
derived from at least one aminoacyl-tRNA synthetase
(RS) from a third organism; (e) selecting or screening
the library of mutant RSs for members that
preferentially aminoacylate the at least one
recombinant O-tRNA in the presence of a non-naturally
encoded amino acid and a natural amino acid, thereby
providing a pool of active (optionally mutant) RSs;
and, (f) negatively selecting or screening the pool
for active (optionally mutant) RSs that preferentially
aminoacylate the at least one recombinant O-tRNA in
the absence of the non-naturally encoded amino acid,
thereby providing the at least one specific
0-tRNA/O-RS pair, wherein the at least one specific
0-tRNA/O-RS pair comprises at least one recombinant
O-RS that is specific for the non-naturally encoded
amino acid and the at least one recombinant O-tRNA.
Specific OtRNA/ O-RS pairs produced by the methods are
included. For example, the specific O-tRNA/ORS pair
can include, including but not limited to, a
mutRNATyr-mutTyrRS pair, such as a mutRNATyr-SS12TyrRS
pair, a mutRNALeu-mutLeuRS pair, a mutRNAThr-mutThrRS
pair, a mutRNAGlu-mutGluRS pair, or the like.
Additionally, such methods include wherein the first
and third organism are the same (including but not
limited to, Methanococcusjannaschi ) . 



[301] Methods for selecting an orthogonal tRNA-tRNA
synthetase pair for use in an in vivo translation
system of a second organism are also included in the
present invention. The methods include: introducing a
marker gene, a tRNA and an aminoacyl-tRNA synthetase
(RS)isolated or derived from a first organism into a
first set of cells from the second organism;
introducing the marker gene and the tRNA into a
duplicate cell set from a second organism; and,
selecting for surviving cells in the first set that
fail to survive in the duplicate cell set or screening
for cells showing a specific screening response that
fail to give such response in the duplicate cell set,
wherein the first set and the duplicate cell set are
grown in the presence of a selection or screening
agent, wherein the surviving or screened cells
comprise the orthogonal tRNA-tRNA synthetase pair for
use in the in the in vivo translation system of the
second organism. In one embodiment, comparing and
selecting or screening includes an in vivo
complementation assay. The concentration of the
selection or screening agent can be varied. [302] The
organisms of the present invention comprise a variety
of organism and a variety of combinations. For
example, the first and the second organisms of the
methods of the present invention can be the same or
different. In one embodiment, the organisms are
optionally a prokaryotic organism, including but not
limited to, Methanococcus j annaschii,
Methanobacterium thermoautotrophicum, Halobacterium,
Escherichia coli, A. fulgidns, P. furiosus, P.
horikoshii, A. pernix, T. thermophilics, or the like.
Alternatively, the organisms optionally comprise a
eukaryotic organism, including but not limited to,
plants (including but not limited to, complex plants
such as monocots, or dicots), algae, protists, fungi
(including but not limited to, yeast, etc), animals
(including but not limited to, mammals, insects,
arthropods, etc.), or the like. In another embodiment,
the second organism is a prokaryotic organism,
including but not limited to, Methanococcus
jannaschii, Methanobacterium thermoautotrophicum,
Halobacterium, Escherichia coli, A.fulgidus,
Halobacterium, P.furiosus, P. horikoshii, A. pernix,
T, thermophilus, or the like. Alternatively, the
second organism can be a eukaryotic organism,
including but not limited to, a yeast, a animal cell,
a plant cell, a fungus, a mammalian cell, or the like.
In various embodiments the first and second organisms
are different. VL Location of non-naturally-occurring
amino acids in hIFN polypeptides [303] The present
invention contemplates incorporation of one or more
non-naturallyoccurring amino acids into hIFN
polypeptides. One or more non-naturally-occurring
amino acids may be incorporated at a particular
position which does not disrupt activity of the
polypeptide. This can be achieved by making
"conservative" substitutions, including but not
limited to, substituting hydrophobic amino acids with
hydrophobic amino acids, bulky amino acids for bulky
amino acids, hydrophilic amino acids for hydrophilic
amino acids and/or inserting the
non-naturally-occurring amino acid in a location that
is not required for activity.[304] Regions of hFN can
be illustrated as follows, wherein the amino acid
positions in MFN are according to SEQ ID NO:2: 1-9
(N-terminus), 10-21 (A helix), 22-39 (region between A
helix and B helix), 40-75 (B helix), 76-77 (region
between B helix and C helix), 78-100 (C helix), 101-1
10 (region between C helix and D helix), 11 1-132 (D
helix), 133-136 (region between D and E helix) 137-155
(E helix) 156-165 (C-terminus). [305] A variety of
biochemical and structural approaches can be employed
to select the desired sites for substitution with a
non-naturally encoded amino acid within the hIFN
polypeptide. It is readily apparent to those of
ordinary skill in the art that any position of the
polypeptide chain is suitable for selection to
incorporate a non-naturally encoded amino acid, and
selection may be based on rational design or by random
selection for any or no particular desired purpose.
Selection of desired sites may be for producing a hIFN
molecule having any desired property or activity,
including but not limited to, agonists,
super-agonists, inverse agonists, antagonists,
receptor binding modulators, receptor activity
modulators, dimer or multimer formation, no change to
activity or property compared to the native molecule,
or manipulating any physical or chemical property of
the polypeptide such as solubility, aggregation, or
stability. For example, locations in the polypeptide
required for biological activity of hIFN polypeptides
can be identified using point mutation analysis,
alanine scanning or homolog scanning methods known in
the art. See, e.g., Di Marco et al., Biochem Biophys
Res Com 202:1445 (1994); Walter et al., Cancer
Biotherapy & Radiopharm. 13:143 (1998); Runkel et al.,
J.B.C. 273:8003 (1998) for IFN. U.S. Patent No.
5,580,723; 5,834,250; 6,013,478; 6,428,954; and
6,451,561, which are incorporated by reference herein,
describe methods for the systematic analysis of the
structure and function of polypeptides such as hGH by
identifying active domains which influence the
activity of the polypeptide with a target substance.
Residues other than those identified as critical to
biological activity by alanine or homolog scanning
mutagenesis may be good candidates for substitution
with a non-naturally encoded amino acid depending on
the desired activity sought for the polypeptide.
Alternatively, the sites identified as critical to
biological activity may also be good candidates for
substitution with a non-naturally encoded amino acid,
again depending on the desired activity sought for the
polypeptide. Another alternative would be to simply
make serial substitutions in each position on the
polypeptide chain with a non-naturally encoded amino
acid and observe the effect on the activities of the
polypeptide. Alternatively, residues that modulate one
or more of the biological activities of IFN including
side effects found with current IFN therapeutics may
be good candidates for substitution with a
non-naturally encoded amino acid. Such side effects
includebut are not limited to, neutropenia.
Alternatively, residues that modulate toxicity may be
good candidates for substitution with a non-naturally
encoded amino acid. Such residues may include, but are
not limited to, residues that interact with one or
more members of the opioid family of receptors and/or
residues to modulate the induction of indoleamine
2,3-dioxygenase. Residues that improve antiviral
activity may be good candidates for substitution with
a nonnaturally encoded amino acid. Chimeric hIFN
polypeptides may be designed incorporating regions or
sites from limitin into IFNa to provide an improved
hIFN polypeptide with retained or improved antiviral
activity and/or modulated side effects and/or
modulated toxicity. One or more residues in hIFN may
be substituted with one or more residues found in
limitin. One or more residues in the C-D loop may be
good candidates for substitution with a non-naturally
encoded amino acid or other modifications, including
but not limited to, substitution of residues in IFN
with residues found in limitin. A majority of the
residues in the C-D loop of hIFN may be substituted
with residues found in limitin. Suitable residues from
limitin for substitution into hIFN may be determined
by performing a comparison between the sequences,
three-dimensional structure, secondary structure, one
or more biological activities, or receptor binding of
limitin and hIFN. It is readily apparent to those of
ordinary skill in the art that any means, technique,
or method for selecting a position for substitution
with a non-natural amino acid into any polypeptide is
suitable for use in the present invention. [306] The
structure and activity of naturally-occurring mutants
of hIFN polypeptides that contain deletions can also
be examined to determine regions of the protein that
are likely to be tolerant of substitution with a
non-naturally encoded amino acid. In a similar manner,
protease digestion and monoclonal antibodies can be
used to identify regions of hIFN that are responsible
for binding the hIFN receptor. Once residues that are
likely to be intolerant to substitution with
non-naturally encoded amino acids have been
eliminated, the impact of proposed substitutions at
each of the remaining positions can be examined from
the threedimensional crystal structure of the hIFN and
its binding proteins. X-ray crystallographic and NMR
structures of MFN are also available in the Protein
Data Bank (including 1RH2 and HTF) (PDB, available on
the World Wide Web at rcsb.org), a centralized
database containing threedimensional structural data
of large molecules of proteins and nucleic acids, as
well as U.S. Patent No. 5,602,232; 5,460,956;
5,441,734; 4,672,108, which are incorporated by
reference herein. Models may be made investigating the
secondary and tertiary structure of polypeptides, if
three-dimensional structural data is not available.
Thus, those of ordinary skill in the art can readily
identify amino acid positions that can be substituted
with non-naturally encoded amino acids.[307] In some
embodiments, the MFN polypeptides of the invention
comprise one or more non-naturally occurring amino
acids positioned in a region of the protein that does
not disrupt the helices or beta sheet secondary
structure of the polypeptide. [308] Exemplary residues
of incorporation of a non-naturally encoded amino acid
may be those that are excluded from potential receptor
binding regions (including but not limited to, Site I
and Site II), may be fully or partially solvent
exposed, have minimal or no hydrogenbonding
interactions with nearby residues, may be minimally
exposed to nearby reactive residues, and may be in
regions that are highly flexible (including but not
limited to, C-D loop) or structurally rigid (including
but not limited to, B helix) as predicted by the
three-dimensional crystal structure, secondary,
tertiary, or quaternary structure of the hIFN
polypeptide, bound or unbound to its receptor.
Residues of incorporation of a non-naturally encoded
amino acid may be those that modulate one or more of
the biological activities of IFN including side
effects found with current IFN therapeutics. Residues
of incorporation of a non-naturally encoded amino acid
may be those that modulate toxicity. Such residues
include, but are not limited to, residues that are
involved with binding to one or more members of the
opioid receptor family and/or residues that modulate
induction of indoleamine 2,3-dioxygenase. [309] In
some embodiments, one or more non-naturally encoded
amino acid are incorporated or substituted in one or
more of the following regions corresponding to
secondary structures in IFN wherein the amino acid
positions in hIFN are according to SEQ ID NO: 2: 1-9
(N-terminus), 10-21 (A helix), 22-39 (region between A
helix and B helix), 40-75 (B helix), 76-77 (region
between B helix and C helix), 78-100 (C helix), 101-1
10 (region between C helix and D helix), 111-132 (D
helix), 133-136 (region between D and E helix) 137-155
(E helix) 156-165 (C-terminus). [310] In some
embodiments, one or more non-naturally encoded amino
acid are substituted at, but not limited to, one or
more of the following positions of hIFN (as in SEQ ID
NO: 2, or the corresponding amino acid in SEQ ID NO:
1, 3, or any other IFN polypeptide): before position 1
(i.e., at the N-terminus), 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, or
166 (i.e. at the carboxyl terminus). In some
embodiments, one or more non-naturally encoded amino
acids areincorporated in one or more of the following
positions in IFN: before position 1 (i.e. at the JN
terminus), 1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 16, 19,
20, 22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34,
35, 40, 41, 42, 45, 46, 48, 49, 50, 51, 58, 61, 64,
65, 68, 69, 70, 71, 73, 74, 77, 78, 79, 80, 81, 82,
83, 85, 86, 89, 90, 93, 94, 96, 97, 100, 101, 103,
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 117,
118, 120, 121, 124, 125, 127, 128, 129, 131, 132, 133,
134, 135, 136, 137, 148, 149, 152, 153, 156, 158, 159,
160, 161, 162, 163, 164, 165, 166 (i.e. at the
carboxyl terminus of the protein) (as in SEQ ID NO: 2,
or the corresponding amino acids in other IFN' s). In
some embodiments, one or more non-naturally encoded
amino acids are incorporated in one or more of the
following positions in IFN: 6, 9, 12, 13, 16, 41, 45,
46, 48, 49, 61, 64, 65, 96, 100, 101, 103, 106, 107,
108, 110, 111, 113, 114, 117, 120, 121, 149, 156, 159,
160, 161 and 162 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the IFN polypeptides of the invention
comprise one or more non-naturally encoded amino acids
at one or more of the following positions: 100, 106,
107, 108, 111, 113, 114 (SEQ ID NO: 2, or the
corresponding amino acids in other IFN's). In some
embodiments, the IFN polypeptides of the invention
comprise one or more non-naturally encoded amino acids
at one or more of the following positions: 41, 45, 46,
48, 49 (SEQ ID NO: 2, or the corresponding amino acids
in 



other IFN's). In some embodiments, the IFN
polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions: 61, 64, 65, 101, 103, 110,
117, 120, 121, 149 (SEQ ID NO: 2, or the corresponding
amino acids in other IFN's). In some embodiments, the
IFN polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions: 6, 9, 12, 13, 16, 96, 156,
159, 160, 161, 162 (SEQ ID NO: 2, or the corresponding
amino acids in other IFN's). In some embodiments, the
IFN polypeptides of the invention comprise one or more
nonnaturally occurring amino acids at one or more of
the following positions: 2, 3, 4, 5, 7, 8, 16, 19, 20,
40, 42, 50, 51, 58, 68, 69, 70, 71, 73, 97, 105, 109,
112, 118, 148, 149, 152, 153, 158, 163, 164, 165 (SEQ
ID NO: 2, or the corresponding amino acids in other
IFN's). In some embodiments, the IFN polypeptides of
the invention comprise one or more non-naturally
encoded amino acids at one or more of the following
positions: 34, 78, 107 (SEQ ID NO: 2, or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the
non-naturally encoded amino acid at one or more of
these or other positions is linked to a water soluble
polymer, including but not limited to positions:
before position 1 (i.e., at the N-terminus), 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119,
120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163,
164, 165, or 166 (i.e. at the carboxyl terminus) (SEQ
ID NO: 2, or the corresponding amino acid in SEQ ID
NO: 1, 3, or any other IFN polypeptide). In some
embodiments, the non-naturally encoded amino acid at
these or other positions is linked to a water soluble
polymer, including but not limited to positions:
before position 1 (i.e. the N terminus), 1, 2, 3, 4,
5, 6, 7, 8, 9, 12, 13, 16, 19, 20, 22, 23, 24, 25, 26,
27, 28, 30, 31, 32, 33, 34, 35, 40, 41, 42, 45, 46,
48, 49, 50, 51, 58, 61, 64, 65, 68, 69, 70, 71, 73,
74, 77, 78, 79, 80, 81, 82, 83, 85, 86, 89, 90, 93,
94, 96, 97, 100, 101, 103, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 117, 118, 120, 121, 124, 125,
127, 128, 129, 131, 132, 133, 134, 135, 136, 137, 148,
149, 152, 153, 156, 158, 159, 160, 161, 162, 163, 164,
165, 166 (i.e. the carboxyl terminus) (SEQ ID NO: 2,
or the corresponding amino acids in other IFN's). In
some embodiments, the water soluble polymer is coupled
at one or more amino acid positions: 6, 9, 12, 13, 16,
41, 45, 46, 48, 49, 61, 64, 65, 96, 100, 101, 103,
106, 107, 108, 110, 111, 113, 114, 117, 120, 121, 149,
156, 159, 160, 161 and 162 (SEQ ID NO: 2, or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the
non-naturally encoded amino acid is linked to a water
soluble polymer at one or more of the following
positions: 100, 106, 107, 108, 111, 113, 114 (SEQ ID
NO: 2, or the corresponding amino acids in SEQ ID NO:
1 or 3). In some embodiments, the non-naturally
encoded amino acid is linked to a water soluble
polymer at one or more of the following positions: 41,
45, 46, 48, 49 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the non-naturally encoded amino acid is
linked to a water soluble polymer at one or more of
the following positions: 61, 64, 65, 101, 103, 110,
117, 120, 121, 149 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the non-naturally encoded amino acid is
linked to a water soluble polymer at one or more of
the following positions: 6, 9, 12, 13, 16, 96, 156,
159, 160, 161, 162 (SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3). [311] In some
embodiments, the one or more non-naturally encoded
amino acids at one or more of the following positions
is linked to one or more water-soluble polymer: 2, 3,
4, 5, 7, 8, 16, 19, 20, 40, 42, 50, 51, 58, 68, 69,
70, 71, 73, 97, 105, 109, 112, 118, 148, 149, 152,
153, 158, 163, 164, 165 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide). In some embodiments, the oneor more
non-naturally encoded amino acids at one or more or
the following positions is imkeato one or more
water-soluble polymer: 34, 78, 107 (SEQ ID NO: 2, or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
water soluble polymer is coupled to the IFN
polypeptide to a non-naturally encoded amino acid at
one or more of the following amino acid positions: 6,
9, 12, 13, 16, 41, 45, 46, 48, 49, 61, 64, 65, 96,
100, 101, 103, 106, 107, 108, 110, 111, 113, 114, 117,
120, 121, 149, 156, 159, 160, 161 and 162 (SEQ ID NO:
2, or the corresponding amino acid in SEQ ID NO: 1, 3,
or any other IFN polypeptide). In some embodiments the
water soluble polymer is coupled to the IFN
polypeptide at one or more of the following amino acid
positions: 6, 9, 12, 13, 16, 41, 45, 46, 48, 49, 61,
64, 65, 96, 100, 101, 103, 106, 107, 108, 110, 111,
113, 114, 117, 120, 121, 149, 156, 159, 160, 161 and
162 (SEQ ID NO: 2, or the corresponding amino acid in
SEQ ID NO: 1, 3, or any other IFN polypeptide). In
some embodiments, the non-naturally encoded amino acid
at one or more of these positions is linked to one or
more water soluble polymers, positions: 34, 78, 107
(SEQ ID NO: 2, or the corresponding amino acid in or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
IFN polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions providing an antagonist: 2, 3,
4, 5, 7, 8, 16, 19, 20, 40, 42, 50, 51, 58, 68, 69,
70, 71, 73, 97, 105, 109, 112, 118, 148, 149, 152,
153, 158, 163, 164, 165 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide); a hIFN polypeptide comprising one of
these substitutions may potentially act as a weak
antagonist or weak agonist depending on the intended
site selected and desired activity. Human IFN
antagonists include, but are not limited to, hIFN
polypeptides with one or more non-naturally encoded
amino acid substitutions at 22, 23, 24, 25, 26, 27,
28, 30, 31, 32, 33, 34, 35, 74, 77, 78, 79, 80, 82,
83, 85, 86, 89, 90, 93, 94, 124, 125, 127, 128, 129,
131, 132, 133, 134, 135, 136, 137, or any combinations
thereof (hIFN; SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3, or any other IFN
polypeptide). [312] In some embodiments, one or more
non-naturally encoded amino acids are substituted at,
but not limited to, one or more of the following
positions of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in SEQ ID NO: 1 or 3, or any
other IFN polypeptide): 31, 134, 34, 38, 129, 36, 122,
37, 121, 41, 125, 124, 149, 117, 39, 118, 120, 107,
108, 106, 100, 111, 113, 114, 41, 45, 46, 48, 49, 61,
64, 65, 101, 103, 102, 110, 117, 120, 121, 149, 96, 6,
9, 12, 13, 16, 68, 70, 109, 159, 161, 156, 160, 162,
24, 27, 78, 83, 85, 87, 89, 164. In one embodiment, a
non-naturally encoded amino acid is substituted at
position 38 of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in SEQ ID NO: 1 or 3, or any
other IFN polypeptide). In some] embodiments, the
non-naturally encoded amino acid at one or more of
these or other positions is linked to a water soluble
polymer, including but not limited to positions: 31,
134, 34, 38, 129, 36, 122, 37, 121, 41, 125, 124, 149,
117, 39, 118, 120, 107, 108, 106, 100, 111, 113, 114,
41, 45, 46, 48, 49, 61, 64, 65, 101, 103, 102, 110,
117, 120, 121, 149, 96, 6, 9, 12, 13, 16, 68, 70, 109,
159, 161, 156, 160, 162, 24, 27, 78, 83, 85, 87, 89,
164 (as in SEQ ID NO: 2, or the corresponding amino
acids in SEQ ID NO: 1 or 3, or any other IFN
polypeptide). [313] In some embodiments, one or more
non-naturally encoded amino acids are substituted at,
but not limited to, one or more of the following
positions of hIFN (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3): before position 1
(i.e., at the Nterminus), 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, or
166 (i.e. at the carboxyl terminus) and one or more
natural amino acid substitutions. In some embodiments,
the one or more non-naturally encoded amino acids are
coupled to a water soluble polymer. In some
embodiments, the one or more nonnaturally encoded
amino acids are coupled to PEG. In one embodiment, the
natural amino acid substitution is R149Y. In some
embodiments, the natural amino acid substitution is
R149E. In some embodiments, the natural amino acid
substitution is R149S. In one embodiment, the
nonnatural amino acid substitution is at position 107
and the natural amino acid substitution is R149Y. In
one embodiment, the non-natural amino acid
substitution is at position 106 and the natural amino
acid substitution is Rl 49Y. In some embodiments, the
one or more naturally encoded amino acid substitution
is at one or more of the following positions of hIFN
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3), including but not limited to: 10, 16,
13, 79, 83, 85, 86, 87, 90, 91, 93, 94, 96, 120, 121,
124, 125, 128, 149. In some embodiments, the one or
more naturally encoded amino acid substitution is one
or more of the following substitutions (SEQ ID NO: 2
or the corresponding amino acids in SEQ ID NO: 1 or
3), including but not limited to: GlOE, M16R, R13E,
T79R, K83Q, K83S, Y85L, T86S, E87S, Q90R, Q91E, N93Q,
D94V, E96K, R120K, K121T, Q124R, R125G, L128R, R149Y,
R149E, R149S. In some embodiments, the natural amino
acid substitution is at position 1 (the Nterminus). In
some embodiments, one or more non-naturally encoded
amino acids aresubstituted at one or more of the
following positions of hIFN (as in SEQ ID NU: 2, or
tne corresponding amino acids in other IFN's): 107,
78, 34. In some embodiments, the nonnaturally encoded
amino acid at one or more of these positions is
coupled to a water soluble polymer: 107, 78, 34. [314]
One or more amino acids found in a limitin sequence
may be substituted into a hIFN polypeptide (hybrid
limitin/hIFN polypeptides). Examples include but are
not limited to the natural amino acid substitutions
described in the previous paragraph. Alternatively, a
set of amino acids found in an interferon polypeptide
may be replaced by a set of amino acids found in a
limitin sequence. A set of amino acids may comprise
contiguous amino acids or amino acids present in
different portions of the molecule but are involved in
a structural characteristic or biological activity of
the polypeptide. The mouse limitin molecule has an
improved CFU-GM toxicity profile compared to other
IFNa proteins. Alignment of human IFNa-2a with the
limitin protein sequence showed 30% amino acid
identity. 50% sequence conservation was also observed.
In particular, a prominent deletion in the limitin
sequence between the C and D helices (in the loop
between C and D helices) was observed. The aHV" mutant
was generated with the following substitutions in
hIFNa-2a (SEQ ID NO: 2): D77-D94 is replaced with the
mouse limitin sequence HERALDQLLSSLWRELQV. The CD"
mutant was generated with the following substitutions
in hIFNa-2a (SEQ ID NO: 2): V105-D1 14 with GQSAPLP.
This hybrid molecule with the loop region from limitin
substituted into the human IFNa-2a protein ("CD"
mutant) was found to have equivalent anti-viral
activity as the WHO IFN standard. In addition to the
one or more limitin amino acids, the hIFN polypeptide
may comprise one or more non-naturally encoded amino
acids at any one or more positions of the hIFN
polypeptide. In some embodiments, the one or more
non-naturally encoded amino acids may be linked to a
water soluble polymer such as PEG or bonded directly
to a water soluble polymer such as PEG. In addition to
the natural amino acid substitutions in the HV or the
CD mutant, one or more additional natural amino acid
substitutions may be found in the HFN polypeptide.
[315] In some embodiments, the hIFN polypeptide
comprises one or more nonnaturally encoded amino acids
at one or more of the following positions: 6, 16, 34,
39, 45, 46, 64, 65, 68, 78, 85, 87, 101, 107, 108,
111, 114, 118, 124, 125, 145, 146, 153, 156, 96, 149
(SEQ ID NO: 2, or the corresponding amino acid in or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions linked to one or more water-soluble polymer:
6, 16, 34, 39, 45, 46, 64, 65, 68, 78, 85, 87, 101,
107, 108, 



111, 114, 118, 124, 125, 145, 146, 153, 156, 96, 149
(SEQ ID NO: 2, or the correspondingamino acid in or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions linked to one or more watersoluble polymer:
6, 16, 34, 39, 45, 46, 64, 65, 68, 78, 85, 87, 101,
107, 108, 111, 114, 118, 124, 125, 145, 146, 153, 156,
96, 149 (SEQ ID NO: 2, or the corresponding amino acid
in or the corresponding amino acid in SEQ ID NO: 1, 3,
or any other IFN polypeptide) and comprises one or
more naturally encoded amino acid substitution. In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions linked to one or more
water-soluble polymer: 6, 16, 34, 39, 45, 46, 64, 65,
68, 78, 85, 87, 101, 107, 108, 111, 114, 118, 124,
125, 145, 146, 153, 156, 96, 149 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN polypeptide)
and comprises one or more of the following naturally
encoded amino acid substitutions GlOE, M16R, R13E,
T79R, K83Q, K83S, Y85L, T86S, E87S, Q90R, Q91E, N93Q,
D94V, E96K, R120K, K121T, Q124R, R125G, L128R, R149Y,
R149E, R149S. [316] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78, 87, 89, 107, 108 (SEQ ID NO: 2
or the corresponding amino acids in SEQ ID NO: 1 or
3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions: 6,
16, 37, 45, 46, 78, 87, 89, 107, 108 (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3)
that is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
89, 107, 108 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3) that is bonded to a water
soluble polymer. [317] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78, 87, 89, 107, 108 and one or
more of the following naturally encoded amino acid
substitutions: T79R, L80A, K83S, Y85L, Y85S, T86S,
E87S, Q91E (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 6, 16, 37, 45, 46, 78, 87, 89, 107, 108
that is linked to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, L80A, K83S,
Y85L, Y85S, T86S, E87S, Q91E (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded aminoacids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 89, 107, 108 that is bonded to a water soluble
polymer and comprises one or more of the following
naturally encoded amino acid substitutions: T79R,
L80A, K83S, Y85L, Y85S, T86S, E87S, Q91E (SEQ ID NO: 2
or the corresponding amino acids in SEQ ID NO: 1 or
3). [318] In some embodiments, the hIFN polypeptide
comprises one or more nonnaturally encoded amino acids
at one or more of the following positions: 6, 16, 37,
45, 46, 78, 87, 107, and 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 107, and 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3) that
is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
107, and 108 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3) that is bonded to a water
soluble polymer. [319] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78, 87, 107, and 108 and comprises
one or more of the following naturally encoded amino
acid substitutions: T79R, K83S, Y85L, T86S, E87S, Q91E
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 6, 16, 37, 45, 46, 78, 87, 107, and 108
that is linked to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, K83S, Y85L,
T86S, E87S, Q91E (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
107, and 108 that is bonded to a water soluble polymer
and comprises one or more of the following naturally
encoded amino acid substitutions: T79R, K83S, Y85L,
T86S, E87S, Q91E (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3). [320] In some
embodiments, the hIFN polypeptide comprises one or
more nonnaturally encoded amino acids at one or more
of the following positions: 37, 45, 46, 89, and 107
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 37, 45, 46, 89, and 107 (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3)
that is linked to a water soluble polymer. Insome
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded ammo acids at one or more
of the following positions: 37, 45, 46, 89, and 107
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3) that is bonded to a water soluble
polymer. [321] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
37, 45, 46, 89, and 107 and comprises one or more of
the following naturally encoded amino acid
substitutions: T79R, L80A, Y85L, Y85S, E87S (SEQ ID
NO: 2 or the corresponding amino acids in SEQ ID NO: 1
or 3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions: 37,
45, 46, 89, and 107 that is linked to a water soluble
polymer and comprises one or more of the following
naturally encoded amino acid substitutions: T79R,
L80A, Y85L, Y85S, E87S (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 37, 45, 46, 89, and
107 that is bonded to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, L80A, Y85L,
Y85S, E87S (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). [322] In some
embodiments, the hIFN polypeptide comprises one or
more nonnaturally encoded amino acids at one or more
of the following positions: 23, 24, 25, 26, 27, 28,
30, 31, 32, 33, 128, 129, 131, 132, 133, 134, 135,
136, 137, 158, 159, 160, 161, 162, 163, 164, 165 (SEQ
ID NO: 2 or the corresponding amino acids in SEQ ID
NO: 1 or 3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions that
is linked or bonded to a water soluble polymer: 23,
24, 25, 26, 27, 28, 30, 31, 32, 33, 128, 129, 131,
132, 133, 134, 135, 136, 137, 158, 159, 160, 161, 162,
163, 164, 165 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
WFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 23, 24, 27, 31, 128, 131, 134, 158 (SEQ ID
NO: 2 or the corresponding amino acids in SEQ ID NO: 1
or 3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions that
is linked or bonded to a water soluble polymer: 23,
24, 27, 31, 128, 131, 134, 158 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 24, 27, 31, 128, 131,
134 (SEQ ID NO: 2 or the corresponding amino acids in
SEQ ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the
followingpositions that is linked or bonded to a water
soluble polymer: 24, 27, 31, 128, 131, 134 (SbQ ID NO:
2 or the corresponding amino acids in SEQ ID NO: 1 or
3). [323] In some embodiments, the IFN polypeptides of
the invention comprise one or more non-naturally
encoded amino acids at one or more of the following
positions providing an antagonist: 2, 3, 4, 5, 7, 8,
16, 19, 20, 40, 42, 50, 51, 58, 68, 69, 70, 71, 73,
97, 105, 109, 112, 118, 148, 149, 152, 153, 158, 163,
164, 165, or any combination thereof (SEQ ID NO: 2, or
the corresponding amino acids in other IFN's); a hIFN
polypeptide comprising one of these substitutions may
potentially act as a weak antagonist or weak agonist
depending on the site selected and the desired
activity. Human IFN antagonists include, but are not
limited to, those with one or more substitutions at
22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35,
74, 77, 78, 79, 80, 82, 83, 85, 86, 89, 90, 93, 94,
124, 125, 127, 128, 129, 131, 132, 133, 134, 135, 136,
137, or any combination thereof (hIFN; SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3).
[324] In some embodiments, one or more non-naturally
encoded amino acids are substituted at, but not
limited to, one or more of the following positions of
hIFN (as in SEQ ID NO: 2, or the corresponding amino
acids in other IFN's): 31, 134, 34, 38, 129, 36, 122,
37, 121, 41, 125, 124, 149, 117, 39, 118, 120, 107,
108, 106, 100, 111, 113, 114, 41, 45, 46, 48, 49, 61,
64, 65, 101, 103, 102, 110, 117, 120, 121, 149, 96, 6,
9, 16, 68, 70, 109, 159, 161, 156, 160, 162, 12, 13,
24, 27, 78, 83, 85, 87, 89, 164. In one embodiment, a
non-naturally encoded amino acid is substituted at
position 38 of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in other IFN's). In some
embodiments, the non-naturally occurring amino acid at
these or other positions is linked to a water soluble
polymer, including but not limited to positions: 31,
134, 34, 38, 129, 36, 122, 37, 121, 41, 125, 124, 149,
117, 39, 118, 120, 107, 108, 106, 100, 111, 113, 114,
41, 45, 46, 48, 49, 61, 64, 65, 101, 103, 102, 110,
117, 120, 121, 149, 96, 6, 9, 12, 13, 16, 68, 70, 109,
159, 161, 156, 160, 162, 24, 27, 78, 83, 85, 87, 89,
164. [325] In some embodiments, the hIFN polypeptide
comprises one or more nonnaturally encoded amino acid
and a naturally encoded amino acid substitution. In
some embodiments, the non-naturally encoded amino acid
present in the WFN polypeptide is linked to a water
soluble polymer and the hIFN polypeptide comprises one
or more naturally encoded amino acid substitution.
[326] A wide variety of non-naturally encoded amino
acids can be substituted for, or incorporated into, a
given position in a hIFN polypeptide. In general, a
particular non-naturally encoded amino acid is
selected for incorporation based on an examination of
the three dimensional crystal structure of a hIFN
polypeptide with its receptor, a preference
forconservative substitutions (i.e., aryl-based
non-naturally encoded amino acids, such as
pacetylphenylalanine or O-propargyltyrosine
substituting for Phe, Tyr or Trp), and the specific
conjugation chemistry that one desires to introduce
into the hIFN polypeptide (e.g., the introduction of
4-azidophenylalanine if one wants to effect a Huisgen
[3+2] cycloaddition with a water soluble polymer
bearing an alkyne moiety or a amide bond formation
with a water soluble polymer that bears an aryl ester
that, in turn, incorporates a phosphine moiety). [327]
In one embodiment, the method further includes
incorporating into the protein the unnatural amino
acid, where the unnatural amino acid comprises a first
reactive group; and contacting the protein with a
molecule (including but not limited to, a label, a
dye, a polymer, a water-soluble polymer, a derivative
of polyethylene glycol, a photocrosslinker, a
radionuclide, a cytotoxic compound, a drug, an
affinity label, a photoaffinity label, a reactive
compound, a resin, a second protein or polypeptide or
polypeptide analog, an antibody or antibody fragment,
a metal chelator, a cofactor, a fatty acid, a
carbohydrate, a polynucleotide, a DNA, a RNA, an
antisense polynucleotide, a saccharide, a
water-soluble dendrimer, a cyclodextrin, an inhibitory
ribonucleic acid, a biomaterial, a nanoparticle, a
spin label, a fluorophore, a metal-containing moiety,
a radioactive moiety, a novel functional group, a
group that covalently or noncovalently interacts with
other molecules, a photocaged moiety, an actinic
radiation excitable moiety, a photoisomerizable
moiety, biotin, a derivative of biotin, a biotin
analogue, a moiety 



incorporating a heavy atom, a chemically cleavable
group, a photocleavable group, an elongated side
chain, a carbon-linked sugar, a redox-active agent, an
amino thioacid, a toxic moiety, an isotopically
labeled moiety, a biophysical probe, a phosphorescent
group, a chemiluminescent group, an electron dense
group, a magnetic group, an intercalating group, a
chromophore, an energy transfer agent, a biologically
active agent, a detectable label, a small molecule, a
quantum dot, a nanotransmitter, a radionucleotide, a
radiotransmitter, a neutron-capture agent, or any
combination of the above, or any other desirable
compound or substance) that comprises a second
reactive group. The first reactive group reacts with
the second reactive group to attach the molecule to
the unnatural amino acid through a [3+2]
cycloaddition. In one embodiment, the first reactive
group is an alkynyl or azido moiety and the second
reactive group is an azido or alkynyl moiety. For
example, the first reactive group is the alkynyl
moiety (including but not limited to, in unnatural
amino acid p-propargyloxyphenylalanine) and the second
reactive group is the azido moiety. In another
example, the first reactive group is the azido moiety
(including but not limited to, in the unnatural amino
acid p-azido-L-phenylalanine) and the second reactive
group is the alkynyl moiety.[328] In some cases, the
non-naturally encoded amino acid substitution(s) will
be combined with other additions, substitutions or
deletions within the hIFN polypeptide to affect other
biological traits of the hIFN polypeptide. In some
cases, the other additions, substitutions or deletions
may increase the stability (including but not limited
to, resistance to proteolytic degradation) of the hIFN
polypeptide or increase affinity of the hIFN
polypeptide for its receptor. In some cases, the other
additions, substitutions or deletions may increase the
solubility (including but not limited to, when
expressed in E. coli or other host cells) of the hIFN
polypeptide. In some embodiments additions,
substitutions or deletions may increase the
polypeptide solubility following expression in R, coli
or other recombinant host cells. In some embodiments
sites are selected for substitution with a naturally
encoded or non-natural amino acid in addition to
another site for incorporation of a non-natural amino
acid that results in increasing the polypeptide
solubility following expression in coli recombinant
host cells. In some embodiments, the hIFN polypeptides
comprise another addition, substitution or deletion
that modulates affinity for the hIFN polypeptide
receptor, modulates (including but not limited to,
increases or decreases) receptor dimerization,
modulated downstream signaling events after hIFN
receptor binding, stabilizes receptor dimers,
modulates circulating half-life, modulates release or
bio-availability, facilitates purification, or
improves or alters a particular route of
administration. hIFN polypeptides of the invention may
modulate one or more of the biological activities of
IFN including side effects found with current IFN
therapeutics. hIFN polypeptides of the invention may
modulate toxicity found with current IFN therapeutics.
Similarly, hIFN polypeptides can comprise chemical or
enzyme cleavage sequences, protease cleavage
sequences, reactive groups, antibody-binding domains
(including but not limited to, FLAG or poly-His) or
other affinity based sequences (including, but not
limited to, FLAG, poly-His, GST, etc.) or linked
molecules (including, but not limited to, biotin) that
improve detection (including, but not limited to,
GFP), purification, transport through tissues or
membranes, prodrug release or activation, hIFN size
reduction, or other traits of the polypeptide. [329]
In some embodiments, the substitution of a
non-naturally encoded amino acid generates a hIFN
antagonist. A subset of exemplary sites for
incorporation of one or more nonnaturally encoded
amino acid include: 2, 3, 4, 5, 7, 8, 16, 19, 20, 40,
42, 50, 51, 58, 68, 69, 70, 71, 73, 97, 105, 109, 112,
118, 148, 149, 152, 153, 158, 163, 164, 165 (as in SEQ
ID NO: 2, or the corresponding amino acids in other
IFNs). Another subset of exemplary sites for
incorporation of a non-naturally encoded amino acid
include: 22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33,
34, 35, 74, 77, 78, 79, 80, 82, 83, 85, 86, 89, 90,
93, 94, 124, 125, 127, 128, 129, 131, 132, 133, 134,
135, 136, 137, (hIFN; SEQ ID NO: 2 or the
corresponding amino acids in SEQID NO: 1 or 3). In
some embodiments, hIFN antagonists comprise at least
one substitution in the regions 1-9 (N-terminus),
10-21 (A helix), 22-39 (region between A helix and B
helix), 40-75 (B helix), 76-77 (region between B helix
and C helix), 78-100 (C helix), 101-1 10 (region
between C helix and D helix), 111-132 (D helix),
133-136 (region between D and E helix), 137-155 (E
helix), 156-165 (C-terminus) that cause IFN to act as
an antagonist. In other embodiments, the exemplary
sites of incorporation of a non-naturally encoded
amino acid include residues within the amino terminal
region of helix A and a portion of helix C. In other
embodiments, the abovelisted substitutions are
combined with additional substitutions that cause the
hIFN polypeptide to be a hIFN antagonist. In some
embodiments, the MFN antagonist comprises a
non-naturally encoded amino acid linked to a water
soluble polymer that is present in a receptor binding
region of the hIFN molecule. [330] In some cases, 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, or more amino acids are
substituted with one or more non-naturally-encoded
amino acids. In some cases, the hIFN polypeptide
further includes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or
more substitutions of one or more non-naturally
encoded amino acids for naturally-occurring amino
acids. In some embodiments, one or more residues in
the following regions of hIFN are substituted with one
or more non-naturally encoded amino acids: 1-9
(N-terminus), 10-21 (A helix), 22-39 (region between A
helix and B helix), 40-75 (B helix), 76-77 (region
between B helix and C helix), 78-100 (C helix),
101-110 (region between C helix and D helix), 1 11-132
(D helix), 133-136 (region between D and E helix),
137-155 (E helix), 156-165 (C-terminus). In some
cases, one or more non-naturally encoded residues are
linked to one or more lower molecular weight linear or
branched PEGs (approximately ~ 5-20 kDa in mass or
less), thereby enhancing binding affinity and
comparable serum half-life relative to the species
attached to a single, higher molecular weight PEG.
[331] Sites for incorporation in hIFN of one or more
non-naturally encoded amino acids include combinations
of the following residues (as in SEQ ID NO: 2, or the
corresponding amino acids in other IFN's or
interferon-like cytokines): before position 1 (i.e. at
the Nterminus), 1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 16,
19, 20, 22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33,
34, 35, 40, 41, 42, 45, 46, 48, 49, 50, 51, 58, 61,
64, 65, 68, 69, 70, 71, 73, 74, 77, 78, 79, 80, 81,
82, 83, 85, 86, 89, 90, 93, 94, 96, 97, 100, 101, 103,
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 117,
118, 120, 121, 124, 125, 127, 128, 129, 131, 132, 133,
134, 135, 136, 137, 148, 149, 152, 153, 156, 158, 159,
160, 161, 162, 163, 164, 165, 166 (i.e. at the
carboxyl terminus of the protein) or any combination
thereof. Sites for incorporation in hIFN of one or
more nonnaturally encoded amino acids include
combinations of the following residues (as in SEQ ID
NO: 2, or the corresponding amino acids in other IFN's
or interferon-like cytokines): 31, 134,34, 38, 129,
36, 122, 37, 121, 41, 125, 124, 149, 117, 39, 118,
120, 107, 108, 106, 100, 111, 1Ii, 114, 41, 45, 46,
48, 49, 61, 64, 65, 101, 103, 102, 110, 117, 120, 121,
149, 96, 6, 9, 16, 68, 70, 109, 159, 161, 156, 160,
162, 12, 13, 24, 27, 78, 83, 85, 87, 89, 164. VII.
Expression in Non-euk wg otes and Eukaryotes [332] To
obtain high level expression of a cloned hIFN
polynucleotide, one typically subclones
polynucleotides encoding a hIFN polypeptide of the
invention into an expression vector that contains a
strong promoter to direct transcription, a
transcription/translation terminator, and if for a
nucleic acid encoding a protein, a ribosome binding
site for translational initiation. Suitable bacterial
promoters are known to those of ordinary skill in the
art and described, e.g., in Sambrook et al. and
Ausubel et al. [333] Bacterial expression systems for
expressing hIFN polypeptides of the invention are
available in, including but not limited to, E. coli,
Bacillus sp., Pseudomonas fluorescens, Pseudomonas
aeruginosa, Pseudomonas putida, and Salmonella (Palva
et al., Gene 22:229-235 (1983); Mosbach et al., Nature
302:543-545 (1983)). Kits for such expression systems
are commercially available. Eukaryotic expression
systems for mammalian cells, yeast, and insect cells
are known to those of ordinary skill in the art and
are also commercially available. In cases where
orthogonal tRNAs and aminoacyl tRNA synthetases
(described above) are used to express the hIFN
polypeptides of the invention, host cells for
expression are selected based on their ability to use
the orthogonal components. Exemplary host cells
include Gram-positive bacteria (including but not
limited to B. brevis, B. subtilis, or Streptomyces)
and Gram-negative bacteria (E. coli, Pseudomonas
fluorescens, Pseudomonas aeruginosa, Pseudomonas
putida), as well as yeast and other eukaryotic cells.
Cells comprising 0-tRNA/O-RS pairs can be used as
described herein. [334] A eukaryotic host cell or
non-eukaryotic host cell of the present invention
provides the ability to synthesize proteins that
comprise unnatural amino acids in large useful
quantities. In one aspect, the composition optionally
includes, including but not limited to, at least 10
micrograms, at least 50 micrograms, at least 75
micrograms, at least 100 micrograms, at least 200
micrograms, at least 250 micrograms, at least 500
micrograms, at least 1 milligram, at least 10
milligrams, at least 100 milligrams, at least one
gram, or more of the protein that comprises an
unnatural amino acid, or an amount that can be
achieved with in vivo protein production methods
(details on recombinant protein production and
purification are provided herein). In another aspect,
the protein is optionally present in the composition
at a concentration of, including but not limited to,
at least 10 micrograms of protein per liter, at least
50micrograms of protein per liter, at least 75
micrograms of protein per liter, at least iu
micrograms of protein per liter, at least 200
micrograms of protein per liter, at least 250
micrograms of protein per liter, at least 500
micrograms of protein per liter, at least 1 milligram
of protein per liter, or at least 10 milligrams of
protein per liter or more, in, including but not
limited to, a cell lysate, a buffer, a pharmaceutical
buffer, or other liquid suspension (including but not
limited to, in a volume of, including but not limited
to, anywhere from about 1 nl to about 100 L or more).
The production of large quantities (including but not
limited to, greater that that typically possible with
other methods, including but not limited to, in vitro
translation) of a protein in a eukaryotic cell
including at least one unnatural amino acid is a
feature of the invention. [335] A eukaryotic host cell
or non-eukaryotic host cell of the present invention
provides the ability to biosynthesize proteins that
comprise unnatural amino acids in large useful
quantities. For example, proteins comprising an
unnatural amino acid can be produced at a
concentration of, including but not limited to, at
least 10 mg/liter, at least 50 mg/liter, at least 75
mg/liter, at least 100 mg/liter, at least 200
mg/liter, at least 250 mg/liter, or at least 500
mg/liter, at least lmg/liter, at least 2mg/liter, at
least 3 mg/liter, at least 4 mg/liter, at least 5
mg/liter, at least 6 mg/liter, at least 7 mg/liter, at
least 8 mg/liter, at least 9 mg/liter, at least 10
mg/liter, at least 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900 mg/liter,
1 g/liter, 5 g/liter, 10 g/liter or more of protein in
a cell extract, cell lysate, culture medium, a buffer,
and/or the like. I . Expression Systems, Culture, and
Isolation [336] hIFN polypeptides may be expressed in
any number of suitable expression systems including,
for example, yeast, insect cells, mammalian cells, and
bacteria. A description of exemplary expression
systems is provided below. [337] Yeast As used herein,
the term "yeast" includes any of the various yeasts
capable of expressing a gene encoding a hIFN
polypeptide. Such yeasts include, but are not limited
to, ascosporogenous yeasts (Endomycetales),
basidiosporogenous yeasts and yeasts belonging to the
Fungi imperfecti (Blastomycetes) group. The
ascosporogenous yeasts are divided into two families,
Spermophthoraceae and Saccharomycetaceae. The latter
is comprised of four subfamilies,
Schizosaccharomycoideae (e.g., genus
Schizosaccharomyces), Nadsonioideae, Lipomycoideae and
Saccharomycoideae (e.g., genera Pichia, Kluyveromyces
and Saccharomyces). The basidiosporogenous yeasts
include the genera Leucosporidhim, Rhodosporidium,
Sporidiobolus, Filobasidium, and FUobasidiella. Yeasts
belonging to theFungi Imperfecti (Blastomycetes) group
are divided into two families, Sporobolomycelaceae
(e.g., genera Sporobolomyces and Buller) and
Cryptococcaceae (e.g., genus Candida). [338] Of
particular interest for use with the present invention
are species within the genera Pichia, Kluyveromyces,
Saccharomyces, Schizosaccharomyces, Hansenula,
Torulopsis, and Candida, including, but not limited
to, P. pastoris, P. guillerimondii, S. cerevisiae, S.
carisbergensis, S. diastaticiis, S. douglasii, S.
kluyveri, S, norbensis, S . oviformis, K. lactis, K. 



fragilis, C. albicans, C. maltosa, and H. polymorpha.
[339] The selection of suitable yeast for expression
of hIFN polypeptides is within the skill of one of
ordinary skill in the art. In selecting yeast hosts
for expression, suitable hosts may include those shown
to have, for example, good secretion capacity, low
proteolytic activity, good secretion capacity, good
soluble protein production, and overall robustness.
Yeast are generally available from a variety of
sources including, but not limited to, the Yeast
Genetic Stock Center, Department of Biophysics and
Medical Physics, University of California (Berkeley,
CA), and the American Type Culture Collection ("ATCC")
(Manassas, VA). [340] The term "yeast host" or "yeast
host cell" includes yeast that can be, or has been,
used as a recipient for recombinant vectors or other
transfer DNA. The term includes the progeny of the
original yeast host cell that has received the
recombinant vectors or other transfer DNA. It is
understood that the progeny of a single parental cell
may not necessarily be completely identical in
morphology or in genomic or total DNA complement to
the original parent, due to accidental or deliberate
mutation. Progeny of the parental cell that are
sufficiently similar to the parent to be characterized
by the relevant property, such as the presence of a
nucleotide sequence encoding a hIFN polypeptide, are
included in the progeny intended by this definition.
[341] Expression and transformation vectors, including
extrachromosomal replicons or integrating vectors,
have been developed for transformation into many yeast
hosts. For example, expression vectors have been
developed for . cerevisiae (Sikorski et al., GENETICS
(1989) 122:19; Ito et al., J. BACTERIOL. (1983)
153:163; Hinnen et al., PROC. NATL. ACAD. SCI. USA
(1978) 75:1929); C. albicans (Kurtz et al, MqL. CELL.
BlOL. (1986) 6:142); C. maltosa (Kunze et al., J.
BASIC MICROBIOL. (1985) 25:141); H. polymorpha
(Gleeson et al, J. GEN. MICROBIOL. (1986) 132:3459;
Roggenkamp et al, MOL. GENETICS AND GENOMICS (1986)
202:302); K. fragilis (Das et al, J . BACTERIOL.
(1984) 158:1 165); K. lactis (De Louvencourt et al, J
. BACTERIOL. (1983) 154:737; Van den Berg et al.
BIOTECHNOLOGY (NY) (1990) 8:135); P. guillerimondii
(Kunze et al, J. BASIC MICROBIOL. (1985) 25:141); P.
pastoris (U.S. Patent Nos. 5,324,639; 4,929,555; and
4,837,148; Cregg et al, MOL. CELL. BIOL. (1985)
5:3376);Schizosaccharomyces pombe (Beach et al.,
NATURE (1982) 300:706); and Y lipolytica; A. nidulans
(Ballance et al., BIOCHEM. BIOPHYS. RES. COMMUN.
(1983) 112:284-89; Tilburn et al., GENE (1983)
26:205-221; and Yelton et al., PROC. NATL. ACAD. Sa.
USA (1984) 81:1470-74); A. niger (Kelly and Hynes,
EMBO J . (1985) 4:475-479); T. reesia (EP 0 244 234);
and filamentous fungi such as, e.g., Neiirospora,
Penicillium, Tolypocladium (WO 91/00357), each
incorporated by reference herein. [342] Control
sequences for yeast vectors are well known to those of
ordinary skill in the art and include, but are not
limited to, promoter regions from genes such as
alcohol dehydrogenase (ADH) (EP 0 284 044); enolase;
glucokinase; glucose-6-phosphate isomerase;
glyceraldehyde-3-phosphate-dehydrogenase (GAP or
GAPDH); hexokinase; phosphofructokinase;
3-phosphoglycerate mutase; and pyruvate kinase (PyK)
(EP 0 329 203). The yeast PHO5 gene, encoding acid
phosphatase, also may provide useful promoter
sequences (Miyanohara et al., PROC. NATL. ACAD. SCI.
USA (1983) 80:1), Other suitable promoter sequences
for use with yeast hosts may include the promoters for
3-phosphoglycerate kinase (Hitzeman et al., J. BiOL.
CHEM. (1980) 255:12073); and other glycolytic enzymes,
such as pyruvate decarboxylase, triosephosphate
isomerase, and phosphoglucose isomerase (Holland et
al., BIOCHEMISTRY (1978) 17:4900; Hess et al., J .
ADV. ENZYME REG. (1969) 7:149). Inducible yeast
promoters having the additional advantage of
transcription controlled by growth conditions may
include the promoter regions for alcohol dehydrogenase
2; isocytochrome C; acid phosphatase; metallothionein;
glyceraldehyde-3 -phosphate dehydrogenase; degradative
enzymes associated with nitrogen metabolism; and
enzymes responsible for maltose and galactose
utilization. Suitable vectors and promoters for use in
yeast expression are further described in EP 0 073
657. [343] Yeast enhancers also may be used with yeast
promoters. In addition, synthetic promoters may also
function as yeast promoters. For example, the upstream
activating sequences (UAS) of a yeast promoter may be
joined with the transcription activation region of
another yeast promoter, creating a synthetic hybrid
promoter. Examples of such hybrid promoters include
the ADH regulatory sequence linked to the GAP
transcription activation region. See U.S. Patent Nos.
4,880,734 and 4,876,197, which are incorporated by
reference herein. Other examples of hybrid promoters
include promoters that consist of the regulatory
sequences of the ADH2, GAL4, GALlO, or PHO5 genes,
combined with the transcriptional activation region of
a glycolytic enzyme gene such as GAP or PyK. See EP 0
164 556. Furthermore, a yeast promoter may include
naturally occurring promoters of non-yeast origin that
have the ability to bind yeast RNA polymerase and
initiate transcription.[344] Other control elements
that may comprise part of the yeast expression vectors
include terminators, for example, from GAPDH or the
enolase genes (Holland et al., J. BIOL. CHEM. (1981)
256:1385). In addition, the origin of replication from
the 2m plasmid origin is suitable for yeast. A
suitable selection gene for use in yeast is the trpl
gene present in the yeast plasmid. See Tschumper et
al., GENE (1980) 10:157; Kingsman et al., GENE (1979)
7:141. The trpl gene provides a selection marker for a
mutant strain of yeast lacking the ability to grow in
tryptophan. Similarly, Leu2-deficient yeast strains
(ATCC 20,622 or 38,626) are complemented by known
plasmids bearing the Leu2 gene. [345] Methods of
introducing exogenous DNA into yeast hosts are known
to those of ordinary skill in the art, and typically
include, but are not limited to, either the
transformation of spheroplasts or of intact yeast host
cells treated with alkali cations. For example,
transformation of yeast can be carried out according
to the method described in Hsiao et al., PROC. NATL.
ACAD. SCI. USA (1979) 76:3829 and Van Solingen et al.,
J. BACT. (1977) 130:946. However, other methods for
introducing DNA into cells such as by nuclear
injection, electroporation, or protoplast fusion may
also be used as described generally in SAMBROOK ET
AL., MOLECULAR CLONING: A LAB. MANUAL (2001). Yeast
host cells may then be cultured using standard
techniques known to those of ordinary skill in the
art. [346] Other methods for expressing heterologous
proteins in yeast host cells are known to those of
ordinary skill in the art. See generally U.S. Patent
Publication No. 20020055169, U.S. Patent Nos.
6,361,969; 6,312,923; 6,183,985; 6,083,723; 6,017,731;
5,674,706; 5,629,203; 5,602,034; and 5,089,398; U.S.
Reexamined Patent Nos. RE37,343 and RE35,749; PCT
Published Patent Applications WO 99/07862; WO
98/37208; and WO 98/26080; European Patent
Applications EP 0 946 736; EP 0 732 403; EP 0 480 480;
WO 90/10277; EP 0 340 986; EP 0 329 203; EP 0 324 274;
and EP 0 164 556. See also Gellissen et al., ANTONIE
VAN LEEUWENHOEK (1992) 62(l-2):79-93; Romanos et al.,
YEAST (1992) 8(6):423-488; Goeddel, METHODS IN
ENZYMOLOGY (1990) 185:3-7, each incorporated by
reference herein. [347] The yeast host strains may be
grown in fermentors during the amplification stage
using standard feed batch fermentation methods known
to those of ordinary skill in the art. The
fermentation methods may be adapted to account for
differences in a particular yeast host's carbon
utilization pathway or mode of expression control. For
example, fermentation of a Saccharomyces yeast host
may require a single glucose feed, complex nitrogen
source (e.g., casein hydrolysates), and multiple
vitamin supplementation. In contrast, the
methylotrophic yeast P. pastoris may require glycerol,
methanol, and trace mineral feeds, but only simple
ammonium (nitrogen) salts for optimal growth and
expression. See, e.g., U.S. Patent No.5,324,639;
Elliott et al., J. PROTEIN CHEM. (1990) 9:95; and
Fieschko et al, BIOTECH. BIOENG. (1987) 29:1113,
incorporated by reference herein. [348] Such
fermentation methods, however, may have certain common
features independent of the yeast host strain
employed. For example, a growth limiting nutrient,
typically carbon, may be added to the fermentor during
the amplification phase to allow maximal growth. In
addition, fermentation methods generally employ a
fermentation medium designed to contain adequate
amounts of carbon, nitrogen, basal salts, phosphorus,
and other minor nutrients (vitamins, trace minerals
and salts, etc.). Examples of fermentation media
suitable for use with Pichia are described in U.S.
Patent Nos. 5,324,639 and 5,231,178, which are
incorporated by reference herein. [349]
Baculovirus-Infected Insect Cells The term 'insect
host" or "insect host cell" refers to a insect that
can be, or has been, used as a recipient for
recombinant vectors or other transfer DNA. The term
includes the progeny of the original insect host cell
that has been transfected. It is understood that the
progeny of a single parental cell may not necessarily
be completely identical in morphology or in genomic or
total DNA complement to the original parent, due to
accidental or deliberate mutation. Progeny of the
parental cell that are sufficiently similar to the
parent to be characterized by the relevant property,
such as the presence of a nucleotide sequence encoding
a hIFN polypeptide, are included in the progeny
intended by this definition. [350] The selection of
suitable insect cells for expression of hIFN
polypeptides is known to those of ordinary skill in
the art. Several insect species are well described in
the art and are commercially available including Aedes
aegypti, Bombyx mori, Drosophila melanogaster,
Spodoptera frugiperda, and Trichoplusia ni. In
selecting insect hosts for expression, suitable hosts
may include those shown to have, inter alia, good
secretion capacity, low proteolytic activity, and
overall robustness. Insect are generally available
from a variety of sources including, but not limited
to, the Insect Genetic Stock Center, Department of
Biophysics and Medical Physics, University of
California (Berkeley, CA); and the American Type
Culture Collection ("ATCC") (Manassas, VA). [351]
Generally, the components of a baculovirus-infected
insect expression system include a transfer vector,
usually a bacterial plasmid, which contains both a
fragment of the baculovirus genome, and a convenient
restriction site for insertion of the heterologous
gene to be expressed; a wild type baculovirus with
sequences homologous to the baculovirus-specific
fragment in the transfer vector (this allows for the
homologous recombination of the heterologous gene in
to the baculovirus genome); and appropriate insect
host cells and growthmedia. The materials, methods and
techniques used in constructing vectors, transtectmg
ceps, picking plaques, growing cells in culture, and
the like are known in the art and manuals are
available describing these techniques. [352] After
inserting the heterologous gene into the transfer
vector, the vector and the wild type viral genome are
transfected into an insect host cell where the vector
and viral genome recombine. The packaged recombinant
virus is expressed and recombinant plaques are
identified and purified. Materials and methods for
baculovirus/insect cell expression systems are
commercially available in kit form from, for example,
Invitrogen Corp. (Carlsbad, CA). These techniques are
generally known to those of ordinary skill in the art
and fully described in SUMMERS AND SMITH, TEXAS
AGRICULTURAL EXPERIMENT STATION BULLETIN NO. 1555 (
1987), herein incorporated by reference. See also,
RICHARDSON, 39 METHODS IN MOLECULAR BIOLOGY:
BACULOVIRUS EXPRESSION PROTOCOLS (1995); AUSUBEL ET
AL., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY 16.9-16.1
1 (1994); KING AND POSSEE, THE BACULOVIRUS SYSTEM: A
LABORATORY GUIDE (1992); and O'REILLY ET AL.,
BACULOVIRUS EXPRESSION VECTORS: A LABORATORY MANUAL
(1992). [353] Indeed, the production of various
heterologous proteins using baculovirus/insect cell
expression systems is known to those of ordinary skill
in the art. See, e.g., U.S. Patent Nos. 6,368,825;
6,342,216; 6,338,846; 6,261,805; 6,245,528, 6,225,060;
6,183,987; 6,168,932; 6,126,944; 6,096,304; 6,013,433;
5,965,393; 5,939,285; 5,891,676; 5,871,986; 5,861,279;
5,858,368; 5,843,733; 5,762,939; 5,753,220; 5,605,827;
5,583,023; 5,571,709; 5,516,657; 5,290,686; WO
02/06305; WO 01/90390; WO 01/27301; WO 01/05956; WO
00/55345; WO 00/20032; WO 99/51721; WO 99/45130; WO
99/31257; WO 99/10515; WO 99/09193; WO 97/26332; WO
96/29400; WO 96/25496; WO 96/06161; WO 95/20672; WO
93/03173; WO 92/16619; WO 92/02628; WO 92/01801; WO
90/14428; WO 90/10078; WO 90/02566; 



WO 90/02186; WO 90/01556; WO 89/01038; WO 89/01037; WO
88/07082, which are incorporated by reference herein.
[354] Vectors that are useful in baculovirus/insect
cell expression systems are known in the art and
include, for example, insect expression and transfer
vectors derived from the baculovirus
Autographacalifornica nuclear polyhedrosis virus
(AcNPV), which is a helperindependent, viral
expression vector. Viral expression vectors derived
from this system usually use the strong viral
polyhedrin gene promoter to drive expression of
heterologous genes. See generally, O'Reilly ET AL.,
BACULOVIRUS EXPRESSION VECTORS: A LABORATORY MANUAL
(1992).[355] Prior to inserting the foreign gene into
the baculovirus genome, me aoovedescribed components,
comprising a promoter, leader (if desired), coding
sequence of interest, and transcription termination
sequence, are typically assembled into an intermediate
transplacement construct (transfer vector).
Intermediate transplacement constructs are often
maintained in a replicon, such as an extra chromosomal
element (e.g., plasmids) capable of stable maintenance
in a host, such as bacteria. The replicon will have a
replication system, thus allowing it to be maintained
in a suitable host for cloning and amplification. More
specifically, the plasmid may contain the polyhedrin
polyadenylation signal (Miller, ANN. REV. MICROBIOL.
(1988) 42:177) and a prokaryotic ampicillin-resistance
(amp) gene and origin of replication for selection and
propagation in E. coli. [356] One commonly used
transfer vector for introducing foreign genes into
AcNPV is pAc373. Many other vectors, known to those of
skill in the art, have also been designed including,
for example, pVL985, which alters the polyhedrin start
codon from ATG to ATT, and which introduces a BamHI
cloning site 32 base pairs downstream from the ATT.
See Luckow and Summers, VIROLOGY 170:31 (1989). Other
commercially available vectors include, for example,
PBlueBac4.5/V5-His; pBlueBacHis2; pMelBac; pBlueBac4.5
(Invitrogen Corp., Carlsbad, CA). [357] After
insertion of the heterologous gene, the transfer
vector and wild type baculoviral genome are
co-transfected into an insect cell host. Methods for
introducing heterologous DNA into the desired site in
the baculovirus virus are known in the art. See
SUMMERS AND SMITH, TEXAS AGRICULTURAL EXPERIMENT
STATION BULLETIN NO. 1555 (1987); Smith et al., MoL.
CELL. BIOL. (1983) 3:2156; Luckow and Summers,
VIROLOGY (1989) 170:31. For example, the insertion can
be into a gene such as the polyhedrin gene, by
homologous double crossover recombination; insertion
can also be into a restriction enzyme site engineered
into the desired baculovirus gene. See Miller et al.,
BiOESSAYS (1989) 11(4):91. [358] Transfection may be
accomplished by electroporation. See TROTTER AND WOOD,
39 METHODS IN MOLECULAR BIOLOGY (1995); Mann and King,
J . GEN. VIROL. (1989) 70:3501. Alternatively,
liposomes may be used to transfect the insect cells
with the recombinant expression vector and the
baculovirus. See, e.g., Liebman et al., BiOTECHNiQUES
(1999) 26(1):36; Graves et al., BIOCHEMISTRY (1998)
37:6050; Nomura et al., J. BIOL. CHEM. (1998) 273(22):
13570; Schmidt et al., PROTEIN EXPRESSION AND
PURIFICATION (1998) 12:323; Siffert et al., NATURE
GENETICS (1998) 18:45; TILKINS ET AL., CELL BIOLOGY: A
LABORATORY HANDBOOK 145-154 (1998); Cai et al.,
PROTEIN EXPRESSION AND PURIFICATION (1997) 10:263;
Dolphin et al., NATURE GENETICS (1997) 17:491; Kost et
al., GENE (1997) 190:139; Jakobsson etal., J. BIOL.
CHEM. (1996) 271:22203; Rowles et al., J. BIOL. UHEM.
lyy&j z / i /;:z/j /o; Reverey et al., J. BIOL. CHEM.
(1996) 271(39):23607-10; Stanley et al., J. BIOL.
CHEM. (1995) 270:4121; Sisk et al., J. VIROL. (1994)
68(2):766; and Peng et al., BIOTECHNIQUES (1993)
14(2):274. Commercially available liposomes include,
for example, Cellfectin (r) and Lipofectin (r)
(Invitrogen, Corp., Carlsbad, CA). In addition,
calcium phosphate transfection may be used. See
TROTTER AND WOOD, 39 METHODS IN MOLECULAR BIOLOGY
(1995); Kitts, NAR (1990) 18(19):5667; and Mann and
King, J . GEN. VIROL. (1989) 70:3501. [359]
Baculovirus expression vectors usually contain a
baculovirus promoter, A baculovirus promoter is any
DNA sequence capable of binding a baculovirus RNA
polymerase and initiating the downstream (3')
transcription of a coding sequence (e.g., structural
gene) into mRNA. A promoter will have a transcription
initiation region which is usually placed proximal to
the 5' end of the coding sequence. This transcription
initiation region typically includes an RNA polymerase
binding site and a transcription initiation site. A
baculovirus promoter may also have a second domain
called an enhancer, which, if present, is usually
distal to the structural gene. Moreover, expression
may be either regulated or constitutive. [360]
Structural genes, abundantly transcribed at late times
in the infection cycle, provide particularly useful
promoter sequences. Examples include sequences derived
from the gene encoding the viral polyhedron protein
(FRIESEN ET AL., The Regulation of Baculovirus Gene
Expression in THE MOLECULAR BIOLOGY OF BACULOVIRUSES
(1986); EP 0 127 839 and 0 155 476) and the gene
encoding the plO protein (Vlak et al., J . GEN. ViROL.
(1988) 69:765). [361] The newly formed baculovirus
expression vector is packaged into an infectious
recombinant baculovirus and subsequently grown plaques
may be purified by techniques known to those of
ordinary skill in the art. See Miller et al.,
BIOESSAYS (1989) 11(4):91; SUMMERS AND SMITH, TEXAS
AGRICULTURAL EXPERIMENT STATION BULLETIN NO. 1555
(1987). [362] Recombinant baculovirus expression
vectors have been developed for infection into several
insect cells. For example, recombinant baculoviruses
have been developed for, inter alia, Aedes aegypti
(ATCC No. CCL-125), Bombyx mori (ATCC No. CRL-8910),
Drosophila melanogaster (ATCC No. 1963), Spodoptera
frugiperda, and Trichopliisia ni. See Wright, NATURE
(1986) 321:718; Carbonell et al., J . VIROL. (1985)
56:153; Smith et al., MOL. CELL. BIOL. (1983) 3:2156.
See generally, Fraser et al., IN VITRO CELL. DEV.
BIOL. (1989) 25:225. More specifically, the cell lines
used for baculovirus expression vector systems
commonly include, but are not limited to, Sf9
(Spodoptera frugiperda) (ATCC No. CRL-1 7 11), SE21
(Spodoptera frugiperda) (Invitrogen Corp., Cat. No.
11497-013 (Carlsbad, CA)), Tri-368 (Trichopulsia ni),
and High-Five(tm) BTI-TN-5B1-4 (Trichopulsia ni).[363]
Cells and culture media are commercially available for
both direct ana tusion expression of heterologous
polypeptides in a baculovirus/expression, and cell
culture technology is generally known to those of
ordinary skill in the art. [364] E. CoIi, Pseudomonas
species, and other Prokaryotes Bacterial expression
techniques are known to those of ordinary skill in the
art. A wide variety of vectors are available for use
in bacterial hosts. The vectors may be single copy or
low or high multicopy vectors. Vectors may serve for
cloning and/or expression. In view of the ample
literature concerning vectors, commercial availability
of many vectors, and even manuals describing vectors
and their restriction maps and characteristics, no
extensive discussion is required here. As is
well-known, the vectors normally involve markers
allowing for selection, which markers may provide for
cytotoxic agent resistance, prototrophy or immunity.
Frequently, a plurality of markers is present, which
provide for different characteristics. [365] A
bacterial promoter is any DNA sequence capable of
binding bacterial RNA polymerase and initiating the
downstream (31) transcription of a coding sequence
(e.g. structural gene) into mRNA. A promoter will have
a transcription initiation region which is usually
placed proximal to the 5' end of the coding sequence.
This transcription initiation region typically
includes an RNA polymerase binding site and a
transcription initiation site. A bacterial promoter
may also have a second domain called an operator, that
may overlap an adjacent RNA polymerase binding site at
which RNA synthesis begins. The operator permits
negative regulated (inducible) transcription, as a
gene repressor protein may bind the operator and
thereby inhibit transcription of a specific gene.
Constitutive expression may occur in the absence of
negative regulatory elements, such as the operator. In
addition, positive regulation may be achieved by a
gene activator protein binding sequence, which, if
present is usually proximal (5') to the RNA polymerase
binding sequence. An example of a gene activator
protein is the catabolite activator protein (CAP),
which helps initiate transcription of the lac operon
in Escherichia coli (E. coli) [Raibaud et al., ANNU.
REV. GENET. (1984) 18:173]. Regulated expression may
therefore be either positive or negative, thereby
either enhancing or reducing transcription. [366]
Sequences encoding metabolic pathway enzymes provide
particularly useful promoter sequences. Examples
include promoter sequences derived from sugar
metabolizing enzymes, such as galactose, lactose (lac)
[Chang et al., NATURE (1977) 198:1056], and maltose.
Additional examples include promoter sequences derived
from biosynthetic enzymes such as tryptophan (tip)
[Goeddel et al., Nuc. ACIDS RES. (1980) 8:4057;
Yelverton et al., NUCL. ACIDS RES. (1981) 9:731; U.S.
Pat. No. 4,738,921; EP Pub. Nos. 036 776 and 121 775,
which areincorporated by reference herein]. The
b-galactosidase (bla) promoter system [Weissmann
(1981) "The cloning of interferon and other mistakes."
In Interferon 3 (Ed. I . Gresser)], bacteriophage
lambda PL [Shimatake et al., NATURE (1981) 292:128]
and T5 [U.S. Pat. No. 4,689,406, which are
incorporated by reference herein] promoter systems
also provide useful promoter sequences. Preferred
methods of the present invention utilize strong
promoters, such as the T7 promoter to induce hIFN
polypeptides at high levels. Examples of such vectors
are known to those of ordinary skill in the art and
include the pET29 series from Novagen, and the pPOP
vectors described in WO99/05297, which is incorporated
by reference herein. Such expression systems produce
high levels of hIFN polypeptides in the host without
compromising host cell viability or growth parameters.
pET19 (Novagen) is another vector known in the art.
[367] In addition, synthetic promoters which do not
occur in nature also function as bacterial promoters.
For example, transcription activation sequences of one
bacterial or bacteriophage promoter may be joined with
the operon sequences of another bacteria] or
bacteriophage promoter, creating a synthetic hybrid
promoter [U.S. Pat. No. 4,551,433, which is
incorporated by reference herein]. For example, the
tac promoter is a hybrid trp-lac promoter comprised of
both trp promoter and lac operon sequences that is
regulated by the lac repressor [Amann et al., GENE
(1983) 25:167; de Boer et al., PROC. NATL. ACAD. SCI.
(1983) 80:21]. Furthermore, a bacterial promoter can
include naturally occurring promoters of non-bacterial
origin that have the ability to bind bacterial RNA
polymerase and initiate transcription. A naturally
occurring promoter of non-bacterial origin can also be
coupled with a compatible RNA polymerase to produce
high levels of expression of some genes in
prokaryotes. The bacteriophage T7 RNA
polymerase/promoter system is an example of a coupled
promoter system [Studier et al., J . MqL. BlOL. (1986)
189:113; Tabor et al., Proc Natl. Acad. Sci. (1985)
82:1074]. In addition, a hybrid promoter can also be
comprised of a bacteriophage promoter and an E. coli
operator region (EP Pub. No. 267 851). [368] In
addition to a functioning promoter sequence, an
efficient ribosome binding site is also useful for the
expression of foreign genes in prokaryotes. In E.
coli, the ribosome binding site is called the
Shine-Dalgarno (SD) sequence and includes an
initiation codon (ATG) and a sequence 3-9 nucleotides
in length located 3-1 1 nucleotides upstream of the
initiation codon [Shine et al., NATURE (1975) 254:34].
The SD sequence is thought to promote binding of mRNA
to the ribosome by the pairing of bases between the SD
sequence and the 3' and of E. coli 16S rRNA [Steitz et
al. "Genetic signals and nucleotide sequences in
messenger RNA", In Biological Regulation and
Development: Gene Expression (Ed. R. F. Goldberger,
1979)]. To express eukaryotic genes and prokaryotic
genes with weak ribosome-binding site [Sambrook etal.
"Expression of cloned genes in Escherichia coli",
Molecular Cloning: A Laboratory Manual, 1989]. [369]
The term "bacterial host" or "bacterial host cell"
refers to a bacterial that can be, or has been, used
as a recipient for recombinant vectors or other
transfer DNA. The term includes the progeny of the
original bacterial host cell that has been
transfected. It is understood that the progeny of a
single parental cell may not necessarily be completely
identical in morphology or in genomic or total DNA
complement to the original parent, due to accidental
or deliberate mutation. Progeny of the parental cell
that are sufficiently similar to the parent to be
characterized by the relevant property, such as the
presence of a nucleotide sequence encoding a hIFN
polypeptide, are included in the progeny intended by
this definition. 



[370] The selection of suitable host bacteria for
expression of hIFN polypeptides is known to those of
ordinary skill in the art. In selecting bacterial
hosts for expression, suitable hosts may include those
shown to have, inter alia, good inclusion body
formation capacity, low proteolytic activity, and
overall robustness. Bacterial hosts are generally
available from a variety of sources including, but not
limited to, the Bacterial Genetic Stock Center,
Department of Biophysics and Medical Physics,
University of California (Berkeley, CA); and the
American Type Culture Collection ("ATCC") (Manassas,
VA). Industrial/pharmaceutical fermentation generally
use bacterial derived from K strains (e.g. W31 10) or
from bacteria derived from B strains (e.g. BL21).
These strains are particularly useful because their
growth parameters are extremely well known and robust.
In addition, these strains are non-pathogenic, which
is commercially important for safety and environmental
reasons. Other examples of suitable E. coli hosts
include, but are not limited to, strains of BL21,
DHlOB, or derivatives thereof. In another embodiment
of the methods of the present invention, the E. coli
host is a protease minus strain including, but not
limited to, OMP- and LON-. The host cell strain may be
a species of Pseudomonas, including but not limited
to, Pseudomonas fluorescens, Pseudomonas aeruginosa,
and Pseudomonas putida. Pseudomonas fluorescens biovar
1, designated strain MBlOl, is known to be useful for
recombinant production and is available for
therapeutic protein production processes. Examples of
a Pseudomonas expression system include the system
available from The Dow Chemical Company as a host
strain (Midland, MI available on the World Wide Web at
dow.com). U.S. Patent Nos. 4,755,465 and 4,859,600,
which are incorporated by reference herein, describe
the use of Pseudomonas strains as a host cell for hGH
production. [371] Once a recombinant host cell strain
has been established (i.e., the expression construct
has been introduced into the host cell and host cells
with the proper expressionconstruct are isolated), the
recombinant host cell strain is cultured under
conditions appropriate for production of hIFN
polypeptides. As will be apparent to one of skill in
the art, the method of culture of the recombinant host
cell strain will be dependent on the nature of the
expression construct utilized and the identity of the
host cell. Recombinant host strains are normally
cultured using methods that are known to those of
ordinary skill in the art. Recombinant host cells are
typically cultured in liquid medium containing
assimilatable sources of carbon, nitrogen, and
inorganic salts and, optionally, containing vitamins,
amino acids, growth factors, and other proteinaceous
culture supplements known to those of ordinary skill
in the art. Liquid media for culture of host cells may
optionally contain antibiotics or anti-fungals to
prevent the growth of undesirable microorganisms
and/or compounds including, but not limited to,
antibiotics to select for host cells containing the
expression vector. [372] Recombinant host cells may be
cultured in batch or continuous formats, with either
cell harvesting (in the case where the hIFN
polypeptide accumulates intracellularly) or harvesting
of culture supernatant in either batch or continuous
formats. For production in prokaryotic host cells,
batch culture and cell harvest are preferred. [373]
The hIFN polypeptides of the present invention are
normally purified after expression in recombinant
systems. Voss et al. Biochem J. (1994) 298:719-725;
Roscndahl et al. Bioconjugate Chem (2005) 16:200-207;
Swaminathan et al. Protein Expression and Purification
(1999) 15:236-242; and Neves et al. Protein Expression
and Purification (2004) 35:353-359, which are
incorporated by reference herein, describe methods of
expression, purification, isolation and
characterization of recombinant interferons. The hIFN
polypeptide may be purified from host cells or culture
medium by a variety of methods known to the art. hIFN
polypeptides produced in bacterial host cells may be
poorly soluble or insoluble (in the form of inclusion
bodies). In one embodiment of the present invention,
amino acid substitutions may readily be made in the
hIFN polypeptide that are selected for the purpose of
increasing the solubility of the recombinantly
produced protein utilizing the methods disclosed
herein as well as those known in the art. In the case
of insoluble protein, the protein may be collected
from host cell lysates by centrifugation and may
further be followed by homogenization of the cells. In
the case of poorly soluble protein, compounds
including, but not limited to, polyethylene imine
(PEI) may be added to induce the precipitation of
partially soluble protein. The precipitated protein
may then be conveniently collected by centrifugation.
Recombinant host cells may be disrupted or homogenized
to release the inclusion bodies from within the cells
using a variety of methods known to those of ordinary
skill in the art. Host cell disruption or
homogenization may be performed using well known
techniques including, but notlimited to, enzymatic
cell disruption, sonication, dounce homogenization, or
high pressure release disruption. In one embodiment of
the method of the present invention, the high pressure
release technique is used to disrupt the E. coli host
cells to release the inclusion bodies of the hIFN
polypeptides. When handling inclusion bodies of hIFN
polypeptide, it may be advantageous to minimize the
homogenization time on repetitions in order to
maximize the yield of inclusion bodies without loss
due to factors such as solubilization, mechanical
shearing or proteolysis. [374] Insoluble or
precipitated hIFN polypeptide may then be solubilized
using any of a number of suitable solubilization
agents known to the art. The hIFN polyeptide may be
solubilized with urea or guanidine hydrochloride. The
volume of the solubilized hIFN polypeptide-BP should
be minimized so that large batches may be produced
using conveniently manageable batch sizes. This factor
may be significant in a large-scale commercial setting
where the recombinant host may be grown in batches
that are thousands of liters in volume. In addition,
when manufacturing hIFN polypeptide in a large-scale
commercial setting, in particular for human
pharmaceutical uses, the avoidance of harsh chemicals
that can damage the machinery and container, or the
protein product itself, should be avoided, if
possible. It has been shown in the method of the
present invention that the milder denaturing agent
urea can be used to solubilize the hIFN polypeptide
inclusion bodies in place of the harsher denaturing
agent guanidine hydrochloride. The use of urea
significantly reduces the risk of damage to stainless
steel equipment utilized in the manufacturing and
purification process of hIFN polypeptide while
efficiently solubilizing the hIFN polypeptide
inclusion bodies. [375] In the case of soluble hIFN
protein, the hIFN may be secreted into the periplasmic
space or into the culture medium. In addition, soluble
hIFN may be present in the cytoplasm of the host
cells. It may be desired to concentrate soluble hIFN
prior to performing purification steps. Standard
techniques known to those of ordinary skill in the art
may be used to concentrate soluble hIFN from, for
example, cell lysates or culture medium. In addition,
standard techniques known to those of ordinary skill
in the art may be used to disrupt host cells and
release soluble hIFN from the cytoplasm or periplasmic
space of the host cells. [376] When hIFN polypeptide
is produced as a fusion protein, the fusion sequence
may be removed. Removal of a fusion sequence may be
accomplished by enzymatic or chemical cleavage.
Enzymatic removal of fusion sequences may be
accomplished using methods known to those of ordinary
skill in the art. The choice of enzyme for removal of
the fusion sequence will be determined by the identity
of the fusion, and the reaction conditions will be
specified by the choice of enzyme as will be apparent
to one of ordinary skill in the art. Chemical
cleavagemay be accomplished using reagents known to
those of ordinary skill in the art, including out not
limited to, cyanogen bromide, TEV protease, and other
reagents. The cleaved hIFN polypeptide may be purified
from the cleaved fusion sequence by methods known to
those of ordinary skill in the art. Such methods will
be determined by the identity and properties of the
fusion sequence and the hIFN polypeptide, as will be
apparent to one of ordinary skill in the art. Methods
for purification may include, but are not limited to,
size-exclusion chromatography, hydrophobic interaction
chromatography, ion-exchange chromatography or
dialysis or any combination thereof. [377] The hIFN
polypeptide may also be purified to remove DNA from
the protein solution. DNA may be removed by any
suitable method known to the art, such as
precipitation or ion exchange chromatography, but may
be removed by precipitation with a nucleic acid
precipitating agent, such as, but not limited to,
protamine sulfate. The hIFN polypeptide may be
separated from the precipitated DNA using standard
well known methods including, but not limited to,
centrifugation or filtration. Removal of host nucleic
acid molecules is an important factor in a setting
where the hIFN polypeptide is to be used to treat
humans and the methods of the present invention reduce
host cell DNA to pharmaceutically acceptable levels.
[378] Methods for small-scale or large-scale
fermentation can also be used in protein expression,
including but not limited to, fermentors, shake
flasks, fluidized bed bioreactors, hollow fiber
bioreactors, roller bottle culture systems, and
stirred tank bioreactor systems. Each of these methods
can be performed in a batch, fed-batch, or continuous
mode process. [379] Human hIFN pol ypeptides of the
invention can generally be recovered using methods
standard in the art. For example, culture medium or
cell lysate can be centrifuged or filtered to remove
cellular debris. The supernatant may be concentrated
or diluted to a desired volume or diafiltered into a
suitable buffer to condition the preparation for
further purification. Further purification of the hIFN
polypeptide of the present invention includes
separating deamidated, clipped, acetylated, and
oxidized forms of the hIFN polypeptide variant from
the intact form. [380] Any of the following exemplary
procedures can be employed for purification of hIFN
polypeptides of the invention: affinity
chromatography; anion- or cation-exchange
chromatography (using, including but not limited to,
DEAE SEPHAROSE); chromatography on silica; High
Performance Liquid Chromatography (HPLC); reverse
phase HPLC; gel filtration (using, including but not
limited to, SEPHADEX G-75); hydrophobic interaction
chromatography; size-exclusion chromatography,
metal-chelate chromatography;
ultrafiltration/diafiltration; ethanol precipitation;
ammonium sulfate precipitation;chromatofocusing;
displacement chromatography; electrophoretic
procedures (including but not limited to preparative
isoelectric focusing), differential solubility
(including but not limited to ammonium sulfate
precipitation), SDS-PAGE, or extraction. "Protein
Purification" (1998) Janson et Ryden eds. (A. John
Wiley and Sons, Inc. Publishers) describe various
methods of chromatography and electrophoresis as well
as modifications that can be performed within each
method for optimization of purification schemes. [381]
Proteins of the present invention, including but not
limited to, proteins comprising unnatural amino acids,
antibodies to proteins comprising unnatural amino
acids, binding partners for proteins comprising
unnatural amino acids, etc., can be purified, either
partially or substantially to homogeneity, according
to standard procedures known to and used by those of
skill in the art. Accordingly, polypeptides of the
invention can be recovered and purified by any of a
number of methods known to those of ordinary skill in
the art, including but not limited to, ammonium
sulfate or ethanol precipitation, acid or base
extraction, column chromatography, affinity column
chromatography, anion or cation exchange
chromatography, phosphocellulose chromatography,
hydrophobic interaction chromatography,
hydroxylapatite chromatography, lectin chromatography,
gel electrophoresis and the like. Protein refolding
steps can be used, as desired, in making correctly
folded mature proteins. High performance liquid
chromatography (HPLC), affinity chromatography or
other suitable methods can be employed in final
purification steps where high purity is desired. In
one embodiment, antibodies made against unnatural
amino acids (or proteins comprising unnatural amino
acids) are used as purification reagents, including
but not limited to, for affinity-based purification of
proteins comprising one or more unnatural amino
acid(s). Once purified, partially or to homogeneity,
as desired, the polypeptides are optionally used for a
wide variety of utilities, including but not limited
to, as assay components, therapeutics, prophylaxis,
diagnostics, research reagents, and/or as immunogens
for antibody production. [382] In addition to other
references noted herein, a variety of
purification/protein folding methods are known to
those of ordinary skill in the art, including, but not
limited to, those set forth in R. Scopes, Protein
Purification , Springer-Verlag, N.Y. (1982);
Deutscher, 



Methods in Enzymology Vol. 182: Guide to Protein
Purification , Academic Press, Inc. N.Y. (1990);
Sandana, (1997) Bioseparation of Proteins Academic
Press, Inc.; Bollag et al. (1996) Protein Methods ,
2nd Edition Wiley-Liss, NY; Walker, (1996) The Protein
Protocols Handbook Humana Press, NJ, Harris and Angal,
(1990) Protein Purification Applications: A Practical
Approach IRL Press at Oxford, Oxford, England; Harris
and Angal, Protein Purification Methods: A Practical
Approach IRL Press at Oxford, Oxford, England; Scopes,
(1993) ProteinPurification: Principles and Practice
3rd Edition Springer Verlag, NY; Janson and Kyden,
(iyv Protein Purification: Principles, High Resolution
Methods and Applications, Second Edition Wiley-VCH,
NY; and Walker (1998), Protein Protocols on CD-ROM
Humana Press, NJ; and the references cited therein.
[383] One advantage of producing a protein or
polypeptide of interest with an unnatural amino acid
in a eukaryotic host cell or non-eukaryotic host cell
is that typically the proteins or polypeptides will be
folded in their native conformations. However, in
certain embodiments of the invention, those of skill
in the art will recognize that, after synthesis,
expression and/or purification, proteins can possess a
conformation different from the desired conformations
of the relevant polypeptides. In one aspect of the
invention, the expressed protein or polypeptide is
optionally denatured and then renatured. This is
accomplished utilizing methods known in the art,
including but not limited to, by adding a chaperonin
to the protein or polypeptide of interest, by
solubilizing the proteins in a chaotropic agent such
as guanidine HCl, utilizing protein disulfide
isomerase, etc. [384] In general, it is occasionally
desirable to denature and reduce expressed
polypeptides and then to cause the polypeptides to
re-fold into the preferred conformation. For example,
guanidine, urea, DTT, DTE, and/or a chaperonin can be
added to a translation product of interest. Methods of
reducing, denaturing and renaturing proteins are known
to those of ordinary skill in the art (see, the
references above, and Debinski, et al. (1993) J .
Biol. Chern. 268: 14065-14070; Kreitman and Pastan
(1993) Bioconjug. Chem. 4 : 581-585; and Buchner, et
al., (1992) Anal. Biochem., 205: 263-270). Debinski,
et al., for example, describe the denaturation and
reduction of inclusion body proteins in guanidine-DTE.
The proteins can be refolded in a redox buffer
containing, including but not limited to, oxidized
glutathione and Larginine. Refolding reagents can be
flowed or otherwise moved into contact with the one or
more polypeptide or other expression product, or
vice-versa. [385] In the case of prokaryotic
production of hIFN polypeptide, the hIFN polypeptide
thus produced may be misfolded and thus lacks or has
reduced biological activity. The bioactivity of the
protein may be restored by "refolding". In general,
misfolded hIFN polypeptide is refolded by solubilizing
(where the hIFN polypeptide is also insoluble),
unfolding and reducing the polypeptide chain using,
for example, one or more chaotropic agents (e.g. urea
and/or guanidine) and a reducing agent capable of
reducing disulfide bonds (e.g. dithiothreitol, DTT or
2-mercaptoethanol, 2-ME). At a moderate concentration
of chaotrope, an oxidizing agent is then added (e.g.,
oxygen, cystine or cystamine), which allows the
reformation ofdisulfide bonds. hIFN polypeptide may be
refolded using Standard methods known in the art, such
as those described in U.S. Pat. Nos. 4,51 1,502, 4,51
1,503, and 4,512,922, which are incorporated by
reference herein. The hIFN polypeptide may also be
cofolded with other proteins to form heterodimers or
heteromultimers. [386] After refolding, the hIFN may
be further purified. Purification of hIFN may be
accomplished using a variety of techniques known to
those of ordinary skill in the art, including
hydrophobic interaction chromatography, size exclusion
chromatography, ion exchange chromatography,
reverse-phase high performance liquid chromatography,
affinity chromatography, and the like or any
combination thereof. Additional purification may also
include a step of drying or precipitation of the
purified protein. [387] After purification, hIFN may
be exchanged into different buffers and/or
concentrated by any of a variety of methods known to
the art, including, but not limited to, diafiltration
and dialysis. hIFN that is provided as a single
purified protein may be subject to aggregation and
precipitation. [388] The purified hIFN may be at least
90% pure (as measured by reverse phase high
performance liquid chromatography, RP-HPLC, or sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
SDS-PAGE) or at least 95% pure, or at least 98% pure,
or at least 99% or greater pure. Regardless of the
exact numerical value of the purity of the hIFN, the
hIFN is sufficiently pure for use as a pharmaceutical
product or for further processing, such as conjugation
with a water soluble polymer such as PEG. [389]
Certain hIFN molecules may be used as therapeutic
agents in the absence of other active ingredients or
proteins (other than excipients, carriers, and
stabilizers, serum albumin and the like), or they may
be complexed with another protein or a polymer. [390]
General Purification Methods Any one of a variety of
isolation steps may be performed on the cell lysate,
extract, culture medium, inclusion bodies, periplasmic
space of the host cells, cytoplasm of the host cells,
or other material, comprising hIFN polypeptide or on
any hIFN polypeptide mixtures resulting from any
isolation steps including, but not limited to,
affinity chromatography, ion exchange chromatography,
hydrophobic interaction chromatography, gel filtration
chromatography, high performance liquid chromatography
("HPLC"), reversed phase-HPLC ("RP-HPLC"), expanded
bed adsorption, or any combination and/or repetition
thereof and in any appropriate order. [391] Equipment
and other necessary materials used in performing the
techniques described herein are commercially
available. Pumps, fraction collectors, monitors,
recorders, and entire systems are available from, for
example, Applied Biosystems (Foster City, CA), BioRad
Laboratories, Inc. (Hercules, CA), and Amersham
Biosciences, Inc. (Fiscataway, INJJ. Chromatographic
materials including, but not limited to, exchange
matrix materials, media, and buffers are also
available from such companies. [392] Equilibration,
and other steps in the column chromatography processes
described herein such as washing and elution, may be
more rapidly accomplished using specialized equipment
such as a pump. Commercially available pumps include,
but are not limited to, HILOAD (r) Pump P-50,
Peristaltic Pump P-I, Pump P-901, and Pump P-903
(Amersham Biosciences, Piscataway, NJ). [393] Examples
of fraction collectors include RediFrac Fraction
Collector, FRAC-100 and FRAC-200 Fraction Collectors,
and SUPERFRAC (r) Fraction Collector (Amersham
Biosciences, Piscataway, NJ). Mixers are also
available to form pH and linear concentration
gradients. Commercially available mixers include
Gradient Mixer GM-I and In-Line Mixers (Amersham
Biosciences, Piscataway, NJ). [394] The
chromatographic process may be monitored using any
commercially available monitor. Such monitors may be
used to gather information like UV, pH, and
conductivity. Examples of detectors include Monitor
UV-I, UVICORD (r) S II, Monitor UV-M II, Monitor
UV-900, Monitor UPC-900, Monitor pH/C-900, and
Conductivity Monitor (Amersham Biosciences,
Piscataway, NJ). Indeed, entire systems are
commercially available including the various AKTA(r)
systems from Amersham Biosciences (Piscataway, NJ).
[395] In one embodiment of the present invention, for
example, the hIFN polypeptide may be reduced and
denatured by first denaturing the resultant purified
MFN polypeptide in urea, followed by dilution into
TRIS buffer containing a reducing agent (such as DTT)
at a suitable pH. In another embodiment, the hIFN
polypeptide is denatured in urea in a concentration
range of between about 2 M to about 9 M, followed by
dilution in TRIS buffer at a pH in the range of about
5.0 to about 8.0. The refolding mixture of this
embodiment may then be incubated. In one embodiment,
the refolding mixture is incubated at room temperature
for four to twenty-four hours. The reduced and
denatured hIFN polypeptide mixture may then be further
isolated or purified. [396] As stated herein, the pH
of the first hIFN polypeptide mixture may be adjusted
prior to performing any subsequent isolation steps. In
addition, the first hIFN polypeptide mixture or any
subsequent mixture thereof may be concentrated using
techniques known in the art. Moreover, the elution
buffer comprising the first hIFN polypeptide mixture
or any subsequent mixture thereof may be exchanged for
a buffer suitable for the next isolation step using
techniques known to those of ordinary skill in the
art.[397] Ion Exchange Chromatography In one
embodiment, and as an optional, additional step, ion
exchange chromatography may be performed on the first
hIFN polypeptide mixture. See generally ION EXCHANGE
CHROMATOGRAPHY: PRINCIPLES AND METHODS (Cat. No. 18-11
14-21, Amersham Biosciences (Piscataway, NJ)).
Commercially available ion exchange columns include
HITRAP (r), HIPREP (r), and HILOAD (r) Columns
(Amersham Biosciences, Piscataway, NJ). Such columns
utilize strong anion exchangers such as Q SEPHAROSE
(r) Fast Flow, Q SEPHAROSE (r) High Performance, and Q
SEPHAROSE (r) XL; strong cation exchangers such as SP
SEPHAROSE (r) High Performance, SP SEPHAROSE (r) Fast
Flow, and SP SEPHAROSE (r) XL; weak anion exchangers
such as DEAE SEPHAROSE (r) Fast Flow; and weak cation
exchangers such as CM SEPHAROSE (r) Fast Flow
(Amersham Biosciences, Piscataway, NJ). Anion or
cation exchange column chromatography may be performed
on the hIFN polypeptide at any stage of the
purification process to isolate substantially purified
hIFN polypeptide. The cation exchange chromatography
step may be performed using any suitable cation
exchange matrix. Useful cation exchange matrices
include, but are not limited to, fibrous, porous,
non-porous, micro granular, beaded, or cross-linked
cation exchange matrix materials. Such cation exchange
matrix materials include, but are not limited to,
cellulose, agarose, dextran, polyacrylate, polyvinyl,
polystyrene, silica, polyether, or composites of any
of the foregoing. [398] Following adsorption of the
hIFN polypeptide to the cation exchanger matrix,
substantially purified hIFN polypeptide may be eluted
by contacting the matrix with a buffer having a
sufficiently high pH or ionic strength to displace the
hIFN polypeptide from the matrix. Suitable buffers for
use in high pH elution of substantially purified hIFN
polypeptide include, but are not limited to, citrate,
phosphate, formate, acetate, HEPES, and MES buffers
ranging in concentration from at least about 5 mM to
at least about 100 mM. [399] Reverse-Phase
Chromatography RP-HPLC may be performed to purify
proteins following suitable protocols that are known
to those of ordinary skill in the art. See, e.g.,
Pearson et al, ANAL BIOCHEM. (1982) 124:217-230
(1982); Rivier et al., J . CHROM. (1983) 268:112-119;
Kunitani et al., J. CHROM. (1986) 359:391-402. RP-HPLC
may be performed on the hIFN polypeptide to isolate
substantially purified hIFN polypeptide. In this
regard, silica derivatized resins with alkyl
functionalities with a wide variety of lengths,
including, but not limited to, at least about C3 to at
least about C3 , at least about C3 to at least about
C2 , or at least about C3 to at least about C 8,
resins may be used. Alternatively, a polymeric resin
may be used. For example, TosoHaas Amberchrome
CGlOOOsd resin may be used, which is a styrene polymer
resin. Cyano or polymeric resins with a wide variety
of alkyl chain lengths may also be used.Furthermore,
the RP-HPLC column may be washed with a solvent such
as ethanol. lhe source RP column is another example of
a RP-HPLC column. [400] A suitable elution buffer
containing an ion pairing agent and an organic
modifier such as methanol, isopropanol,
tetrahydrofuran, acetonitrile or ethanol, may be used
to elute the hIFN polypeptide from the RP-HPLC column.
The most commonly used ion pairing agents include, but
are not limited to, acetic acid, formic acid,
perchloric acid, phosphoric acid, trifluoroacetic
acid, heptafluorobutyric acid, triethylamine,
tetramethylammonium, tetrabutylammonium,
triethylammonium acetate. Elution may be performed
using one or more gradients or isocratic conditions,
with gradient conditions preferred to reduce the
separation time and to decrease peak width. Another
method involves the use of two gradients with
different solvent concentration ranges. Examples of
suitable elution buffers for use herein may include,
but are not limited to, ammonium acetate and
acetonitrile solutions. [401] Hydrophobic Interaction
Chromatography Purification Techniques Hydrophobic
interaction chromatography (HIC) may be performed on
the hIFN polypeptide. See generally 



HYDROPHOBIC INTERACTION CHROMATOGRAPHY HANDBOOK:
PRINCIPLES AND METHODS (Cat. No. 18-1020-90, Amersham
Biosciences (Piscataway, NJ) which is incorporated by
reference herein. Suitable HIC matrices may include,
but are not limited to, alkyl- or aryl-substituted
matrices, such as butyl-, hexyl-, octyl- or
phenyl-substituted matrices including agarose,
crosslinked agarose, sepharose, cellulose, silica,
dextran, polystyrene, poly(methacrylate) matrices, and
mixed mode resins, including but not limited to, a
polyethyleneamine resin or a butyl- or
phenyl-substituted poly(methacrylate) matrix.
Commercially available sources for hydrophobic
interaction column chromatography include, but are not
limited to, HITRAP(r), HIPREP(r), and HILOAD columns
(Amersham Biosciences, Piscataway, NJ). [402] Briefly,
prior to loading, the HIC column may be equilibrated
using standard buffers known to those of ordinary
skill in the art, such as an acetic acid/sodium
chloride solution or HEPES containing ammonium
sulfate. Ammonium sulfate may be used as the buffer
for loading the HIC column. After loading the hIFN
polypeptide, the column may then washed using standard
buffers and conditions to remove unwanted materials
but retaining the hIFN polypeptide on the HIC column.
The hIFN polypeptide may be eluted with about 3 to
about 10 column volumes of a standard buffer, such as
a HEPES buffer containing EDTA and lower ammonium
sulfate concentration than the equilibrating buffer,
or an acetic acid/sodium chloride buffer, among
others. A decreasing linear salt gradient using, for
example, a gradient of potassium phosphate, may also
be used to elute the hIFN molecules. The eluant may
then beconcentrated, for example, by filtration such a
u afi ltration or ultrafiltration. Diafiltration may
be utilized to remove the salt used to elute the hIFN
polypeptide. [403] Other Purification Techniques Yet
another isolation step using, for example, gel
filtration (GEL FILTRATION: PRINCIPLES AND METHODS
(Cat. No. 18-1022-18, Amersham Biosciences,
Piscataway, NJ) which is incorporated by reference
herein, hydroxyapatite chromatography (suitable
matrices include, but are not limited to, HA-Ultrogel,
High Resolution (Calbiochem), CHT Ceramic
Hydroxyapatite (BioRad), Bio - Gel HTP Hydroxyapatite
(BioRad)), HPLC, expanded bed adsorption,
ultrafiltration, diafiltration, lyophilization, and
the like, may be performed on the first hIFN
polypeptide mixture or any subsequent mixture thereof,
to remove any excess salts and to replace the buffer
with a suitable buffer for the next isolation step or
even formulation of the final drug product. [404] The
yield of hIFN polypeptide, including substantially
purified hIFN polypeptide, may be monitored at each
step described herein using techniques known to those
of ordinary skill in the art. Such techniques may also
be used to assess the yield of substantially purified
hIFN polypeptide following the last isolation step.
For example, the yield of hIFN polypeptide may be
monitored using any of several reverse phase high
pressure liquid chromatography columns, having a
variety of alkyl chain lengths such as cyano RP-HPLC,
CisRP-HPLC; as well as cation exchange HPLC and gel
filtration HPLC. [405] In specific embodiments of the
present invention, the yield of hIFN after each
purification step may be at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about
60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at
least about 98%, at least about 99%, at least about
99.9%, or at least about 99.99%, of the hIFN in the
starting material for each purification step. [406]
Purity may be determined using standard techniques,
such as SDS-PAGE, or by measuring hIFN polypeptide
using Western blot and ELISA assays. For example,
polyclonal antibodies may be generated against
proteins isolated from negative control yeast
fermentation and the cation exchange recovery. The
antibodies may also be used to probe for the presence
of contaminating host cell proteins. [407] RP-HPLC
material Vydac C4 (Vydac) consists of silica gel
particles, the surfaces of which carry C4-alkyl
chains. The separation of hIFN polypeptide from the
proteinaceous impurities is based on differences in
the strength of hydrophobic interactions. Elution is
performed with an acetonitrile gradient in diluted
trifluoroacetic acid. Preparative HPLC isperformed
using a stainless steel column (filled with 2.8 to 3.2
liter of Vydac C4 silicagel). The Hydroxyapatite
Ultrogel eluate is acidified by adding trifluoroacetic
acid and loaded onto the Vydac C4 column. For washing
and elution an acetonitrile gradient in diluted
trifluoroacetic acid is used. Fractions are collected
and immediately neutralized with phosphate buffer. The
hIFN polypeptide fractions which are within the IPC
limits are pooled. [408] DEAE Sepharose (Pharmacia)
material consists of diethylaminoethyl (DEAE)- groups
which are covalently bound to the surface of Sepharose
beads. The binding of hIFN polypeptide to the DEAE
groups is mediated by ionic interactions. Acetonitrile
and trifluoroacetic acid pass through the column
without being retained. After these substances have
been washed off, trace impurities are removed by
washing the column with acetate buffer at a low pH.
Then the column is washed with neutral phosphate
buffer and hIFN polypeptide is eluted with a buffer
with increased ionic strength. The column is packed
with DEAE Sepharose fast flow. The column volume is
adjusted to assure a hIFN polypeptide load in the
range of 3-10 mg hIFN polypeptide/ml gel. The column
is washed with water and equilibration buffer
(sodium/potassium phosphate). The pooled fractions of
the HPLC eluate are loaded and the column is washed
with equilibration buffer. Then the column is washed
with washing buffer (sodium acetate buffer) followed
by washing with equilibration buffer. Subsequently,
hIFN polypeptide is eluted from the column with
elution buffer (sodium chloride, sodium/potassium
phosphate) and collected in a single fraction in
accordance with the master elution profile. The eluate
of the DEAE Sepharose column is adjusted to the
specified conductivity. The resulting drug substance
is sterile filtered into Teflon bottles and stored at
-700C. [409] Additional methods that may be employed
include, but are not limited to, steps to remove
endotoxins. Endotoxins are lipopoly-saccharides (LPSs)
which are located on the outer membrane of
Gram-negative host cells, such as, for example,
Escherichia coli. Methods for reducing endotoxin
levels are known to one of ordinary skill in the art
and include, but are not limited to, purification
techniques using silica supports, glass powder or
hydroxyapatite, reversephase, affinity,
size-exclusion, anion-exchange chromatography,
hydrophobic interaction chromatography, a combination
of these methods, and the like. Modifications or
additional methods may be required to remove
contaminants such as co-migrating proteins from the
polypeptide of interest. Methods for measuring
endotoxin levels are known to one of ordinary skill in
the art and include, but are not limited to, Limulus
Amebocyte Lysate (LAL) assays. The EndosafeTM-PTS
assay is a colorimetric, single tube system that
utilizes cartridges preloaded with LAL reagent,
chromogenic substrate, and control standard endotoxin
along with a handheldspectrophotometer. Alternate
methods include, but are not limited to, a Kinetic LAL
method that is turbidimetric and uses a 96 well
format. [410] A wide variety of methods and procedures
can be used to assess the yield and purity of a hIFN
protein comprising one or more non-naturally encoded
amino acids, including but not limited to, the
Bradford assay, SDS-PAGE, silver stained SDS-PAGE,
coomassie stained SDS-PAGE, mass spectrometry
(including but not limited to, MALDI-TOF) and other
methods for characterizing proteins known to one of
ordinary skill in the art. [411] Additional methods
include, but are not limited to: SDS-PAGE coupled with
protein staining methods, immunoblotting, matrix
assisted laser desorption/ionization-mass spectrometry
(MALDI-MS), liquid chromatography/mass spectrometry,
isoelectric focusing, analytical anion exchange,
chromatofocusing, and circular dichroism. VIH.
Expression in Alternate Systems [412] Several
strategies have been employed to introduce unnatural
amino acids into proteins in non-recombinant host
cells, mutagenized host cells, or in cell-free
systems. These systems are also suitable for use in
making the hIFN polypeptides of the present invention.
Derivatization of amino acids with reactive
side-chains such as Lys, Cys and Tyr resulted in the
conversion of lysine to N2-acetyl-lysine. Chemical
synthesis also provides a straightforward method to
incorporate unnatural amino acids. With the recent
development of enzymatic ligation and native chemical
ligation of peptide fragments, it is possible to make
larger proteins. See, e.g., P. E. Dawson and S. B. H.
Kent, Annu. Rev. Biochem , 69:923 (2000). Chemical
peptide ligation and native chemical ligation are
described in U.S. Patent No. 6,184,344, U.S. Patent
Publication No. 2004/0138412, U.S. Patent Publication
No. 2003/0208046, WO 02/098902, and WO 03/042235,
which are incorporated by reference herein. A general
in vitro biosynthetic method in which a suppressor
tRNA chemically acylated with the desired unnatural
amino acid is added to an in vitro extract capable of
supporting protein biosynthesis, has been used to
site-specifically incorporate over 100 unnatural amino
acids into a variety of proteins of virtually any
size. See, e.g., V. W. Cornish, D. Mendel and P. G.
Schultz, Angew. Chem. Int. Ed. Engl 1995, 34:621
(1995); CJ. Noren, SJ. Anthony-Cahill, M.C. Griffith,
P.G. Schultz, A general method for site-specific
incorporation of unnatural amino acids into proteins,
Science 244:182-188 (1989); and, J.D. Bain, CG. Glabe,
T.A. Dix, A.R. Chamberlin, E.S. Diala, Biosynthetic
site-specific incorporation of a non-natural amino
acid into a polypeptide, J. Am. Chem. Soc.
111:8013-8014 (1989). A broad range of functional
groups has been introduced into proteins for studies
of protein stability, protein folding, enzyme
mechanism, and signal transduction.[413] An in vivo
method, termed selective pressure incorporation, was
developed to exploit the promiscuity of wild-type
synthetases. See, e.g., N. Budisa, C. Minks, S.
Alefelder, W. Wenger, F. M. Dong, L. Moroder and R.
Huber, FASEB J. 13:41 (1999). An auxotrophic strain,
in which the relevant metabolic pathway supplying the
cell with a particular natural amino acid is switched
off, is grown in minimal media containing limited
concentrations of the natural amino acid, while
transcription of the target gene is repressed. At the
onset of a stationary growth phase, the natural amino
acid is depleted and replaced with the unnatural amino
acid analog. Induction of expression of the
recombinant protein results in the accumulation of a
protein containing the unnatural analog. For example,
using this strategy, o, m and p-fluorophenylalanines
have been incorporated into proteins, and exhibit two
characteristic shoulders in the UV spectrum which can
be easily identified, see, e.g., C. Minks, R. Huber,
L. Moroder and N. Budisa, Anal. Biochem. , 284:29
(2000); trifluoromethionine has been used to replace
methionine in bacteriophage T4 lysozyme to study its
interaction with chitooligosaccharide ligands by ' F
NMR, see, e.g., H. Duewel, E. Daub, V. Robinson and J
. F. Honek, Biochemistry , 36:3404 (1997); and
trifluoroleucine has been incorporated in place of
leucine, resulting in increased thermal and chemical
stability of a leucine-zipper protein. See, e.g., Y.
Tang, G. Ghirlanda, W. A. Petka, T. Nakajima, W. F.
DeGrado and D. A. Tirrell, Angew. Chem. Int. Ed. Engl.
40:1494 (2001). Moreover, selenomethionine and
telluromethionine are incorporated into various
recombinant proteins to facilitate the solution of
phases in X-ray crystallography. See, e.g., W. A.
Hendrickson, J . R. Horton and D. M. Lemaster, EMBO J
.. 9:1665 (1990); J . O. Boles, K. Lewinski, M.
Kunkle, J . D. Odom, B. Dunlap, L. Lebioda and M.
Hatada, Nat. Struct. Biol.. 1:283 (1994); N. Budisa,
B. Steipe, P. Demange, C. Eckerskorn, J . Kellermann
and R. Huber, Eur. J . Biochem. , 230:788 (1995); and,
N. Budisa, W. Karnbrock, S. Steinbacher, A. Humm, L.
Prade, T. Neuefeind, L. Moroder and R. Huber, J . MoI.
Biol., 270:616 (1997). Methionine analogs with alkene
or alkyne functionalities have also been incorporated
efficiently, allowing for additional modification of
proteins by chemical means. See, e.g., J . C. van Hest
and D. A. Tirrell, FEBS Lett. , 428:68 (1998); J . C.
van Hest, K. L. Kiick and D. A. Tirrell, J . Am. Chem.
Soc , 122:1282 (2000); and, K. L. Kiick and D. A.
Tirrell, Tetrahedron, 56:9487 (2000); U.S. Patent No.
6,586,207; U.S. Patent Publication 2002/0042097, which
are incorporated by reference herein. [414] The
success of this method depends on the recognition of
the unnatural amino acid analogs by aminoacyl-tRNA
synthetases, which, in general, require high
selectivity to insure the fidelity of protein
translation. One way to expand the scope of this
method is to relax the substrate specificity of
aminoacyl-tRNA synthetases, which has been achieved in
a limitednumber of cases. For example, replacement of
Ala294 by GIy in Escherichia coli phenylalanyltRNA 



synthetase (PheRS) increases the size of substrate
binding pocket, and results in the acylation of
tRNAPhe by p-Cl-phenylalanine (p-Cl-Phe). See, M.
Ibba, P. Kast and H, Hennecke, Biochemistry , 33:7107
(1994). An Escherichia coli strain harboring this
mutant PheRS allows the incorporation of
p-Cl-phenylalanine or p-Br-phenylalanine in place of
phenylalanine. See, e.g., M. Ibba and H. Hennecke,
FEBS Lett. 364:272 (1995); and, N. Sharma, R. Furter,
P. Kast and D. A. Tirrell, FEBS Lett. 467:37 (2000).
Similarly, a point mutation Phel30Ser near the amino
acid binding site of Escherichia coli tyrosyl-tRNA
synthetase was shown to allow azatyrosine to be
incorporated more efficiently than tyrosine. See, F.
Hamano-Takaku, T. Iwama, S. Saito-Yano, K. Takaku, Y.
Monden, M. Kitabatake, D. Soil and S. Nishimura, J.
Biol. Chenu 275:40324 (2000). [415] Another strategy
to incorporate unnatural amino acids into proteins in
vivo is to modify synthetases that have proofreading
mechanisms. These synthetases cannot discriminate and
therefore activate amino acids that are structurally
similar to the cognate natural amino acids. This error
is corrected at a separate site, which deacylates the
mischarged amino acid from the tRNA to maintain the
fidelity of protein translation. If the proofreading
activity of the synthetase is disabled, structural
analogs that are misactivated may escape the editing
function and be incorporated. This approach has been
demonstrated recently with the valyl-tRNA synthetase
(VaIRS). See, V. Doring, H. D. Mootz, L. A. Nangle, T.
L. Hendrickson, V. de Crecy-Lagard, P. Schimmel and P.
Marliere, Science, 292:501 (2001). VaIRS can
misaminoacylate tRNAVal with Cys, Thr, or
aminobutyrate (Abu); these noncognate amino acids are
subsequently hydrolyzed by the editing domain. After
random mutagenesis of the Escherichia coli chromosome,
a mutant Escherichia coli strain was selected that has
a mutation in the editing site of VaIRS. This
edit-defective VaIRS incorrectly charges tRNAVal with
Cys. Because Abu sterically resembles Cys (-SH group
of Cys is replaced with -CH3 in Abu), the mutant VaIRS
also incorporates Abu into proteins when this mutant
Escherichia coli strain is grown in the presence of
Abu. Mass spectrometric analysis shows that about 24%
of valines are replaced by Abu at each valine position
in the native protein. [416] Solid-phase synthesis and
semisynthetic methods have also allowed for the
synthesis of a number of proteins containing novel
amino acids. For example, see the following
publications and references cited within, which are as
follows: Crick, F.H.C., Barrett, L. Brenner, S.
Watts-Tobin, R. General nature of the genetic code for
proteins . Nature , 192:1227- 1232 (1961); Hofmann,
K., Bohn, H. Studies on polypeptides. XXXW. The effect
ofpyrazoleimidazole replacements on the S-protein
activating potency of an S-peptide fragment, J .
AmChem, 88(24):5914-5919 (1966); Kaiser, E.T.
Synthetic approaches to biologically active peptides
and proteins including enyzmes, Ace Chem Res 22:47-54
(1989); Nakatsuka, T., Sasaki, T., Kaiser, E.T.
Peptide segment coupling catalyzed by the
semisynthetic enzyme thiosubtilisin, J Am Chem Soc,
109:3808-3810 (1987); Schnolzer, M., Kent, S B H.
Constructing proteins by dovetailing unprotected
synthetic peptides: backbone-engineered HIV protease,
Science 256(5054):221-225 (1992); Chaiken, I.M.
Semisynthetic peptides and proteins, CRC Crit Rev
Biochem , l l(3):255-301 (1981); Offord, R.E. Protein
engineering by chemical means? Protein Eng.,
1(3):151-157 (1987); and, Jackson, D.Y., Burnier, J,,
Quan, C , Stanley, M., Tom, J., Wells, J .A. A
Designed Peptide Ligasefor Total Synthesis of
Ribonuclease A with Unnatural Catalytic Residues,
Science 266(5 183):243 (1994). [417] Chemical
modification has been used to introduce a variety of
unnatural side chains, including cofactors, spin
labels and oligonucleotides into proteins in vitro.
See, e.g., Corey, D.R., Schultz, P.G. Generation of a
hybrid sequence-specific single-stranded
deoxyribonuclease, Science , 238(4832): 1401-1403
(1987); Kaiser, E.T., Lawrence D.S., Roldta, S.E. The
chemical modification of enzymatic specificity, Annu
Rev Biochem , 54:565-595 (1985); Kaiser, E.T.,
Lawrence, D.S. Chemical mutation of enyzme active
sites, Science, 226(4674):505-51 1 (1984); Neet, K.E.,
Nanci A, Koshland, D.E. Properties ofthiol-si tilisin,
J Biol. Chem, 243(24):6392-6401 (1968); Polgar, L.B.
et MX. Bender, A ne enzyme containing a synthetically
formed active site. Thiol-subtilisin. J . Am Chem Soc,
88:3 153-3 154 ( 1966); and, Pollack, S.J., Nakayama,
G. Schultz, P.G. Introduction of nucleophiles and
spectroscopic probes into antibody combining sites,
Science, 242(4881):1038-1040 (1988). [418]
Alternatively, biosynthetic methods that employ
chemically modified aminoacyltRNAs have been used to
incorporate several biophysical probes into proteins
synthesized in vitro. See the following publications
and references cited within: Brunner, J . New
Photolabeling and crosslinking methods, Annu. Rev
Biochem, 62:483-514 (1993); and, Krieg, U.C., Walter,
P., Hohnson, A.E. Photocrosslinking of the signal
sequence of nascent preprolactin of the 54- kilodalton
polypeptide of the signal recognition particle, Proc.
Natl. Acad. Sci, 83(22):8604- 8608 (1986). [419]
Previously, it has been shown that unnatural amino
acids can be site-specifically incorporated into
proteins in vitro by the addition of chemically
aminoacylated suppressor tRNAs to protein synthesis
reactions programmed with a gene containing a desired
amber nonsense mutation. Using these approaches, one
can substitute a number of the common twenty amino
acids with close structural homologues, e.g.,
fluorophenylalanine for phenylalanine, using strains
auxotropic for a particular amino acid. See, e.g.,
Noren, C.J., Anthony-Cahill, Griffith,M.C., Schultz,
P.G. A general method for site-specific incorporation
of unnatural amino acids into proteins, Science 244:
182-188 (1989); M.W. Nowak, et al., Science 268:439-42
(1995); Bain, J.D., Glabe, C.G., Dix, T.A.,
Chamberlin, A.R., Diala, E.S. Biosynthetic
site-specific Incorporation of a non-natural amino
acid into a polypeptide, J. Am Chem Soc, 111:80 13-80
14 (1989); N. Budisa et al., FASEB J . 13:41-51
(1999); Ellman, J.A., Mendel, D., Anthony-Cahill, S.,
Noren, CJ., Schultz, P.G. Biosynthetic method for
introducmg unnatural amino acids sitespeci b cally
into proteins. Methods in Enz. vol. 202, 301-336
(1992); and, Mendel, D., Cornish, V.W. & Schultz, P.G.
Site-Directed Mutagenesis with an Expanded Genetic
Code, Annu Rev Biophvs. Biomol Struct . 24, 435-62
(1995). [420] For example, a suppressor tRNA was
prepared that recognized the stop codon UAG and was
chemically aminoacylated with an unnatural amino acid.
Conventional sitedirected mutagenesis was used to
introduce the stop codon TAG, at the site of interest
in the protein gene. See, e.g., Sayers, J.R., Schmidt,
W. Eckstein, F. 5'-3' Exonucleases in
phosphorothioate-based olignoucleotide-directed
mutagensis, Nucleic Acids Res, 16(3):79 1-802 (1988).
When the acylated suppressor tRNA and the mutant gene
were combined in an in vitro transcription/translation
system, the unnatural amino acid was incorporated in
response to the UAG codon which gave a protein
containing that amino acid at the specified position.
Experiments using [3H]-Phe and experiments with
a-hydroxy acids demonstrated that only the desired
amino acid is incorporated at the position specified
by the UAG codon and that this amino acid is not
incorporated at any other site in the protein. See,
e.g., Noren, et al, supra; Kobayashi et al., (2003)
Nature Structural Biology 10(6):425-432; and, Ellman,
J.A., Mendel, D., Schultz, P.G. Site-specific
incorporation of novel backbone structures into
proteins, Science, 255(5041):197-200 (1992). [421] A
tRNA may be aminoacylated with a desired amino acid by
any method or technique, including but not limited to,
chemical or enzymatic aminoacylation. [422]
Aminoacylation may be accomplished by aminoacyl tRNA
synthetases or by other enzymatic molecules, including
but not limited to, ribozymes. The term "ribozyme" is
interchangeable with "catalytic RNA." Cech and
coworkers (Cech, 1987, Science, 236:1532- 1539;
McCorkle et al., 1987, Concepts Biochem. 64:221-226)
demonstrated the presence of naturally occurring RNAs
that can act as catalysts (ribozymes). However,
although these natural RNA catalysts have only been
shown to act on ribonucleic acid substrates for
cleavage and splicing, the recent development of
artificial evolution of ribozymes has expanded the
repertoire of catalysis to various chemical reactions.
Studies have identified RNA molecules that can
catalyze aminoacyl-RNA bonds on their own (2')3
'-termini (Illangakekare et al., 1995
Science267:643-647), and an RNA molecule which can
transfer an amino acid from one RNL molecule to
another (Lohse et al., 1996, Nature 381:442-444).
[423] U.S. Patent Application Publication
2003/0228593, which is incorporated by reference
herein, describes methods to construct ribozymes and
their use in aminoacylation of tRNAs with naturally
encoded and non-naturally encoded amino acids.
Substrate-immobilized forms of enzymatic molecules
that can aminoacylate tRNAs, including but not limited
to, ribozymes, may enable efficient affinity
purification of the aminoacylated products. Examples
of suitable substrates include agarose, sepharose, and
magnetic beads. The production and use of a
substrate-immobilized form of ribozyme for
aminoacylation is described in Chemistry and Biology
2003, 10:1077-1084 and U.S. Patent Application
Publication 2003/0228593, which are incorporated by
reference herein. [424] Chemical aminoacylation
methods include, but are not limited to, those
introduced by Hecht and coworkers (Hecht, S. M. Ace.
Chem. Res. 1992, 25, 545; Heckler, T. G.; Roesser, J .
R.; Xu, C ; Chang, P.; Hecht, S. M. Biochemistry 1988,
27, 7254; Hecht, S. M.; Alford, B. L.; Kuroda, Y.;
Kitano, S. J . Biol. Chem. 1978, 253, 4517) and by
Schultz, Chamberlin, Dougherty and others (Cornish, V.
W.; Mendel, D.; Schultz, P. G. Angew. Chem. Int. Ed.
Engl. 1995, 34, 621; Robertson, S. A.; Ellman, J . A.;
Schultz, P. G. J . Am. Chem. Soc. 1991, 113, 2722;
Noren, C. J.; Anthony-Cahill, S. J.; Griffith, M. C ;
Schultz, P. G. Science 1989, 244, 182; Bain, J . D.;
Glabe, C. G.; Dix, T. A.; Chamberlin, A. R. J . Am.
Chem. Soc. 1989, 111, 8013; Bain, J. D. et al. Nature
1992, 356, 537; Gallivan, J . P.; Lester, H. A.;
Dougherty, D. A. Chem. Biol. 1997, 4, 740; Turcatti,
et al. J . Biol. Chem. 1996, 271, 19991; Nowak, M. W.
et al. Science, 1995, 268, 439; Saks, M. E. et al. J .
Biol. Chem. 1996, 271, 23169; Hohsaka, T. et al. J .
Am. Chem. Soc. 1999, 121, 34), which are incorporated
by reference herein, to avoid the use of synthetases
in aminoacylation. Such methods or other chemical
aminoacylation methods may be used to aminoacylate
tRNA molecules. [425] Methods for generating catalytic
RNA may involve generating separate pools of
randomized ribozyme sequences, performing directed
evolution on the pools, screening the pools for
desirable aminoacylation activity, and selecting
sequences of those ribozymes exhibiting desired
aminoacylation activity. [426] Ribozymes can comprise
motifs and/or regions that facilitate acylation
activity, such as a GGU motif and a U-rich region. For
example, it has been reported that U-rich regions can
facilitate recognition of an amino acid substrate, and
a GGU-motif can form base pairs withthe 3' termini of
a tRNA. In combination, the GGU and motif and U-rich
region facilitate simultaneous recognition of both the
amino acid and tRNA simultaneously, and thereby
facilitate aminoacylation of the 3' terminus of the
tRNA. [427] Ribozymes can be generated by in vitro
selection using a partially randomized r24mini
conjugated with tRNAAsncccG, followed by systematic
engineering of a consensus sequence found in the
active clones. An exemplary ribozyme obtained by this
method is termed aFx3 ribozyme" and is described in
U.S. Pub. App. No. 2003/0228593, the contents of which
is incorporated by reference herein, acts as a
versatile catalyst for the synthesis of various
aminoacyl-tRNAs charged with cognate non-natural amino
acids. [428] Immobilization on a substrate may be used
to enable efficient affinity purification of the
aminoacylated tRNAs. Examples of suitable substrates
include, but are not limited to, agarose, sepharose,
and magnetic beads. Ribozymes can be immobilized on
resins by taking advantage of the chemical structure
of RNA, such as the 3'-cis-diol on the ribose of RNA
can be oxidized with periodate to yield the
corresponding dialdehyde to facilitate immobilization
of the RNA on the resin. Various types of resins can
be used including inexpensive hydrazide resins wherein
reductive animation makes the interaction between the
resin and the ribozyme an irreversible linkage.
Synthesis of aminoacyl-tRNAs can be significantly
facilitated by this oncolumn aminoacylation technique.
Kourouklis et al. Methods 2005; 36:239-4 describe a
column-based aminoacylation system. [429] Isolation of
the aminoacylated tRNAs can be accomplished in a
variety of ways. One suitable method is to elute the
aminoacylated tRNAs from a column with a buffer such
as a 



sodium acetate solution with 10 mM EDTA, a buffer
containing 50 niM N-(2-
hydroxyethyl)piperazine-N'-(3-propanesulfonic acid),
12.5 mM KCl, pH 7.0, 10 mM EDTA, or simply an EDTA
buffered water (pH 7.0). [430] The aminoacylated tRNAs
can be added to translation reactions in order to
incorporate the amino acid with which the tRNA was
aminoacylated in a position of choice in a polypeptide
made by the translation reaction. Examples of
translation systems in which the aminoacylated tRNAs
of the present invention may be used include, but are
not limited to cell lysates. Cell lysates provide
reaction components necessary for in vitro translation
of a polypeptide from an input mRNA. Examples of such
reaction components include but are not limited to
ribosomal proteins, rRNA, amino acids, tRNAs, GTP,
ATP, translation initiation and elongation factors and
additional factors associated with translation.
Additionally, translation systems may be batch
translations or compartmentalized translation. Batch
translation systemscombine reaction components in a
single compartment while compartmentalized translation
systems separate the translation reaction components
from reaction products that can inhibit the
translation efficiency. Such translation systems are
available commercially. [431] Further, a coupled
transcription/translation system may be used. Coupled
transcription/translation systems allow for both
transcription of an input DNA into a corresponding
mRNA, which is in turn translated by the reaction
components. An example of a commercially available
coupled transcription/translation is the Rapid
Translation System (RTS, Roche Inc.). The system
includes a mixture containing E. coli lysate for
providing translational components such as ribosomes
and translation factors. Additionally, an RNA
polymerase is included for the transcription of the
input DNA into an mRNA template for use in
translation. RTS can use compartmentalization of the
reaction components by way of a membrane interposed
between reaction compartments, including a
supply/waste compartment and a
transcription/translation compartment. [432]
Aminoacylation of tRNA may be performed by other
agents, including but not limited to, transferases,
polymerases, catalytic antibodies, multi-functional
proteins, and the like. [433] Lu et al. in MoI Cell.
2001 Oct;8(4);759-69 describe a method in which a
protein is chemically ligated to a synthetic peptide
containing unnatural amino acids (expressed protein
ligation). [434] Microinjection techniques have also
been use incorporate unnatural amino acids into
proteins. See, e.g., M. W. Nowak, P. C. Kearney, J .
R. Sampson, M. E. Saks, C. G. Labarca, S. K.
Silverman, W. G. Zhong, J. Thorson, J. N. Abelson, N.
Davidson, P. G. Schultz, D. A. Dougherty and H. A.
Lester, Science 268:439 (1995); and, D. A. Dougherty,
Curr. Opin. Chem. Biol., 4:645 (2000). A Xenopus
oocyte was coinjected with two RNA species made in
vitro: an mRNA encoding the target protein with a UAG
stop codon at the amino acid position of interest and
an amber suppressor tRNA aminoacylated with the
desired unnatural amino acid. The translational
machinery of the oocyte then inserts the unnatural
amino acid at the position specified by UAG. This
method has allowed in vivo structure-function studies
of integral membrane proteins, which are generally not
amenable to in vitro expression systems. Examples
include the incorporation of a fluorescent amino acid
into tachykinin neurokinin-2 receptor to measure
distances by fluorescence resonance energy transfer,
see, e.g., G. Turcatti, K. Nemeth, M. D. Edgerton, U.
Meseth, F. Talabot, M. Peitsch, J . Knowles, H. Vogel
and A. Chollet, J1 Biol. Chem., 271:19991 (1996); the
incorporation of biotinylated amino acids to identify
surface-exposed residues in ion channels, see, e.g., J
. P. Gallivan, H. A. Lester and D. A. Dougherty, Chem.
Biol ., 4:739 (1997); the use of caged tyrosine
analogs to monitorconformational changes in an ion
channel in real time, see, e.g., J . C. Miller, S. K.
Silverman, P . M. England, D. A . Dougherty and H. A .
Lester, Neuron, 20:619 (1998); and, the use of alpha
hydroxy amino acids to change ion channel backbones
for probing their gating mechanisms. See, e.g., P . M
. England, Y. Zhang, D. A . Dougherty and H. A .
Lester, Cell, 96:89 (1999); and, T. Lu, A. Y. Ting, J
. Mainland, L. Y. Jan, P . G. Schultz and J . Yang,
Nat. Neurosci . 4:239 (2001). [435] The ability to
incorporate unnatural amino acids directly into
proteins in vivo offers a wide variety of advantages
including but not limited to, high yields of mutant
proteins, technical ease, the potential to study the
mutant proteins in cells or possibly in living
organisms and the use of these mutant proteins in
therapeutic treatments and diagnostic uses. The
ability to include unnatural amino acids with various
sizes, acidities, nucleophilicities, hydrophobicities,
and other properties into proteins can greatly expand
our ability to rationally and systematically
manipulate the structures of proteins, both to probe
protein function and create new proteins or organisms
with novel properties. [436] In one attempt to
site-specifically incorporate para-F-Phe, a yeast
amber suppressor tRNAPheCUA /phenylalanyl-tRNA
synthetase pair was used in a p-F-Phe resistant, Phe
auxotrophic Escherichia coli strain. See, e.g., R.
Furter, Protein Sci., 7:419 (1998). [437] It may also
be possible to obtain expression of a hIFN
polynucleotide of the present invention using a
cell-free (in-vitro) translational system. Translation
systems may be cellular or cell-free, and may be
prokaryotic or eukaryotic. Cellular translation
systems include, but are not limited to, whole cell
preparations such as permeabilized cells or cell
cultures wherein a desired nucleic acid sequence can b
e transcribed to mRNA and the mRNA translated.
Cell-free translation systems are commercially
available and many different types and systems are
well-known. Examples of cell-free systems include, but
are not limited to, prokaryotic lysates such as
Escherichia coli lysates, and eukaryotic lysates such
as wheat germ extracts, insect cell lysates, rabbit
reticulocyte lysates, rabbit oocyte lysates and human
cell lysates. Eukaryotic extracts or lysates may be
preferred when the resulting protein is glycosylated,
phosphorylated or otherwise modified because many such
modifications are only possible in eukaryotic systems.
Some of these extracts and lysates are available
commercially (Promega; Madison, Wis.; Stratagene; La
Jolla, Calif.; Amersham; Arlington Heights, 111.;
GIBCO/BRL; Grand Island, N .Y.). Membranous extracts,
such as the canine pancreatic extracts containing
microsomal membranes, are also available which are
useful for translating secretory proteins. In these
systems, which can include either mRNA as a template
(in-vitro translation) or DNA as a template (combined
in-vitro transcription and translation), the in vitro
synthesis is directed by the ribosomes. Considerable
effort has been applied to the development of
cell-free proteinexpression systems. See, e.g., Kim,
D.M. and J.R. Swartz, Biotechnology and
Bioengineering, 74 :309-316 (2001); Kim, D.M. and J.R.
Swartz, Biotechnology Letters, 22, 1537-1542, (2000);
Kim, D.M., and J.R. Swartz, Biotechnology Progress,
16, 385-390, (2000); Kim, D.M., and J.R. Swartz,
Biotechnology and Bioengineering, 66, 180-188, (1999);
and Patnaik, R. and J.R. Swartz, Biotechniqms 24,
862-868, (1998); U.S. Patent No. 6,337,191; U.S.
Patent Publication No. 2002/0081660; WO 00/55353; WO
90/05785, which are incorporated by reference herein.
Another approach that may be applied to the expression
of hIFN polypeptides comprising a nonnaturally encoded
amino acid includes the mRNA-peptide fusion technique.
See, e.g., R. Roberts and J . Szostak, Proc. Natl
Acad. ScL (USA) 94:12297-12302 (1997); A. Frankel, et
al, Chemistry & Biology 10:1043-1050 (2003). In this
approach, an mRNA template linked to puromycin is
translated into peptide on the ribosome. If one or
more tRNA molecules has been modified, non-natural
amino acids can be incorporated into the peptide as
well. After the last mRNA codon has been read,
puromycin captures the C-terminus of the peptide. If
the resulting mRNA-peptide conjugate is found to have
interesting properties in an in vitro assay, its
identity can be easily revealed from the mRNA
sequence. In this way, one may screen libraries of
hIFN polypeptides comprising one or more non-naturally
encoded amino acids to identify polypeptides having
desired properties. More recently, in vitro ribosome
translations with purified components have been
reported that permit the synthesis of peptides
substituted with non-naturally encoded amino acids.
See, e.g., A. Forster et al, Proc. Natl Acad. Sci.
(USA) 100:6353 (2003). [438] Reconstituted translation
systems may also be used. Mixtures of purified
translation factors have also been used successfully
to translate mRNA into protein as well as combinations
of lysates or lysates supplemented with purified
translation factors such as initiation factor- 1
(IF-I), IF-2, IF-3 (a or b), elongation factor T
(EF-Tu), or termination factors. Cell-free systems may
also be coupled transcription/translation systems
wherein DNA is introduced to the system, transcribed
into mRNA and the mRNA translated as described in
Current Protocols in Molecular Biology (F. M. Ausubel
et al. editors, Wiley Interscience, 1993), which is
hereby specifically incorporated by reference. RNA
transcribed in eukaryotic transcription system may be
in the form of heteronuclear RNA (hnRNA) or 5'-end
caps (7- methyl guanosine) and 3'-end poly A tailed
mature mRNA, which can be an advantage in certain
translation systems. For example, capped mRNAs are
translated with high efficiency in the reticulocyte
lysate system.IX. Macromolecular Polymers Coupled to
MFN Polypeptides [439] Various modifications to the
non-natural amino acid polypeptides described herein
can be effected using the compositions, methods,
techniques and strategies described herein. These
modifications include the incorporation of further
functionality onto the nonnatural amino acid component
of the polypeptide, including but not limited to, a
label; a dye; a polymer; a water-soluble polymer; a
derivative of polyethylene glycol; a photocrosslinker;
a radionuclide; a cytotoxic compound; a drug; an
affinity label; a photoaffinity label; a reactive
compound; a resin; a second protein or polypeptide or
polypeptide analog; an antibody or antibody fragment;
a metal chelator; a cofactor; a fatty acid; a
carbohydrate; a polynucleotide; a DNA; a RNA; an
antisense polynucleotide; a saccharide; a
water-soluble dendrimer; a cyclodextrin; an inhibitory
ribonucleic acid; a biomaterial; a nanoparticle; a
spin label; a fluorophore, a metal-containing moiety;
a radioactive moiety; a novel functional group; a
group that covalently or noncovalently interacts with
other molecules; a photocaged moiety; an actinic
radiation excitable moiety; a photoisomerizable
moiety; biotin; a derivative of biotin; a biotin
analogue; a moiety incorporating a heavy atom; a
chemically cleavable group; a photocleavable group; an
elongated side chain; a carbon-linked sugar; a
redox-active agent; an amino thioacid; a toxic moiety;
an isotopically labeled moiety; a biophysical probe; a
phosphorescent group; a chemiluminescent group; an
electron dense group; a magnetic group; an
intercalating group; a chromophore; an energy transfer
agent; a biologically active agent; a detectable
label; a small molecule; a quantum dot; a
nanotransmitter; a radionucleotide; a
radiotransmitter; a neutroncapture agent; or any
combination of the above, or any other desirable
compound or substance. As an illustrative,
non-limiting example of the compositions, methods,
techniques and strategies described herein, the
following description will focus on adding
macromolecular polymers to the non-natural amino acid
polypeptide with the understanding that the
compositions, methods, techniques and strategies
described thereto are also applicable (with
appropriate modifications, if necessary and for which
one of skill in the art could make with the
disclosures herein) to adding other functionalities,
including but not limited to those listed above. [440]
A wide variety of macromolecular polymers and other
molecules can be linked to hIFN polypeptides of the
present invention to modulate biological properties of
the hIFN polypeptide, and/or provide new biological
properties to the hIFN molecule. These macromolecular
polymers can be linked to the hIFN polypeptide via a
naturally encoded amino acid, via a non-naturally
encoded amino acid, or any functional substituent of a
natural or nonnatural amino acid, or any substituent
or functional group added to a natural or non-natural
amino acid. The molecular weight of the polymer may be
of a wide range, including but notlimited to, between
about 100 Da and about 100,000 Da or more. The
molecular weight of the polymer may be between about
100 Da and about 100,000 Da, including but not limited
to, 100,000 Da, 95,000 Da, 90,000 Da, 85,000 Da,
80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da, 60,000 Da,
55,000 Da, 50,000 Da, 45,000 Da, 40,000 Da, 35,000 Da,
30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da, 10,000 Da,
9,000 Da, 8,000 Da, 7,000 Da, 6,000 Da, 5,000 Da,
4,000 Da, 3,000 Da, 2,000 Da, 1,000 Da, 900 Da, 800
Da, 700 Da, 600 Da, 500 Da, 400 Da, 300 Da, 200 Da,
and 100 Da. In some embodiments, the molecular weight
of the polymer is between about 100 Da and 50,000 Da.
In some embodiments, the molecular weight of the
polymer is between about 100 Da and 40,000 Da. In some
embodiments, the molecular weight of the polymer is 



between about 1,000 Da and 40,000 Da. In some
embodiments, the molecular weight of the polymer is
between about 5,000 Da and 40,000 Da. In some
embodiments, the molecular weight of the polymer is
between about 10,000 Da and 40,000 Da. In some
embodiments, the molecular weight of the polymer is
30,000 Da. In some embodiments, the molecular weight
of the polymer is 40,000 Da. [441] The present
invention provides substantially homogenous
preparations of polyme protein conjugates.
"Substantially homogenous" as used herein means that
polymepprotein conjugate molecules are observed to be
greater than half of the total protein. The
polymepprotein conjugate has biological activity and
the present "substantially homogenous" PEGylated hIFN
polypeptide preparations provided herein are those
which are homogenous enough to display the advantages
of a homogenous preparation, e.g., ease in clinical
application in predictability of lot to lot
pharmacokinetics. [442] One may also choose to prepare
a mixture of polymepprotein conjugate molecules, and
the advantage provided herein is that one may select
the proportion of monopolymer: protein conjugate to
include in the mixture. Thus, if desired, one may
prepare a mixture of various proteins with various
numbers of polymer moieties attached (i.e., di-, tri-,
tetra-, etc.) and combine said conjugates with the
mono-polymepprotein conjugate prepared using the
methods of the present invention, and have a mixture
with a predetermined proportion of monopolyme protein
conjugates. [443] The polymer selected may be water
soluble so that the protein to which it is attached
does not precipitate in an aqueous environment, such
as a physiological environment. The polymer may be
branched or unbranched. For therapeutic use of the
end-product preparation, the polymer will be
pharmaceutically acceptable. [444] Examples of
polymers include but are not limited to polyalkyl
ethers and alkoxycapped analogs thereof (e.g.,
polyoxyethylene glycol, polyoxyethylene/propylene
glycol, andmethoxy or ethoxy-capped analogs thereof,
especially polyoxyethylene glycol, the latter is also
known as polyethyleneglycol or PEG);
polyvinylpyrrolidones; polyvinylalkyl ethers;
polyoxazolines, polyalkyl oxazolines and
polyhydroxyalkyl oxazolines; polyacrylamides,
polyalkyl acrylamides, and polyhydroxyalkyl
acrylamides (e.g., polyhydroxypropylmethacrylamide and
derivatives thereof); polyhydroxyalkyl acrylates;
polysialic acids and analogs thereof; hydrophilic
peptide sequences; polysaccharides and their
derivatives, including dextran and dextran
derivatives, e.g., carboxymethyldextran, dextran
sulfates, aminodextran; cellulose and its derivatives,
e.g., carboxymethyl cellulose, hydroxyalkyl
celluloses; chitin and its derivatives, e.g.,
chitosan, succinyl chitosan, carboxymethylchitin,
carboxymethylchitosan; hyaluronic acid and its
derivatives; starches; alginates; chondroitin sulfate;
albumin; pullulan and carboxymethyl pullulan;
polyaminoacids and derivatives thereof, e.g.,
polyglutamic acids, polylysines, polyaspartic acids,
polyaspartamides; maleic anhydride copolymers such as:
styrene maleic anhydride copolymer, divinylethyl ether
maleic anhydride copolymer; polyvinyl alcohols;
copolymers thereof; terpolymers thereof; mixtures
thereof; and derivatives of the foregoing. [445] The
proportion of polyethylene glycol molecules to protein
molecules will vary, as will their concentrations in
the reaction mixture. In general, the optimum ratio
(in terms of efficiency of reaction in that there is
minimal excess unreacted protein or polymer) may be
determined by the molecular weight of the polyethylene
glycol selected and on the number of available
reactive groups available. As relates to molecular
weight, typically the higher the molecular weight of
the polymer, the fewer number of polymer molecules
which may be attached to the protein. Similarly,
branching of the polymer should be taken into account
when optimizing these parameters. Generally, the
higher the molecular weight (or the more branches) the
higher the polymepprotein ratio. [446] As used herein,
and when contemplating PEG: hIFN polypeptide
conjugates, the term "therapeutically effective
amount" refers to an amount which gives a decrease in
viral levels that provides benefit to a patient. The
amount will vary from one individual to another and
will depend upon a number of factors, including the
overall physical condition of the patient and the
underlying cause of the condition. The amount of hIFN
polypeptide used for therapy gives an acceptable
decrease in viral level. A therapeutically effective
amount of the present compositions may be readily
ascertained by one of ordinary skill in the art using
publicly available materials and procedures. [447] The
water soluble polymer may be any structural form
including but not limited to linear, forked or
branched. Typically, the water soluble polymer is a
poly(alkylene glycol), suchas poly(ethylene glycol)
(PEG), but other water soluble polymers can also be
employed. By way of example, PEG is used to describe
certain embodiments of this invention. [448] PEG is a
well-known, water soluble polymer that is commercially
available or can be prepared by ring-opening
polymerization of ethylene glycol according to methods
known to those of ordinary skill in the art (Sandler
and Karo, Polymer Synthesis, Academic Press, New York,
Vol. 3, pages 138-161). The term "PEG" is used broadly
to encompass any polyethylene glycol molecule, without
regard to size or to modification at an end of the
PEG, and can be represented as linked to the hIFN
polypeptide by the formula: XO-(CH2CH2O)n-CH2CH2-Y
where n is 2 to 10,000 and X is H or a terminal
modification, including but not limited to, a Ci-4
alkyl, a protecting group, or a terminal functional
group. [449] In some cases, a PEG used in the
invention terminates on one end with hydroxy or
methoxy, i.e., X is H or CH3 ("methoxy PEG").
Alternatively, the PEG can terminate with a reactive
group, thereby forming a bifunctional polymer. Typical
reactive groups can include those reactive groups that
are commonly used to react with the functional groups
found in the 20 common amino acids (including but not
limited to, maleimide groups, activated carbonates
(including but not limited to, p-nitrophenyl ester),
activated esters (including but not limited to,
N-hydroxysuccinimide, p-nitrophenyl ester) and
aldehydes) as well as functional groups that are inert
to the 20 common amino acids but that react
specifically with complementary functional groups
present in non-naturally encoded amino acids
(including but not limited to, azide groups, alkyne
groups). It is noted that the other end of the PEG,
which is shown in the above formula by Y, will attach
either directly or indirectly to a hIFN polypeptide
via a naturally-occurring or non-naturally encoded
amino acid. For instance, Y may be an amide, carbamate
or urea linkage to an amine group (including but not
limited to, the epsilon amine of lysine or the
-terminus) of the polypeptide. Alternatively, Y may be
a maleimide linkage to a thiol group (including but
not limited to, the thiol group of cysteine).
Alternatively, Y may be a linkage to a residue not
commonly accessible via the 20 common amino acids. For
example, an azide group on the PEG can be reacted with
an alkyne group on the hIFN polypeptide to form a
Huisgen [3+2] cycloaddition product. Alternatively, an
alkyne group on the PEG can be reacted with an azide
group present in a non-naturally encoded amino acid to
form a similar product. In some embodiments, a strong
nucleophile (including but not limited to, hydrazine,
hydrazide, hydroxylamine, semicarbazide) can be
reacted with an aldehyde or ketone group present in a
non-naturally encoded amino acid to form a hydrazone,
oxime or semicarbazone, as applicable, which in some
cases can be further reduced by treatment with an
appropriate reducing agent.Alternatively, the strong
nucleophile can be incorporated into the hIFN
polypeptide via a nonnaturally encoded amino acid and
used to react preferentially with a ketone or aldehyde
group present in the water soluble polymer. [450] Any
molecular mass for a PEG can be used as practically
desired, including but not limited to, from about 100
Daltons (Da) to 100,000 Da or more as desired
(including but not limited to, sometimes 0.1-50 IcDa
or 10-40 IcDa). The molecular weight of PEG may be of
a wide range, including but not limited to, between
about 100 Da and about 100,000 Da or more. PEG may be
between about 100 Da and about 100,000 Da, including
but not limited to, 100,000 Da, 95,000 Da, 90,000 Da,
85,000 Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da,
60,000 Da, 55,000 Da, 50,000 Da, 45,000 Da, 40,000 Da,
35,000 Da, 30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da,
10,000 Da, 9,000 Da, 8,000 Da, 7,000 Da, 6,000 Da,
5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, 1,000 Da, 900
Da, 800 Da, 700 Da, 600 Da, 500 Da, 400 Da, 300 Da,
200 Da, and 100 Da. In some embodiments, PEG is
between about 100 Da and 50,000 Da. In some
embodiments, PEG is between about 100 Da and 40,000
Da. In some embodiments, PEG is between about 1,000 Da
and 40,000 Da. In some embodiments, PEG is between
about 5,000 Da and 40,000 Da. In some embodiments, PEG
is between about 10,000 Da and 40,000 Da. In some
embodiments, the molecular weight of the PEG is 30,000
Da. In some embodiments, the molecular weight of the
PEG is 40,000 Da. Branched chain PEGs, including but
not limited to, PEG molecules with each chain having a
MW ranging from 1-100 IcDa (including but not limited
to, 1-50 IcDa or 5-20 IcDa) can also be used. The
molecular weight of each chain of the branched chain
PEG may be, including but not limited to, between
about 1,000 Da and about 100,000 Da or more. The
molecular weight of each chain of the branched chain
PEG may be between about 1,000 Da and about 100,000
Da, including but not limited to, 100,000 Da, 95,000
Da, 90,000 Da, 85,000 Da, 80,000 Da, 75,000 Da, 70,000
Da, 65,000 Da, 60,000 Da, 55,000 Da, 50,000 Da, 45,000
Da, 40,000 Da, 35,000 Da, 30,000 Da, 25,000 Da, 20,000
Da, 15,000 Da, 10,000 Da, 9,000 Da, 8,000 Da, 7,000
Da, 6,000 Da, 5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da,
and 1,000 Da. In some embodiments, the molecular
weight of each chain of the branched chain PEG is
between about 1,000 Da and 50,000 Da. In some
embodiments, the molecular weight of each chain of the
branched chain PEG is between about 1,000 Da and
40,000 Da. In some embodiments, the molecular weight
of each chain of the branched chain PEG is between
about 5,000 Da and 40,000 Da. In some embodiments, the
molecular weight of each chain of the branched chain
PEG is between about 5,000 Da and 20,000 Da. A wide
range of PEG molecules are described in, including but
not limited to, the Shearwater Polymers, Inc. catalog,
Nektar Therapeutics catalog, incorporated herein by
reference.[451] Generally, at least one terminus of
the PEG molecule is available for reaction with the
non-naturally-encoded amino acid. For example, PEG
derivatives bearing alkyne and azide moieties for
reaction with amino acid side chains can be used to
attach PEG to non-naturally encoded amino acids as
described herein. If the non-naturally encoded amino
acid comprises an azide, then the PEG will typically
contain either an alkyne moiety to effect formation of
the [3+2] cycloaddition product or an activated PEG
species (i.e., ester, carbonate) containing a
phosphine group to effect formation of the amide
linkage. Alternatively, if the non-naturally encoded
amino acid comprises an alkyne, then the PEG will
typically contain an azide moiety to effect formation
of the [3+2] Huisgen cycloaddition product. If the
non-naturally encoded amino acid comprises a carbonyl
group, the PEG will typically comprise a potent
nucleophile (including but not limited to, a
hydrazide, hydrazine, hydroxylamine, or semicarbazide
functionality) in order to effect formation of
corresponding hydrazone, oxime, and semicarbazone
linkages, respectively. In other alternatives, a
reverse of the orientation of the reactive groups
described above can be used, i.e., an azide moiety in
the non-naturally encoded amino acid can be reacted
with a PEG derivative containing an alkyne. [452] In
some embodiments, the MFN polypeptide variant with a
PEG derivative contains a chemical functionality that
is reactive with the chemical functionality present on
the side chain of the non-naturally encoded amino
acid. [453] The invention provides in some embodiments
azide- and acetylene-containing polymer derivatives
comprising a water soluble polymer backbone having an
average molecular weight from about 800 Da to about
100,000 Da. The polymer backbone of the water-soluble
polymer can be poly(ethylene glycol). However, it
should be understood that a wide variety of water
soluble polymers including but not limited to
poly(ethylene)glycol and other related polymers,
including poly(dextran) and poly(propylene glycol),
are also suitable for use in the practice of this
invention and that the use of the term PEG or
poly(ethylene glycol) is intended to encompass and
include all such molecules. The term PEG includes, but
is not limited to, poly(ethylene glycol) in any of its
forms, including bifunctional PEG, multiarmed PEG, 



derivatized PEG, forked PEG, branched PEG, pendent PEG
(i.e. PEG or related polymers having one or more
functional groups pendent to the polymer backbone), or
PEG with degradable linkages therein. [454] PEG is
typically clear, colorless, odorless, soluble in
water, stable to heat, inert to many chemical agents,
does not hydrolyze or deteriorate, and is generally
non-toxic. Poly(ethylene glycol) is considered to be
biocompatible, which is to say that PEG is capable
ofcoexistence with living tissues or organisms without
causing harm. More specifically, PEG is substantially
non-immunogenic, which is to say that PEG does not
tend to produce an immune response in the body. When
attached to a molecule having some desirable function
in the body, such as a biologically active agent, the
PEG tends to mask the agent and can reduce or
eliminate any immune response so that an organism can
tolerate the presence of the agent. PEG conjugates
tend not to produce a substantial immune response or
cause clotting or other undesirable effects. PEG
having the formula - CH2CH2O-(CH 2CPI2O)n - CH2CH2- ,
where n is from about 3 to about 4000, typically from
about 20 to about 2000, is suitable for use in the
present invention. PEG having a molecular weight of
from about 800 Da to about 100,000 Da are in some
embodiments of the present invention particularly
useful as the polymer backbone. The molecular weight
of PEG may be of a wide range, including but not
limited to, between about 100 Da and about 100,000 Da
or more. The molecular weight of PEG may be between
about 100 Da and about 100,000 Da, including but not
limited to, 100,000 Da, 95,000 Da, 90,000 Da, 85,000
Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da, 60,000
Da, 55,000 Da, 50,000 Da, 45,000 Da, 40,000 Da, 35,000
Da, 30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da, 10,000
Da, 9,000 Da, 8,000 Da, 7,000 Da, 6,000 Da, 5,000 Da,
4,000 Da, 3,000 Da, 2,000 Da, 1,000 Da, 900 Da, 800
Da, 700 Da, 600 Da, 500 Da, 400 Da, 300 Da, 200 Da,
and 100 Da. In some embodiments, the molecular weight
of PEG is between about 100 Da and 50,000 Da. In some
embodiments, the molecular weight of PEG is between
about 100 Da and 40,000 Da. In some embodiments, the
molecular weight of PEG is between about 1,000 Da and
40,000 Da. In some embodiments, the molecular weight
of PEG is between about 5,000 Da and 40,000 Da. In
some embodiments, the molecular weight of PEG is
between about 10,000 Da and 40,000 Da. In some
embodiments, the molecular weight of PEG is 30,000 Da.
In some embodiments, the molecular weight of PEG is
40,000 Da. [455] The polymer backbone can be linear or
branched. Branched polymer backbones are generally
known in the art. Typically, a branched polymer has a
central branch core moiety and a plurality of linear
polymer chains linked to the central branch core. PEG
is commonly used in branched forms that can be
prepared by addition of ethylene oxide to various
polyols, such as glycerol, glycerol oligomers,
pentaerythritol and sorbitol. The central branch
moiety can also be derived from several amino acids,
such as lysine. The branched poly(ethylene glycol) can
be represented in general form as R(-PEG-OH)m in which
R is derived from a core moiety, such as glycerol,
glycerol oligomers, or pentaerythritol, and m
represents the number of arms.Multi-armed PEG
molecules, such as those described in U.S. Pat. Nos.
5,932,462; 5,643,575; 5,229,490; 4,289,872; U.S. Pat.
Appl. 2003/0143596; WO 96/21469; and WO 93/21259, each
of which is incorporated by reference herein in its
entirety, can also be used as the polymer backbone.
[456] Branched PEG can also be in the form of a forked
PEG represented by PEG(~ YCHZ2)n, where Y is a linking
group and Z is an activated terminal group linked to
CH by a chain of atoms of defined length. [457] Yet
another branched form, the pendant PEG, has reactive
groups, such as carboxyl, along the PEG backbone
rather than at the end of PEG chains. [458] In
addition to these forms of PEG, the polymer can also
be prepared with weak or degradable linkages in the
backbone. For example, PEG can be prepared with ester
linkages in the polymer backbone that are subject to
hydrolysis. As shown below, this hydrolysis results in
cleavage of the polymer into fragments of lower
molecular weight: -PEG-CO2-PEG-+H2O PEG-CO2H+HO-PEGIt
is understood by those of ordinary skill in the art
that the term poly(ethylene glycol) or PEG represents
or includes all the forms known in the art including
but not limited to those disclosed herein. [459] Many
other polymers are also suitable for use in the
present invention. In some embodiments, polymer
backbones that are water-soluble, with from 2 to about
300 termini, are particularly useful in the invention.
Examples of suitable polymers include, but are not
limited to, other poly(alkylene glycols), such as
poly(propylene glycol) ("PPG"), copolymers thereof
(including but not limited to copolymers of ethylene
glycol and propylene glycol), terpolymers thereof,
mixtures thereof, and the like. Although the molecular
weight of each chain of the polymer backbone can vary,
it is typically in the range of from about 800 Da to
about 100,000 Da, often from about 6,000 Da to about
80,000 Da. The molecular weight of each chain of the
polymer backbone may be between about 100 Da and about
100,000 Da, including but not limited to, 100,000 Da,
95,000 Da, 90,000 Da, 85,000 Da, 80,000 Da, 75,000 Da,
70,000 Da, 65,000 Da, 60,000 Da, 55,000 Da, 50,000 Da,
45,000 Da, 40,000 Da, 35,000 Da, 30,000 Da 25,000 Da,
20,000 Da, 15,000 Da, 10,000 Da, 9,000 Da, 8,000 Da,
7,000 Da, 6,000 Da, 5,000 Da, 4,000 Da, 3,000 Da,
2,000 Da, 1,000 Da, 900 Da, 800 Da, 700 Da, 600 Da,
500 Da, 400 Da, 300 Da, 200 Da, and 100 Da. In some
embodiments, the molecular weight of each chain of the
polymer backbone is between about 100 Da and 50,000
Da. In some embodiments, themolecular weight of each
chain of the polymer backbone is between about 100 Da
and 40,000 Da. In some embodiments, the molecular
weight of each chain of the polymer backbone is
between about 1,000 Da and 40,000 Da. In some
embodiments, the molecular weight of each chain of the
polymer backbone is between about 5,000 Da and 40,000
Da. In some embodiments, the molecular weight of each
chain of the polymer backbone is between about 10,000
Da and 40,000 Da. [460] Those of ordinary skill in the
art will recognize that the foregoing list for
substantially water soluble backbones is by no means
exhaustive and is merely illustrative, and that all
polymeric materials having the qualities described
above are contemplated as being suitable for use in
the present invention. [461] In some embodiments of
the present invention the polymer derivatives are
"multi-functional", meaning that the polymer backbone
has at least two termini, and possibly as many as
about 300 termini, functionalized or activated with a
functional group. Multifunctional polymer derivatives
include, but are not limited to, linear polymers
having two termini, each terminus being bonded to a
functional group which may be the same or different.
[462] In one embodiment, the polymer derivative has
the structure: X-A-POLY- B-N=N=N wherein: N=N=N is an
azide moiety; B is a linking moiety, which may be
present or absent; POLY is a water-soluble
non-antigenic polymer; A is a linking moiety, which
may be present or absent and which may be the same as
B or different; and X is a second functional group.
Examples of a linking moiety for A and B include, but
are not limited to, a multiplyfunctionalized alkyl
group containing up to 18, and may contain between
1-10 carbon atoms. A heteroatom such as nitrogen,
oxygen or sulfur may be included with the alkyl chain.
The alkyl chain may also be branched at a heteroatom.
Other examples of a linking moiety for A and B
include, but are not limited to, a multiply
functionalized aiyl group, containing up to 10 and may
contain 5-6 carbon atoms. The aryl group may be
substituted with one more carbon atoms, nitrogen,
oxygen or sulfur atoms. Other examples of suitable
linking groups include thoselinking groups described
in U.S. Pat. Nos. 5,932,462; 5,643,575; and U.S. Pat.
Appl. Publication 2003/0143596, each of which is
incorporated by reference herein. Those of ordinary
skill in the art will recognize that the foregoing
list for linking moieties is by no means exhaustive
and is merely illustrative, and that all linking
moieties having the qualities described above are
contemplated to be suitable for use in the present
invention. [463] Examples of suitable functional
groups for use as X include, but are not limited to,
hydroxyl, protected hydroxyl, alkoxyl, active ester,
such as N-hydroxysuccinimidyl esters and
1-benzotriazolyl esters, active carbonate, such as
N-hydroxysuccinimidyl carbonates and 1- benzotriazolyl
carbonates, acetal, aldehyde, aldehyde hydrates,
alkenyl, acrylate, methacrylate, acrylamide, active
sulfone, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid,
protected carboxylic acid, isocyanate, isothiocyanate,
maleimide, vinylsulfone, dithiopyridine,
vinylpyridine, iodoacetamide, epoxide, glyoxals,
diones, mesylates, tosylates, tresylate, alkene,
ketone, and azide. As is understood by those of
ordinary skill in the art, the selected X moiety
should be compatible with the azide group so that
reaction with the azide group does not occur. The
azide-containing polymer derivatives may be
homobifunctional, meaning that the second functional
group (i.e., X) is also an azide moiety, or
heterobifunctional, meaning that the second functional
group is a different functional group. [464] The term
"protected" refers to the presence of a protecting
group or moiety that prevents reaction of the
chemically reactive functional group under certain
reaction conditions. The protecting group will vary
depending on the type of chemically reactive group
being protected. For example, if the chemically
reactive group is an amine or a hydrazide, the
protecting group can be selected from the group of
tert-butyloxycarbonyl (t-Boc) and 9-
fluorenylmethoxycarbonyl (Fmoc). If the chemically
reactive group is a thiol, the protecting group can be
orthopyridyldisulfide. If the chemically reactive
group is a carboxylic acid, such as butanoic or
propionic acid, or a hydroxyl group, the protecting
group can be benzyl or an alkyl group such as methyl,
ethyl, or tert-butyl. Other protecting groups known in
the art may also be used in the present invention.
[465] Specific examples of terminal functional groups
in the literature include, but are not limited to,
N-succinimidyl carbonate (see e.g., U.S. Pat. Nos.
5,281,698, 5,468,478), amine (see, e.g., Buckmann et
al. Makromol. Chem. 182:1379 (1981), Zalipsky et al.
Eur. Polym. J. 19:1 177 (1983)), hydrazide (See, e.g.,
Andresz et al. Makromol. Chem. 179:301 (1978)),
succinimidyl propionate and succinimidyl butanoate
(see, e.g., Olson et al. in Poly(ethyleneglycol)
Chemistry & Biological Applications, pp 170-181,
Harris & Zalipsky Eds., ACS, Washington, D,C , 1997;
see also U.S. Pat. No. 5,672,662), succinimidyl
succinate (See, e.g., Abuchowski et al. Cancer
Biochem. Biophys. 7:175 (1984) and Joppich et al.
Makromol. Chem. 180:1381 (1979), succinimidyl ester
(see, e.g., U.S. Pat. No. 4,670,417), benzotriazole
carbonate (see, e.g., U.S. Pat. No. 5,650,234),
glycidyl ether (see, e.g., Pitha et al. Eur. J
Biochem. 94:1 1 (1979), Elling et al., Biotech. Appl.
Biochem. 13:354 (1991), oxycarbonylimidazole (see,
e.g., Beauchamp, et al., Anal. Biochem. 131 :25
(1983), Tondelli et al. J. Controlled Release 1:251
(1985)), p-nitrophenyl carbonate (see, e.g., Veronese,
et al., Appl. Biochem. Biotech., 11: 141 (1985); and
Sartore et al., Appl. Biochem. Biotech., 27:45
(1991)), aldehyde (see, e.g., Harris et al. J . Polym.
Sci. Chem. Ed. 22:341 (1984), U.S. Pat. No. 5,824,784,
U.S. Pat. No. 5,252,714), maleimide (see, e.g.,
Goodson et al. Biotechnology (NY) 8:343 (1990), Romani
et al. in Chemistry of Peptides and Proteins 2:29
(1984)), and Kogan, Synthetic Comm. 22:2417 (1992)),
orthopyridyl-disulfide (see, e.g., Woghiren, et al.
Bioconj. Chem. 4:314(1993)), acrylol (see, e.g.,
Sawhney et al., Macromolecules, 26:581 (1993)),
vinylsulfone (see, e.g., U.S. Pat. No. 5,900,461). All
of the above references and patents are incorporated
herein by reference. [466] In certain embodiments of
the present invention, the polymer derivatives of the
invention comprise a polymer backbone having the
structure: X-CH 2CH2O-(CH 2CH2O)n -CH 2CH2 -N=N=N
wherein: X is a functional group as described above;
and n is about 20 to about 4000. In another
embodiment, the polymer derivatives of the invention
comprise a polymer backbone 



having the structure: X-CH 2CH2O-(CH 2CH2O)n -CH 2CH2
- O-(CH2)m-W-N=N=N wherein: W is an aliphatic or
aromatic linker moiety comprising between 1-10 carbon
atoms; n is about 20 to about 4000; and X is a
functional group as described above m is between 1 and
10. [467] The azide-containing PEG derivatives of the
invention can be prepared by a variety of methods
known in the art and/or disclosed herein. In one
method, shown below, a water soluble polymer backbone
having an average molecular weight from about 800 Da
to about 100,000 Da, the polymer backbone having a
first terminus bonded to a first functional group and
a second terminus bonded to a suitable leaving group,
is reacted with an azide anion(which may be paired
with any of a number of suitable counter-ions,
including sodium, potassium, tert-butylammonium and so
forth). The leaving group undergoes a nucleophilic
displacement and is replaced by the azide moiety,
affording the desired azide-containing PEG polymer.
X-PEG-L + N3- - X-PEG- N3 [468] As shown, a suitable
polymer backbone for use in the present invention has
the formula X-PEG-L, wherein PEG is poly(ethylene
glycol) and X is a functional group which does not
react with azide groups and L is a suitable leaving
group. Examples of suitable functional groups include,
but are not limited to, hydroxyl, protected hydroxyl,
acetal, alkenyl, amine, aminooxy, protected amine,
protected hydrazide, protected thiol, carboxylic acid,
protected carboxylic acid, maleimide, dithiopyridine,
and vinylpyridine, and ketone. Examples of suitable
leaving groups include, but are not limited to,
chloride, bromide, iodide, mesylate, tresylate, and
tosylate. [469] In another method for preparation of
the azide-containing polymer derivatives of the
present invention, a linking agent bearing an azide
functionality is contacted with a water soluble
polymer backbone having an average molecular weight
from about 800 Da to about 100,000 Da, wherein the
linking agent bears a chemical functionality that will
react selectively with a chemical functionality on the
PEG polymer, to form an azide-containing polymer
derivative product wherein the azide is separated from
the polymer backbone by a linking group. [470] An
exemplary reaction scheme is shown below: X-PEG-M +
N-linker-N=N=N - PG-X-PEG-linker-N=N=N wherein: PEG is
poly(ethylene glycol) and X is a capping group such as
alkoxy or a functional group as described above; and M
is a functional group that is not reactive with the
azide functionality but that will react efficiently
and selectively with the N functional group. [471]
Examples of suitable functional groups include, but
are not limited to, M being a carboxylic acid,
carbonate or active ester if N is an amine; M being a
ketone if N is a hydrazide or aminooxy moiety; M being
a leaving group if N is a nucleophile. [472]
Purification of the crude product may be accomplished
by known methods including, but are not limited to,
precipitation of the product followed by
chromatography, if necessary.[473] A more specific
example is shown below in the case of PEG diamine, in
which one of the amines is protected by a protecting
group moiety such as tert-butyl-Boc and the resulting
mono-protected PEG diamine is reacted with a linking
moiety that bears the azide functionality:
BocHN-PEG-NH 2 + HO2C-(CH2)3-N=N=N [474] In this
instance, the amine group can be coupled to the
carboxylic acid group using a variety of activating
agents such as thionyl chloride or carbodiimide
reagents and Nhydroxysuccinimide or
N-hydroxybenzotriazole to create an amide bond between
the monoamine PEG derivative and the azide-bearing
linker moiety. After successful formation of the amide
bond, the resulting N-tert-butyl-Boc-protected
azide-containing derivative can be used directly to
modify bioactive molecules or it can be further
elaborated to install other useful functional groups.
For instance, the N-t-Boc group can be hydrolyzed by
treatment with strong acid to generate an
omega-amino-PEG-azide. The resulting amine can be used
as a synthetic handle to install other useful
functionality such as maleimide groups, activated
disulfides, activated esters and so forth for the
creation of valuable heterobifunctional reagents.
[475] Heterobifunctional derivatives are particularly
useful when it is desired to attach different
molecules to each terminus of the polymer. For
example, the omega-N-amino-N-azido PEG would allow the
attachment of a molecule having an activated
electrophilic group, such as an aldehyde, ketone,
activated ester, activated carbonate and so forth, to
one terminus of the PEG and a molecule having an
acetylene group to the other terminus of the PEG.
[476] In another embodiment of the invention, the
polymer derivative has the structure: X-A-POLY- B-C
C-R wherein: R can be either H or an alkyl, alkene,
alkyoxy, or aryl or substituted aryl group; B is a
linking moiety, which may be present or absent; POLY
is a water-soluble non-antigenic polymer; A is a
linking moiety, which may be present or absent and
which may be the same as B or different; and X is a
second functional group. [477] Examples of a linking
moiety for A and B include, but are not limited to, a
multiply- functionalized alkyl group containing up to
18, and may contain between 1-10 carbon atoms. A
heteroatom such as nitrogen, oxygen or sulfur may be
included with the alkyl chain.The alkyl chain may also
be branched at a heteroatom. Other examples of a
linking moiety for A and B include, but are not
limited to, a multiply functionalized aryl group,
containing up to 10 and may contain 5-6 carbon atoms.
The aryl group may be substituted with one more carbon
atoms, nitrogen, oxygen, or sulfur atoms. Other
examples of suitable linking groups include those
linking groups described in U.S. Pat. Nos. 5,932,462
and 5,643,575 and U.S. Pat. Appl. Publication
2003/0143596, each of which is incorporated by
reference herein. Those of ordinary skill in the art
will recognize that the foregoing list for linking
moieties is by no means exhaustive and is intended to
be merely illustrative, and that a wide variety of
linking moieties having the qualities described above
are contemplated to be useful in the present
invention. [478] Examples of suitable functional
groups for use as X include hydroxyl, protected
hydroxyl, alkoxyl, active ester, such as
N-hydroxysuccinimidyl esters and 1-benzotriazolyl
esters, active carbonate, such as
N-hydroxysuccinimidyl carbonates and 1-benzotriazolyl
carbonates, acetal, aldehyde, aldehyde hydrates,
alkenyl, acrylate, methacrylate, acrylamide, active
sulfone, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid,
protected carboxylic acid, isocyanate, isothiocyanate,
maleimide, vinylsulfone, dithiopyridine,
vinylpyridine, iodoacetamide, epoxide, glyoxals,
diones, mesylates, tosylates, and tresylate, alkene,
ketone, and acetylene. As would be understood, the
selected X moiety should be compatible with the
acetylene group so that reaction with the acetylene
group does not occur. The acetylene-containing polymer
derivatives may be homobifunctional, meaning that the
second functional group (i.e., X) is also an acetylene
moiety, or heterobifunctional, meaning that the second
functional group is a different functional group.
[479] In another embodiment of the present invention,
the polymer derivatives comprise a polymer backbone
having the structure: X-CH 2CH2O-(CH 2CH2O)n -CH 2CH2
- O-(CH2)m-C=CH wherein: X is a functional group as
described above; n is about 20 to about 4000; and m is
between 1 and 10. Specific examples of each of the
heterobifunctional PEG polymers are shown below. [480]
The acetylene-containing PEG derivatives of the
invention can be prepared using methods known to those
of ordinary skill in the art and/or disclosed herein.
In one method, a water soluble polymer backbone having
an average molecular weight from about 800 Da toabout
100,000 Da, the polymer backbone having a first
terminus bonded to a first functional group and a
second terminus bonded to a suitable nucleophilic
group, is reacted with a compound that bears both an
acetylene functionality and a leaving group that is
suitable for reaction with the nucleophilic group on
the PEG. When the PEG polymer bearing the nucleophilic
moiety and the molecule bearing the leaving group are
combined, the leaving group undergoes a nucleophilic
displacement and is replaced by the nucleophilic
moiety, affording the desired acetylene-containing
polymer. X-PEG-Nu + L-A-C - X-PEG-Nu-A-C=CR' [481] As
shown, a preferred polymer backbone for use in the
reaction has the formula X-PEG-Nu, wherein PEG is
poly(ethylene glycol), Nu is a nucleophilic moiety and
X is a functional group that does not react with Nu, L
or the acetylene functionality. [482] Examples of Nu
include, but are not limited to, amine, alkoxy,
aryloxy, sulfhydryl, imino, carboxylate, hydrazide,
aminoxy groups that would react primarily via a SN2-
type mechanism. Additional examples of Nu groups
include those functional groups that would react
primarily via an nucleophilic addition reaction.
Examples of L groups include chloride, bromide,
iodide, mesylate, tresylate, and tosylate and other
groups expected to undergo nucleophilic displacement
as well as ketones, aldehydes, thioesters, olefins,
alpha-beta unsaturated carbonyl groups, carbonates and
other electrophilic groups expected to undergo
addition by nucleophiles. [483] In another embodiment
of the present invention, A is an aliphatic linker of
between 1-10 carbon atoms or a substituted aryl ring
of between 6-14 carbon atoms. X is a functional group
which does not react with azide groups and L is a
suitable leaving group [484] In another method for
preparation of the acetylene-containing polymer
derivatives of the invention, a PEG polymer having an
average molecular weight from about 800 Da to about
100,000 Da, bearing either a protected functional
group or a capping agent at one terminus and a
suitable leaving group at the other terminus is
contacted by an acetylene anion. [485] An exemplary
reaction scheme is shown below: X-PEG-L + -C=CR' -
X-PEG-C=CR' wherein: PEG is poly(ethylene glycol) and
X is a capping group such as alkoxy or a functional
group as described above; andR' is either H, an alkyl,
alkoxy, aryl or aryloxy group or a substituted alkyl,
alkoxyl, aryl or aryloxy group. [486] In the example
above, the leaving group L should be sufficiently
reactive to undergo SN2-type displacement when
contacted with a sufficient concentration of the
acetylene anion. The reaction conditions required to
accomplish SN2 displacement of leaving groups by
acetylene anions are known to those of ordinary skill
in the art. [487] Purification of the crude product
can usually be accomplished by methods known in the
art including, but are not limited to, precipitation
of the product followed by chromatography, if
necessary. [488] Water soluble polymers can be linked
to the hIFN polypeptides of the invention. The water
soluble polymers may be linked via a non-naturally
encoded amino acid incorporated in the hIFN
polypeptide or any functional group or substituent of
a non-naturally encoded or naturally encoded amino
acid, or any functional group or substituent added to
a non-naturally encoded or naturally encoded amino
acid. Alternatively, the water soluble polymers are
linked to a hIFN polypeptide incorporating a
non-naturally encoded amino acid via a
naturallyoccurring amino acid (including but not
limited to, cysteine, lysine or the amine group of the
Nterminal residue). In some cases, the hIFN
polypeptides of the invention comprise 1, 2, 3, 4, 5, 



6, 7, 8, 9, 10 non-natural amino acids, wherein one or
more non-naturally-encoded amino acid(s) are linked to
water soluble polymer(s) (including but not limited
to, PEG and/or oligosaccharides). In some cases, the
hIFN polypeptides of the invention further comprise 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, or more naturally-encoded
amino acid(s) linked to water soluble polymers. In
some cases, the hIFN polypeptides of the invention
comprise one or more non-naturally encoded amino
acid(s) linked to water soluble polymers and one or
more naturally-occurring amino acids linked to water
soluble polymers. In some embodiments, the water
soluble polymers used in the present invention enhance
the serum half-life of the hIFN polypeptide relative
to the unconjugated form. [489] The number of water
soluble polymers linked to a hIFN polypeptide (i.e.,
the extent of PEGylation or glycosylation) of the
present invention can be adjusted to provide an
altered (including but not limited to, increased or
decreased) pharmacologic, pharmacokinetic or
pharmacodynamic characteristic such as in vivo
half-life. In some embodiments, the half-life of hIFN
is increased at least about 10, 20, 30, 40, 50, 60,
70, 80, 90 percent, 2- fold, 3-fold, 4-fold, 5-fold,
6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 11-fold,
12-fold, 13-fold, 14-fold, 15-fold, 16-fold,17-fold,
18-fold, 19-fold, 20-fold, 25-fold, 30-fold, 35-fold,
40-fold, 45-fold, 50-fold, or at least about 100-fold
over an unmodified polypeptide. PEG derivatives
containing a strong niicleophilic group (i.e.,
hydrazide, hydrazine, hydroxylamine or semiearbazide)
[490] In one embodiment of the present invention, a
hIFN polypeptide comprising a carbonyl-containing
non-naturally encoded amino acid is modified with a
PEG derivative that contains a terminal hydrazine,
hydroxylamine, hydrazide or semiearbazide moiety that
is linked directly to the PEG backbone. [491] In some
embodiments, the hydroxylamine-terminal PEG derivative
will have the structure: RO-(CH2CH2O)n-O-(CH2) 1-O-NH2
where R is a simple alkyl (methyl, ethyl, propyl,
etc.), m is 2-10 and n is 100-1,000 (i.e., average
molecular weight is between 5-40 kDa). [492] In some
embodiments, the hydrazine- or hydrazide-containing
PEG derivative will have the structure:
RO-(CH2CH2O)n-O-(CH2)m-X-NH-NH2 where R is a simple
alkyl (methyl, ethyl, propyl, etc.), m is 2-10 and n
is 100-1,000 and X is optionally a carbonyl group
(C=O) that can be present or absent. [493] In some
embodiments, the semicarbazide-containing PEG
derivative will have the structure: RO-(CH2CH2O)n
-O-(CH2)m-NH-C(O)-NH-NH2 where R is a simple alkyl
(methyl, ethyl, propyl, etc.), m is 2-10 and n is
100-1,000. [494] In another embodiment of the
invention, a hIFN polypeptide comprising a
carbonyl-containing amino acid is modified with a PEG
derivative that contains a terminal hydroxylamine,
hydrazide, hydrazine, or semiearbazide moiety that is
linked to the PEG backbone by means of an amide
linkage. [495] In some embodiments, the
hydroxylamine-terminal PEG derivatives have the
structure: RO-(CH2CH2q )n-O-(CH2)2-NH-C(q cCH2)m-O-NH2
where R is a simple alkyl (methyl, ethyl, propyl,
etc.), m is 2-10 and n is 100-1,000 (i.e., average
molecular weight is between 5-40 kDa). [496] In some
embodiments, the hydrazine- or hydrazide-containing
PEG derivatives have the structure:RO-(CH
2CH2O)n-O-(CH 2)2-NH-C(O)(CH 2)m-X-NH-NH 2 where R is
a simple alkyl (methyl, ethyl, propyl, etc.), m is
2-10, n is 100-1,000 and X is optionally a carbonyl
group (C=O) that can be present or absent. [497] In
some embodiments, the semicarbazide-containing PEG
derivatives have the structure: RO-(CH 2CH2O)n-O-(CH
2)2-NH-C(O)(CH 2)m-NH-C(O)-NH-NH 2 where R is a simple
alkyl (methyl, ethyl, propyl, etc.), m is 2-10 and n
is 100-1,000. [498] In another embodiment of the
invention, a hIFN polypeptide comprising a
carbonyl-containing amino acid is modified with a
branched PEG derivative that contains a terminal
hydrazine, hydroxylamine, hydrazide or semicarbazide
moiety, with each chain of the branched PEG having a
MW ranging from 10-40 IcDa and, may be from 5-20 kDa.
[499] In another embodiment of the invention, a hIFN
polypeptide comprising a nonnaturally encoded amino
acid is modified with a PEG derivative having a
branched structure. For instance, in some embodiments,
the hydrazine- or hydrazide-terminal PEG derivative
will have the following structure:
[RO-(CH2CH2O)n-O-(CH 2)2-NH-C(O)] 2CH(CH2)m-X-NH-NH 2
where R is a simple alkyl (methyl, ethyl, propyl,
etc.), m is 2-10 and n is 100-1,000, and X is
optionally a carbonyl group (C=O) that can be present
or absent. [500] In some embodiments, the PEG
derivatives containing a semicarbazide group will have
the structure: [RO-(CH 2CH2O)n-O-(CH 2)2-C(O)-NH-CH
2-CH2]2CH-X-(CH 2)ni-NH-C(O)-NH-NH 2 where R is a
simple alkyl (methyl, ethyl, propyl, etc.), X is
optionally NH, O, S, C(O) or not present, m is 2-10
and n is 100-1,000. [501] In some embodiments, the PEG
derivatives containing a hydroxylamine group will have
the structure: [RO-(CH 2CH2O)n-O-(CH 2)2-C(O)-NH-CH
2-CH2]2CH-X-(CH 2)m-O-NH2 where R is a simple alkyl
(methyl, ethyl, propyl, etc.), X is optionally NH, O,
S, C(O) or not present, m is 2-10 and n is 100-1,000.
[502] The degree and sites at which the water soluble
polymer(s) are linked to the hIFN polypeptide can
modulate the binding of the hIFN polypeptide to the
hIFN polypeptide receptor at Site 1. In some
embodiments, the linkages are arranged such that the
hIFN polypeptide binds the hIFN polypeptide receptor
at Site 1 with a Kd of about 400 nM or lower, with a
Kd of 150 nM or lower, and in some cases with a Kd of
100 nM or lower, as measured by an equilibriumbinding
assay, such as that described in Spencer et al., J .
Biol. Chem., 263:7862-7867 (1988) for hGH. [503]
Methods and chemistry for activation of polymers as
well as for conjugation of peptides are described in
the literature and are known in the art. Commonly used
methods for activation of polymers include, but are
not limited to, activation of functional groups with
cyanogen bromide, periodate, glutaraldehyde,
biepoxides, epichlorohydrin, divinylsulfone,
carbodiimide, sulfonyl halides, trichlorotriazine,
etc. (see, R. F. Taylor, (1991), PROTEIN
IMMOBILISATION. FUNDAMENTALAND APPLICATIONS, Marcel
Dekker, N.Y.; S. S. Wong, (1992), CHEMISTRY OF PROTEIN
CONJUGATION AND CROSSLINKING, CRC Press, Boca Raton;
G. T. Hermanson et al, (1993), IMMOBILIZED AFFINITY
LIGAND TECHNIQUES, Academic Press, N.Y.; Dunn, R.L.,
et al, Eds. POLYMERIC DRUGS AND DRUG DELIVERY SYSTEMS,
ACS Symposium Series Vol. 469, American Chemical
Society, Washington, D.C. 1991). [504] Several reviews
and monographs on the functionalization and
conjugation of PEG are available. See, for example,
Harris, Macromol. Chem. Phys. C25: 325-373 (1985);
Scouten, Methods in Enzymology 135: 30-65 (1987); Wong
et al, Enzyme Microb. Technol 14: 866-874 (1992);
Delgado et al, Critical Reviews in Therapeutic Drug
Carrier Systems 9: 249-304 (1992); Zalipsky,
Bioconjugate Chem. 6: 150-165 (1995). [505] Methods
for activation of polymers can also be found in WO
94/17039, U.S. Pat. No. 5,324,844, WO 94/18247, WO
94/04193, U.S. Pat. No. 5,219,564, U.S. Pat. No.
5,122,614, WO 90/13540, U.S. Pat. No. 5,281,698, and
WO 93/15189, and for conjugation between activated
polymers and enzymes including but not limited to
Coagulation Factor VIII (WO 94/15625), hemoglobin (WO
94/09027), oxygen carrying molecule (U.S. Pat. No.
4,412,989), ribonuclease and superoxide dismutase
(Veronese at al, App. Biochem. Biotech. 11: 141-52
(1985)). All references and patents cited are
incorporated by reference herein. [506] PEGylation
(i.e., addition of any water soluble polymer) of MFN
polypeptides containing a non-naturally encoded amino
acid, such as /7-azido-L-phenylalanine, is carried out
by any convenient method. For example, hIFN
polypeptide is PEGylated with an alkyneterminated mPEG
derivative. Briefly, an excess of solid
mPEG(5000)-O-CH 2-C CH is added, with stirring, to an
aqueous solution of j9-azido-L-Phe-containing hIFN
polypeptide at room temperature. Typically, the
aqueous solution is buffered with a buffer having a
pKa near the pH at which the reaction is to be carried
out (generally about pH 4-10). Examples of suitable
buffers for PEGylation at pH 7.5, for instance,
include, but are not limited to, HEPES, phosphate,
borate, TRIS-HCl, EPPS, and TES. The pH is
continuously monitored and adjusted if necessary. The
reaction is typically allowed to continue for between
about 1-48 hours.[507] The reaction products are
subsequently subjected to hydrophobic interaction
chromatography to separate the PEGylated hIFN
polypeptide variants from free mPEG(5000)- O-CH2-C CH
and any high-molecular weight complexes of the
pegylated hIFN polypeptide which may form when
unblocked PEG is activated at both ends of the
molecule, thereby crosslinking hIFN polypeptide
variant molecules. The conditions during hydrophobic
interaction chromatography are such that free
mPEG(5000)-O-CH 2-C CH flows through the column, while
any crosslinked PEGylated hIFN polypeptide variant
complexes elute after the desired forms, which contain
one hIFN polypeptide variant molecule conjugated to
one or more PEG groups. Suitable conditions vary
depending on the relative sizes of the cross-linked
complexes versus the desired conjugates and are
readily determined by those of ordinary skill in the
art. The eluent containing the desired conjugates is
concentrated by ultrafiltration and desalted by
diafiltration. [508] If necessary, the PEGylated hIFN
polypeptide obtained from the hydrophobic
chromatography can be purified further by one or more
procedures known to those of ordinary skill in the art
including, but are not limited to, affinity
chromatography; anion- or cationexchange
chromatography (using, including but not limited to,
DEAE SEPHAROSE); chromatography on silica; reverse
phase HPLC; gel filtration (using, including but not
limited to, SEPHADEX G-75); hydrophobic interaction
chromatography; size-exclusion chromatography,
metal-chelate chromatography;
ultrafiltration/diafiltration; ethanol precipitation;
ammonium sulfate precipitation; chromatofocusing;
displacement chromatography; electrophoretic
procedures (including but not limited to preparative
isoelectric focusing), differential solubility
(including but not limited to ammonium sulfate
precipitation), or extraction. Apparent molecular
weight may be estimated by GPC by comparison to
globular protein standards (Preneta, AZ in PROTEIN
PURIFICATION METHODS, A PRACTICAL APPROACH (Harris &
Angal, Eds.) IRL Press 1989, 293-306). The purity of
the hGH-PEG conjugate can be assessed by proteolytic
degradation (including but not limited to, trypsin
cleavage) followed by mass spectrometry analysis.
Pepinsky RB., et al, J . Pharmcol. & Exp. Ther.
297(3): 1059-66 (2001). [509] A water soluble polymer
linked to an amino acid of a hIFN polypeptide of the
invention can be further derivatized or substituted
without limitation. Azide-containing PEG derivatives
[510] In another embodiment of the invention, a hIFN
polypeptide is modified with a PEG derivative that
contains an azide moiety that will react with an
alkyne moiety present on the side chain of the
non-naturally encoded amino acid. In general, the PEG
derivatives willhave an average molecular weight
ranging from 1-100 IcDa and, in some embodiments, from
10- 40 IcDa. [511] In some embodiments, the
azide-terminal PEG derivative will have the structure:
RO-(CH 2CH2O)n-O-(CH 2) 1-N3 where R is a simple alkyl
(methyl, ethyl, propyl, etc.), m is 2-10 and n is
100-1,000 (i.e., average molecular weight is between
5-40 IcDa). 



[512] In another embodiment, the azide-terminal PEG
derivative will have the structure: RO-(CH 2CH2O)n
-O-(CH 2)m-NH-C(O)-(CH 2)p-N3 where R is a simple
alkyl (methyl, ethyl, propyl, etc.), m is 2-10, p is
2-10 and n is 100-1,000 (i.e., average molecular
weight is between 5-40 IcDa). [513] In another
embodiment of the invention, a hIFN polypeptide
comprising a alkynecontaining amino acid is modified
with a branched PEG derivative that contains a
terminal azide moiety, with each chain of the branched
PEG having a MW ranging from 10-40 kDa and may be from
5-20 IcDa. For instance, in some embodiments, the
azide-terminal PEG derivative will have the following
structure: [RO-(CH 2CH2O)n-O-(CH 2)2-NH-C(O)] 2CH(CH
2)m-X-(CH 2)pN3 where R is a simple alkyl (methyl,
ethyl, propyl, etc.), m is 2-10, p is 2-10, and n is
100-1,000, and X is optionally an O, N, S or carbonyl
group (C=O), in each case that can be present or
absent. Alkyne-containing PEG derivatives [514] In
another embodiment of the invention, a hIFN
polypeptide is modified with a PEG derivative that
contains an alkyne moiety that will react with an
azide moiety present on the side chain of the
non-naturally encoded amino acid. [515] In some
embodiments, the alkyne-terminal PEG derivative will
have the following structure: RO-(CH 2CH2O)n-O-(CH
2)m-C=CH where R is a simple alkyl (methyl, ethyl,
propyl, etc.), m is 2-10 and n is 100-1,000 (i.e.,
average molecular weight is between 5-40 IcDa). [516]
In another embodiment of the invention, a hIFN
polypeptide comprising an alkyne-containing
non-naturally encoded amino acid is modified with a
PEG derivative that contains a terminal azide or
terminal alkyne moiety that is linked to the PEG
backbone by means of an amide linkage. [517] In some
embodiments, the alkyne-terminal PEG derivative will
have the following structure:RO-(CH 2CH2O)n -O-(CH
2)m-NH-C(O)-(CH 2)p-C==CH where R is a simple alkyl
(methyl, ethyl, propyl, etc.), m is 2-10, p is 2-10
and n is 100-1,000. [518] In another embodiment of the
invention, a hIFN polypeptide comprising an
azidecontaining amino acid is modified with a branched
PEG derivative that contains a terminal alkyne moiety,
with each chain of the branched PEG having a MW
ranging from 10-40 kDa and may be from 5-20 kDa. For
instance, in some embodiments, the alkyne-terminal PEG
derivative will have the following structure: [RO-(CH
2CH2O)n-O-(CH 2)2-NH-C(O)] 2CH(CH 2)m-X-(CH 2)p C CH
where R is a simple alkyl (methyl, ethyl, propyl,
etc.), m is 2-10, p is 2-10, and n is 100-1,000, and X
is optionally an O, N, S or carbonyl group (C=O), or
not present. Phosphine-containing PEG derivatives
[519] In another embodiment of the invention, a hIFN
polypeptide is modified with a PEG derivative that
contains an activated functional group (including but
not limited to, ester, carbonate) further comprising
an aryl phosphine group that will react with an azide
moiety present on the side chain of the non-naturally
encoded amino acid. In general, the PEG derivatives
will have an average molecular weight ranging from
1-100 IcDa and, in some embodiments, from 10-40 IcDa.
[520] In some embodiments, the PEG derivative will
have the structure: wherein n is 1-10; X can be O, N,
S or not present, Ph is phenyl, and W is a water
soluble polymer. [521] In some embodiments, the PEG
derivative will have the structure: wherein X can be
O, N, S or not present, Ph is phenyl, W is a water
soluble polymer and R can be H, alkyl, aryl,
substituted alkyl and substituted aryl groups.
Exemplary R groups include but are not limited to
-CH2, -C(CH 3) 3, -OR', -NR'R", -SR', -halogen,
-C(O)R', -CONR'R", - S(O)2R', -S(O) 2NR R", -CN and
-NO 2. R', R", R'" and R"" each independently refer to
hydrogen, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, including but not
limited to, aryl substituted with 1-3 halogens,
substituted or unsubstituted alkyl, alkoxy or
thioalkoxy groups, or arylalkyl groups. When a
compound of the invention includes more than one R
group, for example, each of the R groups is
independently selected as are each R , R", R'" and R""
groups when more than one of these groups is present.
When R' and R" areattached to the same nitrogen atom,
they can be combined with the nitrogen atom to form a
5-, 6-, or 7-membered ring. For example, -NR'R" is
meant to include, but not be limited to, 1-
pyrrolidinyl and 4-morpholinyl. From the above
discussion of substituents, one of skill in the art
will understand that the term "alkyl" is meant to
include groups including carbon atoms bound to groups
other than hydrogen groups, such as haloalkyl
(including but not limited to, -CF3 and - CH2CF3) and
acyl (including but not limited to, -C(O)CH3,
-C(O)CF3, -C(O)CH2OCH3, and the like). Other PEG
derivatives and General PEGylation techniques [522]
Other exemplary PEG molecules that may be linked to
hIFN polypeptides, as well as PEGylation methods
include those described in, e.g., U.S. Patent
Publication No. 2004/0001838; 2002/0052009; 2003
/0162949; 2004/0013637; 2003/0228274; 2003/0220447;
2003/0158333; 2003/0143596; 2003/01 14647;
2003/0105275; 2003/0105224; 2003/0023023;
2002/0156047; 2002/0099133; 2002/0086939;
2002/0082345; 2002/0072573; 2002/0052430;
2002/0040076; 2002/0037949; 2002/0002250;
2001/0056171; 2001/0044526; 2001/0021763; U.S. Patent
No. 6,646,1 10; 5,824,778; 5,476,653; 5,219,564;
5,629,384; 5,736,625; 4,902,502; 5,281,698; 5,122,614;
5,473,034; 5,516,673; 5,382,657; 6,552,167; 6,610,281;
6,515,100; 6,461,603; 6,436,386; 6,214,966; 5,990,237;
5,900,461; 5,739,208; 5,672,662; 5,446,090; 5,808,096;
5,612,460; 5,324,844; 5,252,714; 6,420,339; 6,201,072;
6,451,346; 6,306,821; 5,559,213; 5,747,646; 5,834,594;
5,849,860; 5,980,948; 6,004,573; 6,129,912; WO
97/32607, EP 229,108, EP 402,378, WO 92/16555, WO
94/04193, WO 94/14758, WO 94/17039, WO 94/18247, WO
94/28024, WO 95/00162, WO 95/1 1924, WO95/13090, WO
95/33490, WO 96/00080, WO 97/18832, WO 98/41562, WO
98/48837, WO 99/32134, WO 99/32139, WO 99/32140, WO
96/40791, WO 98/32466, WO 95/06058, EP 439 508, WO
97/03106, WO 96/21469, WO 95/13312, EP 921 13 1, WO
98/05363, EP 809 996, WO 96/41813, WO 96/07670, EP 605
963, EP 510 356, EP 400 472, EP 183 503 and EP 154
316, which are incorporated by reference herein. Any
of the PEG molecules described herein may be used in
any form, including but not limited to, single chain,
branched chain, multiarm chain, single functional,
bi-functional, multi-functional, or any combination
thereof. Enhancing affinity for serum albumin [523]
Various molecules can also be fused to the hIFN
polypeptides of the invention to modulate the
half-life of hIFN polypeptides in serum. In some
embodiments, molecules are linked or fused to hIFN
polypeptides of the invention to enhance affinity for
endogenous serum albumin in an animal.[524] For
example, in some cases, a recombinant fusion of a hIFN
polypeptide and an albumin binding sequence is made.
Exemplary albumin binding sequences include, but are
not limited to, the albumin binding domain from
streptococcal protein G {see. e.g., Makrides et al.,
J. Pharmacol. Exp. Ther. 277:534-542 (1996) and
Sjolander et al, J, Immunol. Methods 201:1 15-123
(1997)), or albumin-binding peptides such as those
described in, e.g., Dennis, et al.J. Bol. Chem.
277:35035-35043 (2002). [525] In other embodiments,
the hIFN polypeptides of the present invention are
acylated with fatty acids. In some cases, the fatty
acids promote binding to serum albumin. See, e.g.,
Kurtzhals, et al, Biochem. J. 312:725-731 (1995).
[526] In other embodiments, the hIFN polypeptides of
the invention are fused directly with serum albumin
(including but not limited to, human serum albumin).
Those of skill in the art will recognize that a wide
variety of other molecules can also be linked to hIFN
in the present invention to modulate binding to serum
albumin or other serum components. X. Glycosylation of
hIFN Polypeptides [527] The invention includes hIFN
polypeptides incorporating one or more nonnaturally
encoded amino acids bearing saccharide residues. The
saccharide residues may be either natural (including
but not limited to, N-acetylglucosamine) or
non-natural (including but not limited to,
3-fluorogalactose). The saccharides may be linked to
the non-natural Iy encoded amino acids either by an N-
or O-linked glycosidic linkage (including but not
limited to, Nacetylgalactose- L-serine) or a
non-natural linkage (including but not limited to, an
oxime or the corresponding C- or S-linked glycoside).
[528] The saccharide (including but not limited to,
glycosyl) moieties can be added to hIFN polypeptides
either in vivo or in vitro. In some embodiments of the
invention, a hIFN polypeptide comprising a
carbonyl-containing non-naturally encoded amino acid
is modified with a saccharide derivatized with an
aminooxy group to generate the corresponding
glycosylated polypeptide linked via an oxime linkage.
Once attached to the non-naturally encoded amino acid,
the saccharide may be further elaborated by treatment
with glycosyltransferases and other enzymes to
generate an oligosaccharide bound to the hIFN
polypeptide. See, e.g., H. Liu, et al. J Am. Chem.
Soc. 125: 1702-1703 (2003). [529] In some embodiments
of the invention, a hIFN polypeptide comprising a
carbonyl-containing non-naturally encoded amino acid
is modified directly with a glycan with defined
structure prepared as an aminooxy derivative. One of
ordinary skill in the art will recognize that other
functionalities, including azide, alkyne, hydrazide,
hydrazine, and semicarbazide, can be used to link the
saccharide to the non-naturally encoded amino
acid.[530] In some embodiments of the invention, a
hIFN polypeptide comprising an azide or
alkynyl-containing non-naturally encoded amino acid
can then be modified by, including but not limited to,
a Huisgen [3+2] cycloaddition reaction with, including
but not limited to, alkynyl or azide derivatives,
respectively. This method allows for proteins to be
modified with extremely high selectivity. XI. GH
Supergene Family Member Dimers and Multimers [531] The
present invention also provides for GH supergene
family member combinations (including but not limited
to hIFN and hIFN analogs) such as homodimers,
heterodimers, homomultimers, or heteromultimers (i.e.,
trimers, tetramers, etc.) where a GH supergene family
member polypeptide such as hIFN containing one or more
non-naturally encoded amino acids is bound to another
GH supergene family member or variant thereof or any
other polypeptide that is a non-GH supergene family
member or variant thereof, either directly to the
polypeptide backbone or via a linker. Due to its
increased molecular weight compared to monomers, the
GH supergene family member, such as hIFN, dimer or
multimer conjugates may exhibit new or desirable
properties, including but not limited to different
pharmacological, pharmacokinetic, pharmacodynamic,
modulated therapeutic half-life, or modulated plasma
halflife relative to the monomeric GH supergene family
member. In some embodiments, the GH supergene family
member, such as hIFN, dimers of the invention will
modulate the dimerization of the GH supergene family
member receptor. In other embodiments, the GH
supergene family member dimers or multimers of the
present invention will act as a GH supergene family
member receptor antagonist, agonist, or modulator.
[532] In some embodiments, one or more of the hIFN
molecules present in a MFN containing dimer or
multimer comprises a non-naturally encoded amino acid
linked to a water soluble polymer that is present
within the Site II binding region. As such, each of
the hIFN molecules of the dimer or multimer are
accessible for binding to the hIFN polypeptide
receptor via the Site I interface but are unavailable
for binding to a second hIFN polypeptide receptor via
the Site II interface. Thus, the hIFN polypeptide
dimer or multimer can engage the Site I binding sites
of each of two distinct hIFN polypeptide receptors
but, as the hIFN molecules have a water soluble
polymer attached to a non-genetically encoded amino
acid present in the Site II 



region, the hIFN polypeptide receptors cannot engage
the Site II region of the hIFN polypeptide ligand and
the dimer or multimer acts as a hIFN polypeptide
antagonist. In some embodiments, one or more of the
hIFN molecules present in a hIFN polypeptide
containing dimer or multimer comprises a non-naturally
encoded amino acid linked to a water soluble polymer
that is present within the Site I binding region,
allowing binding to the Site II region. Alternatively,
in someembodiments one or more of the hIFN molecules
present in a hIFN polypeptide containing dimer or
multimer comprises a non-naturally encoded amino acid
linked to a water soluble polymer that is present at a
site that is not within the Site I or Site II binding
region, such that both are available for binding. In
some embodiments a combination of hIFN molecules is
used having Site I5 Site II, or both available for
binding. A combination of hIFN molecules wherein at
least one has Site I available for binding, and at
least one has Site II available for binding may
provide molecules having a desired activity or
property. In addition, a combination of HFN molecules
having both Site I and Site II available for binding
may produce a super-agonist MFN molecule. [533] In
some embodiments, the GH supergene family member
polypeptides are linked directly, including but not
limited to, via an Asn-Lys amide linkage or Cys-Cys
disulfide linkage. In some embodiments, the linked GH
supergene family member polypeptides, and/or the
linked non-GH supergene family member, will comprise
different non-naturally encoded amino acids to
facilitate dimerization, including but not limited to,
an alkyne in one nonnaturally encoded amino acid of a
first hIFN polypeptide and an azide in a second
non-naturally encoded amino acid of a second GH
supergene family member polypeptide will be conjugated
via a Huisgen [3+2] cycloaddition. Alternatively, a
first GH supergene family member, and/or the linked
non-GH supergene family member, polypeptide comprising
a ketone-containing nonnaturally encoded amino acid
can be conjugated to a second GH supergene family
member polypeptide comprising a
hydroxylamine-containing non-naturally encoded amino
acid and the polypeptides are reacted via formation of
the corresponding oxime. [534] Alternatively, the two
GH supergene family member polypeptides, and/or the
linked non-GFI supergene family member, are linked via
a linker. Any hetero- or homobifunctional linker can
be used to link the two GH supergene family members,
and/or the linked non-GH supergene family member,
polypeptides, which can have the same or different
primary sequence. In some cases, the linker used to
tether the GH supergene family member, and/or the
linked non-GH supergene family member, polypeptides
together can be a bifunctional PEG reagent. The linker
may have a wide range of molecular weight or molecular
length. Larger or smaller molecular weight linkers may
be used to provide a desired spatial relationship or
conformation between the GH superfamily member and the
linked entity. Linkers having longer or shorter
molecular length may also be used to provide a desired
space or flexibility between the GH superfamily member
and the linked entity. Similarly, a linker having a
particular shape or conformation may be utilized to
impart a particular shape or conformation to the GH
superfamily member or the linked entity, either before
or after the GH superfamily memberreaches its target.
This optimization of the spatial relationship between
the GH superfamily member and the linked entity may
provide new, modulated, or desired properties to the
molecule. [535] In some embodiments, the invention
provides water-soluble bifunctional linkers that have
a dumbbell structure that includes: a) an azide, an
alkyne, a hydrazine, a hydrazide, a hydroxy1amine, or
a carbonyl-containing moiety on at least a first end
of a polymer backbone; and b) at least a second
functional group on a second end of the polymer
backbone. The second functional group can be the same
or different as the first functional group. The second
functional group, in some embodiments, is not reactive
with the first functional group. The invention
provides, in some embodiments, water-soluble compounds
that comprise at least one arm of a branched molecular
structure. For example, the branched molecular
structure can be dendritic. [536] In some embodiments,
the invention provides multimers comprising one or
more GH supergene family member, such as hlFN, formed
by reactions with water soluble activated polymers
that have the structure: R-(CH2CH2O)n-O-(CHz)1n -X
wherein n is from about 5 to 3,000, m is 2-10, X can
be an azide, an alkyne, a hydrazine, a hydrazide, an
aminooxy group, a hydroxylamine, an acetyl, or
carbonyl-containing moiety, and R is a capping group,
a functional group, or a leaving group that can be the
same or different as X. R can be, for example, a
functional group selected from the group consisting of
hydroxyl, protected hydroxyl, alkoxyl,
N-hydroxysuccinimidyl ester, 1-benzotriazolyl ester,
Nhydroxysuccinimidyl carbonate, 1-benzotriazolyl
carbonate, acetal, aldehyde, aldehyde hydrates,
alkenyl, acrylate, methacrylate, acrylamide, active
sulfone, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid,
protected carboxylic acid, isocyanate, isothiocyanate,
maleimide, vinylsulfone, dithiopyridine,
vinylpyridine, iodoacetamide, epoxide, glyoxals,
diones, mesylates, tosylates, and tresylate, alkene,
and ketone. XII. Measurement of MFN Polypeptide
Activity and Affinity of MFN Polypeptide for the hiFN
Polypeptide Receptor [537] The hlFN receptor can be
prepared as described in U.S. Patent No. 6,566,132;
5,889,151; 5,861,258; 5,731,169; 5,578,707, which is
incorporated by reference herein. hlFN polypeptide
activity can be determined using standard or known in
vitro or in vivo assays. For example, cells or cell
lines that modulate growth or MHC Class I or II
antigen production in response to hlFN or bind hlFN
(including but not limited to, cells containing active
IFN receptors such as human lymphoblastoid Daudi
cells, or recombinant IFN receptor producing cells)
can be used to monitor hlFN receptor binding. For a
non-PEGylated or PEGylated hlFNpolypeptide comprising
a non-natural amino acid, the affinity of the hormone
for its receptor can be measured by using techniques
known in the art such as a BIAcore(tm) biosensor
(Pharmacia). In vivo animal models as well as human
clinical trials for testing hIFN activity include
those described in, e.g., Kontsek et al., Acta Virol.
43:63 (1999); Youngster et al., Current Pharma Design
8:2139 (2002); Kozlowski et al., BioDrugs 15:419
(2001); U.S. Patent No. 6,180,096; 6,177,074;
6,042,822; 5,981,709; 5,951,974; 5,908,621; 5,71
1,944; 5,738,846, which are incorporated by reference
herein. [538] Regardless of which methods are used to
create the present hIFN analogs, the analogs are
subject to assays for biological activity. Tritiated
thymidine assays may be conducted to ascertain the
degree of cell division. Other biological assays,
however, may be used to ascertain the desired
activity. Biological assays such as assaying for the
ability to inhibit viral replication, also provides
indication of IFN activity. See Bailon et al.,
Bioconj. Chem. 12:195 (2001); Forti et al., Meth.
Enzymol. 119:533 (1986); Walter et al., Cancer
Biother. & Radiopharm. 13:143 (1998); DiMarco et al.,
BioChem. Biophys. Res. Com. 202:1445 (1994); Foser et
al. Pharmacogenomics Journal 3:312-319 (2003); and
U.S. Patent No.: 4,675,282; 4,241,174; 4,514,507;
4,622,292; 5,766,864, which are incorporated by
reference herein. Assays such as those described by
Oritani et al. Nature Medicine 2000 6(6):659-666;
Kawamoto et al. Experimental Hematology 2004
32:797-805; and Kawamoto et al. J Virol. 2003 Sep;
77(17):9622-31 may be also used to assess the
biological activity and potential side effects of hIFN
polypeptides of the invention. [539] Platanias et al.
in Experimental Hematology 1999; 27:1583-1592, which
is incorporated by reference herein, discuss signaling
pathways activated by interferons including the
Jak-Stat pathway, the insulin receptor substrate
(IRS)/PI-3' -kinase pathway, and the activation of CBL
and the Crk-signaling pathway. The importance of the
Vav proto-oncogene and its role in IFN-dependent
growth inhibition and the role of tyrosine
phosphatases in type I IFN signaling, as well as
molecules critical to signaling cascades with the type
II interferon receptor were discussed. Assays
evaluating signaling and pathways downstream from
interferon receptor binding may be used to evaluate
hIFN polypeptides of the invention, including studies
described in Platanias et al. in Experimental
Hematology 1999 27:1315-1321, which is incorporated by
reference herein, that investigate two members of the
Crk-familly of proteins, CrkL and Crkll. [540] To
assess the effect of hIFN polypeptides on normal
myeloid (CFU-GM) and erythroid progenitors (BFU-E),
colony formation assays such as those described by
Kawamoto et al. Experimental Hematology 2004
32:797-805 or Giron-Michel, Leukemia 2002 16:1
135-1142, incorporated by reference herein, may be be
used. Clonal proliferation of megakaryocytes may also
be performed. There exists a correlation between
colony formation assays and bone marrow toxicity. In
vivo effects on normal hematopoiesis may be measured
in, for example, peripheral blood or bone marrow of
mice after injection with hIFN polypeptides or effects
on body temperature in mice may be measured as
described by Kawamoto et al. Oligoadenylate synthetase
mRNA may also be used as a biomarker for antiviral
activity (branched DNA assay). [541] Viral replication
assays or in vivo studies may be performed with hiFN
polypeptides of the invention to screen for anti-viral
activity. Viral replication assays are known to those
skilled in the art and may involve HCV (Hepatitis C
Virus), VSV (Vesicular Stomatitis Virus), or EMCV
(Encephalomyocarditis Virus). HCV replicon assays
involving human WISH or Huh-7 cells may be performed
with RNA expression measured by various methods
including, but not limited to, RT-PCR, Real Time PCR,
or branched DNA methods. Different HCV genotypes may
be used, including but not limited to, HCV genotypes
Ia and Ib. The reduction of cytopathic effect (CPE) of
cells such as baby hamster kidney BHK21 cells infected
with VSV may also be measured with hIFN polypeptides.
Various cell lines and calculation algorithms may be
used to determine potency in CPE assays. Comparisons
are made with known reference standards and
international units may be calculated. Other assays
include, but are not limited to, assays that involve
HCV replication in specific cell lines and human
foreskin fibroblast cells infected with EMCV (Trotta
et al., Drug Information Journal (2000); 34:123
1-1246), which is incorporated by reference herein.
[542] Other in vitro assays may be used to ascertain
biological activity. In general, the test for
biological activity should provide analysis for the
desired result, such as increase or decrease in
biological activity (as compared to non-altered IFN),
different biological activity (as compared to
non-altered IFN), receptor affinity analysis, or serum
half-life analysis. [543] It was previously reported
that Daudi cells will bind 125 1-labeled murine IFN
and that this binding can be competed for by addition
of unlabeled IFN (See e.g. U.S. Patent No. 5,516,515;
5,632,988). The ability of natural IFN and hIFN to
compete for binding of 125 1-IFN to human and murine
leukemic cells is tested. Highly purified natural IFN
(>95% pure; 1 mg) is iodinated [Tejedor, et al.,
Anal.Biochem., 127, 143 (1982)], and is separated from
reactants by gel filtration and ion exchange
chromatography. The specific activity of the natural
125 1-IFN may be approximately 100 mCi/mg protein.
[544] Trotta et al. Drug Information Journal 2000; 34:
123 1-1246, which is incorporated by reference herein,
discuss the numerous biological activities of IFNa
including immunomodulatory, antiproliferative,
antiviral, and antimicrobial activities. Different
humanIFN a species exhibit varied relative levels of
biological activities despite the high degree of amino
acid sequence homology. Assays known those skilled in
the art to measure immunomodulatory,
antiproliferative, antiviral, and antimicrobial
activities of one or more IFN a species may be used to
evaluate hIFN polypeptides of the invention. [545] In
vitro assays that measure secretion of prostaglandins,
e.g., PGE2, may be performed to evaluate hIFN
polypeptides of the invention. Prostaglandins modulate
a number of CNS functions such as the generation of
fever and the perception of pain, and one of the side
effects of current IFN therapies is fever. [546]
Transcriptional activity of monoPEGylated
interferon-a-2a isomers is described in Foser et al.
Pharmacogenomics Journal 2003; 3:312-319, which is
incorporated by reference herein in its entirety,
using oligonucleotide array transcript analysis.
Similar assays may be performed with hIFN polypeptides
of the invention. Cell lines that may be used in gene
expression studies include but are not limited to,
melanoma cell lines such as MEl 5. MEl 5 or similar
cell lines may also be used to investigate functional
properties of hIFN polypeptides of 



the invention. Alternate assays to DNA microarrays may
be performed with hIFN polypeptides of the invention
to provide mRNA profiling data, differential gene
expression information, or altered gene expression
data (change in the level of a transcription or
translation products). Cellular arrays may also be
performed. DNA microarray or DNA chip studies involve
assembling PCR products of a group of genes or all
genes within a genome on a solid surface in a high
density format or array. General methods for array
construction and use are available (see Schena M,
Shalon D, Davis R W, Brown P O., Quantitative
monitoring of gene expression patterns with a
complementary DNA microarray. Science. Oct. 20, 1995;
270(5235): 467-70). A DNA microarray allows the
analysis of gene expression patterns or profile of
many genes to be performed simultaneously by
hybridizing the DNA microarray comprising these genes
or PCR products of these genes with cDNA probes
prepared from the sample to be analyzed. DNA
microarray or "chip" technology permits examination of
gene expression on a genomic scale, allowing
transcription levels of many genes to be measured
simultaneously. Methods and materials for various
arrays and similar analyses are known to those of
ordinary skill in the art. [547] The above compilation
of references for assay methodologies is not
exhaustive, and those skilled in the art will
recognize other assays useful for testing for the
desired end result. Alterations to such assays are
known to those of ordinary skill in the art.XJII.
Measurement of Potency, Functional In Vivo Half-Life,
Toxicity, and Pharmacokinetic Parameters [548] An
important aspect of the invention is the prolonged
biological half-life that is obtained by construction
of the hIFN polypeptide with or without conjugation of
the polypeptide to a water soluble polymer moiety. The
rapid decrease of hIFN polypeptide serum
concentrations has made it important to evaluate
biological responses to treatment with conjugated and
non-conjugated hIFN polypeptide and variants thereof.
The conjugated and nonconjugated hIFN polypeptide and
variants thereof of the present invention may have
prolonged serum half-lives also after subcutaneous or
i.v. administration, making it possible to measure by,
e.g. ELISA method or by a primary screening assay.
ELISA or RIA kits from either BioSource International
(Camarillo, CA) or Diagnostic Systems Laboratories
(Webster, TX) may be used. Another example of an assay
for the measurement of in vivo half-life of IFN or
variants thereof is described in Kozlowski et al.,
BioDrugs 15:419 (2001); Bailon et al., Bioconj. Chem.
12:195 (2001); Youngster et al., Current Pharm. Design
8:2139 (2002); U.S. Pat. No. 6,524,570; 6,250,469;
6,180,096; 6,177,074; 6,042,822; 5,981,709; 5,591,974;
5,908,621; 5,738,846, which are incorporated by
reference herein. Measurement of in vivo biological
halflife is carried out as described herein. [549] The
potency and functional in vivo half-life of a hIFN
polypeptide comprising a non-naturally encoded amino
acid can be determined according to the protocol
described in U.S. Patent No. 5,71 1,944; 5,382,657,
which are incorporated by reference herein. [550]
Pharmacokinetic parameters for a hIFN polypeptide
comprising a non-naturally encoded amino acid can be
evaluated in normal Sprague-Dawley male rats (N=5
animals per treatment group). Animals will receive
either a single dose of 25 ug/rat iv or 50 ug/rat sc,
and approximately 5-7 blood samples will be taken
according to a pre-defined time course, generally
covering about 6 hours for a hIFN polypeptide
comprising a non-naturally encoded amino acid not
conjugated to a water soluble polymer and about 4 days
for a hIFN polypeptide comprising a non-naturally
encoded amino acid and conjugated to a water soluble
polymer. Pharmacokinetic data for hIFN polypeptides is
well-studied in several species and can be compared
directly to the data obtained for hIFN polypeptides
comprising a non-naturally encoded amino acid. See
Mordenti J., et al, Pharm. Res. 8(1 1):1351-59 (1991)
for studies related to hGH. [551] Pharmacokinetic
parameters can also be evaluated in a primate, e.g.,
cynomolgus monkeys. Typically, a single injection is
administered either subcutaneously or intravenously,
and serum hIFN levels are monitored over time.[552]
Uno et al., which is incorporated by reference herein,
in J Interferon Cytokine Res. 1998 Dec;18(12):101 1-8
describe the induction of 2',5' oligoadenylate
synthetase in THP-I cells in response to IFN. In
particular, the assay described is sensitive to IFNa
and may be useful as a bioassay for serum interferon.
[553] Animal models used to study aniviral activity of
hIFN polypeptides include, but are not limited to, the
chimpanzee HCV (Purcell RH, FEMS Microbiol Rev. 1994
Jul;14(3):181- 91), the HCV-Trimera mouse (Ilan E et
al. J Infect Dis. 2002 Jan 15;1 85(2):153-61), and the
Alb-uPA transgenic mouse models (Mercer DF et al. Nat
Med. 2001 Aug;7(8):927-33; Kneteman, N et al (2003)
10th HCV Meeting Kyoto Japan, P- 187), all of which
are incorporated by reference herein. Other animal
models may be used to evaluate side effects such as
fever, depression, and pain threshold. [554] hIFN
polypeptides of the invention may be evaluated using a
human bone marrow NOD/SCID reconstitution model.
Variations to this protocol are known to one of
ordinary skill in the art. With this model, the
transplantation protocol is as follows: NOD/SCID mice
are housed under sterile conditions in microisolator
cages. Just before and for 2 months after total body
irradiation mice receive acidified H2O (pH=3). The
NOD/SCID mice are sublethally irradiated 325 - 350 cGy
using a 137Cs g-irradiator (approximately 1 cGy/min).
Cells are transplanted with human MNC (mononuclear
cells from bone marrow or cord blood) by i.v.
injection on the day of irradiation. For the
reconstitution analysis, at 6-8 weeks postinjection
mice are bled through the tail vein, or
retro-orbitally, collected into heparinized vacutubes.
Peripheral blood cells are analyzed by FACS using
anti-human CD45 and anti-mouse CD45 to assess
reconstitution. Mice with >0.1% human cells in the
peripheral blood are considered positive. [555] The
mice are treated with PEGASYS (r) or hIFN polypeptide
with a dosing regimen. Various dosing regimens may be
used. Mice are s.c. injected with drug vs. buffer,
weekly dosing. On week 4, the animals are sacrificed
and peripheral blood, spleen, liver, and bone marrow
are harvested for analysis. The samples are processed
in the following manner: Peripheral blood is collected
into heparinized vacutubes. The spleen and liver are
removed and a single cell suspension generated. Tibia
and femur bone marrow is harvested. Levels of PEGASYS
(r) or MFN polypeptide are measured in blood and
tissue by methods including but not limited to, ELISA.
Peled et al. in Science (1999) 283:845-848 and Kim et
al. in Stem Cells (1999) 17:286-294 discuss the
repopulating cells of SCID mice.[556] Cynoniolgus
monkeys are used to evaluate in vivo activity and bone
marrow toxicity of WFN polypeptides. Induction of
2',5'-Oligoadenylate synthetase (2'5'-OAS) is measured
in monkeys and reflects activity of hIFN polypeptides.
Bone marrow toxicity is evaluated by measuring
circulating blood cells, including but not limited to
neutrophils, RBCs, and platelets as well as
potentially collecting and evaluating bone marrow.
[557] Additional animal models for evaluating hIFN
polypeptides of the invention include animal models
studying depression. Capuron, L et al. in Am. J .
Psychiatry 2003; 160:1342-1344 present clinical data
suggesting a correlation between IFN-a, the HPA axis,
and depression. During the first twelve weeks of IFN-a
therapy, the plasma concentrations of
adrenocorticotropic hormone (ACTH), Cortisol, and
interleukin-6 (IL-6) were measured in patients both
immediately before and one, two, and three hours after
administration. The patients were also evaluated for
symptoms of major depression during the course of the
study. It was found that patients who subsequently met
symptom criteria for major depression exhibited higher
ACTH and Cortisol responses (but not IL-6 responses)
to the initial administration of IFN- a than patients
who did not meet the symptom criteria. [558] Yamano,
M. et al. JPET 2000; 292:181-187, which is
incorporated by reference herein, discusses Sumiferon,
a lymphoblastoid preparation of human IFN- a (Sumitomo
Pharmaceuticals), and YM643 (IFN-alphacon-1; Amgen)
and their effects on mice. Upon dosing i.v. both
compounds induced immobility, a depression-like
behavior, in mice, as measured by the Tail Suspension
Test (TST) in a dose-dependent manner. Similar results
were achieved by s.c. and i.c.v. injection, although
dose levels and general dosing regimens differed.
Imipramine (a tricyclic anti-depressant and
down-regulator of the HPA axis) was found to
significantly reduce IFN-induced immobility, whereas
indomethacin (a cyclooxygenase inhibitor) and naloxone
(an opioid receptor antagonist) did not reduce the
observed IFN-induced immobility. Yamano et al. also
showed that the CRF antagonist CP-1 54,526 blocks
IFNinduced immobility and does so in a dose-dependent
manner, implicating the involvement of the HPA axis in
IFN-a induced depression. [559] The Tail Suspension
Test is an alternative to the "behavioral despair" or
swim test in which an animal is forced to swim in a
particular area without an escape. With the Tail
Suspension Test, the animal is suspended from its tail
for defined length of time, e.g., six minutes, and
cannot escape. During the test, various measurements
are taken including but not limited to, the number of
times each animal enters into an escape behavior
(called an event) e.g. struggling episodes, the
duration of the event, and the average strength of
each event. TailSuspension Test equipment is
available, for example, from Lafayette Instrument
(Lafayette, Indiana). [560] Other studies involve
animal models of other side effects found with current
IFN therapies, such as neutropenia. Animal studies
performed may be performed in combination with
Ribavirin or another compound. [561] The specific
activity of hIFN polypeptides in accordance with this
invention can be determined by various assays known in
the art. The biological activity of the hIFN
polypeptide muteins, or fragments thereof, obtained
and purified in accordance with this invention can be
tested by methods described or referenced herein or
known to those of ordinary skill in the art. XIV.
Administration and Pharmaceutical Compositions [562]
The polypeptides or proteins of the invention
(including but not limited to, hIFN, synthetases,
proteins comprising one or more unnatural amino acid,
etc.) are optionally employed for therapeutic uses,
including but not limited to, in combination with a
suitable pharmaceutical carrier. Such compositions,
for example, comprise a therapeutically effective
amount of the compound, and a pharmaceutically
acceptable carrier or excipient. Such a carrier or
excipient includes, but is not limited to, saline,
buffered saline, dextrose, water, glycerol, ethanol,
and/or combinations thereof. The formulation is made
to suit the mode of administration. In general,
methods of administering proteins are known to those
of ordinary skill in the art and can be applied to
administration of the polypeptides of the invention.
[563] Therapeutic compositions comprising one or more
polypeptide of the invention are optionally tested in
one or more appropriate in vitro and/or in vivo animal
models of disease, to confirm efficacy, tissue
metabolism, and to estimate dosages, according to
methods known to those of ordinary skill in the art.
In particular, dosages can be initially determined by
activity, stability or other suitable measures of
unnatural herein to natural amino acid homologues
(including but not limited to, comparison of a hIFN
polypeptide modified to include one or more unnatural
amino acids to a natural amino acid hIFN polypeptide),
i.e., in a relevant assay. [564] Administration is by
any of the routes normally used for introducing a
molecule into ultimate contact with blood or tissue
cells. The unnatural amino acid polypeptides of the
invention are administered in any suitable manner,
optionally with one or more pharmaceutically
acceptable carriers. Suitable methods of administering
such polypeptides in the context of the present
invention to a patient are available, and, although
more than one route can be used toadminister a
particular composition, a particular route can often
provide a more immediate and more effective action or
reaction than another route. [565] Pharmaceutically
acceptable carriers are determined in part by the
particular composition being administered, as well as
by the particular method used to administer the
composition. Accordingly, there is a wide variety of
suitable formulations of pharmaceutical compositions
of the present invention. [566] hIFN polypeptides of
the invention may be administered by any conventional
route suitable for proteins or peptides, including,
but not limited to parenterally, e.g. injections 



including, but not limited to, subcutaneously or
intravenously or any other form of injections or
infusions. Polypeptide compositions can be
administered by a number of routes including, but not
limited to oral, intravenous, intraperitoneal,
intramuscular, transdermal, subcutaneous, topical,
sublingual, or rectal means. Compositions comprising
non-natural amino acid polypeptides, modified or
unmodified, can also be administered via liposomes.
Such administration routes and appropriate
formulations are generally known to those of skill in
the art. The hIFN polypeptide comprising a
non-naturally encoded amino acid, may be used alone or
in combination with other suitable components such as
a pharmaceutical carrier. [567] The hIFN polypeptide
comprising a non-natural amino acid, alone or in
combination with other suitable components, can also
be made into aerosol formulations (i.e., they can be
"nebulized") to be administered via inhalation.
Aerosol formulations can be placed into pressurized
acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the
like. [568] Formulations suitable for parenteral
administration, such as, for example, by
intraarticular (in the joints), intravenous,
intramuscular, intradermal, intraperitoneal, and
subcutaneous routes, include aqueous and non-aqueous,
isotonic sterile injection solutions, which can
contain antioxidants, buffers, bacteriostats, and
solutes that render the formulation isotonic with the
blood of the intended recipient, and aqueous and
non-aqueous sterile suspensions that can include
suspending agents, solubilizers, thickening agents,
stabilizers, and preservatives. The formulations of
hIFN can be presented in unit-dose or multi-dose
sealed containers, such as ampules and vials. [569]
Parenteral administration and intravenous
administration are preferred methods of
administration. In particular, the routes of
administration already in use for natural amino acid
homologue therapeutics (including but not limited to,
those typically used for EPO, GH, GCSF5 GM-CSF, IFNs,
interleukins, antibodies, and/or any other
pharmaceutically delivered protein), along with
formulations in current use, provide preferred routes
of administration and formulation for the polypeptides
of the invention. [570] The dose administered to a
patient, in the context of the present invention, is
sufficient to have a beneficial therapeutic response
in the patient over time, or, including but not
limited to, to inhibit infection by a pathogen, or
other appropriate activity, depending on the
application. The dose is determined by the efficacy of
the particular vector, or formulation, and the
activity, stability or serum half-life of the
unnatural amino acid polypeptide employed and the
condition of the patient, as well as the body weight
or surface area of the patient to be treated. The size
of the dose is also determined by the existence,
nature, and extent of any adverse side-effects that
accompany the administration of a particular vector,
formulation, or the like in a particular patient.
[571] In determining the effective amount of the
vector or formulation to be administered in the
treatment or prophylaxis of disease (including but not
limited to, cancers, inherited diseases, diabetes,
AIDS, or the like), the physician evaluates
circulating plasma levels, formulation toxicities,
progression of the disease, and/or where relevant, the
production of antiunnatural amino acid polypeptide
antibodies. [572] The dose administered, for example,
to a 70 kilogram patient, is typically in the range
equivalent to dosages of currently-used therapeutic
proteins, adjusted for the altered activity or serum
half-life of the relevant composition. The vectors or
pharmaceutical formulations of this invention can
supplement treatment conditions by any known
conventional therapy, including antibody
administration, vaccine administration, administration
of cytotoxic agents, natural amino acid polypeptides,
nucleic acids, nucleotide analogues, biologic response
modifiers, and the like. [573] For administration,
formulations of the present invention are administered
at a rate determined by the LD-50 or ED-50 of the
relevant formulation, and/or observation of any
side-effects of the unnatural amino acid polypeptides
at various concentrations, including but not limited
to, as applied to the mass and overall health of the
patient. Administration can be accomplished via single
or divided doses. [574] If a patient undergoing
infusion of a formulation develops fevers, chills, or
muscle aches, he/she receives the appropriate dose of
aspirin, ibuprofen, acetaminophen or other pain/fever
controlling drug. Patients who experience reactions to
the infusion such as fever,muscle aches, and chills
are premedicated 30 minutes prior to the future
infusions with either aspirin, acetaminophen, or,
including but not limited to, diphenhydramine.
Meperidine is used for more severe chills and muscle
aches that do not quickly respond to antipyretics and
antihistamines. Cell infusion is slowed or
discontinued depending upon the severity of the
reaction. [575] Human hIFN polypeptides of the
invention can be administered directly to a mammalian
subject. Administration is by any of the routes
normally used for introducing hIFN polypeptide to a
subject. The hIFN polypeptide compositions according
to embodiments of the present invention include those
suitable for oral, rectal, topical, inhalation
(including but not limited to, via an aerosol), buccal
(including but not limited to, sub-lingual), vaginal,
parenteral (including but not limited to,
subcutaneous, intramuscular, intradermal,
intraarticular, intrapleural, intraperitoneal,
inracerebral, intraarterial, or intravenous), topical
(i.e., both skin and mucosal surfaces, including
airway surfaces) and transdermal administration,
although the most suitable route in any given case
will depend on the nature and severity of the
condition being treated. Administration can be either
local or systemic. The formulations of compounds can
be presented in unit-dose or multi-dose sealed
containers, such as ampoules and vials hiFN
polypeptides of the invention can be prepared in a
mixture in a unit dosage injectable form (including
but not limited to, solution, suspension, or emulsion)
with a pharmaceutically acceptable carrier. hIFN
polypeptides of the invention can also be administered
by continuous infusion (using, including but not
limited to, minipumps such as osmotic pumps), single
bolus or slow-release depot formulations. [576]
Formulations suitable for administration include
aqueous and non-aqueous solutions, isotonic sterile
solutions, which can contain antioxidants, buffers,
bacteriostats, and solutes that render the formulation
isotonic, and aqueous and non-aqueous sterile
suspensions that can include suspending agents,
solubilizers, thickening agents, stabilizers, and
preservatives. Solutions and suspensions can be
prepared from sterile powders, granules, and tablets
of the kind previously described. [577] Freeze-drying
is a commonly employed technique for presenting
proteins which serves to remove water from the protein
preparation of interest. Freeze-drying, or
lyophilization, is a process by which the material to
be dried is first frozen and then the ice or frozen
solvent is removed by sublimation in a vacuum
environment. An excipient may be included in
prelyophilized formulations to enhance stability
during the freeze-drying process and/or to improve
stability of the lyophilized product upon storage.
Pikal, M. Biopharm. 3(9)26-30 (1990) and Arakawa et
al. Pharm. Res. 8(3):285-291 (1991).[578] The spray
drying of pharmaceuticals is also known to those of
ordinary skill in the art. For example, see Broadhead,
J . et al., "The Spray Drying of Pharmaceuticals," in
Drug Dev. Ind. Pharm, 18 ( 1 1 & 12), 1169-1206
(1992). In addition to small molecule pharmaceuticals,
a variety of biological materials have been spray
dried and these include: enzymes, sera, plasma,
micro-organisms and yeasts. Spray drying is a useful
technique because it can convert a liquid
pharmaceutical preparation into a Fine, dustless or
agglomerated powder in a one-step process. The basic
technique comprises the following four steps: a)
atomization of the feed solution into a spray; b)
spray-air contact; c) drying of the spray; and d)
separation of the dried product from the drying air.
U.S. Patent Nos. 6,235,710 and 6,001,800, which are
incorporated by reference herein, describe the
preparation of recombinant erythropoietin by spray
drying. [579] The pharmaceutical compositions of the
invention may comprise a pharmaceutically acceptable
carrier, excipient, or stabilizer. Pharmaceutically
acceptable carriers are determined in part by the
particular composition being administered, as well as
by the particular method used to administer the
composition. Accordingly, there is a wide variety of
suitable formulations of pharmaceutical compositions
(including optional pharmaceutically acceptable
carriers, excipients, or stabilizers) of the present
invention (see, e.g., Remington 's Pharmaceutical
Sciences, 17n ed. 1985)). [580] Suitable carriers
include, but are not limited to, buffers containing
succinate, phosphate, borate, HEPES, citrate,
histidine, imidazole, acetate, bicarbonate, and other
organic acids; antioxidants including but not limited
to, ascorbic acid; low molecular weight polypeptides
including but not limited to those less than about 10
residues; proteins, including but not limited to,
serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers including but not limited to,
polyvinylpyrrolidone; amino acids including but not
limited to, glycine, glutamine, asparagine, arginine,
histidine or histidine derivatives, methionine,
glutamate, or lysine; monosaccharides, disaccharides,
and other carbohydrates, including but not limited to,
trehalose, sucrose, glucose, mannose, or dextrins;
chelating agents including but not limited to, EDTA
and edentate disodium; divalent metal ions including
but not limited to, zinc, cobalt, or copper; sugar
alcohols including but not limited to, mannitol or
sorbitol; salt-forming counter ions including but not
limited to, sodium and sodium chloride; and/or
nonionic surfactants including but not limited to
Tween(tm) (including but not limited to, Tween 80
(polysorbate 80) and Tween 20 (polysorbate 20),
Pluronics(tm) and other pluronic acids, including but
not limited to, and other pluronic acids, including
but not limited to, pluronic acid F68 (poloxamer 188),
or PEG. Suitable surfactants include for example but
are not limited to polyethers based upon poly(ethylene
oxide)-poly(propylene oxide)-poly(ethylene oxide),
i.e., (PEO-PPO-PEO), orpoly(propylene
oxide)-poly(ethylene oxide)-poly(propylene oxide),
i.e., (PPO-PEO-PPO), or a combination thereof.
PEO-PPO-PEO and PPO-PEO-PPO are commercially available
under the trade names Pluronics(tm), R-Pluronics(tm),
Tetronics(tm) and R-Tetronics(tm) (BASF Wyandotte
Corp., Wyandotte, Mich.) and are further described in
U.S. Pat. No. 4,820,352 incorporated herein in its
entirety by reference. Other ethylene/polypropylene
block polymers may be suitable surfactants. A
surfactant or a combination of surfactants may be used
to stabilize PEGylated hIFN against one or more
stresses including but not limited to stress that
results from agitation. Some of the above may be
referred to as "bulking agents." Some may also be
referred to as "tonicity modifiers." Antimicrobial
preservatives may also be applied for product
stability and antimicrobial effectiveness; suitable
preservatives include but are not limited to, benzyl
alcohol, bezalkonium chloride, metacresol,
methyl/propyl parabene, cresol, and phenol, or a
combination thereof. [581] Formulations of interferon
molecules, including but not limited to, interferon
alpha and PEGylated forms of interferon alpha are
described in U.S. Patent Nos. 5,762,923; 5,766,582;
and 5,935,566, which are incorporated by reference
herein in their entirety. Methods for manufacture and
to test stability of interferon molecules are also
described. Allen et al. International Journal of
Pharmaeutics (1999) 187:259-272 also discusses the
formulation of a hybrid interferon-a molecule and
degradation products found under various conditions
such as high and low pH. [582] hIFN polypeptides of
the invention, including those linked to water soluble
polymers such as PEG can also be administered by or as
part of sustained-release systems. Sustained-release
compositions include, including but not limited to,
semi-permeable polymer matrices in the form of shaped
articles, including but not limited to, films, or
microcapsules. Sustained-release matrices include from
biocompatible materials such as poly(2-hydroxyethyl
methacrylate) (Langer et al., J. Biomed. Mater. Res.,
15: 267-277 (1981); Langer, Chem. Tech., 12: 98-105
(1982), ethylene vinyl acetate (Langer et al, supra)
or poly-D-(-)-3-hydroxybutyric acid (EP 133,988),
polylactides (polylactic acid) (U.S. Patent No.
3,773,919; EP 58,481), polyglycolide (polymer of
glycolic acid), polylactide co-glycolide (copolymers
of lactic acid and glycolic acid) polyanhydrides,
copolymers of L-glutamic acid and
gamma-ethyl-L-glutamate (Sidman et al., Biopolymers,
22, 547-556 (1983), poly(ortho)esters, polypeptides,
hyaluronic 



acid, collagen, chondroitin sulfate, carboxylic acids,
fatty acids, phospholipids, polysaccharides, nucleic
acids, polyamino acids, amino acids such as
phenylalanine, tyrosine, isoleucine, polynucleotides,
polyvinyl propylene, polyvinylpyrrolidone and
silicone. Sustained-release compositions also include
a liposomally entrapped compound. Liposomes containing
thecompound are prepared by methods known per se: DE
3,218,121; Eppstein et al, Proc. Natl. Acad. Sci.
U.S.A., 82: 3688-3692 (1985); Hwang et al, Proc. Natl.
Acad. ScL U.S.A., 77: 4030- 4034 (1980); EP 52,322; EP
36,676; U.S. Patent No. 4,619,794; EP 143,949; U.S.
Patent No. 5,021,234; Japanese Pat. Appln. 83-1 18008;
U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP
102,324. All references and patents cited are
incorporated by reference herein. [583] Liposomally
entrapped hIFN polypeptides can be prepared by methods
described in, e.g., DE 3,218,121; Eppstein et al,
Proc. Natl Acad. Sci. U.S.A., 82: 3688-3692 (1985);
Hwang et al, Proc. Natl. Acad. Sci. U.S.A., 77:
4030-4034 (1980); EP 52,322; EP 36,676; U.S. Patent
No. 4,619,794; EP 143,949; U.S. Patent No. 5,021,234;
Japanese Pat. Appln. 83-1 18008; U.S. Patent Nos.
4,485,045 and 4,544,545; and EP 102,324. Composition
and size of liposomes are well known or able to be
readily determined empirically by one of ordinary
skill in the art. Some examples of liposomes as
described in, e.g., Park JW, et al., Proc. Natl Acad.
Sci. USA 92:1327-1331 (1995); Lasic D and
Papahadjopoulos D (eds): MEDICAL APPLICATIONS OF
LIPOSOMES (1998); Drummond DC, et al, Liposomal drug
delivery systems for cancer therapy, in Teicher B
(ed): CANCER DRUG DISCOVERY AND DEVELOPMENT (2002);
Park JW, et al, Clin. Cancer Res. 8:1 172-1 181
(2002); Nielsen UB, et al, Biochim. Biophys. Acta
1591(1-3): 109-1 18 (2002); Mamot C, et al, Cancer
Res. 63: 3154-3161 (2003). All references and patents
cited are incorporated by reference herein. [584] The
dose administered to a patient in the context of the
present invention should be sufficient to cause a
beneficial response in the subject over time.
Generally, the total pharmaceutically effective amount
of the hIFN polypeptide of the present invention
administered parenterally per dose is in the range of
about 0.01 mg/kg/day to about 100 mg/kg, or about 0.05
mg/kg to about 1 mg/kg, of patient body weight,
although this is subject to therapeutic discretion.
The frequency of dosing is also subject to therapeutic
discretion, and may be more frequent or less frequent
than the commercially available hIFN polypeptide
products approved for use in humans. Generally, a
PEGylated hIFN polypeptide of the invention can be
administered by any of the routes of administration
described above. XV. Therapeutic Uses of hIFN
Polypeptides of the Invention [585] The hIFN
polypeptides of the invention are useful for treating
a wide range of disorders. [586] An agonist hIFN
variant may act to stimulate the immune system of a
mammal by increasing its immune function, whether the
increase is due to antibody mediation or cell
mediation, and whether the immune system is endogenous
to the host treated with the hIFNpolypeptide or is
transplanted from a donor to the host recipient given
the hIFN polypeptide (as in bone marrow transplants).
"Immune disorders" include any condition in which the
immune system of an individual has a reduced antibody
or cellular response to antigens than normal,
including those individuals with small spleens with
reduced immunity due to drug (e.g., chemotherapeutic)
treatments. Examples individuals with immune disorders
include, e.g., elderly patients, individuals
undergoing chemotherapy or radiation therapy,
individuals recovering from a major illness, or about
to undergo surgery, individuals with AIDS, Patients
with congenital and acquired B-cell deficiencies such
as hypogammaglobulinemia, common varied
agammaglobulinemia, and selective immunoglobulin
deficiencies (e.g., IgA deficiency, patients infected
with a virus such as rabies with an incubation time
shorter than the immune response of the patient; and
individuals with hereditary disorders such as diGeorge
syndrome. IFNa' s exhibit many immunomodulatory
activities, see Zoon et ah, (1986) In, The Biology of
the Interferon System. Cantell and Schellenkens, Eds.,
Martinus Nyhoff Publishers, Amsterdam). [587]
Administration of the hIFN products of the present
invention results in any of the activities
demonstrated by commercially available IFN
preparations in humans. The pharmaceutical
compositions containing hIFN may be formulated at a
strength effective for administration by various means
to a human patient experiencing disorders that may be
affected by IFN agonists or antagonists, such as but
not limited to, antiproliferatives, anti-inflammatory,
or antivirals are used, either alone or as part of a
condition or disease. [588] The hIFN of the present
invention may thus be used to interrupt or modulate a
viral replication cycle, modulate inflammation, or as
anti-proliferative agents. Among the conditions
treatable by the present invention include HCV, HBV,
and other viral infections, tumor cell growth or
viability, and multiple sclerosis. The invention also
provides for administration of a therapeutically
effective amount of another active agent such as an
anti cancer chemotherapeutic agent. The amount to be
given may be readily determined by one skilled in the
art based upon therapy with hIFN. [589] Although IFNs
were first discovered by virologists, their first
clinical use (in 1979) was as therapeutic agents for
myeloma (Joshua et ah, (1997) Blood Rev. 11(4):
191-200). IFNa' s have since been shown to be
efficacious against a myriad of diseases of viral,
malignant, angiogenic, allergic, inflammatory, and
fbrotic origin (TiIg, (1997) Gastroenterology. 112(3):
101 7-1 021). It has also proven efficacious in the
treatment of metastatic renal carcinoma and chronic
myeloid leukemia (Williams and Linch, (1997) Br. J .
Hosp. Med. 57(9):436-439).Clinical uses of IFNs are
reviewed in Gresser (Iyy7) J . Leukoc. Biol.
61(5):567-574 and Pfeffer (1997) Semin. Oncol. 24(3
Suppl. 9):S9-S63S969, which are incorporated by
reference herein. [590] Average quantities of the hIFN
may vary and in particular should be based upon the
recommendations and prescription of a qualified
physician. The exact amount of hIFN is a matter of
preference subject to such factors as the exact type
of condition being treated, the condition of the
patient being treated, as well as the other
ingredients in the composition. The invention also
provides for administration of a therapeutically
effective amount of another active agent. The amount
to be given may be readily determined by one of
ordinary skill in the art based upon therapy with
hIFN. [591] Pharmaceutical compositions of the
invention may be manufactured in a conventional
manner. EXAMPLES [592] The following examples are
offered to illustrate, but do not to limit the claimed
invention. Example 1 [593] This example describes one
of the many potential sets of criteria for the
selection of preferred sites of incorporation of
non-naturally encoded amino acids into hIFN. [594]
This example demonstrates how preferred sites within
the hIFN polypeptide were selected for introduction of
a non-naturally encoded amino acid. The crystal
structure with PDB ID 1RH2 and the NMR structure HTF
(twenty-four different NMR structures) were used to
determine preferred positions into which one or more
non-naturally encoded amino acids could be introduced.
The coordinates for these structures are available
from the Protein Data Bank (PDB) or via The Research
Collaboratory for Structural Bioinformatics PDB
available on the World Wide Web at rcsb.org. [595]
Sequence numbering used in this example is according
to the amino acid sequence of mature hIFN shown in SEQ
ID NO: 2. The following criteria were used to evaluate
each position of hIFN for the introduction of a
non-naturally encoded amino acid: the residue (a)
should not interfere with binding of hIFN based on
structural analysis of crystallographic structures of
hIFN conjugated with hIFN receptor, b) should not be
affected by alanine scanning mutagenesis, (c) should
be surface exposed and exhibit minimal van der Waals
or hydrogen bonding interactions with surrounding
residues, (d) should be either deleted or variable in
hIFNvariants, (e) would result in conservative changes
upon substitution with a non-naturally encoded amino
acid and (f) could be found in either highly flexible
regions (including but not limited to CD loop) or
structurally rigid regions (including but not limited
to Helix B). Publications used in site evaluation
include: Bioconj. Chemistry 2001 (12) 195-202; Current
Pharmaceutical Design 2002 (8) 2139-2157; Neuroreport
2001 (12), 857-859; BBRC 1994 (202) 1445-1451; Cancer
Biotherapy + Radiopharmaceuticals 1998 (voll3)
143-153; Structure 1996 (14) 1453-1463; JMB 1997 (274)
661-675. In addition, further calculations were
performed on the hIFN molecule, utilizing the Cx
program (Pintar et al. Bioinformatics, 18, pp 980) to
evaluate the extent of protrusion for each protein
atom. In some embodiments, one or more nonnaturally
encoded amino acid are substituted at, but not limited
to, one or more of the following positions of hIFN (as
in SEQ ID NO: 2, or the corresponding amino acid in
SEQ ID NO: 1, 3, or any other IFN polypeptide): before
position 1 (i.e., at the N-terminus), 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, I I , 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 61, 68, 69, 70, 71,
72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, I II, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151,
152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, or 166 (i.e. at the carboxyl terminus).
In some embodiments, one or more non-naturally encoded
amino acid are substituted at, but not limited to, one
or more of the following positions of hIFN (as in SEQ
ID NO: 2, or the corresponding amino acid in SEQ ID
NO: 1, 3, or any other IFN polypeptide): before
position 1 (i.e., at the N-terminus), 1, 2, 3, 4, 5,
6, 7, 8, 9, 12, 13, 16, 19, 20, 22, 23, 24, 25, 26,
27, 28, 30, 31, 32, 33, 34, 35, 40, 41, 42, 45, 46,
48, 49, 50, 51, 58, 61, 64, 65, 68, 69, 70, 71, 73,
74, 77, 78, 79, 80, 81, 82, 83, 85, 86, 89, 90, 93,
94, 96, 97, 100, 101, 103, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 117, 118, 120, 121, 124, 125,
127, 128, 129, 131, 132, 133, 134, 135, 136, 137, 148,
149, 152, 153, 156, 158, 159, 160, 161, 162, 163, 164,
165, or 166 (i.e. at the carboxyl terminus). In some
embodiments, one or more non-naturally encoded amino
acids are incorporated in one or more of the following
positions in IFN: 6, 9, 12, 13, 16, 41, 45, 46, 48,
49, 61, 64, 65, 96, 100, 101, 103, 106, 107, 108, 110,
111, 113, 114, 117, 120, 121, 149, 156, 159, 160, 161
and 162 (SEQ ID NO: 2, or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
IFN polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions: 100, 106, 107, 108, 111, 113,
114 (SEQ ID NO: 2, or the corresponding amino acid in
or thecorresponding amino acid in SEQ ID NO: I 5 3, or
any other IFN polypeptide). In some embodiments, the
IFN polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions: 41, 45, 46, 48, 49 (SEQ ID
NO: 2, or the corresponding amino acid in or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the IFN
polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions: 61, 64, 65, 101, 103, 110,
117, 120, 121, 149 (SEQ ID NO: 2, or the corresponding
amino acid in or the corresponding amino acid in SEQ
ID NO: 1, 3, or any other IFN polypeptide). In some
embodiments, the IFN polypeptides of the invention
comprise one or more non-naturally encoded amino acids
at one or more of the following positions: 6, 9, 12,
13, 16, 96, 156, 159, 160, 161, 162 (SEQ ID NO: 2, or
the corresponding amino acid in or the corresponding
amino acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide). In some embodiments, the IFN
polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions: 2, 3, 4, 5, 7, 8, 16, 19, 20,
40, 42, 50, 51, 58, 68, 69, 70, 71, 73, 97, 105, 109,
112, 118, 148, 149, 152, 153, 158, 163, 164, 165 (SEQ
ID NO: 2, or the corresponding amino acid in or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the IFN
polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions: 34, 78, 107 (SEQ ID NO: 2, or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
non-naturally encoded 



amino acid at one or more of these or other positions
is linked to a water soluble polymer, including but
not limited to positions: before position 1 (i.e., at
the N-terminus), 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 2 1, 22, 23, 24,
25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157,
158, 159, 160, 161, 162, 163, 164, 165, or 166 (i.e.
at the carboxyl terminus) (SEQ ID NO: 2, or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the
non-naturally encoded amino acid at one or more of
these positions is linked to one or more water soluble
polymers, including but not limited to positions:
before position 1 (i.e. the N terminus), 1, 2, 3, 4,
5, 6, 7, 8, 9, 12, 13, 16, 19, 20, 22, 23, 24, 25, 26,
27, 28, 30, 31, 32, 33, 34, 35, 40, 41, 42, 45, 46,
48, 49,50, 51, 58, 61, 64, 65, 68, 69, 70, 71, 73, 74,
77, 78, 79, 80, 81, 82, 83, 85, 86, 89, 90, 93, 94,
96, 97, 100, 101, 103, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 117, 118, 120, 121, 124, 125, 127,
128, 129, 131, 132, 133, 134, 135, 136, 137, 148, 149,
152, 153, 156, 158, 159, 160, 161, 162, 163, 164, 165,
166 (i.e. at the carboxyl terminus) (SEQ ID NO: 2, or
the corresponding amino acid in or the corresponding
amino acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide). In some embodiments, the non-naturally
encoded amino acid is linked to a water soluble
polymer at one or more of the following positions: 6,
9, 12, 13, 16, 41, 45, 46, 48, 49, 61, 64, 65, 96,
100, 101, 103, 106, 107, 108, 110, 111, 113, 114, 117,
120, 121, 149, 156, 159, 160, 161 and 162 (SEQ ID NO:
2, or the corresponding amino acids in SEQ ID NO: 1 or
3). In some embodiments, the one or more non-naturally
encoded amino acids at one or more of the following
positions is linked to one or more water-soluble
polymer: 100, 106, 107, 108, 111, 113, 114 (SEQ ID NO:
2, or the corresponding amino acid in or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the one
or more nonnaturally encoded amino acids at one or
more of the following positions is linked to one or
more water-soluble polymer: 41, 45, 46, 48, 49 (SEQ ID
NO: 2, or the corresponding amino acid in or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the one
or more non-naturally encoded amino acids at one or
more of the following positions is linked to one or
more water-soluble polymer: 61, 64, 65, 101, 103, 110,
117, 120, 121, 149 (SEQ ID NO: 2, or the corresponding
amino acid in or the corresponding amino acid in SEQ
ID NO: 1, 3, or any other IFN polypeptide). In some
embodiments, the one or more non-naturally encoded
amino acids at one or more of the following positions
is linked to one or more water-soluble polymer: 6, 9,
12, 13, 16, 96, 156, 159, 160, 161, 162 (SEQ ID NO: 2,
or the corresponding amino acid in or the
corresponding amino acid in SEQ ID NO: 1, 3, or any
other IFN polypeptide). In some embodiments, the one
or more non-naturally encoded amino acids at one or
more of the following positions is linked to one or
more water-soluble polymer: 2, 3, 4, 5, 7, 8, 16, 19,
20, 40, 42, 50, 51, 58, 68, 69, 70, 71, 73, 97, 105,
109, 112, 118, 148, 149, 152, 153, 158, 163, 164, 165
(SEQ ID NO: 2, or the corresponding amino acid in or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
one or more non-naturally encoded amino acids at one
or more of the following positions is linked to one or
more water-soluble polymer: 34, 78, 107 (SEQ ID NO: 2,
or the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
water soluble polymer is coupled to the IFN
polypeptide to a non-naturally encoded amino acid at
one or more of the following amino acid positions: 6,
9, 12, 13, 16, 41, 45, 46, 48, 49, 61, 64, 65, 96,
100, 101, 103, 106, 107, 108, 110, 111, 113, 114, 117,
120, 121,149, 156, 159, 160, 161 and 162 (SEQ ID NO:
2, or the corresponding amino acid in SEQ ID NO: 1, 3,
or any other IFN polypeptide). In some embodiments the
water soluble polymer is coupled to the IFN
polypeptide at one or more of the following amino acid
positions: 6, 9, 12, 13, 16, 41, 45, 46, 48, 49, 61,
64, 65, 96, 100, 101, 103, 106, 107, 108, 110, 111,
113, 114, 117, 120, 121, 149, 156, 159, 160, 161 and
162 (SEQ ID NO: 2, or the corresponding amino acid in
SEQ ID NO: 1, 3, or any other IFN polypeptide). In
some embodiments, the non-naturally encoded amino acid
at one or more of these positions is linked to one or
more water soluble polymers, positions: 34, 78, 107
(SEQ ID NO: 2, or the corresponding amino acid in or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
IFN polypeptides of the invention comprise one or more
non-naturally encoded amino acids at one or more of
the following positions providing an antagonist: 2, 3,
4, 5, 7, 8, 16, 19, 20, 40, 42, 50, 51, 58, 68, 69,
70, 71, 73, 97, 105, 109, 112, 118, 148, 149, 152,
153, 158, 163, 164, 165 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN
polypeptide); a hIFN polypeptide comprising one of
these substitutions may potentially act as a weak
antagonist or weak agonist depending on the intended
site selected and desired activity. Human IFN
antagonists include, but are not limited to, MFN
polypeptides with one or more non-naturally encoded
amino acid substitutions at 22, 23, 24, 25, 26, 27,
28, 30, 31, 32, 33, 34, 35, 74, 77, 78, 79, 80, 82,
83, 85, 86, 89, 90, 93, 94, 124, 125, 127, 128, 129,
131, 132, 133, 134, 135, 136, 137, or any combinations
thereof (hIFN; SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3, or any other IFN
polypeptide). [596] In some embodiments, one or more
non-naturally encoded amino acids are substituted at,
but not limited to, one or more of the following
positions of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in SEQ ID NO: 1 or 3, or any
other IFN polypeptide): 31, 134, 34, 38, 129, 36, 122,
37, 121, 41, 125, 124, 149, 117, 39, 118, 120, 107,
108, 106, 100, 111, 113, 114, 41, 45, 46, 48, 49, 61,
64, 65, 101, 103, 102, 110, 117, 120, 121, 149, 96, 6,
9, 12, 13, 16, 68, 70, 109, 159, 161, 156, 160, 162,
24, 27, 78, 83, 85, 87, 89, 164. In one embodiment, a
non-naturally encoded amino acid is substituted at
position 38 of hIFN (as in SEQ ID NO: 2, or the
corresponding amino acids in SEQ ID NO: 1 or 3, or any
other IFN polypeptide). In some embodiments, the
non-naturally encoded amino acid at one or more of
these or other positions is linked to a water soluble
polymer, including but not limited to positions: 31,
134, 34, 38, 129, 36, 122, 37, 121, 41, 125, 124, 149,
117, 39, 118, 120, 107, 108, 106, 100, 111, 113, 114,
41, 45, 46, 48, 49, 61, 64, 65, 101, 103, 102, 110,
117, 120, 121, 149, 96, 6, 9, 12, 13, 16, 68, 70,
109,159, 161, 156, 160, 162, 24, 27, 78, 83, 85, S/,
89, 164 (as in SEQ ID NO: 2, or the corresponding
amino acids in SEQ ID NO: 1 or 3, or any other IFN
polypeptide). [597] In some embodiments, one or more
non-naturally encoded amino acids are substituted at,
but not limited to, one or more of the following
positions of hIFN (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3): before position 1
(i.e., at the Nterminus), 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, or
166 (i.e. at the carboxyl terminus) and one or more
natural amino acid substitutions. In some embodiments,
the one or more non-naturally encoded amino acids are
coupled to a water soluble polymer. In some
embodiments, the one or more nonnaturally encoded
amino acids are coupled to PEG. In one embodiment, the
natural amino acid substitution is R149Y. In some
embodiments, the natural amino acid substitution is
R149E. In some embodiments, the natural amino acid
substitution is R149S. In one embodiment, the
nonnatural amino acid substitution is at position 107
and the natural amino acid substitution is R149Y. In
one embodiment, the non-natural amino acid
substitution is at position 106 and the natural amino
acid substitution is R149Y. In some embodiments, the
one or more naturally encoded amino acid substitution
is at one or more of the following positions of hIFN
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3), including but not limited to: 10, 16,
13, 79, 83, 85, 86, 87, 90, 91, 93, 94, 96, 120, 121,
124, 125, 128, 149. In some embodiments, the one or
more naturally encoded amino acid substitution is one
or more of the following substitutions (SEQ ID NO: 2
or the corresponding amino acids in SEQ ID NO: 1 or
3), including but not limited to: GlOE, M16R, R13E,
T79R, K83Q, K83S, Y85L, T86S, E87S, Q90R, Q91E, N93Q,
D94V, E96K, R120K, K121T, Q124R, R125G, L128R, R149Y,
R149E, R149S. In some embodiments, the natural amino
acid substitution is at position 1 (the Nterminus). In
some embodiments, one or more non-naturally encoded
amino acids are substituted at one or more of the
following positions of hIFN (as in SEQ ID NO: 2, or
the corresponding amino acids in other IFN's): 107,
78, 34. In some embodiments, the nonnaturally encoded
amino acid at one or more of these positions is
coupled to a water soluble polymer: 107, 78, 34.[598]
One or more amino acids found m a limitm sequence may
be substituted into a hIFN polypeptide (hybrid
limitin/hIFN polypeptides). Examples include but are
not limited to the natural amino acid substitutions
described in the previous paragraph. Alternatively, a
set of amino acids found in an interferon polypeptide
may be replaced by a set of amino acids found in a
limitin sequence. A set of amino acids may comprise
contiguous amino acids or amino acids present in
different portions of the molecule but are involved in
a structural characteristic or biological activity of
the polypeptide. The mouse limitin molecule has an
improved CFU-GM toxicity profile compared to other
IFNa proteins. Alignment of human IFNa-2a with the
limitin protein sequence showed 30% amino acid
identity. 50% sequence conservation was also observed,
In particular, a prominent deletion in the limitin
sequence between the C and D helices (in the loop
between C and D helices) was observed. The "HV" mutant
was generated with the following substitutions in
hIFNa-2a (SEQ ID NO: 2): D77-D94 is replaced with the
mouse limitin sequence HERALDQLLSSLWRELQV. The "CD"
mutant was generated with the following substitutions
in hIFNa-2a (SEQ ID NO: 2): V105-D1 14 with GQSAPLP.
This hybrid molecule with the loop region from limitin
substituted into the human IFNa-2a protein ("CD"
mutant) was found to have equivalent anti-viral
activity as the WHO IFN standard. In addition to the
one or more limitin amino acids, the hIFN polypeptide
may comprise one or more non-naturally encoded amino
acids at any one or more positions of the hIFN
polypeptide. In some embodiments, the one or more
non-naturally encoded amino acids may be linked to a
water soluble polymer such as PEG or bonded directly
to a water soluble polymer such as PEG. In addition to
the natural amino acid substitutions in the HV or the
CD mutant, one or more additional natural amino acid
substitutions may be found in the hIFN polypeptide.
[599J In some embodiments, the hIFN polypeptide
comprises one or more nonnaturally encoded amino acids
at one or more of the following positions: 6, 16, 34,
39, 45, 46, 64, 65, 68, 78, 85, 87, 101, 107, 108,
111, 114, 118, 124, 125, 145, 146, 153, 156, 96, 149
(SEQ ID NO: 2, or the corresponding amino acid in or
the corresponding amino acid in SEQ ID NO: 1, 3, or
any other IFN polypeptide). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions linked to one or more water-soluble polymer:
6, 16, 34, 39, 45, 46, 64, 65, 68, 78, 85, 87, 101,
107, 108, 111, 114, 118, 124, 125, 145, 146, 153, 156,
96, 149 (SEQ ID NO: 2, or the corresponding amino acid
in or the corresponding amino acid in SEQ ID NO: 1, 3,
or any other IFN polypeptide). In some embodiments,
the hIFN polypeptide comprises one or more
non-naturally encoded amino acids at one or more of
the following positions linked to one or more
watersoluble polymer: 6, 16, 34, 39, 45, 46, 64, 65,
68, 78, 85, 87, 101, 107, 108, 111, 114, 118, 124,125,
145, 146, 153, 156, 96, 149 (SEQ ID NO: 2, or the
corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN polypeptide)
and comprises one or more naturally encoded amino acid
substitution. In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions linked to one or more water-soluble polymer:
6, 16, 34, 39, 45, 46, 64, 65, 68, 78, 85, 87, 101,
107, 108, 111, 114, 118, 124, 125, 145, 146, 153, 156,
96, 149 (SEQ ID NO: 2, or the 



corresponding amino acid in or the corresponding amino
acid in SEQ ID NO: 1, 3, or any other IFN polypeptide)
and comprises one or more of the following naturally
encoded amino acid substitutions GlOE, M16R, R13E,
T79R, K83Q, K83S, Y85L, T86S, E87S, Q90R, Q91E, N93Q,
D94V, E96K, R120K, K121T, Q124R, R125G, L128R, R149Y,
R149E, R149S. [600] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78, 87, 89, 107, 108 (SEQ ID NO: 2
or the corresponding amino acids in SEQ ID NO: 1 or
3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions: 6,
16, 37, 45, 46, 78, 87, 89, 107, 108 (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3)
that is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
89, 107, 108 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3) that is bonded to a water
soluble polymer. [601] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78, 87, 89, 107, 108 and one or
more of the following naturally encoded amino acid
substitutions: T79R, L80A, K83S, Y85L, Y85S, T86S,
E87S, Q91E (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 6, 16, 37, 45, 46, 78, 87, 89, 107, 108
that is linked to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, L80A, K83S,
Y85L, Y85S, T86S, E87S, Q91E (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the MFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
89, 107, 108 that is bonded to a water soluble polymer
and comprises one or more of the following naturally
encoded amino acid substitutions: T79R, L80A, K83S,
Y85L, Y85S, T86S, E87S, Q91E (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3).[602]
In some embodiments, the hIFN polypeptide comprises
one or more nonnaturally encoded amino acids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 107, and 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-nalurally encoded amino acids at one or
more of the following positions: 6, 16, 37, 45, 46,
78, 87, 107, and 108 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3) that
is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
107, and 108 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3) that is bonded to a water
soluble polymer. [603] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
6, 16, 37, 45, 46, 78, 87, 107, and 108 and comprises
one or more of the following naturally encoded amino
acid substitutions: T79R, K83S, Y85L, T86S, E87S, Q91E
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 6, 16, 37, 45, 46, 78, 87, 107, and 108
that is linked to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, K83S, Y85L,
T86S, E87S, Q91E (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3). In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 6, 16, 37, 45, 46, 78, 87,
107, and 108 that is bonded to a water soluble polymer
and comprises one or more of the following naturally
encoded amino acid substitutions: T79R, K83S, Y85L,
T86S, E87S, Q91E (SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3). [604] In some
embodiments, the hIFN polypeptide comprises one or
more nonnaturally encoded amino acids at one or more
of the following positions: 37, 45, 46, 89, and 107
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 37, 45, 46, 89, and 107 (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3)
that is linked to a water soluble polymer. In some
embodiments, the hIFN polypeptide comprises one or
more non-naturally encoded amino acids at one or more
of the following positions: 37, 45, 46, 89, and 107
(SEQ ID NO: 2 or the corresponding amino acids in SEQ
ID NO: 1 or 3) that is bonded to a water soluble
polymer.[605] In some embodiments, the hIFN
polypeptide comprises one or more nonnaturally encoded
amino acids at one or more of the following positions:
37, 45, 46, 89, and 107 and comprises one or more of
the following naturally encoded amino acid
substitutions: T79R, L80A, Y85L, Y85S, E87S (SEQ ID
NO: 2 or the corresponding amino acids in SEQ ID NO: 1
or 3). In some embodiments, the MFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions: 37,
45, 46, 89, and 107 that is linked to a water soluble
polymer and comprises one or more of the following
naturally encoded amino acid substitutions: T79R,
L80A, Y85L, Y85S, E87S (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 37, 45, 46, 89, and
107 that is bonded to a water soluble polymer and
comprises one or more of the following naturally
encoded amino acid substitutions: T79R, L80A, Y85L,
Y85S, E87S (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). [606] In some
embodiments, the hIFN polypeptide comprises one or
more nonnaturally encoded amino acids at one or more
of the following positions: 23, 24, 25, 26, 27, 28,
30, 31, 32, 33, 128, 129, 131, 132, 133, 134, 135,
136, 137, 158, 159, 160, 161, 162, 163, 164, 165 (SEQ
ID NO: 2 or the corresponding amino acids in SEQ ID
NO: 1 or 3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions that
is linked or bonded to a water soluble polymer: 23,
24, 25, 26, 27, 28, 30, 31, 32, 33, 128, 129, 131,
132, 133, 134, 135, 136, 137, 158, 159, 160, 161, 162,
163, 164, 165 (SEQ ID NO: 2 or the corresponding amino
acids in SEQ ID NO: 1 or 3). In some embodiments, the
hIFN polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions: 23, 24, 27, 31, 128, 131, 134, 158 (SEQ ID
NO: 2 or the corresponding amino acids in SEQ ID NO: 1
or 3). In some embodiments, the hIFN polypeptide
comprises one or more non-naturally encoded amino
acids at one or more of the following positions that
is linked or bonded to a water soluble polymer: 23,
24, 27, 31, 128, 131, 134, 158 (SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3). In
some embodiments, the hIFN polypeptide comprises one
or more non-naturally encoded amino acids at one or
more of the following positions: 24, 27, 31, 128, 131,
134 (SEQ ID NO: 2 or the corresponding amino acids in
SEQ ID NO: 1 or 3). In some embodiments, the hIFN
polypeptide comprises one or more non-naturally
encoded amino acids at one or more of the following
positions that is linked or bonded to a water soluble
polymer: 24, 27, 31, 128, 131, 134 (SEQ ID NO: 2 or
the corresponding amino acids in SEQ ID NO: 1 or 3).
Example 2[607] This example details cloning and
expression of a modified hIFN polypeptide in E. coli.
[608] This example demonstrates how a hIFN polypeptide
including a non-naturally encoded amino acid can be
expressed in E. coli. See Nagata et. al., Nature, vol.
284, 316-320 (1980) and U.S. Patent No. 4,364,863,
which is incorporated by reference. cDNA encoding the
full length hIFN and the mature form of hIFN lacking
the N-terminal signal sequence are shown in SEQ ID NO:
2 1 and SEQ ID NO: 22, respectively. The full length
and mature hIFN encoding cDNA is inserted into the
pBAD HISc, pET20b, and pET19b expression vectors
following optimization of the sequence for cloning and
expression without altering amino acid sequence. [609]
An introduced translation system that comprises an
orthogonal tRNA (O-tRNA) and an orthogonal aminoacyl
tRNA synthetase (O-RS) is used to express hIFN
containing a nonnaturally encoded amino acid. The O-RS
preferentially aminoacylates the O-tRNA with a
nonnaturally encoded amino acid. In turn the
translation system inserts the non-naturally encoded
amino acid into hIFN, in response to an encoded
selector codon. Table 2: O-RS and O-tRNA sequences.
[610] The transformation of E. coli with plasmids
containing the modified hIFN gene and the orthogonal
aminoacyl tRNA synthetase/tRNA pair (specific for the
desired non-naturallyencoded amino acid) allows the
site-specific incorporation of non-naturally encoded
amino acid into the hIFN polypeptide. The transformed
E. coli, grown at 370C in media containing between
0.01 - 100 mM of the particular non-naturally encoded
amino acid, expresses mo ified^hlFN with high fidelity
and efficiency. The His-tagged hIFN containing a
non-naturally encoded amino acid is produced by the E.
coli host cells as inclusion bodies or aggregates. The
aggregates are solubilized and affinity purified under
denaturing conditions in 6M guanidine HCl. Refolding
is performed by dialysis at 4C overnight in 5OmM
TRIS-HCl, pH 8.0, 40mM CuSO4 and 2% (w/v) Sarkosyl.
The material is then dialyzed against 2OmM TRIS-HCl,
pH 8.0, 10OmM NaCl, 2mM CaCl2, followed by removal of
the His-tag. See Boissel et al, (1993) 268:15983-93.
Methods for purification of hIFN are well known in the
art and are confirmed by SDS-PAGE, Western Blot
analyses, or electrospray-ionization ion trap mass
spectrometry and the like. [611] To generate hIFN
polypeptides with a 6 His tag at the N terminus, hIFN
nucleotide sequences were cloned downstream of the
tag. The transformation of E, coli (BL21 (DE3)) with
constructs containing the hIFN polynucleotide sequence
and the orthogonal aminoacyl iRNA synthetase/tRNA pair
(specific for the desired non-naturally encoded amino
acid) allowed site-specific incorporation of
non-naturally encoded amino acid
(p-acelylphenylalanine) into the hIFN polypeptide.
Example 3 [612] This example details introduction of a
carbonyl-containing amino acid and subsequent reaction
with an aminooxy-containing PEG. [613] This Example
demonstrates a method for the generation of a hIFN
polypeptide that incorporates a ketone-containing
non-naturally encoded amino acid that is subsequently
reacted with an aminooxy-containing PEG of
approximately 5,000 MW. Each of the residues
identified according to the criteria of Example 1,
including but not limited to, 100, 106, 107, 108, 111,
113, 114 (hIFN) is separately substituted with a
non-naturally encoded amino acid having the following
structure:[614] The sequences utilized for
site-specific incorporation of p-acetyl-phenylalanine
into hIFN are SEQ ID NO: 2 (hlFN), and SEQ ID NO: 4
(muttRNA), and 16, 17 or 18 (TyrRS LWl , 5, or 6)
described in Example 2 above. ( [615] Once modified,
the hIFN polypeptide variant comprising the
carbonyl-containing amino acid is reacted with an
aminooxy-containing PEG derivative of the form:
R-PEG(N)-O-(CH 2)n-O-NH2 where R is methyl, n is 3 and
N is approximately 5,000 MW. The purified hIFN
containing p - acetylphenylalanine dissolved at 10
mg/mL in 25 mM MES (Sigma Chemical, St. Louis, MO) pH
6.0, 25 mM Hepes (Sigma Chemical, St. Louis, MO) pH
7.0, or in 10 mM Sodium Acetate (Sigma Chemical, St.
Louis, MO) pH 4.5, is reacted with a 10 to 100-fold
excess of aminooxycontaining PEG, and then stirred for
10 - 16 hours at room temperature (Jencks, W. J. Am.
Chem. Soc. 1959, 81, pp 475). The PEG-hIFN is then
diluted into appropriate buffer for immediate
purification and analysis. Example 4 [616] Conjugation
with a PEG consisting of a hydroxylamine group linked
to the PEG via an amide linkage. 



[617] A PEG reagent having the following structure is
coupled to a ketone-containing non-naturally encoded
amino acid using the procedure described in Example 3:
R-PEG(N)-O-(CH 2)2-NH-C(O)(CH2)n-O-NH2 where R =
methyl, n=4 and N is approximately 20,000 MW. The
reaction, purification, and analysis conditions are as
described in Example 3. Example 5 [618] This example
details the introduction of two distinct non-naturally
encoded amino acids into hIFN polypeptides. [619] This
example demonstrates a method for the generation of a
hIFN polypeptide that incorporates non-naturally
encoded amino acid comprising a ketone functionality
at two positions among the residues identified
according to Example 1, wherein X represents a
nonnaturally encoded amino acid. The hIFN polypeptide
is prepared as described in Examples 1 and 2, except
that the selector codon is introduced at two distinct
sites within the nucleic acid. Example 6 [620] This
example details conjugation of hIFN polypeptide to a
hydrazide-containing PEG and subsequent in situ
reduction.[621] A hIFN polypeptide incorporating a
carbonyl-containing amino acid is prepared according
to the procedure described in Examples 2 and 3. Once
modified, a hydrazidecontaining PEG having the
following structure is conjugated to the hIFN
polypeptide: ' R-PEG(N)-O-(CH 2)2-NH-C(O)(CH
2)n-X-NH-NH2 where R = methyl, n=2 and N = 10,000 MW
and X is a carbonyl (C=O) group. The purified hIFN
containing />-acetylphenylalanine is dissolved at
between 0.1-10 mg/mL in 25 mM MES (Sigma Chemical, St.
Louis, MO) pH 6.0, 25 mM Hepes (Sigma Chemical, St.
Louis, MO) pH 7.0, or in 10 mM Sodium Acetate (Sigma
Chemical, St. Louis, MO) pH 4.5, is reacted with a 1
to 100-fold excess of hydrazide-containing PEG, and
the corresponding hydrazone is reduced in situ by
addition of stock IM NaCNBH3 (Sigma Chemical, St.
Louis, MO), dissolved in H2O, to a final concentration
of 10-50 mM. Reactions are carried out in the dark at
4 0C to RT for 18-24 hours. Reactions are stopped by
addition of 1M Tris (Sigma Chemical, St. Louis, MO) at
about pH 7.6 to a final Tris concentration of 50 mM or
diluted into appropriate buffer for immediate
purification. Example 7 [622] This example details
introduction of an alkyne-containing amino acid into a
hIFN polypeptide and derivatization with mPEG-azide.
[623] Any of the residues of hIFN identified according
to Example 1, including but not limited to, 100, 106,
107, 108, 111, 113, 114 are substituted with this
non-naturally encoded amino acid: [624] The sequences
utilized for site-specific incorporation of
p-propargyl-tyrosine into hIFN are SEQ ID NO: 2
(hIFN), SEQ ID NO: 4 (muttRNA, M. jannaschii mtRNA^ ),
and 9, 10 or 11 described in Example 2 above. The hIFN
pol ypeptide containing the propargyl tyrosine is
expressed in E. coli and purified using the conditions
described in Example 3. [625] The purified hIFN
containing propargyl-tyrosine dissolved at between
0.1-10 mg/mL in PB buffer (100 mM sodium phosphate,
0.15 M NaCl, pH = 8) and a 10 to 1000-fold excess of
an azide-containing PEG is added to the reaction
mixture. A catalytic amount of CuSO4 and Cu wire are
then added to the reaction mixture. After the mixture
is incubated(including but not limited to, about 4
hours at room temperature or 37 C, or overnight at
40C), H O is added and the mixture is filtered through
a dialysis membrane. The sample can be analyzed for
the addition. [626] In this Example, the PEG has the
following structure: R-PEG(N)-O-(CH 2)2-NH-C(O)(CH
2)n-N3 where R is methyl, n is 4 and N is 10,000 MW.
Example 8 [627] This example details substitution of a
large, hydrophobic amino acid in a hIFN polypeptide
with propargyl tyrosine. [628] A Phe, Trp or Tyr
residue present within one the following regions of
hIFN: 1-9 (N-terminus), 10-21 (A helix), 22-39 (region
between A helix and B helix), 40-75 (B helix), 76- 77
(region between B helix and C helix), 78-100 (C
helix), 101-1 10 (region between C helix and D helix),
111-132 (D helix), 133-136 (region between D and E
helix), 137-155 (E helix), 156- 165 (C-terminus), (as
in SEQ ID NO: 2 or the corresponding amino acids of
other IFN polypeptides), is substituted with the
following non-naturally encoded amino acid as
described in Example 7: [629] Once modified, a PEG is
attached to the hIFN polypeptide variant comprising
the alkyne-containing amino acid. The PEG will have
the following structure: Me-PEG(N)-O-(CH 2)2-N3 and
coupling procedures would follow those in Example 7.
This generates a hIFN polypeptide variant comprising a
non-naturally encoded amino acid that is approximately
isosteric with one of the naturally-occurring, large
hydrophobic amino acids and which is modified with a
PEG derivative at a distinct site within the
polypeptide. Example 9 [630] This example details
generation of a hIFN polypeptide homodimer,
heterodimer, homomultimer, or heteromultimer separated
by one or more PEG linkers. [631] The
alkyne-containing hIFN polypeptide variant produced in
Example 7 is reacted with a bifunctional PEG
derivative of the form: N3-(CH2)n-C(O)-NH-(CH
2)2-O-PEG(N)-O-(CH 2)2-NH-C(O)-(CH 2)n-N3where n is 4
and the PEG has an average MW of approximately 5,000,
to generate the corresponding hIFN polypeptide
homodimer where the two hIFN molecules are physically
separated by PEG. In an analogous manner a hIFN
polypeptide may be coupled to one or more other
polypeptides to form heterodimers, homomultimers, or
heteromultimers. Coupling, purification, and analyses
will be performed as in Examples 7 and 3. Example 10
[632] This example details coupling of a saccharide
moiety to a hIFN polypeptide. [633] One residue of the
following is substituted with the non-natural encoded
amino acid below: 1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 13,
16, 19, 20, 22, 23, 24, 25, 26, 27, 28, 30, 31, 32,
33, 34, 35, 40, 41, 42, 45, 46, 48, 49, 50, 51, 58,
61, 64, 65, 68, 69, 70, 71, 73, 74, 77, 78, 79, 80,
81, 82, 83, 85, 86, 89, 90, 93, 94, 96, 97, 100, 101,
103, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
117, 118, 120, 121, 124, 125, 127, 128, 129, 131, 132,
133, 134, 135, 136, 137, 148, 149, 152, 153, 156, 158,
159, 160, 161, 162, 163, 164, 165 (as in SEQ ID NO: 2,
or the corresponding amino acids of other IFN
polypeptides). [634] Once modified, the hIFN
polypeptide variant comprising the carbonyl-containing
amino acid is reacted with a b-linked aminooxy
analogue of N-acetylglucosamine (GIcNAc). The hIFN
polypeptide variant (10 mg/mL) and the aminooxy
saccharide (21 mM) are mixed in aqueous 100 mM sodium
acetate buffer (pH 5.5) and incubated at 370C for 7 to
26 hours. A second saccharide is coupled to the first
enzymatically by incubating the saccharide-conjugated
hIFN polypeptide (5 mg/mL) with UDP-galactose (16 mM)
and b-l,4-galacytosyltransferase (0.4 units/mL) in 150
mM HEPES buffer (pH 7.4) for 48 hours at ambient
temperature (Schanbacher et al. J Biol. Chem. 1970,
245, 5057-5061). Example 11 [635] This example details
generation of a PEGylated hIFN polypeptide antagonist.
[636] One of the following residues, 2, 3, 4, 5, 7, 8,
16, 19, 20, 40, 42, 50, 51, 58, 68, 69, 70, 71, 73,
97, 105, 109, 112, 118, 148, 149, 152, 153, 158, 163,
164, 165, (hIFN; SEQ ID NO: 2 or the corresponding
amino acids in SEQ ID NO: 1 or 3) is substituted with
the following non-naturally encoded amino acid as
described in Example 3; a hIFN polypeptide comprising
one of these substitutions may potentially act as a
weak antagonist or weak agonist depending onthe site
selected and the desired activity. One of the
following residues, 22, 23, 24, 25, 26, 27, 28, 30,
31, 32, 33, 34, 35, 74, 77, 78, 79, 80, 82, 83, 85,
86, 89, 90, 93, 94, 124, 125, 127, 128, 129, 131, 132,
133, 134, 135, 136, 137, (hlFN; SEQ ID NO: 2 or the
corresponding amino acids in SEQ ID NO: 1 or 3) is
substituted with the following non-naturally encoded
amino acid as described in Example 3. [637] Once
modified, the hlFN polypeptide variant comprising the
carbonyl-containing amino acid will be reacted with an
aminooxy-containing PEG derivative of the form:
R-PEG(N)-O-(CH 2)n-O-NH2 where R is methyl, n is 4 and
N is 20,000 MW to generate a hlFN polypeptide
antagonist comprising a non-naturally encoded amino
acid that is modified with a PEG derivative at a
single site within the polypeptide. Coupling,
purification, and analyses are performed as in Example
3. Example 12 Generation of a hlFN polypeptide
homodimer, heterodimer, homomultimer, or
heteromultimer in which the hlFN Molecules are Linked
Directly [638] A hlFN polypeptide variant comprising
the alkyne-containing amino acid can be directly
coupled to another hlFN polypeptide variant comprising
the azido-containing amino acid, each of which
comprise non-naturally encoded amino acid
substitutions at the sites described in, but not
limited to, Example 10. This will generate the
corresponding hlFN polypeptide homodimer where the two
hlFN polypeptide variants are physically joined. In an
analogous manner a hlFN polypeptide polypeptide may be
coupled to one or more other polypeptides to form
heterodimers, homomultimers, or heteromultimers.
Coupling, purification, and analyses are performed as
in Examples 3, 6, and 7. Example 13 PEG-OH +
Br-(CH2)n-C CR' - PEG-O-(CH2)n-C CR' A B [639] The
polyalkylene glycol (P-OH) is reacted with the alkyl
halide (A) to form the ether (B). In these compounds,
n is an integer from one to nine and R' can be a
straight- or branched-chain, saturated or unsaturated
Cl, to C20 alkyl or heteroalkyl group. R' can also be
aC3 to C7 saturated or unsaturated cyclic alkyl or
cyclic heteroalkyl, a substituted or unsubstituted
aryl or heteroaryl group, or a substituted or
unsubstituted alkaryl (the alkyl is a Cl to C20
saturated or unsaturated alkyl) or heteroalkaryl
group. Typically, PEG-OH is polyethylene glycol (PEG)
or monomethoxy polyethylene glycol (mPEG) having a
molecular weight of 800 to 40,000 Daltons (Da).
Example 14 mPEG-OH + Br-CH2 -C CH - mPEG-O-CH 2-C CH
[640] mPEG-OH with a molecular weight of 20,000 Da
(mPEG-OH 20 kDa; 2.0 g, 0.1 mmol, Sunbio) was treated
with NaH (12 mg, 0.5 mmol) in THF (35 niL). A solution
of propargyl bromide, dissolved as an 80% weight
solution in xylene (0.56 mL, 5 mmol, 50 equiv.,
Aldrich), and a catalytic amount of KI were then added
to the solution and the resulting mixture was heated
to reflux for 2 hours. Water ( 1 mL) was then added
and the solvent was removed under vacuum. To the
residue was added CH2Cl2 (25 mL) and the organic layer
was separated, dried over anhydrous Na2SO4, and the
volume was reduced to approximately 2 mL. This CH2Cl2
solution was added to diethyl ether (150 mL)
drop-wise. The resulting precipitate was collected,
washed with several portions of cold diethyl ether,
and dried to afford propargyl-OPEG. Example 15 mPEG-OH
+ Br-(CH 2)3-C CH mPEG-O-(CH 2)3-C CH [641] The
mPEG-OH with a molecular weight of 20,000 Da (mPEG-OH
20 kDa; 2.O g, 0.1 mmol, Sunbio) was treated with NaH
(12 mg, 0.5 mmol) in THF (35 mL). Fifty equivalents of
5-bromo-l-pentyne (0.53 mL, 5 mmol, Aldrich) and a
catalytic amount of KI were then added to the mixture.
The resulting mixture was heated to reflux for 16
hours. Water ( 1 mL) was then added and the solvent
was removed under vacuum. To the residue was added
CH2Cl2 (25 mL) and the organic layer was separated,
dried over anhydrous Na2SO4, and the volume was
reduced 



to approximately 2 mL. This CH2Cl2 solution was added
to diethyl ether (150 mL) drop-wise. The resulting
precipitate was collected, washed with several
portions of cold diethyl ether, and dried to afford
the corresponding alkyne. 5-chloro-l-pentyne may be
used in a similar reaction. Example 16 (1)
W-HOCH2C6H4OH + NaOH + Br- CH2-C CH
7W-HOCH2C6H4O-CH2-CsCH(2) W-HOCH2C6H4O-CH2-CsCH + MsCl
+ N(Et) 3 - /W-MSOCH 2C6H4O-CH 2-CSCH (3) w-MsOCH
2C6H4O-CH2-C CH + LiBr W-Br-CH2C6H4O-CH2-C=CH (4)
mPEG-OH + W-Br-CH2C6H4O-CH2-CsCH - InPEG-O-CH
2-C6H4O-CH2-CsCH [642] To a solution of
3-hydroxybenzylalcohol (2.4 g, 20 mmol) in THF (50 mL)
and water (2.5 mL) was first added powdered sodium
hydroxide (1.5 g, 37.5 mmol) and then a solution of
propargyl bromide, dissolved as an 80% weight solution
in xylene (3.36 mL, 30 mmol). The reaction mixture was
heated at reflux for 6 hours. To the mixture was added
10% citric acid (2.5 mL) and the solvent was removed
under vacuum. The residue was extracted with ethyl
acetate (3 x 15 mL) and the combined organic layers
were washed with saturated NaCl solution (10 mL),
dried over MgSO4 and concentrated to give the
3-propargyloxybenzyl alcohol. [643] Methanesulfonyl
chloride (2.5 g, 15.7 mmol) and triethylamine (2.8 mL,
20 mmol) were added to a solution of compound 3 (2.0
g, 11.0 mmol) in CH2Cl2 at 00C and the reaction was
placed in the refrigerator for 16 hours. A usual
work-up afforded the mesylate as a pale yellow oil.
This oil (2.4 g, 9.2 mmol) was dissolved in THF (20
mL) and LiBr (2.0 g, 23.0 mmol) was added. The
reaction mixture was heated to reflux for 1 hour and
was then cooled to room temperature. To the mixture
was added water (2.5 mL) and the solvent was removed
under vacuum. The residue was extracted with ethyl
acetate (3 x 15 mL) and the combined organic layers
were washed with saturated NaCl solution (10 mL),
dried over anhydrous Na SO , and concentrated to give
the desired bromide. [644] mPEG-OH 20 IcDa (1.0 g,
0.05 mmol, Sunbio) was dissolved in THF (20 mL) and
the solution was cooled in an ice bath. NaH (6 mg,
0.25 mmol) was added with vigorous stirring over a
period of several minutes followed by addition of the
bromide obtained from above (2.55 g, 11.4 mmol) and a
catalytic amount of KI. The cooling bath was removed
and the resulting mixture was heated to reflux for 12
hours. Water (1.0 mL) was added to the mixture and the
solvent was removed under vacuum. To the residue was
added CH2Cl2 (25 mL) and the organic layer was
separated, dried over anhydrous Na2SO4, and the volume
was reduced to approximately 2 mL. Dropwise addition
to an ether solution (150 mL) resulted in a white
precipitate, which was collected to yield the PEG
derivative. Example 17 mPEG-NH 2 + X-C(O)-(CH 2) n-C
CR' mPEG-NH-C(O)-(CH 2)n-C CR'[645] The terminal
alkyne-containing poly(ethylene glycol) polymers can
also be obtained by coupling a poly(ethylene glycol)
polymer containing a terminal functional group to a
reactive molecule containing the alkyne functionality
as shown above, n is between 1 and 10. R' can be H or
a small alkyl group from Cl to C4. Example 18 (1)
HO2C-(CH2)2-C CH + NHS +DCC- NHSO-C(O)-(CH 2)2-C CH
(2) mPEG-NH2 + NHSO-C(O)-(CH2) 2-C CH -
mPEG-NH-C(O)-(CH 2)2-C CH [646] 4-pentynoic acid
(2.943 g, 3.0 mmol) was dissolved in CH2Cl2 (25 niL).
Nhydroxysuccinimide (3.80 g, 3.3 mmol) and DCC (4.66
g, 3.0 mmol) were added and the solution was stirred
overnight at room temperature. The resulting crude NHS
ester 7 was used in the following reaction without
further purification. [647] HiPEG-NH2 with a molecular
weight of 5,000 Da (mPEG-NH2, 1 g, Sunbio) was
dissolved in THF (50 mL) and the mixture was cooled to
4 0C. NHS ester 7 (400 mg, 0.4 mmol) was added
portion-wise with vigorous stirring. The mixture was
allowed to stir for 3 hours while warming to room
temperature. Water (2 mL) was then added and the
solvent was removed under vacuum. To the residue was
added CH2Cl2 (50 mL) and the organic layer was
separated, dried over anhydrous Na2SO , and the volume
was reduced to approximately 2 mL. This CH Cl2
solution was added to ether (150 mL) drop-wise. The
resulting precipitate was collected and dried in
vacuo. Example 19 [648] This Example represents the
preparation of the methane sulfonyl ester of
poly(ethylene glycol), which can also be referred to
as the methanesulfonate or mesylate of poly(ethylene
glycol). The corresponding tosylate and the halides
can be prepared by similar procedures. mPEG-OH +
CH3SO2Cl + N(Et) 3 - HiPEG-O-SO2CH3 - mPEG-N3 [649]
The mPEG-OH (MW = 3,400, 25 g, 10 mmol) in 150 mL of
toluene was azeotropically distilled for 2 hours under
nitrogen and the solution was cooled to room
temperature. 40 mL of dry CH2Cl2 and 2.1 mL of dry
triethylamine (15 mmol) were added to the solution.
The solution was cooled in an ice bath and 1.2 mL of
distilled methanesulfonylchloride (15 mmol) was added
dropwise. The solution was stirred at room temperature
under nitrogen overnight, and the reaction was
quenched by adding 2 mL of absolute ethanol. The
mixture was evaporated under vacuum to remove
solvents, primarily those other than toluene,
filtered, concentrated again under vacuum, and then
precipitated into 100 mL of diethyl ether, The
filtrate was washed with several portions of cold
diethyl ether and dried in vacuo to afford the
mesylate. [650] The mesylate (20 g, 8 mmol) was
dissolved in 75 ml of THF and the solution was cooled
to 4 0C. To the cooled solution was added sodium azide
(1.56 g, 24 mmol). The reaction was heated to reflux
under nitrogen for 2 hours. The solvents were then
evaporated and the residue diluted with CH2Cl2 (50
mL). The organic fraction was washed with NaCl
solution and dried over anhydrous MgSO4. The volume
was reduced to 20 ml and the product was precipitated
by addition to 150 ml of cold dry ether. Example 20
(1) N3-C6H4-CO2H - N3-C6H4CH2OH (2) N3-C6H4CH2OH -
Br-CH2-C6H4-N3 (3) mPEG-OH + Br-CH2-C6H4-N3 -
mPEG-O-CH 2-C6H4-N3 [651] 4-azidobenzyl alcohol can be
produced using the method described in U.S. Patent
5,998,595, which is incorporated by reference herein.
Methanesulfonyl chloride (2.5 g, 15.7 mmol) and
triethylamine (2.8 mL, 20 mmol) were added to a
solution of 4-azidobenzyl alcohol (1.75 g, 11.0 mmol)
in CH2Cl2 at 0 0C and the reaction was placed in the
refrigerator for 16 hours. A usual work-up afforded
the mesylate as a pale yellow oil. This oil (9.2 mmol)
was dissolved in THF (20 mL) and LiBr (2.0 g, 23.0
mmol) was added. The reaction mixture was heated to
reflux for 1 hour and was then cooled to room
temperature. To the mixture was added water (2.5 mL)
and the solvent was removed under vacuum. The residue
was extracted with ethyl acetate (3 x 15 mL) and the
combined organic layers were washed with saturated
NaCl solution (10 mL), dried over anhydrous Na2SO4,
and concentrated to give the desired bromide. [652]
mPEG-OH 20 IcDa (2.0 g, 0.1 mmol, Sunbio) was treated
with NaH (12 mg, 0.5 mmol) in THF (35 mL) and the
bromide (3.32 g, 15 mmol) was added to the mixture
along with a catalytic amount of KI. The resulting
mixture was heated to reflux for 12 hours. Water (1.0
mL) was added to the mixture and the solvent was
removed under vacuum. To the residue was added CH2Cl2
(25 mL) and the organic layer was separated, dried
over anhydrous Na2SO4, andthe volume was reduced to
approximately 2 mL. Dropwise addition to an ether
solution (150 mL) resulted in a precipitate, which was
collected to yield mPEG-O-CH 2-C6H4-N3. Example 21
NH2-PEG-O-CH2CH2CO2H + N3-CH2CH2CO2-NHS -
N3-CH2CH2-C(O)NH-PEG-OCH 2CH2CO2H [653] NH2-PEG-O-CH
2CH2CO2H (MW 3,400 Da, 2.0 g) was dissolved in a
saturated aqueous solution Of NaHCO3 (10 mL) and the
solution was cooled to O0C.
3-azido-l-Nhydroxysuccinimido propionate (5 equiv.)
was added with vigorous stirring. After 3 hours, 20 mL
of H2O was added and the mixture was stirred for an
additional 45 minutes at room temperature. The pH was
adjusted to 3 with 0.5 N H2SO4 and NaCl was added to a
concentration of approximately 15 wt%. The reaction
mixture was extracted with CH2Cl2 (100 mL x 3), dried
over Na2SO4 and concentrated. After precipitation with
cold diethyl ether, the product was collected by
filtration and dried under vacuum to yield the
omega-carboxy-azide PEG derivative. Example 22
mPEG-OMs + HC CLi mPEG-O-CH 2-CH2-C C-H [654] To a
solution of lithium acetylide (4 equiv.), prepared as
known in the art and cooled to -780C in THF, is added
dropwise a solution of mPEG-OMs dissolved in THF with
vigorous stirring. After 3 hours, the reaction is
permitted to warm to room temperature and quenched
with the addition of 1 mL of butanol. 20 mL of H2O is
then added and the mixture was stirred for an
additional 45 minutes at room temperature. The pH was
adjusted to 3 with 0.5 N H2SO4 and NaCl was added to a
concentration of approximately 15 wt%. The reaction
mixture was extracted with CH2Cl2 (100 mL x 3), dried
over Na2SO and concentrated. After precipitation with
cold diethyl ether, the product was collected by
filtration and dried under vacuum to yield the
l-(but-3-ynyloxy)-methoxypolyethylene glycol (mPEG).
Example 23 [655] The azide- and acetylene-containing
amino acids were incorporated siteselectively into
proteins using the methods described in L. Wang, et
al., (2001), Science 292:498-500, J .W. Chin et al.,
Science 301:964-7 (2003)), J . W. Chin et al., (2002),
Journal of the American Chemical Society
124:9026-9027; J. W. Chin, & P. G. Schultz, (2002),
Chem BioChem 11:1 135-1 137; J . W. Chin, et al.,
(2002), PNAS United States of America 99:1 1020-
11024: and, L. Wang, & P. G. Schultz, (2002), Chem.
Comm.. 1-10. Once the amino acids were incorporated,
the cycloaddition reaction was carried out with 0.01
mM protein in phosphate buffer (PB), pH 8, in the
presence of 2 mM PEG derivative, 1 mM CuSO , and 1 mg
Cu-wire for 4 hours at 37 0C. [656] The synthesis of
p-Acetyl-D,L-phenylalanine (pAF) and
m-PEG-hydroxylamine derivatives is performed as
described below. The racemic pAF is synthesized using
the previously described procedure in Zhang, Z.,
Smith, B. A. C 5 Wang, L., Brock, A., Cho, C. &
Schultz, P. G., Biochemistry, (2003) 42, 6735-6746. To
synthesize the m-PEG-hydroxylamine derivative, the
following procedures are completed. To a solution of
(N-t-Boc-aminooxy)acetic acid (0.382 g, 2.0 mmol) and
1,3-Diisopropylcarbodiimide (0.16 mL, 1.0 mmol) in
dichloromethane (DCM, 7OmL), which is stirred at room
temperature (RT) for 1 hour, methoxypolyethylene
glycol amine (In-PEG-NH , 7.5 g, 0.25 mmol, Mt. 30 K
from BioVectra) and Diisopropylethylamine (0.1 mL, 0.5
mmol) are added. The reaction is stirred at RT for 48
hours, and then is concentrated to about 100 mL. The
mixture is added dropwise to cold ether (800 mL). The
t-Boc-protected product precipitated out and is
collected by filtering, washed by ether 3xl00mL. It is
further purified by re-dissolving in DCM (100 mL) and
precipitating in ether (800 mL) twice. The product is
dried in vacuum, confirmed by NMR and Nihydrin test.
[657] The deBoc of the protected product (7.0 g)
obtained above is carried out in 50% TFA/DCM (40 mL)
at 0 0C for 1 hour and then at RT for 1.5 hour. After
removing most of TFA in vacuum, the TFA salt of the
hydroxylamine derivative is converted to the HCl salt
by adding 4N HCl in dioxane (ImL) to the residue. The
precipitate is dissolved in DCM (50 mL) and
reprecipitated in ether (800 mL). The final product is
collected by filtering, washed with ether 3x 10OmL,
dried in vacuum, stored under nitrogen. Other PEG (5K,
20K) hydroxylamine derivatives can be synthesized
using the same procedure. Example 24 [658] hIFN
polypeptides were isolated according to the following
protocol. Variations to the refolding method have also
been performed to isolate hIFN polypeptides of the
invention, modifying the composition of the buffer
that receives the solubilized IFN. Additional
modifications such as the addition of Cu++ or other
mild oxiding agents during or after the 



procedure, altering denaturing agents or reducing
agents, altering the pH to assess refolding efficiency
at various pHs may be performed. Column-based
refolding methods using HIC, dyebased, size-exclusion,
or ion-exchange resins may be used for refolding.
Other modifications to such methods are known to those
of ordinary skill in the art. [659] To generate hIFN
polypeptides with a 6 His tag at the N terminus, hIFN
nucleotide sequences were cloned downstream of the
tag. The transformation of E. coli (BL21 (DE3)) with
constructs containing the hIFN polynucleotide sequence
and the orthogonal aminoacyl tRNA synthetase/tRNA pair
(specific for the desired non-naturally encoded amino
acid) allowed site-specific incorporation of
non-naturally encoded amino acid
(p-acetylphenylalanine) into the hIFN polypeptide.
Inclusion Body Preparation and Refolding [660] Fresh
or frozen E. coli host cell pellets were resuspended
in approximately lOmL/g of 2OmM Tris pH 7.5, 200 mM
NaCl, 1 mM EDTA. The pellets were sonicated six times
for 30 seconds with 1 minute incubations on ice
between each sonication. 1 mg/mL lysozyme and DNase I
were added to each sonicated sample, and the samples
were incubated for 30 minutes at room temperature.
[661] The samples were centrifuged at 12,000 rpm for
10 minutes at 40C, and the supernatants for each
sample were removed for analysis. The pellets were
washed three times with 40 ml of chilled IB Wash
Buffer 1 (20 mM Tris, pH 7.5, 100 mM NaCl, 1mM EDTA,
1% Triton) by detaching them from the sides of the
tubes and resuspending the pellets by sonication for
30 seconds. In between each wash, the samples were
centrifuged at 12,000 rpm for 5 minutes at 40C. The
pellets were then resuspended/washed twice with 40 ml
of chilled IB Wash Buffer 2 (20 mM Tris, pH 7.5, 100
mM NaCl, 1 mM EDTA). In between each wash, the samples
were centrifuged at 12,000 rpm for 5 minutes at 40C.
[662] After the two sets of washes, the pellets were
solubilized by douncing in 5-20 ml of Solubilization
Buffer (5OmM Tris, pH 7.5, 8M Gdn-HCl). The minimum
amount of buffer necessary to completely solubilize
each pellet was used. Samples were then centrifuged at
12,000 for 15 minutes at 40C to remove any insoluble
particles, and the supernatants were transferred into
fresh tubes. [663] An aliquot was taken from each
sample, and the aliquots were diluted 2OX in
Solubilization Buffer, and the OD280 for each sample
was measured to determine protein concentration. The
Extinction coefficient at 280 nm is 22,500 M-I or 1.17
mg/ml -1. [664] The inclusion bodies were aliquoted
into 3-5 ml aliquots and stored at -8O0C. 0.15 mg/ml
IFN final (5 mg/mL solution in 6-8M GndHCl, pH 8) were
injected in three aliquotsinto a fast-stirring buffer
(20-5OmM Tris HCl, pH 8.2, 0.5 M L-arginine, 10%
Glycerol or Sucrose) (plus 200-250 mM Gnd from
solubilized IFN) at 40C. The injections were performed
under the surface of the solution to avoid foaming.
After injection, slow stirring was used for
approximately 16-24 hours at 40C. After the completion
of the refolding reaction, the samples were processed
further. [665] The samples were concentrated with
Amicon Stirring cells (YM- 10 membrane) to
approximately 1-1.5 mg/ml (15-30 ml). The samples were
then dialyzed against 30 mM Tris, pH 7.8, 20 mM NaCl,
5% glycerol overnight at 40C. The samples were diluted
to 50 ml with Q HP Buffer A (10 mM Tris, pH 7.5), and
purification was performed on a 5 ml Q HP AKTA column
using a gradient of 0-30% B (IO mM Tris, pH 7.5, 1 M
NaCl) over fifteen column volumes. The column was
washed with 2.5 M NaCl, followed by IM NaCl / IM NaOH.
SDSPAGE analysis was performed on the column
fractions, and the fractions containing monomeric
refolded hIFN polypeptides were pooled. The pH of each
pool was adjusted by adding 1/20 volume of IM NaAc, pH
4.5, and each pool was dialyzed overnight against 20
mM NaAc, pH 4, 20 mM NaCl, 5% glycerol. The hIFN
polypeptides were concentrated to > 1 mg/ml for
PEGylation. PEGylation [666] Oxyamino-derivatized 30K
PEG is added to hIFN polypeptide at a 1:12 molar ratio
(30mg / mg IFN/ml), and the mixture is incubated at
280C for 16-48 hours. Figure 19 shows the 30K PEG used
in the conjugation. Isolation ofPEGylated
hIFNpolypeptides [667] PEGylated hIFN polypeptides
were isolated using the Source Q 30 column. The
buffers used with this column were Buffer A (1OmM
Tris, pH 8.0); Buffer B (1OmM Tris, pH 8.0; IM NaCl);
and Sanitization Buffer (IM NaOH; IM NaCl). The
fractions of PEGylated hIFN were pooled, dialyzed
against the following storage buffer: 2OmM NaAcetate,
pH 6, 0.005% Tween, 125 mM NaCl. The samples were then
concentrated to > 8 microM and stored at 40C. [668]
Buffer lines were primed and washed with the
appropriate buffers, and the column and sample line
were sanitized with 30-40 mL Sanitization Buffer. The
sample line was rinsed with Buffer A to remove any
traces of Sanitization Buffer, and the line was primed
for sample addition. The column was equilibrated with
5-10 column volumes of Buffer A, until parameters such
as UV and Conductivity were stable.[669] A sample of
PEGylated hIFN polypeptide was injected onto the
column, and the column was washed with 4 column
volumes of Buffer A. The gradient used was the
following: 0-20% Buffer B for 20 column volumes; 100%
Buffer B for 4 column volumes. l-1.5mL fractions were
collected from the column and were analyzed by
SDS-PAGE to determine fractions for pooling. PEG
monomer fractions were pooled. The column was prepared
for the next sample by the sanitizing column and
sample line with 30-40 mL Sanitization Buffer. Example
25 [670] This example details the measurement of hIFN
activity and affinity of hIFN polypeptides for the
hIFN receptor. Biacore studies (Receptor Binding
Affinity) [671] The sequence for the IFNAR2
extracellular domain (consisting of 206 amino acids
ending with sequence LLPPGQ) was amplified from clone
MHSlOl 1-61064 (OpenBiosystems, Huntsville, AL). This
insert was cloned into the pET20 expression vector
(Novagen) downstream of the T7 promoter. Protein
expression was induced with 0.4 mM IPTG in BL21(DE3)
cells (Novagen). [672] Since the expressed protein was
insoluble, the inclusion bodies were purified from
lysed cells and solubilized in 6M GndCl. A 5 ml
aliquot (50 mg amount) was reduced with 10 mM DTT for
45 minutes at 370C. Then the mixture was injected into
200 ml of refolding buffer which consisted of 50 mM
Tris pH 8, 20 mM NaCl, 0.5 M Arginine, 10% glycerol at
40C and incubated overnight with gentle stirring.
[673] The refolding reaction was then concentrated to
25 ml using an Amicon stirring cell, and dialyzed
overnight against 2OmM Tris, pH 8, 20 mM NaCl, 10%
glycerol. Monomeric refolded IFNAR ECD was purified on
HP Q Sepharose using the AKTA FPLC system (Amersham).
Purified IFNAR2 ECD was immobilized on CM5 Biacore
chip using a lysinespecifc coupling procedure
recommended by the manufacturer. About 200 RUs of
functional protein were immobilized. Various
concentrations of IFN variants in HBS-EP buffer
(Biacore) were injected at a flow rate of 50
mcl/minute over the flowcell containing immobilized
IFNAR2, and a control flowcell containing immobilized
bovine serum albumin. Sensograms generated were fit to
the 1:1 interaction model to calculate kon, koff and
Kd values using BiaEvaluation software (Biacore).
N-terminal 6-His hIFN polypeptides comprising the
non-naturally encoded amino acid
p-acetyl-phenylalanine (pAF) were tested, as well as
PEGylated hIFN polypeptides comprising pAF after
isolation via the methods described in Example 25.
Controls utilized inthese studies included IFNaA
obtained from Sigma, N-6 His tagged wild-type IFN, and
PEGASYS(r). Data collected for hIFN polypeptides is
shown in Table 3. Non-PEGylated WFN polypeptide with a
para-acetylphenylalanine substitution at position 149
of SEQ ID NO: 2 showed altered binding kinetics in
this assay (faster kOff) . Table 3: Binding parameters
for IFNa-2a : IFNAR2 interaction, as determined by
SPRERYTHROPOIETIN RECEPTOR PEPTIDE FORMULATIONS AND
USES Priority is claimed to United States Provisional
Patent Application Serial No. 60/687,655, filed on
June 3, 2005. The contents of this priority
application is incorporated into the present
disclosure by reference and in its entirety. FIELD OF
THE INVENTION The present invention relates to peptide
compounds that are agonists of the erythropoietin
receptor (EPO-R). The invention also relates to
therapeutic methods using such peptide compounds to
treat disorders associated with insufficient or
defective red blood cell production. Pharmaceutical
compositions, which comprise the peptide compounds of
the invention, are also provided. BACKGROUND OF THE
INVENTION Erythropoietin (EPO) is a glycoprotein
hormone of 165 amino acids, with a molecular weight of
about 34 kilodaltons (kD) and preferred glycosylation
sites on amino-acid positions 24, 38, 83, and 126. It
is initially produced as a precursor protein with a
signal peptide of 23 amino acids. EPO can occur in
three forms: a, b, and asialo. The a and b forms
differ slightly in their carbohydrate components, but
have the same potency, biological activity, and
molecular weight. The asialo form is an a or b form
with the terminal carbohydrate (sialic acid) removed.
The DNA sequences encoding EPO have been reported
[U.S. Pat. No. 4,703,008 to Lin]. EPO stimulates
mitotic division and differentiation of erythrocyte
precursor cells, and thus ensures the production of
erythrocytes. It is produced in the kidney when
hypoxic conditions prevail. During EPO-induced
differentiation of erythrocyte precursor cells, globin
synthesis is induced; heme complex synthesis is
stimulated; and the number of ferritin receptors
increases. These changes allow the cell to take on
more iron and synthesize functional hemoglobin, which
in mature erythrocytes binds oxygen. Thus,
erythrocytes and their hemoglobin play a key role in
supplying the body with oxygen. These changes are
initiated by the interaction of EPO with an
appropriate receptor on the cell surface of the
erythrocyte precursor cells [See, e.g., Graber and
Krantz (1978) Ann. Rev. Med. 29.51- 66]. EPO is
present in very low concentrations in plasma when the
body is in a healthy state wherein tissues receive
sufficient oxygenation from the existing number of
erythrocytes. This normallow concentration is
sufficient to stimulate replacement of red blood cells
which are lost normally through aging. The amount of
EPO in the circulation is increased under conditions
of hypoxia when oxygen transport by blood cells in the
circulation is reduced. Hypoxia may be caused, for
example, by substantial blood loss through hemorrhage,
destruction of red blood cells by over-exposure to
radiation, reduction in oxygen intake due to high
altitude or prolonged unconsciousness, or various
forms of anemia. In response to such hypoxic stress,
elevated EPO levels increase red blood cell production
by stimulating the proliferation of erythroid
progenitor cells. When the number of red blood cells
in circulation is greater than needed for normal
tissue oxygen requirements, EPO levels in circulation
are decreased. Because EPO is essential in the process
of red blood cell formation, this hormone has
potentially useful applications in both the diagnosis
and the treatment of blood disorders characterized by
low or defective red blood cell production. Recent
studies have provided a basis for the projection of
EPO therapy efficacy for a variety of disease states,
disorders, and states of hematologic irregularity,
including: beta-thalassemia [see, Vedovato, et al.
(1984) Acta. Haematol. 71:211-213]; cystic fibrosis
[see, Vichinsky, et al. (1984) J. Pediatric
105:15-21]; pregnancy and menstrual disorders [see,
Cotes, et al. (193) Brit. J. Ostet. Gyneacol.
90:304-311]; early anemia of prematurity [see, Haga,
et al. (1983) Acta Pediatr. Scand. 72; 827-831];
spinal cord injury [see, Claus-Walker, et al. (1984)
Arch. Phys. Med. Rehabil. 65:370-374]; space flight
[see, Dunn, et al. (1984) Eur. J. Appl. Physiol.
52:178-182]; acute blood loss [see, Miller, et al.
(1982) Brit. J. Haematol. 52:545-590]; aging [see,
Udupa, et al. (1984) J. Lab. Clin. Med. 103:574-580
and 581-588 and Lipschitz, et al. (1983) Blood
63:502-509]; various neoplastic disease states
accompanied by abnormal erythropoiesis [see, Dainiak,
et al. (1983) Cancer 5:1101-1106 and Schwartz, et al.
(1983) Otolaryngol. 109:269-272]; and renal
insufficiency [see, Eschbach. et al. (1987) N. Eng. J.
Med. 316:73-78]. Purified, homogeneous EPO has been
characterized [U.S. Pat. No. 4,677,195 to Hewick]. A 



DNA sequence encoding EPO was purified, cloned, and
expressed to produce recombinant polypeptides with the
same biochemical and immunological properties and
natural EPO. A recombinant EPO molecule with
oligosaccharides identical to those on natural EPO has
also been produced [See, Sasaki, etal. (1987) J. Biol.
Chem. 262:12059-12076]. The biological effect of EPO
appears to be mediated, in part, through interaction
with a cell membrane bound receptor. Initial studies,
using immature erythroid cells isolated from mouse
spleen, suggested that the EPO-binding cell surface
proteins comprise two polypeptides having approximate
molecular weights of 85,000 Daltons and 100,000
Daltons, respectively [Sawyer, et al (1987) Proc.
Natl. Acad. Sci. USA 84:3690-3694]. The number of
EPO-binding sites was calculated to average from 800
to 1000 per cell surface. Of these binding sites,
approximately 300 bound EPO with a K of approximately
90 pM (picomolar), while the remaining bound EPO with
a reduced affinity of approximately 570 pM [Sawyer, et
al. (1987) J. Biol. Chem. 262:5554-5562]. An
independent studysuggested that EPO-responsive splenic
erythroblasts, prepared from mice injected with the
anemic strain (FVA) of the Friend leukemia virus,
possess at total of approximately 400 high and a low
affinity EPO binding sites with K values of
approximately 100 pM and 800 pM, respectively
[Landschulz, et al (1989) Blood 73:1476-1486].
Subsequent work indicated that the two forms of EPO
receptor (EPO-R) were encoded by a single gene. This
gene has been cloned [See, e.g., Jones, et al (1990)
Blood 76, 31-35; Noguchi, et al (1991) Blood
78:2548-2556; Maouche, etal. (1991) Blood
78:2557-2563]. For example, the DNA sequences and
encoded peptide sequences for murine and human EPO-R
proteins are described in PCT Pub. No. WO 90/08822 to
D'Andrea, et al. Current models suggest that binding
of EPO to EPOR results in the dimerization and
activation of two EPO-R molecules, which results in
subsequent steps of signal transduction [See, e.g.,
Watowich, et al. (1992) Proc. Natl. Acad. Sci. USA
89:2140- 2144]. The availability of cloned genes for
EPO-R facilitates the search for agonists and
antagonists of this important receptor. The
availability of the recombinant receptor protein
allows the study of receptor-ligand interaction in a
variety of random and semi-random peptide diversity
generation systems. These systems include the
"peptides on plasmids" system [described in U.S. Pat.
No. 6,270,170]; the "peptides on phage" system
[described in U.S. Pat. No. 5,432,018 and Cwirla, et
al. (1990) Proc. Natl. Acad. Sci. USA 87:6378-6382];
the "encoded synthetic library" (ESL) system
[described in U.S. patent application Ser. No.
946,239, filed Sep. 16, 1992]; and the "very large
scale immobilized polymer synthesis" system [described
in U.S. Pat. No. 5,143,854; PCT Pub. No. 90/15070;
Fodor, et al. (1991) Science 251 :767-773; Dower and
Fodor (1991) Ann. Rep. Med. Chem. 26:271-180; and U.S.
Pat. No. 5,424,186]. Peptides that interact to a least
some extent with EPO-R have been identified and are
described, for example in U.S. Pat. Nos. 5,773,569;
5,830,851; and 5,986,047 to Wrighton, et al; PCT Pub.
No. WO 96/40749 to Wrighton, et al; U.S. Pat. No.
5,767,078 and PCT Pub. No. 96/40772 to Johnson and
Zivin; PCT Pub. No. WO 01/38342 to BaIu; and WO
01/91780 to Smith-Swintosky, et al In particular, a
group of peptides containing a peptide motif has been
identified, members of which bind to EPO-R and
stimulate EPO-dependent cell proliferation. Yet,
peptides identified to date that contain the motif
stimulate EPO-dependent cell proliferation in vitro
with EC50 values of about 20 nanomolar (iiM) to about
25OnM. Thus, peptide concentrations of 2OnM to 25OnM
are required to stimulate 50% of the maximal cell
proliferation stimulated by EPO. Still other peptides
and constructs thereof that bind to the EPO receptor
have been described in U.S. provisional application
Serial Nos. 60/470,244, 60/470,245, and 60/469,993,
all filed on May 12, 2003; U.S. provisional
application Serial Nos. 60/627,432 and 60/627,433 both
filed on November 11, 2004; U.S. nonprovisional
application Serial No. 10/844,968, filed on May 12,
2004; and International Application Serial Nos.
PCT/US2004/14886 and PCT/US2004/014889, both filed on
May 12, 2004, and publishedas WO 2004/101611 and WO
2004/101606, respectively. Each of these applications
is hereby incorporated by reference and in its
entirety. Given the immense potential of EPO-R
agonists, both for studies of the important biological
activities mediated by this receptor and for treatment
of disease, there remains a need for the
identification of peptide EPO-R agonists of enhanced
potency and activity. The present invention provides
such compounds. The citation and/or discussion of
cited references in this section and throughout the
specification is provided merely to clarify the
description of the present invention and is not an
admission that any such reference is "prior art" to
the present invention. SUMMARY OF THE INVENTION The
present invention provides novel peptide compounds,
which are EPO-R agonists of dramatically enhanced
potency and activity. These peptide compounds are
homodimers of peptide monomers having the amino acid
sequence (AcG)GLYACHMGPIT(l-nal)VCQPLRK (SEQ ID NO:
1), or homodimers of peptide monomers having the amino
acid sequence (AcG)GLYACHMGPIT(1- nal)VCQPLR(MeG)K
(SEQ ID NO: 2), homodimers of peptide monomers having
the amino acid sequence
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG) (SEQ ID NO: 3);
where each amino acid is indicated by standard one
letter abbreviation, "(AcG)" is N-acetylglycine,
"(1-nal)" is 1- naphthylalanine, and "(MeG)" is
N-methylglycine, also known as sarcosine. Each peptide
monomer of a peptide dimer contains an intramolecular
disulfide bond between the cysteine residues of the
monomer. The peptide monomers may be dimerized by
covalent attachment to a branched tertiary amide
linker. The tertiary amide linker can be depicted as:
where: X is NCO-(CH2)2-N1H-; C1 of the linker forms an
amide bond with the e-amino group of the C-terminal
lysine residue of the first peptide monomer; C2 of the
linker forms an amide bond with the e-amino group of
the C-terminal lysine residue of the second peptide
monomer; and N1 of X is attached via a carbamate
linkage or an amide linkage to an activated
polyethylene glycol (PEG) moiety, where the PEG has a
molecular weight of about 20,000 to about 40,000
Daltons (the term "about" indicating mat in
preparations of PEG, some molecules will weigh more,
some less, than the stated molecular weight). Where
each monomer of the homodimer has the amino acid
sequence, (AcG)GLYACHMGPIT(l-nal)VCQPLRK (SEQ ID NO:
1) and N1 of the linker is attached via a carbamate
linkage to an activated polyethylene glycol (PEG)
moiety, the novel peptide compounds of the invention
may be represented as follows:Wliere each monomer of
the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(l-nal)VCQPLRK (SEQ ID NO: 1) and N1
of the linker is attached via an amide linkage to an
activated polyethylene glycol (PEG) moiety, the novel
peptide compounds of the invention may be represented
as follows: Wliere each monomer of the homodimer has
the amino acid sequence, (AcG)GLYACHMGPIT(l
-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and N1 of the linker
is attached via a carbamate linkage to an activated
polyethylene glycol (PEG) moiety, the novel peptide
compounds of the invention may be represented as
follows:Where each monomer of the homodimer has the
amino acid sequence,
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and
N1 of the linker is attached via an amide linkage to
an activated polyethylene glycol (PEG) moiety, the
novel peptide compounds of the invention may be
represented as follows: The peptide monomers may also
be dimerized by covalent attachment to a branched
tertiary amide linker. The tertiary amide linker can
be depicted as: -C1O-CH2-X-CH2-C2Owhere: X is
NCO-(CH2)2-NH-C3O-; C1 of the linker forms an amide
bond with the e-amino group of the C-terminal lysine
residue of the first peptide monomer; and C2 of the
linker forms an amide bond with the e-amino group of
the C-terminal lysine residue of the second peptide
monomer. The peptide dimers of the invention further
comprise a spacer moiety of the following structure:
-N1H-(CHa)4-C4H-N2Hwhere: C4 of the spacer is
covalently bonded to C3 of X; N1 of the spacer is
covalently attached via a carbamate or an amide
linkage to an activated polyethylene glycol (PEG)
moiety; and N2 of the spaceris covalently attached via
a carbamate or an amide linkage to an activated PEG
moiety, where PEG has a molecular weight of about
10,000 to about 50,000 Daltons (the term "about"
indicating that in preparations of PEG, some molecules
will weigh more, some less, than the stated molecular
weight). Each PEG moiety may be, individually, 10,000
Daltons (1OkD), 20IcD, 30IcD, 40IcD, or 50IcD. Where
each monomer of the homodimer has the amino acid
sequence, (AcG)GLYACHMGPIT(l-nal)VCQPLRK (SEQ ID NO:
1) and both N1 and N2 of the spacer are covalently
attached via a carbamate linkage to an activated PEG
moiety, the novel peptide compounds of the invention
may be represented as follows: In preferred
embodiments, the C-terminal lysine of the two peptide
monomers is L-lysine. Also, those skilled in the art
will appreciate from the above chemical structures
that the two linear PEG moieties are joined by lysine
(e.g., as mPEG2-Lys-NHS or as mPEG2-Lysinol-NPC),
which is also preferably L-lysine and giving rise to
the following stereochemistry. (Ac Alternatively, one
or more of the lysine residues can be a D-lysine,
giving rise to alternative stereochemistries which
will be readily appreciate by those skilled in the
art.Where each monomer of the homodimer has the amino
acid sequence, (AcG)GLYACHMGPIT(l-nal)VCQPLRK (SEQ ID
NO: 1) and both N1 and N2 of the spacer are covalently
attached via an amide linkage to an activated PEG
moiety, the novel peptide compounds of the invention
may be represented , as follows:Again, the lysine
molecules in this compound are preferably all
L-lysine, giving rise to the following
stereochemistry. (Ac Alternatively, one or more of the
lysine residues can be a D-lysine, giving rise to
alternative stereochemistries which will be readily
appreciated by those skilled in the art. Where each
monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and
both N1 and N2 of the spacer are covalently attached
via a carbamate linkage to an activated PEG moiety,
wherein Y is a carbamate group, the novel peptide
compounds of the invention may be represented as
follows: (AcPreferably, the lysine residues joining
the peptide monomer and linear PEG moieties in this
molecule are all L-lysiiie, giving rise to the
following stereochemistry: Alternatively, one or more
of the lysine residues can be a D-lysine, giving rise
to alternative stereochemistries that will be readily
appreciated by those of ordinary skill in the art.
Where each monomer of the homodimer has the amino acid
sequence, (AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG)K (SEQ ID
NO: 2) and both N1 and N2 of the spacer are covalently
attached via an amide linkage to an activated PEG
moiety, the novel peptide compounds of the invention
may be represented as follows:Preferably, the lysine
residues joining the peptide monomer and linear PEG
moieties of this molecule are all L-lysine, giving
rise to the following stereochemistry. (Ac In other
embodiments, one or more of the lysine residues can be
a D-lysine, giving rise to alternative
stereochemistries that will be readily appreciated by
persons of ordinary skill in the art. The peptide
monomers may also be dimerized by attachment to a
lysine linker, whereby one peptide monomer is attached
at its C-terminus to the lysine's e-amino group and
the second peptide monomer is attached at its
C-terminus to the lysine's a-amino group. The peptide
dimers of the invention further comprise a spacer
moiety of the following structure:
-N1H-(CH2)2-O-(CH2)2-O-(CH2)2-N2HAt one end, N 1 of
the spacer is attached via an amide linkage to a
carbonyl carbon of the lysine linker. At the opposite
end, N2 of the spacer is attached via a carbamate
linkage or an amide linkage to an activated
polyethylene glycol (PEG) moiety, where the PEG has a
molecular weight of about 20,000 to about 40,000
Daltons (the term "about" indicating that in
preparations of PEG, some molecules will weigh more,
some less, than the stated molecular weight). Where
the spacer is attached via a carbamate linkage to an
activated polyethylene glycol (PEG) moiety, the novel
peptide compounds of the invention (SEQ ID NO: 3) may
be represented as follows:Where the spacer is attached
via an amide linkage to an activated polyethylene
glycol (PEG) 



moiety, the novel peptide compounds of the invention
(SEQ ID NO: 3) may be represented as follows: The
invention further provides methods to treat various
medical conditions using such peptide compounds. The
methods include treating a patient having a disorder
characterized by a deficiency of erythropoietin or a
low or defective red blood cell population by
administering to the patient a therapeutically
effective amount of one of the above compounds hi
certain embodiments, the disorder is end stage renal
failure or dialysis; anemia associated with AIDS, auto
immune disease or a malignancy; beta-thalassemia;
cystic fibrosis; early anemia of prematurity; anemia
associated with chronic inflammatory disease; spinal
cord injury; acute blood loss; aging; or neoplastic
disease states accompanied by abnormal erythropoiesis.
Furthermore, in certain embodiments, the disorder is
renal failure or dialysis, and the therapeutically
effective amount is a dosage of 0.025 to 0.2 milligram
of the compound per 1 kilogram body weight of the
patient. In other embodiments, the disorder is renal
failure or dialysis, and the therapeutically effective
amount is a dosage of 0.05 to 0.1 milligram of the
compound per 1 kilogram body weight of the patient, hi
certain embodiments, the disorder is anemia associated
with a malignancy, and the therapeutically effective
amount is a dosage of 0.075 to 0.5 milligram of the
compound per 1 kilogram body weight of the patient, hi
other embodiments, the disorder is anemia associated
with a malignancy, and the therapeutically effective
amount is a dosage is 0.2 to 0.4 milligram of the
compound per 1 kilogram body weight of the patient.
The therapeutically effective amount can be
administered once every 3 to 4 weeks. The invention
further provides pharmaceutical compositions comprised
of such peptide compounds. In certain embodiments, the
PEG has a molecular weight of about 20,000 Daltons. hi
other embodiments, the pharmaceutical composition
comprises any one of the above compounds and a
pharmaceutically acceptable carrier. DETAILED
DESCRIPTION QF THE INVENTIONDefinitions : Amino acid
residues in peptides are abbreviated as follows:
Phenylalanine is Phe or F; Leucine is Leu or L;
Isoleucine is lie or I; Methionine is Met or M; Valine
is VaI or V; Serine is Ser or S; Proline is Pro or P;
Threonine is Thr or T; Alanine is Ala or A; Tyrosine
is Tyr or Y; Histidine is His or H; Glutamine is GIn
or Q; Asparagine is Asn or N; Lysine is Lys or K;
Aspartic Acid is Asp or D; Glutamic Acid is GIu or E;
Cysteine is Cys or C; Tryptophan is Trp or W; Arginine
is Arg or R; and Glycine is GIy or G. The
unconventional amino acids in peptides are abbreviated
as follows: 1- naphthylalanine is 1-nal or Np;
N-methylglycine (also known as sarcosine) is MeG or
Sc; and acetylated glycine (N-acetylglycine) is AcG.
As used herein, the term "polypeptide" or "protein"
refers to a polymer of amino acid monomers that are
alpha amino acids joined together through amide bonds.
Polypeptides are therefore at least two amino acid
residues in length, and are usually longer. Generally,
the term "peptide" refers to a polypeptide that is
only a few amino acid residues in length. The novel
EPO-R agonist peptides of the present invention are
preferably no more than about 50 amino acid residues
in length. They are more preferably of about 17 to
about 40 amino acid residues in length. A polypeptide,
in contrast with a peptide, may comprise any number of
amino acid residues. Hence, the term polypeptide
included peptides as well as longer sequences of amino
acids. As used herein, the phrase "pharmaceutically
acceptable" refers to molecular entities and
compositions that are "generally regarded as safe",
e.g., that are physiologically tolerable and do not
typically produce an allergic or similar untoward
reaction, such as gastric upset, dizziness and the
like, when administered to a human. Preferably, as
used herein, the term "pharmaceutically acceptable"
means approved by a regulatory agency of the Federal
or a state government or listed in the U.S.
Pharmacopeia or other generally recognized
pharmacopeia for use in animals, and more particularly
in humans. The term "carrier" refers to a diluent,
adjuvant, excipient, or vehicle with which the
compound is administered. Such pharmaceutical carriers
can be sterile liquids, such as water and oils,
including those of petroleum, animal, vegetable or
synthetic origin, such as peanut oil, soybean oil,
mineral oil, sesame oil and the like. Water or aqueous
solution saline solutions and aqueous dextrose and
glycerol solutions are preferably employed as
carriers, particularly for injectable solutions.
Suitable pharmaceutical carriers are described in
"Remington's Pharmaceutical Sciences" by E.W. Martin.
As used herein the term "agonist" refers to a
biologically active ligand which binds to its
complementary biologically active receptor and
activates the latter either to cause a biological
response in the receptor, or to enhance preexisting
biological activity of the receptor. Novel peptides
that are EPO-R agonists The present invention provides
novel peptide compounds, which are EPO-R agonists of
dramatically enhanced potency and activity. These
peptide compounds are homodimers of peptidemonomers
having the amino acid sequence (AcG)GLYACHMGPIT(l-nal)
VCQPLRK (SEQ ID NO: 1), or homodimers of peptide
monomers having the amino acid sequence
(AcG)GLYACHMGPIT(lnal) VCQPLR(MeG)K (SEQ ID NO: 2);
where each amino acid is indicated by standard one
letter abbreviation, "(AcG)" is N-acetylglycine,
"(1-nal)" is 1-naphthylalanine, and "(MeG)" is "(MeG)"
is N-methylglycine, also known as sarcosine. Each
peptide monomer of a peptide dimer contains an
intramolecular disulfide bond between the cysteine
residues of the monomer. Such monomers may be
represented schematically as follows:
(AcG)GLYACrHMGPIT( l -n al)vi Q PLRIC
(AcGjGLYACHMGPITO-naQVC QPLRK (SEQ IDNO. 1) or ; and
(AcG)GLYACHMGPIT(I-IIaI) VCQPLR(MeG)K (SEQ ID
(AcG)GLYACHMGPIT(l-nal)VCCQQPFLR(MeG)K or N0: 2) These
monomeric peptides are dimerized to provide peptide
dimers of enhanced EPO-R agonist activity. The linker
(Lk) moiety is a branched tertiary amide, which
bridges the C-termini of two peptide monomers, by
simultaneous attachment to the C-terminal lysine
residue of each monomer. The tertiary amide linker can
b e depicted as: -C 1O-CH 2-X-CH 2-C2Owhere: X is NCO
CH -N -; C1 of the linker forms an amide bond with the
e-amino group of the C-terminal lysine residue of the
first peptide monomer; C2 of the linker forms an amide
bond with the e-amino group of the C-terminal lysine
residue of the second peptide monomer; and N1 of X is
attached via a carbamate linkage or an amide linkage
to an activated polyethylene glycol (PEG) moiety,
where the PEG has a molecular weight of about 20,000
to about 40,000 Daltons (the term "about" indicating
that in preparations of PEG, some molecules will weigh
more, some less, than the stated molecular weight).
The tertiary amide linker may also be depicted as:
-C1O-CH 2-X-CH 2-C2Owhere: X is NCO-(CH 2)2-NH-C 3O-;
C1 of the linker forms an amide bond with the e-amino
group of the C-terminal lysine residue of the first
peptide monomer; and C2 of the linker forms an amide
bond with the e-amino group of the C-terminal lysine
residue of the second peptide monomer. The peptide
dimers of the invention further comprise a spacer
moiety of the following structure: -N 1H-(CH 2V C4H-N
2Hwhere: C4 of the spacer is covalently bonded to C3
of X; N1 of the spacer is covalently attached via a
carbamate or an amide linkage to an activated PEG
moiety; and N2 of the spacer is covalently attached
via a carbamate or an amide linkage to an activated
PEG moiety, where PEG has a molecular weight of about
10,000 to about 60,000 Daltons (the term "about"
indicating that in preparations of PEG, some molecules
will weigh more, some less, than the stated molecular
weight). Thus, the novel peptides of the invention can
also contain a PEG moiety, which is covalently
attached via a carbamate linkage or an amide linkage
to the tertiary amide linker of the peptide dimer. PEG
is a water soluble polymer that is pharmaceutically
acceptable. PEG for use in the present invention may
be linear, unbranched PEG having a molecular weight of
about 20 kilodaltons (20K) to about 6OK (the term
"about" indicating that in preparations of PEG, some
molecules will weigh more, some less, than the stated
molecular weight). Most preferably, the PEG has a
molecular weight of about 30K to about 4OK. One
skilled in the art will be able to select the desired
polymer size based on such considerations as the
desired dosage; circulation time; resistance to
proteolysis; effects, if any, on biological activity;
ease in handling; degree or lack of antigenicity; and
other known effects of PEG on a therapeutic peptide.
Peptides, peptide dimers and other peptide-based
molecules of the invention can be attached to
water-soluble polymers (e.g., PEG) using any of a
variety of chemistries to HnIi the water-soluble
polymer(s) to the receptor-binding portion of the
molecule (e.g., peptide + spacer). A typical
embodiment employs a single attachment junction for
covalent attachment of the water soluble polymer(s) to
the receptor-binding portion, however in alternative
embodiments multiple attachment junctions may be used,
including further variations wherein different species
of water-soluble polymer are attached to the
receptor-binding portion at distinct attachment
junctions, which may include covalent attachment
junction(s) to the spacer and/or to one or both
peptide chains, hi some embodiments, the dimer or
higher order multimer will comprise distinct species
of peptide chain (i.e., a heterodimer or other
heteromultimer). By way of example and not limitation,
a dimer may comprise a first peptide chain having a
PEG attachment junction and the second peptide chain
may either lack a PEG attachment junction or utilize a
different linkage chemistry than the first peptide
chain and in some variations the spacer may contain or
lack a PEG attachment junction and said spacer, if
PEGylated, may utilize a linkage chemistry different
than that of the first and/or second peptide chains.
An alternative embodiment employs a PEG attached to
the spacer portion of the receptorbinding portion and
a different water-soluble polymer (e.g., a
carbohydrate) conjugated to a side chain of one of the
amino acids of the peptide portion of the molecule. A
wide variety of polyethylene glycol (PEG) species may
be used for PEGylation of the receptor-binding portion
(peptides + spacer). Substantially any suitable
reactive PEG reagent can be used, hi preferred
embodiments, the reactive PEG reagent will result in
formation of a carbamate or amide bond upon
conjugation to the receptor-binding portion. Suitable
reactive PEG species include, but are not limited to,
those which are available for sale in the Drug
Delivery Systems catalog (2003)of NOF Corporation
(Yebisu Garden Place Tower, 20-3 Ebisu 4-chome,
Shibuya-ku, Tokyo 150- 6019) and the Molecular
Engineering catalog (2003) of Nektar Therapeutics (490
Discovery Drive, Huntsville, Alabama 35806). For
example and not limitation, the following PEG reagents
are often preferred in various embodiments: mPEG2-NHS,
mPEG2-ALD, multi-Ann PEG, mPEG(MAL)2, mPEG2(MAL),
mPEG-NH2, mPEG-SPA, mPEG-SBA, mPEG-thioesters,
mPEG-Double Esters, mPEG-BTC, mPEG-ButyrALD,
mPEG-ACET, heterofunctional PEGs (NH2-PEG-COOH, Boc-
PEG-NHS, Fmoc-PEG-NHS, NHS-PEG-VS, NHS-PEG-MAL), PEG
acrylates (ACRL-PEG-NHS), PEG-phospholipids (e.g.,
mPEG-DSPE), multiarmed PEGs of the SUNBRITE series
including the GL series of glycerine-based PEGs
activated by a chemistry chosen by those skilled in
the art, any of the SUNBRITE activated PEGs (including
but not limited to carboxyl-PEGs, p-NP-PEGs, Tresyl-
PEGs, aldehyde PEGs, acetal-PEGs, amino-PEGs,
thiol-PEGs, maleimido-PEGs, hydroxyl-PEGamine,
amino-PEG-COOH, hydroxyl-PEG-aldehyde, carboxylic
anhydride type-PEG, functionalized PEG-phospholipid,
and other similar and/or suitable reactive PEGs as
selected by those skilled in the art for their
particular application and usage. The novel peptides
of the invention can also contain two PEG moieties
that are covalently attached via a carbamate or an
amide linkage to a spacer moiety, wherein the spacer
moiety is covalently bonded to the tertiary amide
linker of the peptide dimer. Each of the two PEG
moieties used in such embodiments of the present
invention may be linear and may be linked together at
a single point of attachment. Each PEG moiety
preferably has a molecular weight of about 10
kilodaltons (10K) to about 6OK (the term "about"
indicating that in preparations of PEG, some molecules
will weigh more, some less, than the stated molecular
weight). Linear PEG moieties are particularly
preferred. More preferably, each of the two PEG
moieties has a molecular weight of about 2OK to about
4OK, and still more preferably between about 2OK and
about 4OK. Still more preferably, each of the two PEG
moieties has a molecular weight of about 2OK. One
skilled in the art will be able to select the desired
polymer size based on such considerations as the
desired dosage; circulation time; resistance to
proteolysis; effects, if any, on biological activity;
ease in handling; degree or lack of antigenicity; and
other known effects of PEG on a therapeutic peptide.
The present invention also comprises peptide agonists
that are homodimers of peptide 



monomers having the amino acid sequence
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG) (SEQ ID NO: 3),
where each amino acid is indicated by standard one
letter abbreviation, "(AcG)" is Nacetylglycine,
"(1-nal)" is 1-naphthylalanine, and "(MeG)" is
N-methylglycine, also known as sarcosine. Each peptide
monomer of the peptide dimer contains an
intramolecular disulfide bond between the cysteine
residues of the monomer. Such monomers may be
represented schematically as follows:These monomeric
peptides are dimerized to provide peptide dimers of
enhanced EPO-R agonist activity. The linker (Lk)
moiety is a lysine residue, which bridges the
C-termini of two peptide monomers, by simultaneous
attachment to the C-terminal amino acid of each
monomer. One peptide monomer is attached at its
C-terminus to the lysine's e-amino group and the
second peptide monomer is attached at its C-terminus
to the lysine's a-amino group. For example, the dimer
may be illustrated structurally as shown in Formula I,
and summarized as shown in Formula II: Formula I
Formula II In Fopnula I and Formula II, N2 represents
the nitrogen atom of lysine's e-amino group and N1
represents the nitrogen atom of lysine's a-amino
group. The peptide dimers of the invention further
comprise a spacer moiety of the following structure:
At one end, N1 of the spacer is attached via an amide
linkage to a carbonyl carbon of the lysine linker. At
the opposite end, N2 of the spacer is attached via a
carbamate linkage or an amide linkage to an activated
polyethylene glycol (PEG) moiety, where the PEG has a
molecular weight of about 10,000 to about 60,000
Daltons (the term "about" indicating that in
preparations of PEG, some molecules will weigh more,
some less, than the stated molecular weight). More
preferably, the PEG has a molecular weight of about
20,000 to 40,000 Daltons. Thus, the novel peptides of
the invention also contain a PEG moiety, which is
covalently attached to the peptide dimer. PEG is a
water soluble polymer that is pharmaceutically
acceptable. PEG for use in the present invention may
be linear, unbranched PEG having a molecular weight of
about 20 kilodaltons (20K) to about 6OK (the term
"about" indicating that in preparations of PEG, some
molecules will weigh more, some less, than the stated
molecular weight). Most preferably, the PEG has a
molecular weight of about 2OK to about 4OK, and still
more preferably a molecular weight of about 30K to
about 4OK. One skilled in the art will be able to
select the desired polymer size based on such
considerations as the desired dosage; circulation
time; resistance to proteolysis; effects, ifany, on
biological activity; ease in handling; degree or lack
of antigenicity; and other known effects of PEG on a
therapeutic peptide. Where each monomer of the
homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(l-nal)VCQPLRK (SEQ ID NO: 1) and N1
of the linker is attached via a carbamate linkage to
an activated polyethylene glycol (PEG) moiety, the
novel peptide compounds of the invention may be
represented as follows: Where each monomer of the
homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(l-nal)VCQPLRK (SEQ ID NO: 1) and N1
of the linker is attached via an amide linkage to an
activated polyethylene glycol (PEG) moiety, the novel
peptide compounds of the invention may be represented
as follows: Where each monomer of the homodimer has
the amino acid sequence,
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and
N1 of the linker is attached via a carbamate linkage
to an activated polyethylene glycol (PEG) moiety, the
novel peptide compounds of the invention may be
represented as follows:Where each monomer of the
homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and
N1 of the linker is attached via an amide linkage to
an activated polyethylene glycol (PEG) moiety, the
novel peptide compounds of the invention may be
represented as follows: Preferred peptide dimers of
the present invention include, but are not limited
to:METHOD OF PRODUCING ANTIBODIES WITH
IMPROVEDFUNCTION This application claims the benefit
of U.S. Provisional Application Serial Nos.
60/687,625, filed June 3, 2005, and 60/736,982, filed
November 14, 2005 the entire disclosures of which are
incorporated herein by reference. FIELD OF THE
INVENTION The invention relates to the production of
antibodies with reduced fucose and improved Fc
function. BACKGROUNDOF THE INVENTION Recombinant
therapeutic proteins are commonly produced in several
mammalian host cell lines including murine myeloma NSO
and Chinese Hamster Ovary (CHO) cells (Anderson and
Krummen, 2002; Chu and Robinson, 2001). Each cell line
has advantages and disadvantages in terms of
productivity and the characteristics of the proteins
produced by the cells. Choices of commercial
production cell lines often balance the need for high
productivity with the ability to deliver the product
quality attributes required of a given product. One
important class of therapeutic recombinant proteins
which often require high titer processes are
monoclonal antibodies. Some monoclonal antibodies need
effector functions, mediated through the Fc region, to
elicit their biological functions. An example is
Rituximab (Rituxan(tm), Genentech and Biogen-Idec), a
chimeric monoclonal antibody which binds to cell
surface CD-20 and results in B-cell depletion (Carton
et al., 2002; Idusogie et al., 2000). Other
antibodies, such as Bevacizumab (Avastin(tm),
Genentech), a humanized anti-VEGF (vascular
endothelial growth factor) antibody, do not require Fc
effector functions for their activity. Monoclonal
antibodies produced in mammalian host cells contain an
N-linked glycosylation site at Asn297 of each heavy
chain (two per intact antibody molecule). Glycans on
antibodies are typically complex biatennary structures
with very low or no bisecting N-acetylglucosamine
(bisecting GIcNAc) and high levels of core
fucosylation (Saba et al., 2002). Glycan termini
contain very low or no terminal sialic acid and
variable amounts of galactose. For a review of
glycosylation on antibody function, see, e.g., Wright
& Morrison Trend Biotechnol. 15:26-31 (1997).
Considerable work shows that changes to the sugar
composition of the antibody glycan structure can alter
Fc effector functions (Kumpel et al., 1994; Kumpel et
al., 1995; Schuster et al., 2005; Shields et al.,
2002; Umana et al., 1999). The important carbohydrate
structures contributing to antibody activity are
believed to be the fucose residues attached via al,6
linkage to the innermost -acetylglucosamine (GlacNAc)
residues of the Fc region N-linked oligosaccharides
(Shields et al., 2002; Shinkawa et al. J. Biol. Chem.
278(5): 3466-3473 (2003)). FcgR binding requires the
presence of oligosaccharides covalently attached at
the conserved Asn297 in the Fc region (Wright &
Morrison (1997)). Non-fucosylated structures have
recently been associated with dramatically increased
in vitro Antibody-Dependent Cellular Cytotoxicity
(ADCC) activity (Shields et al., 2002; Shinkawa et
al., 2003). Several laboratories, including our own,
have successfully employed RNA interference (RNAi) or
knock-out techniques to engineer CHO cells to either
decrease the FUT8 mRNA transcript levels or knock out
gene expression entirely (Mori et al., 2004;
Yamane-Ohnuki et al., 2004). Mori et al. 2004 describe
converting an established stable antibody producing
cell line to one that produces improved ADCC
antibodies by engineering the cells toconstitutively
express siRNA against the FUT8 gene and applying LCA
selection. Mori demonstrated the production of
antibodies that contained up to 70% non-fucosylated
glycan. Niwa R. et al. (Cancer Res. 64(6):2127- 2133
(2004)), reported that an anti-CD20 antibody with
lower fucose content can prolong the animal survival
significantly in the human PBMC-engrafted mouse model.
Historically, antibodies produced in Chinese Hamster
Ovary Cells (CHO), one of the most commonly used
industrial hosts, contain about 2 to 6% in the
population that are nonfucosylated. YB2/0 (rat
myeloma) and Lecl3 cell line (a lectin mutant of CHO
line which has a deficient GDP-mannose 4,6-dehydratase
leading to the deficiency of GDP-fucose or GDP-sugar
intermediates that are the substrate of
al,6-fucosyltransferase (Ripka et al., 1986)),
however, can produce antibodies with 78 to 98%
nonfucosylated species. Unfortunately, the yield of
antibody from these cells is extremely poor and
therefore, these cell lines are not useful to make
therapeutic antibody products commercially. The FUT8
gene encodes the al,(j-fucosyltransferase enzyme that
catalyzes the transfer of a fucosyl residue from
GDP-fucose to position 6 of Asn-linked (N-linked)
GlcNac of an N-glycan (Yanagidani et al. 1997. J.
Biochem 121:626-632). It is known that the a 1-6
fucosyltransferase is the only enzyme responsible for
adding fucose to the N-linked biantennary carbohydrate
at Asn297 in the CH2 domain of the IgG antibody.
Antibodies with a mature carbohydrate structure that
lacks fucose attached to an Fc region of the antibody
are described in US Pat Appl No US 2003/0157108
(Presta, L.). Examples of publications related to
"defucosylated" or "fucose-deficient" antibodies
including anti-CD20 antibodies include: US
2003/0157108; WO 2000/61739; WO 2001/29246; US
2003/0115614; US 2002/0164328; US 2004/0093621,
2004/0132140, and US 2004/0110704 (all 3 of Kyowa
Hakko Kogyo Co., Ltd); US US 2004/0110282; US
2004/0109865;WO 2003/085119; WO 2003/084570; WO
2005/035586; WO 2005/035778; WO2005/053742; US
2006/0063254; US 2006/0064781; US 2006/0078990; US
2006/0078991; US 6,602,684 and US 2003/0175884
(Glycart Biotechnology); Yamane-Ohnuki et al. Biotech.
Bioeng. 87: 614 (2004); Mori et al. Biotechnology and
Bioengineering 88(7): 901-908 (2004); Li et al.
(GlycoFi) in Nature Biology online publication 22 Jan.
2006; Niwa R. et al. Cancer Res. 64(6):2127-2133
(2004); Okazaki et al. J. MoI. Biol. 336:1239-1249
(2004); Yamane-Ohnuki etal. Biotech. Bioeng. 87: 614
(2004); Shinkawa et al. . Biol. Chem. 278(5):
3466-3473 (2003). Examples of cell lines producing
defucosylated antibodies include Lee13 CHO cells
deficient in protein fucosylation (Ripka et al. Arch.
Biochem. Biophys. 249:533-545 (1986); US Pat Appl No
US 2003/0157108 Al, Presta, L; and WO 2004/056312 Al,
Adams et al., especially at Example 11), and knockout
cell lines, such as alpha-1,6- fucosyltransferase
gene, FUT8,knockout CHO cells (Yamane-Ohnuki et al.
Biotech. Bioeng. 87: 614 (2004)). See also US
2005/0123546 (Umana et al.) on antigen-binding
molecules with modified glycosylation. RNA
interference (RNAi) is a highly conserved,
sequence-specific posttranscriptional gene silencing
mechanism that uses double-stranded RNA (dsRNA) as a
signal to trigger the degradation of homologous mRNA.
The mediators of sequence-specific mRNA degradation
are 21- to 23-nt small interfering RNAs (siRNAs)
generated by ribonuclease III cleavage from longer
dsRNAs. dsRNA is a potent inducer of type I interferon
(IFN) synthesis and is the activator of two classes of
IFN-induced enzymes whose products activate the latent
ribonuclease RNase L. These nonspecific responses to
dsRNA are not triggered by dsRNA shorter than 30 bp.
The most predominant processing products are duplexes
of 21- and 22-nt RNAs with symmetric 2-nt 3 overhangs,
which are also the most efficient mediators of mRNA
degradation (Elbashir et al., Nature 411:494-498
(2001; Elbashir et al Methods 26: 199-213
(2002)).Patents and patent publications concerning
CD20 antibodies include US Patent Nos. 5,776,456,
5,736,137, 5,843,439, 6,399,061, and 6,682,734, as
well as US patent application nos. US 2002/0197255A1,
US 2003/0021781A1, US 2003/0082172 Al, US 2003/0095963
Al, US 2003/0147885 Al (Anderson etaL); US Patent No.
6,455,043Bl and WO00/09160 (Grillo-Lopez, A.);
WO00/27428 (Grillo-Lopez and White); WO00/27433
(Grillo-Lopez and Leonard); WO00/44788 (Braslawsky et
al.); WO01/10462 (Rastetter, W.); WO01/10461
(Rastetter and White); WO01/10460 (White and
Grillo-Lopez); US2001/0018041A1, US2003/0180292A1,
WO01/34194 (Hanna and Hariharan); US appln no.
US2002/0006404 and WO02/04021 (Hanna and Hariharan);
US appln no. US2002/0012665 Al and WO01/74388 (Hanna,
N.); US appln no. US 2002/0058029 Al (Hanna, N.); US
appln no. US 2003/0103971 Al (Hariharan and Hanna); US
appln no. US2002/0009444A1, and WO01/80884
(Grillo-Lopez, A.); WO01/97858 (White, C); US appln
no. US2002/0128488A1 and WO02/34790 (Reff, M.);
WO02/060955 (Braslawsky et /.);WO2/096948 (Braslawsky
et a/.);WO02/079255 (Reff and Davies); US Patent No.
6,171,586Bl, and WO98/56418 (Lam et al.); WO98/58964
(Raju, S.); WO99/22764 (Raju, S.);WO99/51642, US
PatentNo. 6,194,551Bl, US PatentNo. 6,242,195Bl, US
Patent No. 6,528,624Bl and US Patent No. 6,538,124
(Idusogie etaL); WO00/42072 (Presta, L.); WO00/67796
(Curd etaL); WO01/03734 (Grillo- Lopez et al.); US
appln no. US 2002/0004587A1 and WO01/77342 (Miller and
Presta); US appln no. US2002/0197256 (Grewal, L); US
Appln no. US 2003/0157108 Al (Presta, L.); US Patent
Nos. 6,565,827Bl, 6,090,365Bl, 6,287,537Bl, 6,015,542,
5,843,398, and 5,595,721, (Kaminski etaL); US Patent
Nos. 5,500,362, 5,677,180, 5,721,108, 6,120,767,
6,652,852Bl (Robinson et al.); US Pat No. 6,410,391Bl
(Raubitschek et ah); US PatentNo. 6,224,866Bl and
WO00/20864 (Barbera-Guillem, E.); WO01/13945
(Barbera-Guillem, E.); WO00/67795 (Goldenberg); US
Appl No. US 2003/0133930 Al and WO00/74718 (Goldenberg
and Hansen); WO00/76542 (Golay et a/.);WO01/72333
(Wolin and Rosenblatt); US Patent No. 6,368,596Bl
(Ghetie et al); US PatentNo. 6,306,393 and US Appln
no. US2002/0041847 Al, (Goldenberg, D.); US Appln no.
US2003/0026801A1 (Weiner and Hartmann); WO02/102312
(Engleman, E.); US Patent Application No. 2003/0068664
(Albitar et al.); WO03/002607 (Leung, S.); WO
03/049694, US2002/0009427A1, and US 2003/0185796 Al
(Wolin et al.); WO03/061694 (Sing and Siegall); US
2003/0219818 Al (Bohen et al.); US 2003/0219433 Al and
WO 03/068821 (Hansen et al.); US2002/0136719A1 (Shenoy
et al.); WO2004/032828 (WaM et al.); WO2004/035607
(Teeling et al.); US2004/0093621 (Shitara et al). See
also US Patent No. 5,849,898 and EP appln no. 330, 191
(Seed et al); US Patent No. 4,861,579 and EP332,865A2
(Meyer and Weiss); WO95/03770 (Bhat et al.), US
2001/0056066 (Bugelski et al.); WO 2004/035607
(Teeling et al.); WO 2004/056312 (Lowman et al.); US
2004/0093621 (Shitara et al); andWO 2004/103404
(Watkins et al.). Publications concerning CD20
antibody include: Teeling, J. et al ".Characterisation
of new human CD20 monoclonal antibodies with potent
cytolytic activity against non-Hodgkin's lymphomas"
Blood, Jun 2004; 10.1182. 



In the FUT8 knockout cell line as described in
Yamane-Ohnuki 2004 and in the Kyowa Hakko patents,
antibody production requires transfection of the genes
encoding the desired antibody into that established
knockout cell line. There is a need for an efficient
method of producing antibodies in a desired cell line
while controlling the fucose content of the
recombinantly engineered antibodies without undergoing
the laborious process of creating a FUT8 gene knockout
in a selected cell line each time. The present
invention satisfies this need and provides other
advantages that will be apparent in the detailed
descriptions below.SUMMARYOF THE INVENTION One way to
improve the binding affinity of an antibody to FcgRIII
is to change the amino acid sequence(s) in the Fc
region (see Shields et al (2002)). The humanized
anti-CD20 antibody variants shown in Table 3
incorporate amino acid substitutions in the Fc that
enhance FcgRIII binding and ADCC. The present
invention provides a method of producing antibodies
with lower fucose content that when combined with the
FcgRIII binding enhancing amino acid changes in the Fc
region show an additive effect on the affinity for
FcgRIII and ADCC. The present invention provides a
method of producing an antibody comprising an IgG Fc
in a mammalian host cell while reducing the fucose
content of the antibody, comprising introducing
simultaneously into the host cell, at least one
nucleic acid encoding an antibody and a second nucleic
acid encoding at least two siRNAs targeting different
coding regions of the FUT8 gene sequence of SEQ ID NO.
1, wherein the siRNAs inhibit the expression of FUT8
and reduce the fucosylation level of the antibody. The
present invention also provides a more efficient
method of generating an antibody production cell line
with simultaneous fucosylation knockdown that produces
antibodies with improved ADCC as compared to
antibodies synthesized with normal levels of
fucosylation in the mammalian cell. Such an approach
can be taken to construct cell lines that exhibit high
antibody productivity and controlled levels of
fucosylation. Such a cell line is useful for scale-up
production of antibodies as in commercial production
of therapeutic antibodies. Thus, a method is provided
for producing an IgG antibody with improved ADCC,
comprising introducing simultaneously into the host
cell, at least one nucleic acid encoding an antibody
and a second nucleic acid encoding at least two siRNAs
targeting different coding regions of the FUT8 gene
sequence of SEQ ID NO. 1, wherein the antibody and the
siRNAs are expressed in the cell to produce an
antibody with reduced fucosylation and increased ADCC
activity as compared to the antibody produced in the
cell in the absence of the siRNAs. In one embodiment
of the method for producing an IgG antibody with
improved ADCC, the antibody comprises at least one
amino acid alteration in the Fc region that improves
antibody binding to FcgRIII and/or ADCC. The antibody
can comprise the Fc amino acid substitutions of S298A,
E333A, K334A. The invention also provides methods of
making compositions of humanized CD20 binding
antibodies lacking fucose. In one embodiment of the
methods of the present invention, the nucleic acid
encoding an antibody encodes both a light (L) chain
and a heavy (H) chain of the antibody. In one
embodiment, the antibody H and L chains and the siRNAs
are encoded on the same expression vector. In an
alternative embodiment, the H and L chains are encoded
on separate expression vectors and in addition, each
of the expression vectors encoding the H and L chain
also comprises a nucleic acid encoding at least two
siRNAs. In one embodiment of all the preceding
methods, the two siRNAs are expressed under the
control of separate promoters. Where Pol III promoters
are used to drive transcription of the siRNAs in the
expression vectors, one siRNA can be expressed under
the Hl promoter while the second siRNAi is expressed
under a different Pol III promoter, U6. In a specific
embodiment, the first and second siRNA target
nucleotide positions 733-75 1 and 1056-1074,
respectively, of the FUT8 gene sequence of SEQ ID NO.
1. In any of the embodiments of the above methods,
preferably the antibody fucosylation level is reduced
by at least 90%, more preferably by at least 95%, even
more preferably by at least 99%. Antibodies produced
by the above methods are provided.In a preferred
embodiment of all the preceding methods, the antibody
is a therapeutic antibody. In one embodiment, the
antibody binds CD20. In one embodiment, the antibody
binds BR3. In preferred embodiments, the antibody
binds CD20 on humans and other primates. In one
embodiment the CD20 binding antibody is a humanized
antibody. In preferred embodiments the humanized
antibody is a humanized 2H7 antibody, preferably one
as described in Tables 3 &4 below. In separate
embodiments the humanized antibody comprises one of
these pairs of VL and VH regions: the L chain variable
region sequence of SEQ ID NO.2 and the H chain
variable region sequence of SEQ ID NO.8; L chain
variable region sequence of SEQ ID NO.25 and the H
chain variable region sequence of SEQ ID NO.22; or L
chain variable region sequence of SEQ ID NO.25 and the
H chain variable region sequence of SEQ ID NO.33. In
specific embodiments the humanized 2H7 antibody
comprises L and H chain pairs of SEQ ID NO. 13 and SEQ
ID NO. 14; SEQ ID NO. 26 and SEQ ID NO. 27; and SEQ ID
NO. 26 and SEQ ID NO. 34. Other embodiments of
humanized anti-CD20 antibodies are hA20 (also known as
IMMU-106, or 90YhLL2; US 2003/0219433, Immunomedics);
and AME-133 (US 2005/0025764; Applied Molecular
Evolution/Eli Lilly). In a different embodiment, the
CD20 binding antibody is a human antibody, preferably
HUMAX-CD20(tm) (GenMab). In yet a separate embodiment,
the CD20 binding antibody is a chimeric antibody,
preferred embodiments being rituximab (Genentech,
Inc.) and the chimeric cA20 antibody (described in US
2003/0219433, Immunomedics). In yet another
embodiment, the antibody produced by the methods of
the present invention is an antibody that binds BR3.
The invention additionally provides a nucleic acid
comprising the sequence of SEQ ID NO. 42 and SEQ ID
NO. 43 that encodes two siRNA complementary to two
different coding regions of the FUT8 gene. A
composition is provided comprising humanized CD20
binding antibodies having an Fc region, and a carrier,
wherein at least 95 % of the antibodies in the
composition lack fucose. In a preferred embodiment,
the host cell is a Chinese Hamster Ovary (CHO) cell or
a derivative thereof. Another aspect is a host cell
comprising at least one nucleic acid encoding an
antibody and a second nucleic acid encoding at least
two siRNAs targeting different coding regions of the
FUT8 gene sequence of SEQ ID NO. 1, wherein the host
cell expresses the antibody and the siRNAs. Uses of
the preceding fucose deficient antibody compositions
for treatment of diseases are also provided. BRIEF
DESCRIPTION OF THE FIGURES FIG. 1: An Asn-linked
(N-linked) GlcNac of an N-glycan with a fucosyl
residue attached. FIG. 2: Schematic of RNAi technology
in mediating inhibition of gene expression. FIG. 3 :
Diagram of pSilencer3.1-Hl Puro plasmid used to
generate FUT8 specific siRNA. See Example 1. FIG. 4:
RNAi probe sequences. Five sequences were designed
according to rules published in the literature. The
bold sequences are complimentary to each other and
denote the hairpin portion of the RNA produced. Probes
1-5 correspond to RNAi 1-5 in Fig. 5B. See Example
1.FIG. 5A and 5B: FIG. 5A shows a schematic of the
full length and flag-FUT8 fusion constructs and the
probe regions. FIG. 5B shows an immunoblot using the
M2 anti-flag antibody t o detect flag-tagged partial
CHO FUT8 protein. See Example 1. FIG. 6: Fucose
content (as % nonfucosylation) of 2H7 antibodies from
RNAi 2 and RNAi 4 transiently transfected cells, as
described in Example 2. FIG. 7A-E: Binding activities
of lower fucose containing 2H7 antibodies to different
Fcg receptors: FcgRI (FIG. 7A); FcgRIIA (FIG. 7B);
FcgRIIB (FIG. 7C); FcgRip F158 (FIG. 7D); and FcgRIII
V158 (FIG. 7E), as described in Example 2. FIG. 8.
Northern blot analysis. The FUT8 mRNA is at about 3.5
kb similar in size to rat FUT8. Lane 2 and lane 3 show
less FUT8 than control in lane 1. See Example 2. FIG.
9A and 9B. Flow chart outlining the process for
development of clones with less-fucosylation. FIG. 9A
: standard cell line development procedure. FIG. 9B:
new cell line development procedure with RNAi unit (s)
included in expression plasmid. FIG. 1OA, 1OB, and
1OC. Configuration of plasmids. FIG. 1OA: Control
plasmid set with antibody HC and LC on separate
plasmids; FIG. 1OB: Test plasmids with HC and LC on
separate plasmids containing one or two RNAi
transcription units; FIG. 1OC: Test plasmids with HC
and LC on the same plasmids containing one or two RNAi
transcription units. Abbreviations: HC, heavy chain;
LC, light chain; CMV; cytomegalovirus promoter and
enhancer sequence; PUR-DHFR, puromycin and
dihydrofolate reductase fusion gene. See Example 4.
FIG. 1IA and 1IB. Antibody expression levels of clones
from stable transfection, as described in Example 4.
For each plasmid transfection, 72 MTX resistant clones
were picked and screened by ELISA for antibody
expression. FIG. 1IA: Expression titers from the
CMV.PD.v51 l.RNAi4 plasmid transfection. FIG. 1IB:
Expression titers from the CMV.PD.v511.RNAi2.4 plasmid
transfection. FIG. 12. Taqman Analysis of FUT8 mRNA
level. Total RNA was purified from clones derived from
the CMV.PD.v5 1lRNAi4 and the CMV.PD.v5 11.RNAi2.4
plasmid transfections. FUT8 mRNA levels were measured
using Taqman primers and probes specific to the FUT8
gene. See Example 4. FIG. 13. Equal seeding density
assay. Two control clones from the CMV.PD.v511 plasmid
transfection, two clones from the CMV.PD.v51 l.RNAi4
plasmid transfection with lowest non-fucosylation, and
4 clones from the CMV.PD.v51 l.RNAi2.4 plasmid
transfection with lowest non-fucosylation were seeded
at 5X104 cells/well in a 96- well plate for antibody
production. The antibody titers were determined by
ELISA. See Example 4.FIG. 14. Nonfucosylation levels
of the humanized 2H7.v51 1 antibodies produced by
clones transfected with RNAi 4 or RNAi2.4 plasmids.
2H7.v511 (v511 in the figure) with about 5%
nonfucosylation is included in the assay as a control.
See Example 4. FIG. 15A and 15B. FcgRIII binding
affinities of fucosylation variants of humanized 2H7.
v511 antibody. FIG. 15A compares the binding affinity
of the antibodies to the F158 low affinity isotype of
FcgRIII receptor; FIG. 15B compares the binding
affinity to the V158 high affinity receptor isotype.
The control was h2H7.v511 with about 5 %
nonfucosylation. See Example 4. FIG. 16A and 16B. ADCC
activity assay. Two variants of humanized 2H7, named
vl6 and v511 as well as their non-fucosylation (NF)
variants were compared for ADCC activity in a cell
based assay using WU2-S cells. 2h7.vl6 and .v511
antibody compositions have about 5% nonfucosylation.
V16-NF and v511-NF variants have about 65- 70%
nonfucosylation. FIG. 16A shows the the ADCC activity
using VF158 donor NK cells in the assay and FIG. 16B
shows the activity using VV158 donor cells. FIG. 17
shows the DNA sequence (SEQ ID NO. 1) encoding the
full length CHO FUT8. DETAILED DESCRIPTION QF THE
PREFERRED EMBODIMENTS The "CD20" antigen is a
non-glycosylated, transmembrane phosphoprotein with a
molecular weight of approximately 35 kD that is found
on the surface of greater than 90% of B cells from
peripheral blood or lymphoid organs. CD20 is expressed
during early pre-B cell development and remains until
plasma cell differentiation; it is not found on human
stem cells, lymphoid progenitor cells or normal plasma
cells. CD20 is present on both normal B cells as well
as malignant B cells. Other names for CD20 in the
literature include "B-lymphocyte-restricted
differentiation antigen" and "Bp35". The CD20 antigen
is described in, for example, Clark and Ledbetter,
Adv. Can. Res. 52:81-149 (1989) and Valentine etal. J.
Biol. Chem. 264(19):11282-11287 (1989). The term
"antibody" is used in the broadest sense and
specifically covers monoclonal antibodies (including
full length monoclonal antibodies), multispecific
antibodies {e.g., bispecific antibodies), and antibody
fragments so long as they exhibit the desired
biological activity or function. The biological
activity of the humanized CD20 binding antibodies of
the invention will include at least binding of the
antibody to human CD20, more preferably binding to
human and other primate CD20 (including cynomolgus
monkey, rhesus monkey, chimpanzees, baboons). The
antibodies would bind CD20 with a K value of no higher
than 1 x 10 8, preferably a K value no higher than
about 1 x 10 9, and be able to kill or deplete B cells
in vivo, preferably by at least 20% when compared to
the appropriate negative control which is not treated
with such an antibody. B cell depletion can be a
result of one or more of ADCC, CDC, apoptosis, or
other mechanism. In some embodiments of disease
treatment herein, specific effector functions or
mechanisms may be desired over others and certain
variants of the humanized 2H7 are preferred to achieve
those biological functions, such as ADCC. "Fv" is the
minimum antibody fragment which contains a complete
antigen-recognition and -binding site. This fragment
consists of a dimer of one heavy- and one light-chain
variable region domain in tight, non-covalent
association. From the folding of these two domains
emanate six hypervariable loops (3 loops each from the
H andL chain) that contribute the amino acid residues
for antigen binding and confer antigen binding
specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only
three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower
affinity than the entire binding site. The term
"monoclonal antibody" as used herein refers to an
antibody from a population of substantially
homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical in
primary amino acid sequence and/or bind the same
epitope(s), except for possible variants that may
arise during production of the monoclonal antibody,
such variants generally being present in minor
amounts. Such monoclonal antibody typically includes
an antibody comprising a polypeptide sequence that
binds a target, wherein the target-binding polypeptide



sequence was obtained by a process that includes the
selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences.
For example, the selection process can be the
selection of a unique clone from a plurality of
clones, such as a pool of hybridoma clones, phage
clones or recombinant DNA clones. It should be
understood that the selected target binding sequence
can be further altered, for example, to improve
affinity for the target, to humanize the target
binding sequence, to improve its production in cell
culture, to reduce its immunogenicity in vivo, to
create a multispecifc antibody, etc., and that an
antibody comprising the altered target binding
sequence is also a monoclonal antibody of this
invention. In contrast to polyclonal antibody
preparations which typically include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal
antibody preparation is directed against a single
determinant on an antigen. In addition to their
specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated
by other immunoglobulins. The modifier "monoclonal"
indicates the character of the antibody as being
obtained from a substantially homogeneous population
of antibodies, and is not to be construed as requiring
production of the antibody by any particular method.
For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a
variety of techniques, including, for example, the
hybridoma method (e.g., Kohler et al, Nature, 256:495
(1975); Harlow et al, Antibodies: A Laboratory Manual,
(Cold Spring Harbor Laboratory Press, 2nd ed. 1988);
Hammerling et al., in: Monoclonal Antibodies and
T-CeIlHybridomas 563- 681, (Elsevier, N.Y., 1981)),
recombinant DNA methods (see, e.g., U.S. Patent No.
4,816,567), phage display technologies (see, e.g.,
Clackson et al, Nature, 352:624-628 (1991); Marks et
al, J. MoI Biol, 222:581-597 (1991); Sidhu etal, J.
MoI. Biol 338(2):299-310 (2004); Lee etal.,
J.Mol.Biol340(5):1073-1093 (2004); Fellouse, Proc.
Nat. Acad. Set USA 101 (34): 12467-12472 (2004); and
Lee et al. J. Immunol. Methods 284(1- 2):1 19-132
(2004), and technologies for producing human or
human-like antibodies in animals that have parts or
all of the human immunoglobulin loci or genes encoding
human immunoglobulin sequences (see, e.g., WO
1998/24893; WO 1996/34096; WO 1996/33735; WO
1991/10741; Jakobovits et al, Proc. Natl Acad. ScL
USA, 90:2551 (1993); Jakobovits et al, Nature,
362:255-258 (1993); Bruggemann et al, Year in Immuno.,
7:33 (1993); U.S. Patent Nos. 5,545,806; 5,569,825;
5,591,669 (all of GenPharm); 5,545,807; WO 1997/17852;
U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825;
5,625,126; 5,633,425; and 5,661,016; Marks etal,
Bio/Technology , 10: 779-783 (1992); Lonberg etal,
Nature 368: 856-859 (1994); Morrison, Nature. 368:
812-813 (1994); Fishwild etal, Nature Biotechnology
14: 845-85 1 (1996); Neuberger, Nature Biotechnology,
U : 826 (1996); and Lonberg and Huszar, Intern. Rev.
Immunol , 13: 65-93 (1995). "Functional fragments" of
the CD20 binding antibodies of the invention are those
fragments that retain binding to CD20 with
substantially the same affinity as the intact full
length molecule from which they are derivedand show
biological activity including depleting B cells as
measured by in vitro or in vivo assays such as those
described herein. The term "variable" refers to the
fact that certain segments of the variable domains
differ extensively in sequence among antibodies. The V
domain mediates antigen binding and define specificity
of a particular antibody for its particular antigen.
However, the variability is not evenly distributed
across the 110-amino acid span of the variable
domains. Instead, the V regions consist of relatively
invariant stretches called framework regions (FRs) of
15-30 amino acids separated by shorter regions of
extreme variability called "hypervariable regions"
that are each 9- 12 amino acids long. The variable
domains of native heavy and light chains each comprise
four FRs, largely adopting a b-sheet configuration,
connected by three hypervariable regions, which form
loops connecting, and in some cases forming part of,
the b-sheet structure. The hypervariable regions in
each chain are held together in close proximity by the
FRs and, with the hypervariable regions from the other
chain, contribute to the formation of the
antigen-binding site of antibodies (see Kabat et al.,
Sequences of Proteins of Immunological Interest. 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains
are not involved directly in binding an antibody to an
antigen, but exhibit various effector functions, such
as participation of the antibody in antibody dependent
cellular cytotoxicity (ADCC). The term "hypervariable
region" when used herein refers to the amino acid
residues of an antibody which are responsible for
antigen-binding. The hypervariable region generally
comprises amino acid residues from a "complementarity
determining region" or "CDR" (e.g. around about
residues 24-34 (Ll), 50-56 (L2) and 89-97 (L3) in the
VL, and around about 31-35B (Hl), 50-65 (H2) and
95-102 (H3) in the VH (Kabat et al., Sequences of
Proteins of Immunological Interest. 5th Ed. Public
Health Service, National Institutes of Health,
Bethesda, MD. (1991)) and/or those residues from a
"hypervariable loop" (e.g. residues 26-32 (Ll), 50-52
(L2) and 91-96 (L3) in the VL, and 26-32 (Hl), 52A-55
(H2) and 96-101 (H3) in the VH (Chothia and Lesk J.
MoI. Biol. 196:901-917 (1987)). As referred to herein,
the "consensus sequence" or consensus V domain
sequence is an artificial sequence derived from a
comparison of the amino acid sequences of known human
immunoglobulin variable region sequences. Based on
these comparisons, recombinant nucleic acid sequences
encoding the V domain amino acids that are a consensus
of the sequences derived from the human Kand the human
H chain subgroup III V domains were prepared. The
consensus V sequence does not have any known antibody
binding specificity or affinity. "Chimeric" antibodies
(immunoglobulins) have a portion of the heavy and/or
light chain identical with or homologous to
corresponding sequences in antibodies derived from a
particular species or belonging to a particular
antibody class or subclass, while the remainder of the
chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from
another species or belonging to another antibody class
or subclass, as well as fragments of such antibodies,
so long as they exhibit the desired biological
activity (U.S. Patent No. 4,816,567; and Morrison
etal, Proc. Natl. Acad. ScL USA 81:6851-6855 (1984)).
Humanized antibody as used herein is a subset of
chimeric antibodies. "Humanized" forms of non-human
{e.g., murine) antibodies are chimeric antibodies
which contain minimal sequence derived from non-human
immunoglobulin. For the most part, humanized
antibodies are human immunoglobulins (recipient or
acceptor antibody) in which hypervariable region
residues of the recipient are replaced by
hypervariable region residues from a non-human species
(donor antibody) such as mouse, rat, rabbit or
nonhuman primate having the desired specificity,
affinity, and capacity. In some instances, Fv
framework region(FR) residues of the human
immunoglobulin Eire replaced by corresponding
non-human residues. Furthermore, humanized antibodies
may comprise residues which are not found in the
recipient antibody or in the donor antibody. These
modifications are made to further refine antibody
performance such as binding affinity. Generally, the
humanized antibody will comprise substantially all of
at least one, and typically two, variable domains, in
which all or substantially all of the hypervariable
loops correspond to those of a non-human
immunoglobulin and all or substantially all of the FR
regions are those of a human immunoglobulin sequence
although the FR regions may include one or more amino
acid substitutions that improve binding affinity. The
number of these amino acid substitutions in the FR are
typically no more than 6 in the H chain, and in the L
chain, no more than 3. The humanized antibody
optionally also will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of
a human immunoglobulin. For further details, see Jones
et al, Nature 321:522-525 (1986); Reichmann et al,
Nature 332:323-329 (1988); and Presta, Curr. Op.
Struct. Biol. 2:593-596 (1992). Antibody "effector
functions" refer to those biological activities
attributable to the Fc region (a native -sequence Fc
region or amino acid sequence variant Fc region) of an
antibody, and vary with the antibody isotype. Examples
of antibody effector functions include: CIq binding
and complement dependent cytotoxicity; Fc receptor
binding; antibody-dependent cell-mediated cytotoxicity
(ADCC); phagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor); and B cell
activation. > "Antibody-dependent cell-mediated
cytotoxicity" or "ADCC" refers to a form of
cytotoxicity in which secreted Ig bound onto F c
receptors (FcRs) present on certain cytotoxic cells
(e.g. Natural Killer (NK) cells, neutrophils, and
macrophages) enable these cytotoxic effector cells to
bind specifically to an antigen-bearing target cell
and subsequently kill the target cell with cytotoxins.
The antibodies "arm" the cytotoxic cells and are
absolutely required for such killing. The primary
cells for mediating ADCC, NK cells, express FcgRIII
only, whereas monocytes express FcgRI, FcgRII and
FcgRIIL FcR expression on hematopoietic cells is
summarized in Table 3 on page 464 of Ravetch and
Kinet, Annu. Rev. Immunol 9:457-92 (199 1). To assess
ADCC activity of a molecule of interest, an in vitro
ADCC assay, such as that described in US Patent No.
5,500,362 or 5,821,337 or Presta U.S. Patent No.
6,737,056 may be performed. Useful effector cells for
such assays include peripheral blood mononuclear cells
(PBMC) and Natural Killer (NK) cells. Alternatively,
or additionally, ADCC activity of the molecule of
interest may be assessed in vivo, e.g., in a animal
model such as that disclosed in Clynes et al. PNAS
(USA) 95:652-656 (1998). Where the antibody is a CD20
binding antibody, ADCC activity can be tested in
transgenic mice expressing human CD20 plus CD16
(hCD20+/hCD16+ Tg mice) as described below. "Human
effector cells" are leukocytes which express one or
more FcRs and perform effector functions. Preferably,
the cells express at least FcgRIII and perform ADCC
effector function. Examples of human leukocytes which
mediate ADCC include peripheral blood mononuclear
cells (PBMC), natural killer (NK) cells, monocytes,
cytotoxic T cells and neutrophils; with PBMCs and NK
cells being preferred. The effector cells may be
isolated from a native source, e.g. from blood. "Fc
receptor" or "FcR" describes a receptor that binds to
the Fc region of an antibody. The preferred FcR is a
native sequence human FcR. Moreover, a preferred FcR
is one which binds an IgG antibody (a gamma receptor)
and includes receptors of the FcgRI, FcgRII, and
FcgRIII subclasses, including allelic variants and
alternatively spliced forms of these receptors. FcgRII
receptors include FcgRIIA (an "activating receptor")
and FcgRIIB (an "inhibiting receptor"), which have
similar amino acid sequences that differ primarily in
the cytoplasmic domains thereof. Activating receptor
FcgRIIA contains an irnrnunoreceptor tyrosine-based
activation motif (ITAM)in its cytoplasmic domain.
Inhibiting receptor FcgRIIB contains an immunoreceptor
tyrosine-based inhibition motif (ITIM) in its
cytoplasmic domain, (see review M. in Daeron, Annu.
Rev. Immunol. 15:203-234 (1997)). FcRs are reviewed in
Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991);
Capel et al, Immunomethods 4:25-34 (1994); and de Haas
et al, J . Lab. Clin. Med. 126:330-41 (1995). Other
FcRs, including those to be identified in the future,
are encompassed by the term "FcR" herein. The term
also includes the neonatal receptor, FcRn, which is
responsible for the transfer of maternal IgGs to the
fetus (Guyer et al, J. Immunol. 117:587 (1976) and Kim
et al, J. Immunol. 24:249 (1994)) and regulates
homeostasis of immunoglobulins. WO00/42072 (Presta)
describes antibody variants with improved or
diminished binding to FcRs. The content of that patent
publication is specifically incorporated herein by
reference. See, also, Shields et al. J. Biol. Chem.
9(2): 6591-6604 (2001). For binding affinity to FcRn,
in one embodiment, the EC50 or apparent Kd (at pH 6.0)
of the antibody is <= 100 nM, more preferably < 10 nM.
For increased binding affinity to FcgRIII (F158; i.e.
low-affinity isotype), in one embodiment the EC50 or
apparent Kd <= 10 nM, and for FcgRIII (V158;
high-affinity) the EC50 or apparent Kd <= 3 nM.
Methods of measuring binding to FcRn are known (see,
e.g., Ghetie 1997, Hinton 2004) as well as described
below. Binding to human FcRn in vivo and serum half
life of human FcRn high affinity binding polypeptides
can be assayed, e.g, in transgenic mice or transfected
human cell lines expressing human FcRn, or in primates
administered with the Fc variant polypeptides. In
certain embodiments, the humanized 2H7 antibody of the
invention further comprises amino acid alterations in
the IgG Fc and exhibits increased binding affinity for
human FcRn over an antibody having wild-type IgG Fc,
by at least 60 fold, at least 70 fold, at least 80
fold, more preferably at least 100 fold, preferably at
least 125 fold, even more preferably at least 150 fold
to about 170 fold. "Complement dependent cytotoxicity"
or "CDC" refers to the lysis of a target cell in the
presence of complement. Activation of the classical
complement pathway is initiated by the binding of the
first component of the complement system (CIq) to
antibodies (of the appropriate subclass) which are
bound to their cognate antigen. To assess complement
activation, a CDC assay, e.g. as described in
Gazzano-Santoro et al., J. Immunol. Methods 202:163
(1996), may be performed. Polypeptide variants with
altered Fc region amino acid sequences and increased
or decreased CIq binding capability are described in
US patent No. 6,194,551Bl and WO99/51642. The contents
of those patent publications are specifically
incorporated herein by reference. See, also, Idusogie
et al. J. Immunol. 164: 4178-4184 (2000). Throughout
the present specification and claims, unless otherwise
indicated, the numbering of the residues in the
constant domains of an immunoglobulin heavy chain is
that of the EU index as in Kabat et al, Sequences of
Proteins of Immunological Interest, 5th Ed. Public
Health Service, National Institutes of Health,
Bethesda, MD (1991), expressly incorporated herein by
reference. The "EU index as in Kabat" refers to the
residue numbering of the human IgGl EU antibody. The
residues in the V region are numbered according to
Kabat numbering unless sequential or other numbering
system is specifically indicated. Examples of CD20
antibodies include: "C2B8," which is now called
"rituximab" ("RITUXAN(r)/MABTHERA(r)") (US Patent No.
5,736,137); the yttrium-[90]-labelled 2B8 murine
antibody designated "Y2B8" or "Ibritumomab Tiuxetan"
(ZEVALIN(r)) commercially available from Biogen Idee,
Inc. {e.g., US PatentNo. 5,736,137; 2B8 deposited with
ATCC under accession no. HB11388 on June 22, 1993);
murine IgG2a "Bl," also called "Tositumomab,"
optionally labelled with 131I to generate the
"131I-B1" or "iodine 1131 tositumomab" antibody
(BEXXAR(tm)) commercially available from Corixa (see,
also, e.g., US Patent No.5,595,721); murine monoclonal
antibody "1F5" (e.g., Press et al. Blood 69(2):584-591
(1987) and variants thereof including "framework
patched" or humanized 1F5 (e.g., WO 2003/002607,
Leung, S.; ATCC deposit HB-96450); murine 2H7 and
chimeric 2H7 antibody (e.g., US PatentNo. 5,677,180);
a humanized 2H7 (e.g., WO 2004/056312 



(Lowman et al.) and as set forth below);
HUMAX-CD20(tm) fully human, high-affinity antibody
targeted at the CD20 molecule in the cell membrane of
B-cells (Genmab, Denmark; see, for example, Glennie
and van de Winkel, Drug Discoveiy Today 8: 503-510
(2003) and Cragg et al, Blood 101: 1045-1052 (2003));
the human monoclonal antibodies set forth inWO
2004/035607 andWO 2005/103081 (Teeling et /.,
GenMab/Medarex); the antibodies having complex
N-glycoside-linked sugar chains bound to the Fc region
described in US 2004/0093621 (Shitara et al.);
monoclonal antibodies and antigen-binding fragments
binding to CD20 (e.g., WO 2005/000901, Tedder et al.)
such as HB20-3, HB20-4, HB20-25, and MB20-11;
single-chain proteins binding to CD20 (e.g., US
2005/0186216 (Ledbetter and Hayden-Ledbetter); US
2005/0202534 (Hayden-Ledbetter and Ledbetter); US
2005/0202028 (Hayden-Ledbetter and Ledbetter); US
2005/0202023 (Hayden-Ledbetter and Ledbetter) -
Trubion Pharm Inc.); CD20-binding molecules such as
the AME series of antibodies, e.g., AME- 133(tm)
antibodies as set forth, for example, in WO
2004/103404 and US 2005/0025764 (Watkins et al,
Applied Molecular Evolution, Inc.) and the CD20
antibodies with Fc mutations as set forth, for
example, in WO 2005/070963 (Allan et al, Applied
Molecular Evolution, Inc.); CD20-binding molecules
such as those described in WO 2005/016969 and US
2005/0069545 (Carr et al); bispecific antibodies as
set forth, for example, inWO 2005/014618 (Chang et
al); humanized LL2 monoclonal antibodies as described,
for example, in US 2005/0106108 (Leung and Hansen;
Immunomedics); chimeric or humanized B-LyI antibodies
to CD20 as described, for example, in WO2005/044859
and US 2005/0123546 (Umana et al.; GlycArt
Biotechnology AG); A20 antibody or variants thereof
such as chimeric or humanized A20 antibody (cA20,
hA20, respectively) and EvIMUN-106 (e.g., US
2003/0219433, Immunomedics); and monoclonal antibodies
L27, G28-2, 93-1B3, B-Cl or NU-B2 available from the
International Leukocyte Typing Workshop (e.g.,
Valentine et al, In: Leukocyte Typing III (McMichael,
Ed., p. 440, Oxford University Press (1987)). The
preferred CD20 antibodies herein are chimeric,
humanized, or human CD20 antibodies, more preferably
rituximab, a humanized 2H7, chimeric or humanized A20
antibody (Immunomedics), HUMAX-CD20(tm) human CD20
antibody (Genmab), and immunoglobulins/proteins
binding to CD20 (Trubion Pharm Inc.). The terms "BR3",
"BR3 polypeptide" or "BR3 receptor" when used herein
encompass "native sequence BR3 polypeptides". Human
BR3 sequence (SEQ ID NO: 44) 1 MRRGPRSLRG RDAPAPTPCV
PAECFDLLVR HCVACGLLRT PRPKPAGASS PAPRTALQPQ 61
ESVGAGAGEA ALPLPGLLFG APALLGLALV LALVLVGLVS WRRRQRRLRG
ASSAEAPDGD 121 KDAPEPLDKV IILSPGISDA TAPAWPPPGE
DPGTTPPGHS VPVPATELGS TELVTTKTAG 181 PEQQ As used
herein, "B cell depletion" refers to a reduction in B
cell levels in an animal or human after drug or
antibody treatment, as compared to the level before
treatment. B cell levels are measurable using well
known assays such as by getting a complete blood
count, by FACS analysis staining for known B cell
markers, and by methods such as described in the
Experimental Examples. B cell depletion can be partial
or complete. In one embodiment, the depletion of CD20
expressing B cells is at least 25%. In a patient
receiving a B cell depleting drug, B cells are
generally depleted for the duration of time when the
drug is circulating in the patient's body and the time
for recovery of B cells. An "isolated" antibody is one
which has been identified and separated and/or
recovered from a component of its natural environment.
Contaminant components of its natural environment are
materials which would interferewith diagnostic or
therapeutic uses for the antibody, and may include
enzymes, hormones, and other proteinaceous or
nonproteinaceous solutes. In preferred embodiments,
the antibody will be purified (1) to greater than 95%
by weight of antibody as determined by the Lowry
method, and most preferably more than 99% by weight,
(2) to a degree sufficient to obtain at least 15
residues of N-terminal or internal amino acid sequence
by use of a spinning cup sequenator, or (3) to
homogeneity by SDS-PAGE under reducing or nonreducing
conditions using Coomassie blue or, preferably, silver
stain. Isolated antibody includes the antibody in situ
within recombinant cells since at least one component
of the antibody's natural environment will not be
present. Ordinarily, however, isolated antibody will
be prepared by at least one purification step. An
"isolated" nucleic acid molecule is a nucleic acid
molecule that is identified and separated from at
least one contaminant nucleic acid molecule with which
it is ordinarily associated in the natural source of
the antibody nucleic acid. An isolated nucleic acid
molecule is other than in the form or setting in which
it is found in nature. Isolated nucleic acid molecules
therefore are distinguished from the nucleic acid
molecule as it exists in natural cells. However, an
isolated nucleic acid molecule includes a nucleic acid
molecule contained in cells that ordinarily express
the antibody where, for example, the nucleic acid
molecule is in a chromosomal location different from
that of natural cells. The expression "control
sequences" refers to DNA sequences necessary for the
expression of an operably linked coding sequence in a
particular host organism. The control sequences that
are suitable for prokaryotes, for example, include a
promoter, optionally an operator sequence, and a
ribosome binding site. Eukaryotic cells are known to
utilize promoters, polyadenylation signals, and
enhancers. Nucleic acid is "operably linked" when it
is placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a
presequence or secretory leader is operably linked to
DNA for a polypeptide if it is expressed as a
preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription
of the sequence; or a ribosome binding site is
operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally,
"operably linked" means that the DNA sequences being
linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading phase. However,
enhancers do not have to be contiguous. Linking is
accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic
oligonucleotide adaptors or linkers are used in
accordance with conventional practice. "Vector"
includes shuttle and expression vectors. Typically,
the plasmid construct will also include an origin of
replication (e.g., the CoIEl origin of replication)
and a selectable marker (e.g., ampicillin or
tetracycline resistance), for replication and
selection, respectively, of the plasmids in bacteria.
An "expression vector" refers to a vector that
contains the necessary control sequences or regulatory
elements for expression of the antibodies including
antibody fragment of the invention, in bacterial or
eukaryotic cells. Suitable vectors are disclosed
below. The cell that produces a humanized CD20 binding
antibody such as humanized 2H7 antibody of the
invention will include the bacterial and eukaryotic
host cells into which nucleic acid encoding the
antibodies have been introduced. Suitable host cells
are disclosed below. The word "label" when used herein
refers to a detectable compound or composition which
is conjugated directly or indirectly to the antibody.
The label may itself be detectable by itself (e.g.,
radioisotope labels or fluorescent labels) or, in the
case of an enzymatic label, may catalyze chemical
alteration of a substrate compound or composition
which is detectable.Methods and Compositions of the
Invention RNAi Interference Long double-stranded RNAs
(dsRNAs; typically >200 nt) can be used to silence the
expression of target genes in a variety of organisms
and cell types (e.g., worms, fruit flies, and plants).
Upon introduction, the long dsRNAs enter a cellular
pathway that is commonly referred to as the RNA
interference (RNAi) pathway. First, the dsRNAs get
processed into 20-25 nucleotide (nt) small interfering
RNAs (siRNAs) by an RNase Ill-like enzyme called Dicer
(initiation step). Then, the siRNAs assemble into
endoribonuclease-containing complexes known as
RNA-induced silencing complexes (RISCs), unwinding in
the process. The siRNA strands subsequently guide the
RISCs to complementary RNA molecules, where they
cleave and destroy the cognate RNA (effecter step).
Cleavage of cognate RNA takes place near the middle of
the region bound by the siRNA strand leading to
specific gene silencing. However, since most mammalian
cells mount a potent antiviral response characterized
by nonspecific inhibition of protein synthesis and RNA
degradation upon introduction of dsRNA longer than 30
bp, researchers transfect cells with 21-23 bp siRNAs
to induce RNAi in these systems without eliciting the
antiviral response. In the present method of the
invention, at least one specific dsRNA that targets a
particular gene transcript (FUT8 in this case) is used
to induce the RNAi pathway. The dsRNA is delivered
into the cell by any suitable dsRNA delivery system.
An appropriate negative control would be a dsRNA that
does not target any transcript in the organism (e.g.,
dsRNA targeting luciferase). In the present method of
the invention, at least one specific dsRNA that
targets a particular gene transcript (FUT8 in this
case) is used to induce the RNAi pathway. In mammalian
cultured cells, RNAi is typically induced by siRNA
introduced directly or expressed as a hairpin
structure from a DNA construct within the cells.
Methods toproduce siRNA There are 5 commonly known
methods for generating siRNAs for gene silencing
studies: (i) chemical synthesis; (ii) in vitro
transcription; (iii) digestion of long dsRNA by an
RNase III family enzyme (e.g. Dicer, RNase HI); (iv)
expression in cells from an siRNA expression plasmid
or viral vector; and (vi) expression in cells from a
PCR-derived siRNA expression cassette. The first three
methods involve in vitro preparation of siRNAs that
are then introduced directly into mammalian cells by
lipofection, electroporation, or other technique. The
last two methods rely on the introduction of DNA-based
vectors and cassettes that express siRNAs within the
cells. All of these methods, except creation of siRNA
populations by digestion of long dsRNA, require
careful design of the siRNA to maximize silencing of
the target gene while minimizing the effects on
off-target genes. Chemical synthesis is the preferred
and most widely used method of siRNA preparation for
transient transfection of cultured mammalian cells
followed by a downstream assay to monitor the RNAi
effect. siRNAs are easier to transfect than plasmids.
Exemplary siRNA expression vectors are the
pSilencer(tm) siRNA expression vectors from Ambion,
Inc., (Austin, Texas) which express siRNA within
mammalian cells using a U6 (Kunkel and Pederson, 1988;
Miyashi and Taira, 2002) or Hl Polymerase III
promoter. For example, pSilencer 3.0-H1 (plasmid
components shown in Fig. 3) features the Hl RNA
promoter (Hl RNA is a component of RNase P). Various
selectable markers such as hygomcyin, neomycin,
puromcyin can be included in these vectors. The
pSilencer 2.0-U6 and 3.0-H1 siRNA expression vectors
are linearized with BamH I and Hind III, which leave
overhangs that facilitate directionalcloning. To
elicit silencing, a small DNA insert encoding a short
hairpin RNA targeting the gene of interest is cloned
into the vector downstream of the Pol III promoter.
Once transfected into mammalian cells, the
insertcontaining vector expresses the short hairpin
RNA, which is rapidly processed by the cellular
machinery into siRNA. Delivery ofsiRNAs into Cultured
Cells For many immortalized cell lines, transfection
of the siRNA can be performed with a lipid- or
amine-based reagent, e.g., Ambion's siPORT(tm) Lipid
and siPORT(tm) Amine Transfection Agents. For delivery
into primary cells and suspension cells,
electroporation using a specialized, gentle-on-cells
buffer and optimized pulsing conditions generally
results in very efficient siRNA delivery without
compromising cell viability. Controlsfor siRNA
Experiments A negative control that does not target
any endogenous transcript (e.g., dsRNA targeting
luciferase) is useful to control for nonspecific
effects on gene expression caused by introducing any
siRNA. Easy-to-assay positive controls are useful to
optimize transfection conditions, ensure that siRNAs
are efficiently delivered, and ascertain that a
particular downstream assay is working. Since positive
controls are used for many different aspects of an
RNAi experiment, often more than one control is
required. For transfection optimization experiments,
Silencer(tm) GAPDH siRNA is an ideal positive control.
This siRNA efficiently silences GAPDH expression and
its effects can be easily monitored by qRT-PCR or
other methods at the mRNA level, or by Western blot or
immunofluorescence at the protein level. Assay for
RNAi Effect There are several assays for measuring the
RNAi effect. Assays that can be used for understanding
the biological effects of knocking down a target gene
include cell based assays, enzymatic assays, array
analysis. siRNAs exert their effects at the mRNA
level. The simplest assay for siRNA validation and
transfection optimization relies on qRT-PCR to measure
target transcript levels in gene specific siRNA
treated cells versus negative control siRNA treated
cells. Applied Biosystems' TaqMan(r) Gene Expression
Assays, available for >4 1,000 human, mouse, and rat
genes, are also useful for this purpose. Ambion's
siRNA database provides links to individual assays
matched to gene specific Silencer(tm) Pre-designed and
Validated siRNAs. The extent of knockdown at the
protein level can also be assessed. Since native
protein is recovered in most cases, enzymatic assays
can also be performed. siRNA, target mRNA, and target
protein levels can be correlated. The antibodies of
the invention comprise IgG Fc regions and normally
bind to FcgRIIIA and exhibit ADCC in vitro and in
vivo. The mammalian host cell commonly used to produce
antibodies having an IgG Fc region or fragment thereof
that retain the Asn glycosylation site and ADCC
effector function, generally produce a population of
antibodies of which 94-98% of the monoclonal
antibodies in the population are fucosylated. The
transfectant cells generated by the method of the
present invention and expressing 2 or more siRNA
targeting the FUT8 gene will produce a population of
the desired antibody that has reduced fucosylation
levels compared to the antibody population produced by
host cells that have normal, unmodified FUT8
expression and as a result, the reduced fucosylated
population of antibodies as a whole is capable of
improved FcgRIIIA and/or ADCC in the presence of the
appropriate effector cells.In one embodiment, the
reduced fucosylation antibodies produced by the method
of the invention bind 



CD20, in particular, primate CD20. In one embodiment,
these antibodies bind human CD20. In one In one
embodiment, the invention provides humanized 2H7
antibodies having reduced fucose that are generated by
the methods of the invention. The generation of hu2H7
antibodies are described in detail inWO 04/056312
incorporated herein by reference in its entirety. In
specific embodiments, the variant is 2H7.vl6, hu2H7.v5
11 and hu2H7.vl 14. In a full length antibody, the
humanized CD20 binding antibody of the invention will
comprise a humanized V domain joined to a C domain of
a human immunoglobulin. In a preferred embodiment, the
H chain C region is from human IgG, preferably IgGl or
IgG3. The L chain C domain is preferably from human
Kchain. For the purposes herein, "humanized 2H7"
refers to an intact antibody or antibody fragment
comprising the variable light (VL) sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLA
SGVPSRFSGSGSGTDFTL TISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKR
(SEQ ID NO:2); and variable heavy (VH) sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPG
NGDTSYNQKFKGRFT
ISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTVSS
(SEQ ID NO: 8) Where the humanized 2H7 antibody is an
intact antibody, preferably it comprises the vl6 light
chain amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLA
SGVPSRFSGSGSGTDFTL
TISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAK
VQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC (SEQIDNO: 13); and heavy chain amino
acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGATYPG
NGDTSYNQKFKGRFT
ISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTVSSA
STKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP
SSSLGTQTYICNVNHK
PSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA
PIEKTISKAKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSR WQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQIDNO: 14). A variant of the preceding humanized
2H7 mAb is 2H7v.31 having the same L chain sequence as
SEQ ID NO: 13 above, and comprising the H chain amino
acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAP
GKGLEWVGAIYPGNGDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYY
CARVVY
YSNSYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYF
PEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK
VDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDP
EVKFN
WYVDGVEVHNAKTKPREEQYNATYRWSVLTVLHQDWLNGKEYKCKVSNKALPAP
IAATI
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPP
VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
(SEQ ID NO: 15).Another variant of the preceding
humanized 2H7 antibody is one that comprises the VL of
SEQ ID NO. 25
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAPSNLA
SGVPSRFSGSGSGTDFTL TISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKR
(SEQ ID NO. 25); and the VH of SEQ ID NO. 22 of 2H7.vl
14:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGATYPG
NGATSYNQKFKGRFT
ISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSASYWYFDVWGQGTLVTVSS
(SEQ ID NO. 22) The complete L chain amino acid
sequence of 2H7v. 114 has the following sequence
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAPSNLA
SGVPSR FSGSGSGTDFTLTISSLQPBDFATYYCQQWAFNPPTFGQGTKV
XIKRTVAAPSVFIFPPS
DEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTL SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:26)
The complete H chain amino acid sequence of 2H7v.ll4:
EVQLVESGGGLVQPGGSLRLSCAASG
YTFTSYNMHWVRQAPGKGLEWVGAIYPGNGATSYNQKFKGRFTISVDKSKNTL
YLQiVINSL
RAEDTAVYYCARWYYSASYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTS
GGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQ
TYI CN VNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP XVTC WVDVSH
XDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRWSVLTVLHQDWLNGKEYKC
KVSNKALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPS
DIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSL SLSPGK (SEQ I D NO : 2 7 ) Yet another variant
is 2H7.vl38 comprising the H chain amino acid sequence
of SEQ ID NO. 26. An additional variant, 2H7.v477,
comprises the VL of SEQ ID NO. 25 and the VH of SEQ ID
NO. 22 and has the H chain amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASG
YTFTSYNMHWVRQAPGKGLEWVGAIYPGNGATSYNQKFKGRFTISVDKSKNTLY
LQMNSL
RAEDTAVYYCARWYYSASYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTS
GGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQ
TYICN
VNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISR
TPEVTC VWDVSHEDPEVKFNWYVDGVEVHNAKTKPR
XEQYNATYRWSVLTVLHQDWLNGKEYKC
KVSNAALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPS
DIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHWH
YTQKSL SLSPGK (SEQ ID NO: 31). Yet another variant of
the preceding humanized 2H7 antibody is one that
comprises the VL of SEQ ID NO. 25 and VH of SEQ ID NO.
33 of 2H7.v5 11 [see Table 4]
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPG
NGATSY NQKPKGRFTISVDKS
KNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQGTLVTV SS
(SEQIDNO. 33) In one embodiment the antibody comprises
the 2H7.v5 11 Light Chain (SEQ ID NO.26) .
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAPSNLA
SGVPSR
FSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKRTVAAPSV
FIFPPS
DEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTL SKADYEKHKVYACEVTHQGLSSPVTKSFNRGECAnd the
2H7.v511 Heavy Chain (SEQ ID NO. 34)
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPG
NGATSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARWYYSYRYWYFDVWGQG
TLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLQ SSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
CDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQ
YNATYRWSVLTVLHQDWLNGKEYKCKVSNAALPAPIAATISKAKGQPREPQVYT
LPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKS RWQQGNVFSCSVMHEALHNHYTQKSLSLSPG The V region of
all other variants based on version 16 will have the
amino acid sequences of vl6 except at the positions of
amino acid substitutions which are indicated in Table
3 below. Unless otherwise indicated, the 2H7 variants
will have the same L chain as that of vl6. Humanized
antibody 2H7v.l6 is also referred to as rhuMAb2H7,
PRO70769, or Ocrelizumab. TABLE 3 TABLE 4Residue
numbering is according to Rabat et al., Sequences of
Immunological Interest. 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, Md. (1991),
with insertions shown as a, b, c, d, and e, and gaps
shown as dashes in the sequence figures. In the CD20
binding antibodies that comprise Fc region, the
C-terminal lysine (residue 447 according to the EU
numbering system) of the Fc region may be removed, for
example, during purification of the Ab or by
recombinant engineering the nucleic acid encoding the
antibody polypeptide. Accordingly, a humanized 2H7
antibody composition of this invention can comprise
antibody with K447, with all K447 removed, or a
mixture of antibody with and without the K447 residue.
The N-glycosylation site in IgG is at Asn297 in the
CH2 domain. Humanized 2H7 antibody compositions of the
present invention include compositions of any of the
preceding humanized 2H7 antibodies having a Fc region,
wherein about 80-100% (and preferably about 90-99%) of
the antibody in the composition comprises a mature
core carbohydrate structure which lacks fucose,
attached to the Fc region of the glycoprotein. Such
compositions were demonstrated herein to exhibit a
surprising improvement in binding to Fcg RIIIA(F158),
which is not as effective as Fcg RIIIA (V158) in
interacting with human IgG. FcgRIIIA (F158) is more
common than Fcg RIIIA (V158) in normal, healthy
African Americans and Caucasians. See Lehrnbecher et
al. Blood 94:4220 (1999). A bispecific humanized 2H7
antibody encompasses an antibody wherein one arm of
the antibody has at least the antigen binding region
of the H and/or L chain of a humanized 2H7 antibody of
the invention, and the other arm has V region binding
specificity for a second antigen. In specific
embodiments, the second antigen is selected from the
group consisting of CD3, CD64, CD32A, CD16, NKG2D or
other NK activating ligands. In certain embodiments,
the humanized 2H7 antibody of the invention further
comprises amino acid alterations in the IgG Fc and
exhibits increased binding affinity for human FcRn
over an antibody having wild-type IgG Fc, by at least
60 fold, at least 70 fold, at least 80 fold, more
preferably at least 100 fold, preferably at least 125
fold, even more preferably at least 150 fold to about
170 fold. Expression of FUT8 is inhibited or knocked
down if the level of FUT8 transcripts or protein in
the siRNA transfected cell is measurably reduced as
compared to the level in the same without transfection
and expression of the FUT8 inhibitory siRNA. FUT8
transcripts or protein in the cell and the fucose
content of the antibodies produced can be quantitated
by the methods described below. Preferably the level
of inhibition of FUT8 expression results in a
reduction in the fucosylation level of the antibodies
in the composition by at least 65%, preferably by
75-80%, more preferably by 90%, even more preferably
by 95% or 99%. Promoters useful to drive the siRNA
expression are Pol III type promoters such as Hl or U6
promoter. tRNA promoters can also be used. Host cells
will include eukaryotic cells such as mammalian and
plants cells. Preferably the host cell is a mammalian
cell such as CHO cell but other suitable host cells
are provided herein. FcgRIII binding and/or ADCC is
improved if the antibody exhibits a level of binding
and ADCC activity increased over that from the same
antibody produced in the host cell with normal FUT8
gene function without RNAi and FUT8 knockdown. Methods
of measuring FcgR binding and ADCC are described
below.Antibody production Monoclonal antibodies
Monoclonal antibodies may be made using the hybridoma
method first described by Kohler et al, Nature,
256:495 (1975), or may be made by recombinant DNA
methods (U.S. Patent No. 4,816,567). In the hybridoma
method, a mouse or other appropriate host animal, such
as a hamster, is immunized as described above to
elicit lymphocytes that produce or are capable of
producing antibodies that will specifically bind to
the protein used for immunization. Alternatively,
lymphocytes may be immunized in vitro. After
immunization, lymphocytes are isolated and then fused
with a myeloma cell line using a suitable fusing
agent, such as polyethylene glycol, to form a
hybridoma cell (Goding, Monoclonal Antibodies:
Principles and Practice, pp.59-103 (Academic Press,
1986)). The hybridoma cells thus prepared are seeded
and grown in a suitable culture medium which medium
preferably contains one or more substances that
inhibit the growth or survival of the unfused,
parental myeloma cells (also referred to as fusion
partner). For example, if the parental myeloma cells
lack the enzyme hypoxanthine guanine phosphoribosyl
transferase (HGPRT or HPRT), the selective culture
medium for the hybridomas typically will include
hypoxanthine, aminopterin, and thymidine (HAT medium),
which substances prevent the growth of HGPRT-deficient
cells. 



Preferred fusion partner myeloma cells are those that
fuse efficiently, support stable high-level production
of antibody by the selected antibody-producing cells,
and are sensitive to a selective medium that selects
against the unfused parental cells. Preferred myeloma
cell lines are murine myeloma lines, such as those
derived from MOPC- 2 1 and MPC-1 1 mouse tumors
available from the SaIk Institute Cell Distribution
Center, San Diego, California USA, and SP-2 and
derivatives e.g., X63-Ag8-653 cells available from the
American Type Culture Collection, Rockville, Maryland
USA. Human myeloma and mouse-human heteromyeloma cell
lines also have been described for the production of
human monoclonal antibodies (Kozbor, J. Immunol,
133:3001 (1984); and Brodeur et al, Monoclonal
Antibody Production Techniques and Applications, pp.
51-63 (Marcel Dekker, Inc., New York, 1987)). Culture
medium in which hybridoma cells are growing is assayed
for production of monoclonal antibodies directed
against the antigen. Preferably, the binding
specificity of monoclonal antibodies produced by
hybridoma cells is determined by immunoprecipitation
or by an in vitro binding assay, such as
radioimmunoassay (RIA) or enzyme-linked immunosorbent
assay (ELISA). The binding affinity of the monoclonal
antibody can, for example, be determined by the
Scatchard analysis described in Munson et al, Anal
Biochem., 107:220 (1980). Once hybridoma cells that
produce antibodies of the desired specificity,
affinity, and/or activity are identified, the clones
may be subcloned by limiting dilution procedures and
grown by standard methods (Goding, Monoclonal
Antibodies: Principles and Practice, pp.59-103
(Academic Press, 1986)). Suitable culture media for
this purpose include, for example, D-MEM or RPMI- 1640
medium. In addition, the hybridoma cells may be grown
in vivo as ascites tumors in an animal e.g, by i.p.
injection of the cells into mice. The monoclonal
antibodies secreted by the subclones are suitably
separated from the culture medium, ascites fluid, or
serum by conventional antibody purification procedures
such as, for example, affinity chromatography (e.g.,
using protein A or protein G-Sepharose) or
ion-exchange chromatography, hydroxylapatite
chromatography, gel electrophoresis, dialysis, etc.DNA
encoding the monoclonal antibodies is readily isolated
and sequenced using conventional procedures (e.g., by
using oligonucleotide probes that are capable of
binding specifically to genes encoding the heavy and
light chains of murine antibodies). The hybridoma
cells serve as a preferred source of such DNA. Once
isolated, the DNA may be placed into expression
vectors, which are then transfected into host cells
such as E. coli cells, simian COS cells, Chinese
Hamster Ovary (CHO) cells, or myeloma cells that do
not otherwise produce antibody protein, to obtain the
synthesis of monoclonal antibodies in the recombinant
host cells. Review articles on recombinant expression
in bacteria of DNA encoding the antibody include
Skerra et al, Curr. Opinion in Immunol, 5:256-262
(1993) and Plckthun, Immunol. Revs., 130:151-188
(1992). In a further embodiment, monoclonal antibodies
or antibody fragments can be isolated from antibody
phage libraries generated using the techniques
described in McCafferty et al, Nature, 348:552-554
(1990). Clackson et al, Nature, 352:624-628 (1991) and
Marks et al, J. MoI. Biol, 222:581-597 (1991) describe
the isolation of murine and human antibodies,
respectively, using phage libraries. Subsequent
publications describe the production of high affinity
(nM range) human antibodies by chain shuffling (Marks
et al, Bio/Technology, 10:779- 783 (1992)), as well as
combinatorial infection and in vivo recombination as a
strategy for constructing very large phage libraries
(Waterhouse etal, Nuc. Acids. Res., 21:2265-2266
(1993)). Thus, these techniques are viable
alternatives to traditional monoclonal antibody
hybridoma techniques for isolation of monoclonal
antibodies. The DNA that encodes the antibody may be
modified to produce chimeric or fusion antibody
polypeptides, for example, by substituting human heavy
chain and light chain constant domain (CH and CL)
sequences for the homologous murine sequences (U.S.
Patent No. 4,816,567; and Morrison, et al, Proc. Natl
Acad. ScL USA, 81:6851 (1984)), or by fusing the
immunoglobulin coding sequence with all or part of the
coding sequence for a non-imrnunoglobulin polypeptide
(heterologous polypeptide). The non-immunoglobulin
polypeptide sequences can substitute for the constant
domains of an antibody, or they are substituted for
the variable domains of one antigencombining site of
an antibody to create a chimeric bivalent antibody
comprising one antigen-combining site having
specificity for an antigen and another
antigen-combining site having specificity for a
different antigen. Humanized antibodies Methods for
humanizing non-human antibodies have been described in
the art. Preferably, a humanized antibody has one or
more amino acid residues introduced into it from a
source which is non-human. These nonhuman amino acid
residues are often referred to as "import" residues,
which are typically taken from an "import" variable
domain. Humanization can be essentially performed
following the method of Winter and co-workers (Jones
et al, Nature, 321 :522-525 (1986); Reichmann et al,
Nature, 332:323-327 (1988); Verhoeyen et al, Science,
239:1534-1536 (1988)), by substituting hypervariable
region sequences for the corresponding sequences of a
human antibody. Accordingly, such "humanized"
antibodies are chimeric antibodies (U.S. Patent No.
4,816,567) wherein substantially less than an intact
human variable domain has been substituted by the
corresponding sequence from a non-human species. In
practice, humanized antibodies are typically human
antibodies in which some hypervariable region residues
and possibly some FR residues are substituted by
residues from analogous sites in rodent antibodies.
The choice of human variable domains, both light and
heavy, to be used in making the humanized antibodies
is very important to reduce antigenicity and HAMA
response (human anti-mouse antibody) when the antibody
is intended for human therapeutic use. According to
the so-called "best-fit" method, the sequence of
thevariable domain of a rodent antibody is screened
against the entire library of known human variable
domain sequences. The human V domain sequence which is
closest to that of the rodent is identified and the
human framework region (FR) within it accepted for the
humanized antibody (Sims et al, J. Immunol, 151:2296
(1993); Chothia et al, J. MoI. Biol, 196:901 (1987)).
Another method uses a particular framework region
derived from the consensus sequence of all human
antibodies of a particular subgroup of light or heavy
chains. The same framework may be used for several
different humanized antibodies (Carter et al, Proc.
Natl. Acad. Set USA, 89:4285 (1992); Presta et al, J.
Immunol, 151:2623 (1993)). It is further important
that antibodies be humanized with retention of high
binding affinity for the antigen and other favorable
biological properties. To achieve this goal, according
to a preferred method, humanized antibodies are
prepared by a process of analysis of the parental
sequences and various conceptual humanized products
using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin
models are commonly available and are familiar to
those skilled in the art. Computer programs are
available which illustrate and display probable
three-dimensional conformational structures of
selected candidate immunoglobulin sequences.
Inspection of these displays permits analysis of the
likely role of the residues in the functioning of the
candidate immunoglobulin sequence, i.e., the analysis
of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this
way, FR residues can be selected and combined from the
recipient and import sequences so that the desired
antibody characteristic, such as increased affinity
for the target antigen(s), is achieved. In general,
the hypervariable region residues are directly and
most substantially involved in influencing antigen
binding. The humanized antibody may be an antibody
fragment, such as a Fab, which is optionally
conjugated with one or more cytotoxic agent(s) in
order to generate an immunoconjugate. Alternatively,
the humanized antibody may be an full length antibody,
such as an full length IgGl antibody. Human antibodies
and phage display methodology As an alternative to
humanization, human antibodies can be generated. For
example, it is now possible to produce transgenic
animals (e.g., mice) that are capable, upon
immunization, of producing a full repertoire of human
antibodies in the absence of endogenous immunoglobulin
production. For example, it has been described that
the homozygous deletion of the antibody heavy-chain
joining region (JH) gene in chimeric and germ-line
mutant mice results in complete inhibition of
endogenous antibody production. Transfer of the human
germ-line immunoglobulin gene array into such
germ-line mutant mice will result in the production of
human antibodies upon antigen challenge. See, e.g.,
Jakobovits et al, Proc. Natl. Acad. ScL USA, 90:2551
(1993); Jakobovits et al, Nature, 362:255-258 (1993);
Bruggemann et al, Year in Immuno., 7:33 (1993); U.S.
Patent Nos. 5,545,806, 5,569,825, 5,591,669 (all of
GenPharm); 5,545,807; and WO 97/17852. Alternatively,
phage display technology (McCafferty et al, Nature
348:552-553 [1990]) can be used to produce human
antibodies and antibody fragments in vitro, from
immunoglobulin variable (V) domain gene repertoires
from unimmunized donors. According to this technique,
antibody V domain genes are cloned in-frame into
either a major or minor coat protein gene of a
filamentous bacteriophage, such as M13 or fd, and
displayed as functional antibody fragments on the
surface of the phage particle. Because the filamentous
particle contains a single-stranded DNA copy of the
phage genome, selections based on the functional
properties of the antibody also result in selection of
the gene encoding the antibody exhibiting those
properties. Thus, the phage mimics some ofthe
properties of the B-cell. Phage display can be
performed in a variety of formats, reviewed in, e.g.,
Johnson, Kevin S. and Chiswell, David J., Current
Opinion in Structural Biology 3:564-571 (1993).
Several sources of Vgene segments can be used for
phage display. Clackson etal, Nature, 352:624-628
(1991) isolated a diverse array of anti-oxazolone
antibodies from a small random combinatorial library
of V genes derived from the spleens of immunized mice.
A repertoire of V genes from unimmunized human donors
can be constructed and antibodies to a diverse array
of antigens (including self-antigens) can be isolated
essentially following the techniques described by
Marks et al, J. MoI. Biol. 222:581-597 (1991), or
Griffith et al, EMBO J. 12:725-734 (1993). See, also,
U.S. Patent Nos. 5,565,332 and 5,573,905. As discussed
above, human antibodies may also be generated by in
vitro activated B cells (see U.S. Patents 5,567,610
and 5,229,275). Antibody fragments In certain
circumstances there are advantages of using antibody
fragments, rather than whole antibodies. The smaller
size of the fragments allows for rapid clearance, and
may lead to improved access to solid tumors. Various
techniques have been developed for the production of
antibody fragments. Traditionally, these fragments
were derived via proteolytic digestion of intact
antibodies (see, e.g., Morimoto et al., Journal of
Biochemical and Biophysical Methods 24:107-117 (1992);
and Brennan et al, Science, 229:81 (1985)). However,
these fragments can now be produced directly by
recombinant host cells. Fab, Fv and ScFv antibody
fragments can all be expressed in and secreted from E.
coli, thus allowing the facile production of large
amounts of these fragments. Antibody fragments can be
isolated from the antibody phage libraries discussed
above. Alternatively, Fab'-SH fragments can be
directly recovered from E. coli and chemically coupled
to form F(ab')2 fragments (Carter et al,
Bio/Technology 10:163-167 (1992)). According to
another approach, F(ab')2 fragments can be isolated
directly from recombinant host cell culture. Fab and
F(ab')2 fragment with increased in vivo half-life
comprising a salvage receptor binding epitope residues
are described in U.S. Patent No. 5,869,046. Other
techniques for the production of antibody fragments
will be apparent to the skilled practitioner. In other
embodiments, the antibody of choice is a single chain
Fv fragment (scFv). SeeWO 93/16185; U.S. Patent No.
5,571,894; and U.S. Patent No. 5,587,458. Fv and sFv
are the only species with intact combining sites that
are devoid of constant regions; thus, they are
suitable for reduced nonspecific binding during in
vivo use. sFv fusion proteins may be constructed to
yield fusion of an effector protein at either the
amino or the carboxy terminus of an sFv. See Antibody
Engineering, ed. Borrebaeck, supra. The antibody
fragment may also be a "linear antibody", e.g., as
described in U.S. Patent 5,641,870 for example. Such
linear antibody fragments may be monospecific or
bispecific. Bispecific antibodies Bispecific
antibodies are antibodies that have binding
specificities for at least two different epitopes.
Exemplary bispecific antibodies may bind to two
different epitopes of the CD20 protein. Other such
antibodies may combine a CD20 binding site with a
binding site for another protein. Alternatively, an
anti-CD20 arm may be combined with an arm which binds
to a triggering molecule on a leukocyte such as a
T-cell receptor molecule {e.g. CD3), or Fc receptors
for IgG (FcgR), such as FcgRI (CD64), FcgRII (CD32)
and FcgRIII (CD16), or NKG2D or other NK cell
activating ligand, so as to focus and localize
cellular defense mechanisms to the CD20-expressing
cell. Bispecific antibodies may also be used to
localize cytotoxic agents to cells which express CD20.
Theseantibodies possess a CD20-binding arm and an arm
which binds the cytotoxic agent (e.g. saporin,
anti-interferon-a, vinca alkaloid, ricin A chain,
methotrexate or radioactive isotope hapten).
Bispecific antibodies can be prepared as full length
antibodies or antibody fragments {e.g. F(ab')2
bispecific antibodies). WO 96/16673 describes a
bispecific anti-ErbB2/anti-FcgRIII antibody and U.S.
Patent No. 5,837,234 discloses a bispecific
anti-ErbB2/anti-FcgRI antibody. A bispecific
anti-ErbB2/Fc a antibody is shown in WO98/02463. U.S.
Patent No. 5,821,337 teaches a bispecific
anti-ErbB2/anti-CD3 antibody. Methods for making
bispecific antibodies are known in the art.
Traditional production of full length bispecific
antibodies is based on the co-expression of two
immunoglobulin heavy chain-light chain pairs, where
the two chains have different specificities (Millstein
et al, Nature, 305:537-539 (1983)). Because of the
random assortment of immunoglobulin heavy and light
chains, these hybridomas (quadromas) produce a
potential mixture of 10 different antibody molecules,
of which only one has the correct bispecific
structure. Purification of the correct molecule, which
is usually done by affinity chromatography steps, is
rather cumbersome, and the product yields are low.
Similar procedures are disclosed inWO 93/08829, and in
Traunecker et al, EMBO J., 10:3655-3659 (1991).
According to a different approach, antibody variable
domains with the desired binding specificities
(antibody-antigen combining sites) are fused to
immunoglobulin constant domain sequences. Preferably,
the fusion 



is with an Ig heavy chain constant domain, comprising
at least part of the hinge, CH2, and CH3 regions. It
is preferred to have the first heavy-chain constant
region (CH1) containing the site necessary for light
chain bonding, present in at least one of the fusions.
DNAs encoding the immunoglobulin heavy chain fusions
and, if desired, the immunoglobulin light chain, are
inserted into separate expression vectors, and are
co-transfected into a suitable host cell. This
provides for greater flexibility in adjusting the
mutual proportions of the three polypeptide fragments
in embodiments when unequal ratios of the three
polypeptide chains used in the construction provide
the optimum yield of the desired bispecific antibody.
It is, however, possible to insert the coding
sequences for two or all three polypeptide chains into
a single expression vector when the expression of at
least two polypeptide chains in equal ratios results
in high yields or when the ratios have no significant
affect on the yield of the desired chain combination.
In a preferred embodiment of this approach, the
bispecific antibodies are composed of a hybrid
immunoglobulin heavy chain with a first binding
specificity in one arm, and a hybrid immunoglobulin
heavy chainlight chain pair (providing a second
binding specificity) in the other arm. It was found
that this asymmetric structure facilitates the
separation of the desired bispecific compound from
unwanted immunoglobulin chain combinations, as the
presence of an immunoglobulin light chain in only one
half of the bispecific molecule provides for a facile
way of separation. This approach is disclosed inWO
94/04690. For further details of generating bispecific
antibodies see, for example, Suresh et al, Methods in
Enzymology, 121:210 (1986). According to another
approach described in U.S. Patent No. 5,731,168, the
interface between a pair of antibody molecules can be
engineered to maximize the percentage of heterodimers
which are recovered from recombinant cell culture. The
preferred interface comprises at least a part of the
CH3 domain. In this method, one or more small amino
acid side chains from the interface of the first
antibody molecule are replaced with larger side chains
(e.g. tyrosine or tryptophan). Compensatory "cavities"
of identical or similar size to the large side
chain(s) are created on the interface of the second
antibody molecule by replacing large amino acid side
chains with smaller ones (e.g. alanine or threonine).
This provides a mechanism for increasing the yield of
the heterodimer over other unwanted end-products such
as homodimers.Bispecific antibodies include
cross-linked or "heteroconjugate" antibodies. For
example, one of the antibodies in the heteroconjugate
can be coupled to avidin, the other to biotin. Such
antibodies have, for example, been proposed to target
immune system cells to unwanted cells (U.S. Patent No.
4,676,980), and for treatment of HTV infection (WO
91/00360, WO 92/200373, and EP 03089). Heteroconjugate
antibodies may be made using any convenient
cross-linking methods. Suitable cross-linking agents
are well known in the art, and are disclosed in U.S.
Patent No. 4,676,980, along with a number of
cross-linking techniques. Techniques for generating
bispecific antibodies from antibody fragments have
also been described in the literature. For example,
bispecific antibodies can be prepared using chemical
linkage. Brennan et al, Science, 229: 81 (1985)
describe a procedure wherein intact antibodies are
proteolytically cleaved to generate F(ab')2 fragments.
These fragments are reduced in the presence of the
dithiol complexing agent, sodium arsenite, to
stabilize vicinal dithiols and prevent intermolecular
disulfide formation. The Fab' fragments generated are
then converted to thionitrobenzoate (TNB) derivatives.
One of the Fab'-TNB derivatives is then reconverted to
the Fab'-thiol by reduction with mercaptoethylamine
and is mixed with an equimolar amount of the other
Fab'-TNB derivative to form the bispecific antibody.
The bispecific antibodies produced can be used as
agents for the selective immobilization of enzymes.
Recent progress has facilitated the direct recovery of
Fab'-SH fragments from E. coli, which can be
chemically coupled to form bispecific antibodies.
Shalaby et al, J. Exp. Med., 175: 217-225 (1992)
describe the production of a fully humanized
bispecific antibody F(ab')2molecule. Each Fab'
fragment was separately secreted from E. coli and
subjected to directed chemical coupling in vitro to
form the bispecific antibody. The bispecific antibody
thus formed was able to bind to cells overexpressing
the ErbB2 receptor and normal human T cells, as well
as trigger the lytic activity of human cytotoxic
lymphocytes against human breast tumor targets.
Various techniques for making and isolating bispecific
antibody fragments directly from recombinant cell
culture have also been described. For example,
bispecific antibodies have been produced using leucine
zippers. Kostelny et al, J. Immunol, 148(5):1547-1553
(1992). The leucine zipper peptides from the Fos and
Jun proteins were linked to the Fab' portions of two
different antibodies by gene fusion. The antibody
homodimers were reduced at the hinge region to form
monomers and then re-oxidized to form the antibody
heterodimers. This method can also be utilized for the
production of antibody homodimers. The "diabody"
technology described by Hollinger et al, Proc. Natl
Acad. ScL USA, 90:6444-6448 (1993) has provided an
alternative mechanism for making bispecific antibody
fragments. The fragments comprise a VH connected to a
VL by a linker which is too short to allow pairing
between the two domains on the same chain.
Accordingly, the VHand VL domains of one fragment are
forced to pair with the complementary VL and VHdomains
of another fragment, thereby forming two
antigen-binding sites. Another strategy for making
bispecific antibody fragments by the use of
single-chain Fv (sFv) dimers has also been reported.
See Gruber etal, J. Immunol, 152:5368 (1994). ,
Antibodies with more than two valencies are
contemplated. For example, trispecific antibodies can
be prepared. Tutt et al J. Immunol Ul: 60 (1991).
Multivalent Antibodies A multivalent antibody may be
internalized (and/or catabolized) faster than a
bivalent antibody by a cell expressing an antigen to
which the antibodies bind. The antibodies of the
present invention can be multivalent antibodies (which
are other than of the IgM class) with three or more
antigen binding sites (e.g. tetravalentantibodies),
which can be readily produced by recombinant
expression of nucleic acid encoding the polypeptide
chains of the antibody. The multivalent antibody can
comprise a dimerization domain and three or more
antigen binding sites. The preferred dimerization
domain comprises (or consists of) an Fc region or a
hinge region. In this scenario, the antibody will
comprise an Fc region and three or more antigen
binding sites amino-terminal to the Fc region. The
preferred multivalent antibody herein comprises (or
consists of) three to about eight, but preferably
four, antigen binding sites. The multivalent antibody
comprises at least one polypeptide chain (and
preferably two polypeptide chains), wherein the
polypeptide chain(s) comprise two or more variable
domains. For instance, the polypeptide chain(s) may
comprise VDl-(Xl) n-VD2-(X2)n-Fc, wherein VDl is a
first variable domain, VD2 is a second variable
domain, Fc is one polypeptide chain of an Fc region,
Xl and X2 represent an amino acid or polypeptide, and
n is 0 or 1. For instance, the polypeptide chain(s)
may comprise: VH-CHl -flexible linker-VHCHl- Fc region
chain; or VH-CHl-VH-CHl-Fc region chain. The
multivalent antibody herein preferably further
comprises at least two (and preferably four) light
chain variable domain polypeptides. The multivalent
antibody herein may, for instance, comprise from about
two to about eight light chain variable domain
polypeptides. The light chain variable domain
polypeptides contemplated here comprise a light chain
variable domain and, optionally, further comprise a CL
domain. Other amino acid sequence modifications Amino
acid sequence modification(s) of the CD20 binding
antibodies described herein are contemplated. For
example, it may be desirable to improve the binding
affinity and/or other biological properties of the
antibody. Amino acid sequence variants of the
anti-CD20 antibody are prepared by introducing
appropriate nucleotide changes into the anti-CD20
antibody nucleic acid, or by peptide synthesis. Such
modifications include, for example, deletions from,
and/or insertions into and/or substitutions of,
residues within the amino acid sequences of the
anti-CD20 antibody. Any combination of deletion,
insertion, and substitution is made to arrive at the
final construct, provided that the final construct
possesses the desired characteristics. The amino acid
changes also may alter post-translational processes of
the anti-CD20 antibody, such as changing the number or
position of glycosylation sites. A useful method for
identification of certain residues or regions of the
anti-CD20 antibody that are preferred locations for
mutagenesis is called "alanine scanning mutagenesis"
as described by Cunningham and Wells in Science,
244:1081-1085 (1989). Here, a residue or group of
target residues are identified {e.g., charged residues
such as arg, asp, his, lys, and glu) and replaced by a
neutral or negatively charged amino acid (most
preferably alanine or polyalanine) to affect the
interaction of the amino acids with CD20 antigen.
Those amino acid locations demonstrating functional
sensitivity to the substitutions then are refined by
introducing further or other variants at, or for, the
sites of substitution. Thus, while the site for
introducing an amino acid sequence variation is
predetermined, the nature of the mutation per se need
not be predetermined. For example, to analyze the
performance of a mutation at a given site, ala
scanning or random mutagenesis is conducted at the
target codon or region and the expressed anti-CD20
antibody variants are screened for the desired
activity. Amino acid sequence insertions include
amino- and/or carboxyl-terminal fusions ranging in
length from one residue to polypeptides containing a
hundred or more residues, as well as intrasequence
insertions of single or multiple amino acid residues.
Examples of terminal insertions include an anti-CD20
antibody with an N-terminal methionyl residue or the
antibody fused to a cytotoxic polypeptide. Other
insertional variants of the anti-CD20antibody molecule
include the fusion to the N- or C-terminus of the
anti-CD20 antibody to an enzyme {e.g. for ADEPT) or a
polypeptide which increases the serum half-life of the
antibody. Another type of variant is an amino acid
substitution variant. These variants have at least one
amino acid residue in the anti-CD20 antibody molecule
replaced by a different residue. The sites of greatest
interest for substitutional mutagenesis include the
hypervariable regions, but FR alterations are also
contemplated. Conservative substitutions are shown in
the Table below under the heading of "preferred
substitutions". If such substitutions result in a
change in biological activity, then more substantial
changes, denominated "exemplary substitutions" in the
Table, or as further described below in reference to
amino acid classes, may be introduced and the products
screened. TABLE of Amino Acid Substitutions
Substantial modifications in the biological properties
of the antibody are accomplished by selecting
substitutions that differ significantly in their
effect on maintaining (a) the structure of the
polypeptide backbone inthe area of the substitution,
for example, as a sheet or helical conformation, (b)
the charge or hydrophobicity of the molecule at the
target site, or (c) the bulk of the side chain.
Naturally occurring residues are divided into groups
based on common side-chain properties: (1)
hydrophobic: norleucine, met, ala, val, leu, ile; (2)
neutral hydrophilic: cys, ser, thr; (3) acidic: asp,
glu; (4) basic: asn, gin, his, lys, arg; (5) residues
that influence chain orientation: gly, pro; and (6)
aromatic: trp, tyr, phe. Non-conservative
substitutions will entail exchanging a member of one
of these classes for another class. Any cysteine
residue not involved in maintaining the proper
conformation of the anti-CD20 antibody also may be
substituted, generally with serine, to improve the
oxidative stability of the molecule and prevent
aberrant crosslinking. Conversely, cysteine bond(s)
may be added to the antibody to improve its stability
(particularly where the antibody is an antibody
fragment such as an Fv fragment). A particularly
preferred type of substitutional variant involves
substituting one or more hypervariable region residues
of a parent antibody {e.g. a humanized or human
antibody). Generally, the resulting variant(s)
selected for further development will have improved
biological properties relative to the parent antibody
from which they are generated. A convenient way for
generating such substitutional variants involves
affinity maturation using phage display. Briefly,
several hypervariable region sites {e.g. 6-1 sites)
are mutated to generate all possible amino
substitutions at each site. The antibody variants thus
generated are displayed in a monovalent fashion from
filamentous phage particles as fusions to the gene III
product of M13 packaged within each particle. The
phagedisplayed variants are then screened for their
biological activity {e.g. binding affinity) as herein
disclosed. In order to identify candidate
hypervariable region sites for modification, alanine
scanning mutagenesis can be performed to identify
hypervariable region residues contributing
significantly to antigen binding. Alternatively, or
additionally, it may be beneficial to analyze a
crystal structure of the antigen-antibody complex to
identify contact points between the antibody and human
CD20. Such contact residues and neighboring residues
are candidates for substitution according to the
techniques elaborated herein. Once such variants are
generated, the panel of variants is subjected to
screening as described herein and antibodies with
superior properties in one or more relevant assays may
be selected for further development. Another type of
amino acid variant of the antibody alters the original
glycosylation pattern of the antibody. By altering is
meant deleting one or more carbohydrate moieties found
in the antibody, and/or adding one or more
glycosylation sites that are not present in the
antibody. Glycosylation of antibodies is typically
either N-linked or O-linked. N-linked refers to the
attachment of the carbohydrate moiety to the side
chain of an asparagine residue. The tripeptide
sequences asparagine-X-serine and
asparagine-X-threonine, where X is any amino acid
except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a
potential glycosylation site. O-linked glycosylation
refers to the attachment of one of the sugars
N-aceylgalactosamine, galactose, or xylose to a
hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also
be used.Addition of glycosylation sites to the
antibody is conveniently accomplished by altering the
amino acid 



sequence such that it contains one or more of the
above-described tripeptide sequences (for N-linked
glycosylation sites). The alteration may also be made
by the addition of, or substitution by, one or more
serine or threonine residues to the sequence of the
original antibody (for O-linked glycosylation sites).
Nucleic acid molecules encoding amino acid sequence
variants of the anti-CD20 antibody are prepared by a
variety of methods known in the art. These methods
include, but are not limited to, isolation from a
natural source (in the case of naturally occurring
amino acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed)
mutagenesis, PCR mutagenesis, and cassette mutagenesis
of an earlier prepared variant or a nonvariant version
of the anti-CD20 antibody. It may be desirable to
modify the antibody of the invention with respect to
effector function, e.g. so as to enhance
antigen-dependent cell-mediated cyotoxicity (ADCC)
and/or complement dependent cytotoxicity (CDC) of the
antibody. This may be achieved by introducing one or
more amino acid substitutions in an Fc region of the
antibody. Alternatively or additionally, cysteine
residue(s) may be introduced in the Fc region, thereby
allowing interchain disulfide bond formation in this
region. The homodimeric antibody thus generated may
have improved internalization capability and/or
increased complement-mediated cell killing and
antibody-dependent cellular cytotoxicity (ADCC). See
Caron et al, J. Exp Med. 176:1191-1195 (1992) and
Shopes, B. J. Immunol. 148:2918- 2922 (1992).
Homodimeric antibodies with enhanced anti-tumor
activity may also be prepared using heterobifunctional
cross-linkers as described in Wolff etal. Cancer
Research 53:2560-2565 (1993). Alternatively, an
antibody can be engineered which has dual Fc regions
and may thereby have enhanced complement mediated
lysis and ADCC capabilities. See Stevenson et al.
Anti-Cancer Drug Design 3:219-230 (1989). To increase
the serum half life of the antibody, one may
incorporate a salvage receptor binding epitope into
the antibody (especially an antibody fragment) as
described in U.S. Patent 5,739,277, for example. As
used herein, the term "salvage receptor binding
epitope" refers to an epitope of the Fc region of an
IgG molecule {e.g., IgGi, IgG2, IgG3, or IgG that is
responsible for increasing the in vivo serum half-life
of the IgG molecule. Other antibody modifications
Other modifications of the antibody are contemplated
herein. For example, the antibody may be linked to one
of a variety of nonproteinaceous polymers, e.g.,
polyethylene glycol, polypropylene glycol,
polyoxyalkylenes, or copolymers of polyethylene glycol
and polypropylene glycol. The antibody also may be
entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial
polymerization (for example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively), in colloidal drug
delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules), or in macroemulsions. Such techniques
are disclosed in Remington's Pharmaceutical Sciences,
16th edition, Oslo, A., Ed., (1980). Screeningfor
antibodies with the desired properties Antibodies with
certain biological characteristics may be selected as
described in the Experimental Examples. The growth
inhibitory effects of an anti-CD20 antibody of the
invention may be assessed by methods known in the art,
e.g., using cells which express CD20 either
endogenously or following transfection with the CD20
gene. For example, tumor cell lines and
CD20-transfected cells may treated with an anti-CD20
monoclonal antibody of the invention at various
concentrations for a few days (e.g., 2-7) days and
stained with crystal violet orMTT or analyzed by some
other colorimetric assay. Another method of measuring
proliferation would be by comparing 3H-thymidine
uptake by the cells treated in the presence or absence
an anti-CD20 antibody of the invention. After antibody
treatment, the cells are harvested and the amount of
radioactivity incorporated into the DNA quantitated in
a scintillation counter. Appropriate positive controls
include treatment of a selected cell line with a
growth inhibitory antibody known to inhibit growth of
that cell line. To select for antibodies which induce
cell death, loss of membrane integrity as indicated
by, e.g., propidium iodide (PI), trypan blue or 7AAD
uptake may be assessed relative to control. A PI
uptake assay can be performed in the absence of
complement and immune effector cells. CD20-expressing
tumor cells are incubated with medium alone or medium
containing of the appropriate monoclonal antibody at
e.g, about l Omg/ml . The cells are incubated for a 3
day time period. Following each treatment, cells are
washed and aliquoted into 35 mm strainer-capped 12 x
75 tubes (ImI per tube, 3 tubes per treatment group)
for removal of cell clumps. Tubes then receive PI
(lOmg/ml). Samples may be analyzed using a FACSCAN(tm)
flow cytometer and FACSCONVERT(tm) CellQuest software
(Becton Dickinson). Those antibodies which induce
statistically significant levels of cell death as
determined by PI uptake may be selected as cell
death-inducing antibodies. To screen for antibodies
which bind to an epitope on CD20 bound by an antibody
of interest, a routine cross-blocking assay such as
that described in Antibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory, Ed Harlow and David
Lane (1988), can be performed. This assay can be used
to determine if a test antibody binds the same site or
epitope as an anti-CD20 antibody of the invention.
Alternatively, or additionally, epitope mapping can be
performed by methods known in the art . For example,
the antibody sequence can be mutagenized such as by
alanine scanning, to identify contact residues. The
mutant antibody is initailly tested for binding with
polyclonal antibody to ensure proper folding. In a
different method, peptides corresponding to different
regions of CD20 can be used in competition assays with
the test antibodies or with a test antibody and an
antibody with a characterized or known epitope.
Vectors, Host Cells and Recombinant Methods The
invention also provides an isolated nucleic acid
encoding a humanized 2H7 variant antibody, vectors and
host cells comprising the nucleic acid, and
recombinant techniques for the production of the
antibody. For recombinant production of the antibody,
the nucleic acid encoding it is isolated and inserted
into a replicable vector for further cloning
(amplification of the DNA) or for expression. DNA
encoding the monoclonal antibody is readily isolated
and sequenced using conventional procedures (e.g., by
using oligonucleotide probes that are capable of
binding specifically to genes encoding the heavy and
light chains of the antibody). Many vectors are
available. The vector components generally include,
but are not limited to, one or more of the following:
a signal sequence, an origin of replication, one or
more marker genes, an enhancer element, a promoter,
and a transcription termination sequence. (i) Signal
sequence component The humanized 2H7 antibody of this
invention may be produced recombinantly not only
directly, but also as a fusion polypeptide with a
heterologous polypeptide, which is preferably a signal
sequence or other polypeptide having a specific
cleavage site at the N-terminus of the mature protein
or polypeptide. The heterologous signal sequence
selected preferably is one that is recognized and
processed (i.e., cleaved by a signal peptidase) by the
host cell. For prokaryotic host cells that do not
recognize and process the native CD20 binding antibody
signalsequence, the signal sequence is substituted by
a prokaryotic signal sequence selected, for example,
from the group of the alkaline phosphatase,
penicillinase, lpp, or heat-stable enterotoxin II
leaders. For yeast secretion the native signal
sequence may be substituted by, e.g., the yeast
invertase leader, a factor leader (including
Saccharomyces and Kluyvewmyces a-factor leaders), or
acid phosphatase leader, the C. albicans glucoamylase
leader, or the signal described inWO 90/13646. In
mammalian cell expression, mammalian signal sequences
as well as viral secretory leaders, for example, the
herpes simplex gD signal, are available. The DNA for
such precursor region is ligated in reading frame to
DNA encoding the humanized 2H7 antibody. (H) Origin of
replication Both expression and cloning vectors
contain a nucleic acid sequence that enables the
vector to replicate in one or more selected host
cells. Generally, in cloning vectors this sequence is
one that enables the vector to replicate independently
of the host chromosomal DNA, and includes origins of
replication or autonomously replicating sequences.
Such sequences are well known for a variety of
bacteria, yeast, and viruses. The origin of
replication from the plasmid pBR322 is suitable for
most Gram-negative bacteria, the 2m plasmid origin is
suitable for yeast, and various viral origins (SV40,
polyoma, adenovirus, VSV or BPV) are useful for
cloning vectors in mammalian cells. Generally, the
origin of replication component is not needed for
mammalian expression vectors (the SV40 origin may
typically be used only because it contains the early
promoter). (Hi) Selection gene component Expression
and cloning vectors may contain a selection gene, also
termed a selectable marker. Typical selection genes
encode proteins that (a) confer resistance to
antibiotics or other toxins, e.g., ampicillin,
neomycin, methotrexate, or tetracycline, (b)
complement auxotrophic deficiencies, or (c) supply
critical nutrients not available from complex media,
e.g., the gene encoding D-alanine racemase for
Bacilli. One example of a selection scheme utilizes a
drug to arrest growth of a host cell. Those cells that
are successfully transformed with a heterologous gene
produce a protein conferring drug resistance and thus
survive the selection regimen. Examples of such
dominant selection use the drugs neomycin,
mycophenolic acid and hygromycin. Another example of
suitable selectable markers for mammalian cells are
those that enable the identification of cells
competent to take up the nucleic acid encoding the
humanized 2H7 antibody, such as DHFR, thymidine
kinase, metallothionein-I and -II, preferably primate
metallothionein genes, adenosine deaminase, ornithine
decarboxylase, etc. For example, cells transformed
with the DHFR selection gene are first identified by
culturing all of the transformants in a culture medium
that contains methotrexate (Mtx), a competitive
antagonist of DHFR. An appropriate host cell when
wild-type DHFR is employed is the Chinese hamster
ovary (CHO) cell line deficient in DHFR activity
(e.g., ATCC CRL-9096). Alternatively, host cells
(particularly wild-type hosts that contain endogenous
DHFR) transformed or cotransformed with DNA sequences
encoding the humanized 2H7 antibody, wild-type DHFR
protein, and another selectable marker such as
aminoglycoside 3'-phosphotransferase (APH) can be
selected by cell growth in medium containing a
selection agent for the selectable marker such as an
aminoglycosidic antibiotic, e.g., kanamycin, neomycin,
or G418. See U.S. Patent No. 4,965,199.A suitable
selection gene for use in yeast is the trpl gene
present in the yeast plasmid YRp7 (Stinchcomb et al,
Nature, 282:39 (1979)). The trpl gene provides a
selection marker for a mutant strain of yeast lacking
the ability to grow in tryptophan, for example, ATCC
No. 44076 or PEP4-1. Jones, Genetics, 85:12 (1977).
The presence of the trpl lesion in the yeast host cell
genome then provides an effective environment for
detecting transformation by growth in the absence of
tryptophan. Similarly, Le"2-deficient yeast strains
(ATCC 20,622 or 38,626) are complemented by known
plasmids bearing the Leu2 gene. In addition, vectors
derived from the 1.6 mm circular plasmid pKDl can be
used for transformation of Kluyveromyces yeasts.
Alternatively, an expression system for large-scale
production of recombinant calf chymosin was reported
for K. lactis. Van den Berg, Bio/Technology, 8:135
(1990). Stable multi-copy expression vectors for
secretion of mature recombinant human serum albumin by
industrial strains of Kluyveromyces have also been
disclosed. Fleer et al, Bio/Technology, 9:968-975
(1991). (iv) Promoter component Expression and cloning
vectors usually contain a promoter that is recognized
by the host organism and is operably linked to the
nucleic acid encoding the humanized 2H7 antibody.
Promoters suitable for use with prokaryotic hosts
include the phoA promoter , b-lactamase and lactose
promoter systems, alkaline phosphatase promoter, a
tryptophan (tip) promoter system, and hybrid promoters
such as the tac promoter. However, other known
bacterial promoters are suitable. Promoters for use in
bacterial systems also will contain a Shine-Dalgarno
(S.D.) sequence operably linked to the DNA encoding
the CD20 binding antibody. Promoter sequences are
known for eukaryotes. Virtually all eukaryotic genes
have an AT-rich region located approximately 25 to 30
bases upstream from the site where transcription is
initiated. Another sequence found 70 to 80 bases
upstream from the start of transcription of many genes
is a CNCAAT region where N may be any nucleotide. At
the 3' end of most eukaryotic genes is an AATAAA
sequence that may be the signal for addition of the
poly A tail to the 31end of the coding sequence. AUof
these sequences are suitably inserted into eukaryotic
expression vectors. Examples of suitable promoter
sequences for use with yeast hosts include the
promoters for 3- phosphoglycerate kinase or other
glycolytic enzymes, such as enolase,
glyceraldehyde-3-phos rhate dehydrogenase, hexokinase,
pyruvate decarboxylase, phosphofructokinase,
glucose-6-phosphate isomerase, 3-phosphoglycerate
mutase, pyruvate kinase, triosephosphate isomerase,
phosphoglucose isomerase, and glucokinase. Other yeast
promoters, which are inducible promoters having the
additional advantage of transcription controlled by
growth conditions, are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, acid
phosphatase, degradative enzymes associated with
nitrogen metabolism, metallothionein,
glyceraldehyde-3-phosphate dehydrogenase, and enzymes
responsible for maltose and galactose utilization.
Suitable vectors and promoters for use in yeast
expression are further described in EP 73,657. Yeast
enhancers also are advantageously used with yeast
promoters. Humanized 2H7 antibody transcription from
vectors in mammalian host cells is controlled, for
example, by promoters obtained from the genomes of
viruses such as polyoma virus, fowlpox virus,
adenovirus (such as 



Adenovirus 2), bovine papilloma virus, avian sarcoma
virus, cytomegalovirus, a retrovirus, hepatitis-B
virus and most preferably Simian Virus 40 (SV40), from
heterologous mammalian promoters, e.g., the actin
promoter or an immunoglobulin promoter, from
heat-shock promoters, provided such promoters are
compatible with the host cell systems.The early and
late promoters of the SV40 virus are conveniently
obtained as an SV40 restriction fragment that also
contains the SV40 viral origin of replication. The
immediate early promoter of the human cytomegalovirus
is conveniently obtained as a HindIII E restriction
fragment. A system for expressing DNA in mammalian
hosts using the bovine papilloma virus as a vector is
disclosed in U.S. Patent No. 4,419,446. A modification
of this system is described in U.S. Patent No.
4,601,978. See also Reyes et al, Nature 297:598-601
(1982) on expression of human b-interferon cDNA in
mouse cells under the control of a thymidine kinase
promoter from herpes simplex virus. Alternatively, the
Rous Sarcoma Virus long terminal repeat can be used as
the promoter. (V) Enhancer element component
Transcription of a DNA encoding the humanized 2H7
antibody of this invention by higher eukaryotes is
often increased by inserting an enhancer sequence into
the vector. Many enhancer sequences are now known from
mammalian genes (globin, elastase, albumin,
oc-fetoprotein, and insulin). Typically, however, one
will use an enhancer from a eukaryotic cell virus.
Examples include the SV40 enhancer on the late side of
the replication origin (bp 100-270), the
cytomegalovirus early promoter enhancer, the polyoma
enhancer on the late side of the replication origin,
and adenovirus enhancers. See also Yaniv, Nature
297:17-18 (1982) on enhancing elements for activation
of eukaryotic promoters. The enhancer may be spliced
into the vector at a position 5' or 3' to the CD20
binding antibody-encoding sequence, but is preferably
located at a site 5' from the promoter. (vi)
Transcription termination component Expression vectors
used in eukaryotic host cells (yeast, fungi, insect,
plant, animal, human, or nucleated cells from other
multicellular organisms) will also contain sequences
necessary for the termination of transcription and for
stabilizing the mRNA. Such sequences are commonly
available from the 5' and, occasionally 3',
untranslated regions of eukaryotic or viral DNAs or
cDNAs. These regions contain nucleotide segments
transcribed as polyadenylated fragments in the
untranslated portion of the mRNA encoding CD20 binding
antibody. One useful transcription termination
component is the bovine growth hormone polyadenylation
region. See WO94/1 1026 and the expression vector
disclosed therein. (vii) Selection and transformation
of host cells Suitable host cells for cloning or
expressing the DNA in the vectors herein are the
prokaryote, yeast, or higher eukaryote cells described
above. Suitable prokaryotes for this purpose include
eubacteria, such as Gramnegative or Gram-positive
organisms, for example, Enterobacteriaceae such as
Escherichia, e.g., E. coli, Enterobacter, Erwinia,
Klebsiella, Proteus, Salmonella, e.g., Salmonella
typhimurium, Serratia, e.g., Serratia marcescans, and
Shigella, as well as Bacilli such as B. subtilis and
B. licheniformis (e.g., B. licheniformis 41P disclosed
in DD 266,710 published 12 April 1989), Pseudomonas
such as P. aeruginosa, and Streptomyces. One preferred
E. coli cloning host is E. coli 294 (ATCC 31,446),
although other strains such as E. coli B, E. coli
X1776 (ATCC 31,537), and E. coli W3110 (ATCC 27,325)
are suitable. These examples are illustrative rather
than limiting. In addition to prokaryotes, eukaryotic
microbes such as filamentous fungi or yeast are
suitable cloning or expression hosts for CD20 binding
antibody-encoding vectors. Saccharomyces cerevisiae,
or common baker's yeast, is the most commonly used
among lower eukaryotic host microorganisms. However, a
number of other genera, species, and strains are
commonly available and useful herein, such as
Schizosaccharomyces pombe; Kluyveromyces hosts such
as, e.g., K. lactis, K.fragilis (ATCC 12,424), K.
bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178),
K. waltii (ATCC 56,500), K. drosophilarum (ATCC
36,906), K . thermotolerans, andK. marxianus; yarrowia
(EP 402,226); Pichia pastoris (EP 183,070); Candida;
Trichoderma reesia (EP 244,234); Neurospora crassa;
Schwantiiomyces such as Schwanniomyces occidentalis;
and filamentous fungi such as, e.g., Neurospora,
Penicillium, Tolypocladium, and Aspergillus hosts such
asA. nidulans and A. niger. Suitable host cells for
the expression of glycosylated humanized 2H7 antibody
are derived from multicellular organisms. Examples of
invertebrate cells include plant and insect cells.
Numerous baculoviral strains and variants and
corresponding permissive insect host cells from hosts
such as Spodopterafrugiperda (caterpillar), Aedes
aegypti (mosquito), Aedes albopictus (mosquito),
Drosophila melatiogaster (fruitfly), and Bombyx mori
have been identified. A variety of viral strains for
transfection are publicly available, e.g., the L-I
variant of Autographa californica NPV and the Bm-5
strain of Bombyx mori NPV, and such viruses may be
used as the virus herein according to the present
invention, particularly for transfection of
Spodopterafrugiperda cells. Propagation of vertebrate
cells in culture (tissue culture) has become a routine
procedure. Examples of useful mammalian host cell
lines are monkey kidney CVl line transformed by SV40
(COS-7, ATCC CRL 1651); human embryonic kidney line
(293 or 293 cells subcloned for growth in suspension
culture, Graham et al, J. Gen Virol. 36:59 (1977)) ;
baby hamster kidney cells (BHK, ATCC CCL 10); Chinese
hamster ovary cellsADHFR (CHO, Urlaub et al, Proc.
Natl. Acad. ScL USA 77:4216 (1980)) ; mouse Sertoli
cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980) );
monkey kidney cells (CVl ATCC CCL 70); African green
monkey kidney cells (VERO-76, ATCC CRL-1587); human
cervical carcinoma cells (HELA, ATCC CCL 2); canine
kidney cells (MDCK, ATCC CCL 34); buffalo rat liver
cells (BRL 3A, ATCC CRL 1442); human lung cells (W138,
ATCC CCL 75); human liver cells (Hep G2, HB 8065);
mouse mammary tumor (MMT 060562, ATCC CCL51); TRI
cells (Mather et al, Annals N.Y. Acad. ScL 383:44-68
(1982)); MRC 5 cells; FS4 cells; and a human hepatoma
line (Hep G2). Host cells are transformed with the
above-described expression or cloning vectors for CD20
binding antibody production and cultured in
conventional nutrient media modified as appropriate
for inducing promoters, selecting transformants, or
amplifying the genes encoding the desired sequences.
(viii) Culturing the host cells The host cells used to
produce the CD20 binding antibody of this invention
may be cultured in a variety of media. Commercially
available media such as Ham's FlO (Sigma), Minimal
Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma),
and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma)
are suitable for culturing the host cells. In
addition, any of the media described in Ham et al,
Meth. Enz. 58:44 (1979), Barnes et al, Anal.
BiochemL02:255 (1980), U.S. Pat. Nos. 4,767,704;
4,657,866; 4,927,762; 4,560,655; or 5,122,469; WO
90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may
be used as culture media for the host cells. Any of
these media may be supplemented as necessary with
hormones and/or other growth factors (such as insulin,
transferrin, or epidermal growth factor), salts (such
as sodium chloride, calcium, magnesium, and
phosphate), buffers (such as HEPES), nucleotides (such
as adenosine and thymidine), antibiotics (such as
GENTAMYCIN(tm) drug), trace elements (defined as
inorganic compounds usually present at final
concentrations in the micromolar range), and glucose
or an equivalent energy source. Any other necessary
supplements may also be included at appropriate
concentrations that would be known to those skilled in
the art. The culture conditions, such as temperature,
pH, and the like, are those previously used with the
host cell selected for expression, and will be
apparent to the ordinarily skilled artisan. (Lx)
Purification of antibody When using recombinant
techniques, the antibody can be produced
intracellularly, in the periplasmic space, or directly
secreted into the medium. If the antibody is produced
intracellularly, as a first step, the
particulatedebris, either host cells or lysed
fragments, are removed, for example, by centrifugation
or ultrafiltration. Carter et al, Bio/Technology
10:163-167 (1992) describe a procedure for isolating
antibodies which are secreted to the periplasmic space
of E. coll Briefly, cell paste is thawed in the
presence of sodium acetate (pH 3.5), EDTA, and
phenylmethylsulfonylfluoride (PMSF) over about 30 min.
Cell debris can be removed by centrifugation. Where
the antibody is secreted into the medium, supernatants
from such expression systems are generally first
concentrated using a commercially available protein
concentration filter, for example, an Amicon or
Millipore Pellicon ultrafiltration unit. A protease
inhibitor such as PMSF may be included in any of the
foregoing steps to inhibit proteolysis and antibiotics
may be included to prevent the growth of adventitious
contaminants. The antibody composition prepared from
the cells can be purified using, for example,
hydroxylapatite chromatography, gel electrophoresis,
dialysis, and affinity chromatography, with affinity
chromatography being the preferred purification
technique. The suitability of protein A as an affinity
ligand depends on the species and isotype of any
immunoglobulin Fc domain that is present in the
antibody. Protein A can be used to purify antibodies
that are based on human g l , i , or g4 heavy chains
(Lindmark et al, J. Immunol. Meth. 62:1-13 (1983)).
Protein G is recommended for all mouse isotypes and
for human g3 (Guss et al, EMBO J. 5:15671575 (1986)).
The matrix to which the affinity ligand is attached is
most often agarose, but other matrices are available.
Mechanically stable matrices such as controlled pore
glass or poly(styrenedivinyl)benzene allow for faster
flow rates and shorter processing times than can be
achieved with agarose. Where the antibody comprises a
C 3 domain, the Bakerbond ABX(tm)resin (J. T. Baker,
Phillipsburg, NJ) is useful for purification. Other
techniques for protein purification such as
fractionation on an ion-exchange column, ethanol
precipitation, Reverse Phase HPLC, chromatography on
silica, chromatography on heparin SEPHAROSE(tm)
chromatography on an anion or cation exchange resin
(such as a polyaspartic acid column),
chromatofocusing, SDS-PAGE, and ammonium sulfate
precipitation are also available depending on the
antibody to be recovered. Following any preliminary
purification step(s), the mixture comprising the
antibody of interest and contaminants may be subjected
to low pH hydrophobic interaction chromatography using
an elution buffer at a pH between about 2.5-4.5,
preferably performed at low salt concentrations (e.g.,
from about 0-0.25M salt). Antibody conjugates The
antibody may be conjugated to a cytotoxic agent such
as a toxin or a radioactive isotope. In certain
embodiments, the toxin is calicheamicin, a
maytansinoid, a dolastatin, auristatin E and analogs
or derivatives thereof, are preferable. Preferred
drugs/toxins include DNA damaging agents, inhibitors
of microtubule polymerization or depolymerization and
antimetabolites. Preferred classes of cytotoxic agents
include, for example, the enzyme inhibitors such as
dihydrofolate reductase inhibitors, and thymidylate
synthase inhibitors, DNA intercalators, DNA cleavers,
topoisomerase inhibitors, the anthracycline family of
drugs, the vinca drugs, the mitomycins, the
bleomycins, the cytotoxic nucleosides, the pteridine
family of drugs, diynenes, the podophyllotoxins and
differentiation inducers. Particularly useful members
of those classes include, for example, methotrexate,
methopterin, dichloromethotrexate, 5-fluorouracil,
6-mercaptorurine, cytosine arabinoside, melphalan,
leurosine, leurosideine, actinomycin, daunorubicin,
doxorubicin, N-(5,5-diacetoxypentyl)doxorubicin,
morpholinodoxorubicin,
l-(2-choroehthyl)-l,2-dimethanesulfonyl hydrazide,
N8-acetyl spermidine, aminopterin methopterin,
esperamicin, mitomycin C, mitomycin A, actinomycin,
bleomycin, carminomycin, aminopterin,
tallysomycin,podophyllotoxin and podophyllotoxin
derivatives such as etoposide or etoposide phosphate,
vinblastine, vincristine, vindesine, taxol, taxotere,
retinoic acid, butyric acid, N8 acetyl spermidine,
camptothecin, calicheamicin, bryostatins,
cephalostatins, ansamitocin, actosin, maytansinoids
such as DM-I, maytansine, maytansinol, Ndesmethyl-
4,5-desepoxymaytansinol, C-19-dechloromaytansinol,
C-20-hydroxymaytansinol, C-20- demethoxymaytansinol,
C-9-SH maytansinol, C-14-alkoxymethylmaytansinol,
C-14-hydroxy or acetyloxymethlmaytansinol,
C-15-hydroxy/acetyloxymaytansinol,
C-15-methoxymaytansinol, C-18-Ndemethylmaytansinol and
4,5-deoxymaytansinol, auristatins such as auristatin
E,M, PHE and PE; dolostatins such as dolostatin A,
dolostatin B, dolostatin C, dolostatin D, dolostatin E
(20-epi and 11-epi), dolostatin G, dolostatin H,
dolostatin I, dolostatin 1, dolostatin 2, dolostatin
3, dolostatin 4, dolostatin 5, dolostatin 6,
dolostatin 7, dolostatin 8, dolostatin 9, dolostatin
10, deo-dolostatin 10, dolostatin 11, dolostatin 12,
dolostatin 13, dolostatin 14, dolostatin 15,
dolostatin 16, dolostatin 17, and dolostatin 18;
cephalostatins such as cephalostatin 1, cephalostatin
2, cephalostatin 3, cephalostatin 4, cephalostatin 5,
cephalostatin 6, cephalostatin 7,
25'-epi-cephalostatin 7, 20-epi-cerhalostatin 7,
cephalostatin 8, cephalostatin 9, cephalostatin 10,
cephalostatin 11,cephalostatin 12,cephalostatin
13,cephalostatin 14, cephalostatin 15,cephalostatin
16,cephalostatin 17, cephalostatin 18, and
cephalostatin 19.. Maytansinoids are mitototic
inhibitors which act by inhibiting tubulin
polymerization. Maytansine was first isolated from the
east African shrub Maytenus serrata (U.S. Patent No.
3,896,111). Subsequently, it was discovered that
certain microbes also produce maytansinoids, such as
maytansinol and C-3 maytansinol esters (U.S. PatentNo.
4,151,042). Synthetic maytansinol and derivatives and
analogues thereof are disclosed, for example, in U.S.
Patent Nos. 4,137,230; 4,248,870; 4,256,746;
4,260,608; 4,265,814; 4,294,757; 4,307,016; 4,308,268;
4,308,269; 4,309,428; 4,313,946; 4,315,929; 4,317,821;
4,322,348; 4,331,598; 4,361,650; 4,364,866; 4,424,219;
4,450,254; 4,362,663; and 4,371,533, the disclosures
of which are hereby expressly incorporated by
reference. Maytansine and maytansinoids have been
conjugated to antibodies specifically binding to tumor
cell antigens. Immunoconjugates containing
maytansinoids and their therapeutic use are disclosed,
for example, in U.S. Patent Nos. 5,208,020, 5,416,064
and European Patent EP 0 425 235 Bl, the disclosures
of which are hereby expressly incorporated by
reference. Liu et ah, Proc. Natl. Acad. Sci. USA
93:8618-8623 (1996) described immunoconjugates
comprising a maytansinoid designated DMl linked to the
monoclonal antibody C242 directed against human
colorectal cancer. The conjugate was found to be
highly cytotoxic towards cultured colon cancer cells,
and showed antitumor activity in an in vivo tumor
growth assay. Chari etal. Cancer Research 52:127-131
(1992) describe immunoconjugates in which a
maytansinoid was conjugated via a disulfide linker to
the murine antibody A7 binding to an antigen on human
colon cancer cell lines, or to another murine
monoclonal antibody TA. 1 that binds the HER-2/new
oncogene. 



There are many linking groups known in the art for
making antibody-maytansinoid conjugates, including,
for example, those disclosed in U.S. Patent No.
5,208,020 or EP Patent 0 425 235 Bl, and Chari et al.
Cancer Research 52: 127-131 (1992). The linking groups
include disufide groups, thioether groups, acid labile
groups, photolabile groups, peptidase labile groups,
or esterase labile groups, as disclosed in the
above-identified patents, disulfide and thioether
groups being preferred. Conjugates of the antibody and
maytansinoid may be made using a variety of
bifunctional protein coupling agents such as
N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP),
succinimidyl-4-(N-maleimidomethyl)
cyclohexane-1-carboxylate, iminothiolane (IT),
bifunctional derivatives of imidoesters (such as
dimethyl adipimidate HCL), active esters (such as
disuccinimidyl suberate), aldehydes (such as
glutareldehyde), bis-azidocompounds (such as bis
(p-azidobenzoyl) hexanediamine), bis-diazonium
derivatives (such as bis-(pdiazoniumbenzoyl)-
ethylenediamine), diisocyanates (such as toluene
2,6-diisocyanate), and bis-active fluorine compounds
(such as l,5-difluoro-2,4-dinitrobenzene).
Particularly preferred coupling agents include
Nsuccinimidyl- 3-(2-pyridyldithio) propionate (SPDP)
(Carlsson etal, Biochem. J. 173:723-737 [1978]) and
Nsuccinimidyl- 4-(2-pyridylthio)pentanoate (SPP) to
provide for a disulfide linkage. The linker may be
attached to the maytansinoid molecule at various
positions, depending on the type of the link. For
example, an ester linkage may be formed by reaction
with a hydroxyl group using conventional coupling
techniques. The reaction may occur at the C-3 position
having a hydroxyl group, the C-14 position modified
with hyrdoxymethyl, the C-15 position modified with a
hydroxyl group, and the C-20 position having a
hydroxyl group. In a preferred embodiment, the linkage
is formed at the C-3 position of maytansinol or a
maytansinol analogue. Calicheamicin Another
immunoconjugate of interest comprises an CD20 binding
antibody conjugated to one or more calicheamicin
molecules. The calicheamicin family of antibiotics are
capable of producing double-stranded DNA breaks at
sub-picomolar concentrations. For the preparation of
conjugates of the calicheamicin family, see U.S.
patents 5,712,374, 5,714,586, 5,739,116, 5,767,285,
5,770,701, 5,770,710, 5,773,001, 5,877,296 (all to
American Cyanamid Company). Structural analogues of
calicheamicin which may be used include, but are not
limited to, g Oc2 1, a 1, N-acetyl-g! 1, PSAG and q1 !
(Hinman etal. Cancer Research 53: 3336-3342 (1993),
Lode etal. Cancer Research 58: 2925-2928 (1998) and
the aforementioned U.S. patents to American Cyanamid).
Another anti-tumor drug that the antibody can be
conjugated is QFA which is an antifolate. Both
calicheamicin and QFA have intracellular sites of
action and do not readily cross the plasma membrane.
Therefore, cellular uptake of these agents through
antibody mediated internalization greatly enhances
their cytotoxic effects. Radioactive isotopes For
selective destruction of the tumor, the antibody may
comprise a highly radioactive atom. A variety of
radioactive isotopes are available for the production
of radioconjugated anti-CD20 antibodies. Examples
include At211, 1131, 1125, Y90, Re186, Re188, Sm153,
Bi212, P32, Pb212 and radioactive isotopes of Lu. When
the conjugate is used for diagnosis, it may comprise a
radioactive atom for scintigraphic studies, for
example tc99m or I123, or a spin label for nuclear
magnetic resonance (NMR) imaging (also known as
magnetic resonance imaging, mri), such as iodine- 123
again, iodine-131, indium-Ill, fluorine-19, carbon-13,
nitrogen-15, oxygen-17, gadolinium, manganese or iron.
The radio- or other labels may be incorporated in the
conjugate in known ways. For example, the peptide may
be biosynthesized or may be synthesized by chemical
amino acid synthesis using suitable amino acid
precursors involving, for example, fluorine-19 in
place of hydrogen. Labels such as tc99m or I123,
.Re186, Re188 and In111 can be attached via a cysteine
residue in the peptide. Yttrium-90 can be attached via
a lysine residue. The IODOGEN method (Fraker et al
(1978) Biochem. Biophys. Res. Commun. 80: 49-57 can be
used to incorporate iodine-123. "Monoclonal Antibodies
in Immunoscintigraphy" (Chatal,CRC Press 1989)
describes other methods in detail. Conjugates of the
antibody and cytotoxic agent may be made using a
variety of bifunctional protein coupling agents such
as N-succinimidyl-3-(2-pyridyldithio) propionate
(SPDP), succinimidyl-4-(Nmaleimidomethyl)
cyclohexane-1-carboxylate, iminothiolane (IT),
bifunctional derivatives of imidoesters (such as
dimethyl adipimidate HCL), active esters (such as
disuccinimidyl suberate), aldehydes (such as
glutareldehyde), bisazido compounds (such as bis
(p-azidobenzoyl) hexanediamine), bis-diazonium
derivatives (such as bis-(pdiazoniumbenzoyl)-
ethylenediamine), diisocyanates (such as tolyene
2,6-diisocyanate), and bis-active fluorine compounds
(such as l,5-difluoro-2,4-dinitrobenzene). For
example, a ricin immunotoxin can be prepared as
described in Vitetta et al. Science 238: 1098 (1987).
Carbon- 14-labeled
l-isothiocyanatobenzyl-3-methyldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary
chelating agent for conjugation of radionucleotide to
the antibody. See WO94/1 1026. The linker may be a
"cleavable linker" facilitating release of the
cytotoxic drug in the cell. For example, an
acid-labile linker, peptidase-sensitive linker,
photolabile linker, dimethyl linker or
disulfidecontaining linker (Chari et al. Cancer
Research 52: 127-131 (1992); U.S. PatentNo. 5,208,020)
may be used. Therapeutic Uses The humanized 2H7 CD20
binding antibodies of the invention are useful to
treat a number of malignant and non-malignant diseases
including CD20 positive cancers such as B cell
lymphomas and leukemia, and autoimmune diseases. Stem
cells (B-cell progenitors) in bone marrow lack the
CD20 antigen, allowing healthy Bcells to regenerate
after treatment and return to normal levels within
several months. hu2H7.v5 11 is the preferred antibody
to be used in the treatment methods herein. CD20
positive cancers are those comprising abnormal
proliferation of cells that express CD20 on the cell
surface. The CD20 positive B cell neoplasms include
CD20-positive Hodgkin's disease including lymphocyte
predominant Hodgkin's disease (LPHD); non-Hodgkin's
lymphoma (NHL); follicular center cell (FCC)
lymphomas; acute lymphocytic leukemia (ALL); chronic
lymphocytic leukemia (CLL); Hairy cell leukemia. The
term "non-Hodgkin's lymphoma" or "NHL", as used
herein, refers to a cancer of the lymphatic system
other than Hodgkin's lymphomas. Hodgkin's lymphomas
can generally be distinguished from non-Hodgkin's
lymphomas by the presence of Reed-Sternberg cells in
Hodgkin's lymphomas and the absence of said cells in
non-Hodgkin's lymphomas. Examples of non-Hodgkin's
lymphomas encompassed by the term as used herein
include any that would be identified as such by one
skilled in the art (e.g., an oncologist or
pathologist) in accordance with classification schemes
known in the art, such as the Revised
European-American Lymphoma (REAL) scheme as described
in Color Atlas of Clinical Hematology (3rd edition),
A. Victor Hoffbrand and John E. Pettit (eds.)
(Harcourt Publishers Ltd., 2000). See, in particular,
the lists in Fig. 11.57, 11.58 and 11.59. More
specific examples include, but are not limited to,
relapsed or refractory NHL, front line low grade NHL,
Stage p i/IV NHL, chemotherapy resistant NHL,
precursor B lymphoblastic leukemia and/or lymphoma,
small lymphocytic lymphoma, B cell chronic lymphacytic
leukemia and/or prolymphocytic leukemia and/or small
lymphocytic lymphoma, B-cell prolymphocytic lymphoma,
immunocytoma and/or lymphoplasmacytic lymphoma,
lymphoplasmacytic lymphoma, marginal zone B cell
lymphoma, splenic marginal zone lymphoma, extranodal
marginal zone - MALT lymphoma, nodal marginal zone
lymphoma, hairy cell leukemia, plasmacytoma and/or
plasma cell myeloma, low grade/follicular lymphoma,
intermediate grade/foUicular NHL, mantle cell
lymphoma, follicle center lymphoma (follicular),
intermediate grade diffuse NHL, diffuse large B-cell
lymphoma, aggressive NHL (including aggressive
front-line NHL and aggressive relapsed NHL), NHL
relapsing after orrefractory to autologous stem cell
transplantation, primary mediastinal large B-cell
lymphoma, primary effusion lymphoma, high grade
immunoblastic NHL, high grade lymphoblastic NHL, high
grade small non-cleaved cell NHL, bulky disease NHL,
Burkitt's lymphoma, precursor (peripheral) large
granular lymphocytic leukemia, mycosis fungoides
and/or Sezary syndrome, skin (cutaneous) lymphomas,
anaplastic large cell lymphoma, angiocentric lymphoma.
Indolent lymphoma is a slow-growing, incurable disease
in which the average patient survives between six and
10 years following numerous periods of remission and
relapse. In one embodiment, the humanized CD20 binding
antibodies or functional fragments thereof are used to
treat indolent NHL. The present humanized 2H7
antibodies or functional fragments thereof are useful
as a single-agent treatment in, e.g., for relapsed or
refractory low-grade or follicular, CD20-positive,
B-cell NHL, or can be administered to patients in
conjunction with other drugs in a multi drug regimen.
In specific embodiments, the humanized CD20 binding
antibodies and functional fragments thereof are used
to treat non-Hodgkin's lymphoma (NHL), lymphocyte
predominant Hodgkin's disease (LPHD), small
lymphocytic lymphoma (SLL), chronic lymphocytic
leukemia (CLL). An "autoimmune disease" herein is a
disease or disorder arising from and directed against
an individual's own tissues or a co-segregate or
manifestation thereof or resulting condition
therefrom. Examples of autoimmune diseases or
disorders include, but are not limited to arthritis
(rheumatoid arthritis such as acute arthritis, chronic
rheumatoid arthritis, gouty arthritis, acute gouty
arthritis, chronic inflammatory arthritis,
degenerative arthritis, infectious arthritis, Lyme
arthritis, proliferative arthritis, psoriatic
arthritis, vertebral arthritis, and juvenile-onset
rheumatoid arthritis, osteoarthritis, arthritis
chronica progrediente, arthritis deformans,
polyarthritis chronica primaria, reactive arthritis,
and ankylosing spondylitis), inflammatory
hyperproliferative skin diseases, psoriasis such as
plaque psoriasis, gutatte psoriasis, pustular
psoriasis, and psoriasis of the nails, atopy including
atopic diseases such as hay fever and Job's syndrome,
dermatitis including contact dermatitis, chronic
contact dermatitis, allergic dermatitis, allergic
contact dermatitis, dermatitis herpetiformis, and
atopic dermatitis, x-linked hyper IgM syndrome,
urticaria such as chronic allergic urticaria and
chronic idiopathic urticaria, including chronic
autoimmune urticaria, polymyositis/dermatomyositis,
juvenile dermatomyositis, toxic epidermal necrolysis,
scleroderma (including systemic scleroderma),
sclerosis such as systemic sclerosis, multiple
sclerosis (MS) such as spino-optical MS, primary
progressive MS (PPMS), and relapsing remitting MS
(RRMS), progressive systemic sclerosis,
atherosclerosis, arteriosclerosis, sclerosis
disseminata, and ataxic sclerosis, inflammatory bowel
disease (IBD) (for example, Crohn's disease,
autoimmune-mediated gastrointestinal diseases, colitis
such as ulcerative colitis, colitis ulcerosa,
microscopic colitis, collagenous colitis, colitis
polyposa, necrotizing enterocolitis, and transmural
colitis, and autoimmune inflammatory bowel disease),
pyoderma gangrenosum, erythema nodosum, primary
sclerosing cholangitis, episcleritis), respiratory
distress syndrome, including adult or acute
respiratory distress syndrome (ARDS), meningitis,
inflammation of all or part of the uvea, iritis,
choroiditis, an autoimmune hematological disorder,
rheumatoid spondylitis, sudden hearing loss,
IgE-mediated diseases such as anaphylaxis and allergic
and atopic rhinitis, encephalitis such as Rasmussen's
encephalitis and limbic and/or brainstem encephalitis,
uveitis, such as anterior uveitis, acute anterior
uveitis, granulomatous uveitis, nongranulomatous
uveitis, phacoantigenic uveitis, posterior uveitis, or
autoimmune uveitis, glomerulonephritis (GN) with and
without nephrotic syndrome such as chronic or acute
glomerulonephritis such as primary GN, immune-mediated
GN, membranous GN (membranous nephropathy), idiopathic
membranous GN or idiopathic membranous nephropathy,
membrano- or membranousproliferative GN (MPGN),
including Type I and Type II, and rapidly progressive
GN, allergic conditions and responses, allergic
reaction, eczema including allergic or atopic eczema,
asthma such as asthma bronchiale, bronchial asthma,
and auto-immune asthma, conditions involving
infiltration of T cells and chronic inflammatory
responses, immune reactions against foreign antigens
such as fetal A-B-O blood groups during pregnancy,
chronic pulmonary inflammatory disease, autoimmune
myocarditis, leukocyte adhesion deficiency, systemic
lupus erythematosus (SLE) or systemic lupus
erythematodes such as cutaneous SLE, subacute
cutaneous lupus erythematosus, neonatal lupus syndrome
(NLE), lupus erythematosus disseminatus, lupus
(including nephritis, cerebritis, pediatric,
non-renal, extra-renal, discoid, alopecia), juvenile
onset (Type I) diabetes mellitus, including pediatric
insulin-dependent diabetes mellitus (IDDM), adult
onset diabetes mellitus (Type II diabetes), autoimmune
diabetes, idiopathic diabetes insipidus, immune
responses associated with acute and delayed
hypersensitivity mediated by cytokines and
T-lymphocytes, tuberculosis, sarcoidosis,
granulomatosis including lymphomatoid granulomatosis,
Wegener's granulomatosis, agranulocytosis,
vasculitides, including vasculitis (including large
vessel vasculitis (including polymyalgia rheumatica
and giant cell (Takayasu's) arteritis), medium vessel
vasculitis (including Kawasaki's disease and
polyarteritis nodosa/periarteritis nodosa),
microscopic polyarteritis, CNS vasculitis,
necrotizing, cutaneous, or hypersensitivity
vasculitis, systemic necrotizing vasculitis, and
ANCAassociated vasculitis, such as Churg-Strauss
vasculitis or syndrome (CSS)), temporal arteritis,
aplastic anemia, autoimmune aplastic anemia, Coombs
positive anemia, Diamond Blackfan anemia, hemolytic
anemia or immune hemolytic anemia including autoimmune
hemolytic anemia (AIHA), pernicious anemia (anemia
perniciosa), Addison's disease, pure red cell anemia
or aplasia (PRCA), Factor VIII deficiency, hemophilia
A, autoimmune neutropenia, pancytopenia, leukopenia,
diseases involving leukocyte diapedesis, CNS
inflammatory disorders, multiple organ injury syndrome
such as those secondary to septicemia, trauma or
hemorrhage, antigen-antibody complex- mediated
diseases, anti-glomerular basement membrane disease,
anti-phospholipid antibody syndrome, allergic
neuritis, Bechet's or Behcet's disease, Castleman's
syndrome, Goodpasture's syndrome, Reynaud's syndrome,
Sjogren's syndrome, Stevens- Johnson syndrome,
pemphigoid such as pemphigoid bullous and skin
pemphigoid, pemphigus (including pemphigus vulgaris,
pemphigus foliaceus, pemphigus mucus-membrane 



pemphigoid, and pemphigus erythematosus), autoimmune
polyendocrinopathies, Reiter's disease or syndrome,
immune complex nephritis, antibody-mediated nephritis,
neuromyelitis optica, polyneuropathies, chronic
neuropathy such as IgM polyneuropathies or
IgM-mediated neuropathy, thrombocytopenia (as
developed by myocardial infarction patients, for
example), including thrombotic thrombocytopenic
purpura (TTP), post transfusion purpura (PTP),
heparin-induced thrombocytopenia, and autoimmune or
immune-mediated thrombocytopenia such as idiopathic
thrombocytopenic purpura (ITP) including chronic or
acute ITP, autoimmune disease of the testis and ovary
including autoimune orchitis and oophoritis, primary
hypothyroidism, hypoparathyroidism, autoimmune
endocrine diseases including thyroiditis such as
autoimmune thyroiditis, Hashimoto's disease, chronic
thyroiditis (Hashimoto's thyroiditis), or subacute
thyroiditis, autoimmune thyroid disease, idiopathic
hypothyroidism, Grave's disease, polyglandular
syndromes such as autoimmune polyglandular syndromes
(or polyglandular endocrinopathy syndromes),
paraneoplastic syndromes, including neurologic
paraneoplastic syndromes such as Lambert-Eaton
myasthenic syndrome or Eaton-Lambert syndrome,
stiff-man or stiff-person syndrome, encephalomyelitis
such as allergic encephalomyelitis or
encephalomyelitis allergica and experimental allergic
encephalomyelitis (EAE), myasthenia gravis such as
thymoma-associated myasthenia gravis, cerebellar
degeneration, neuromyotonia, opsoclonus or opsoclonus
myoclonus syndrome (OMS), and sensoryneuropathy,
multifocal motor neuropathy, Sheehan's syndrome,
autoimmune hepatitis, chronic hepatitis, lupoid
hepatitis, giant cell hepatitis, chronic active
hepatitis or autoimmune chronic active hepatitis,
lymphoid interstitial pneumonitis (LIP), bronchiolitis
obliterans (non-transplant) vs NSIP, Guillain-Barre
syndrome, Berger's disease (IgA nephropathy),
idiopathic IgA nephropathy, linear IgA dermatosis,
primary biliary cirrhosis, pneumonocirrhosis,
autoimmune enteropathy syndrome, Celiac disease,
Coeliac disease, celiac sprue (gluten enteropathy),
refractory sprue, idiopathic sprue, cryoglobulinemia,
amyotrophic lateral sclerosis (ALS; Lou Gehrig's
disease), coronary artery disease, autoimmune ear
disease such as autoimmune inner ear disease (AIED),
autoimmune hearing loss, opsoclonus myoclonus syndrome
(OMS), polychondritis such as refractory or relapsed
polychondritis, pulmonary alveolar proteinosis,
amyloidosis, scleritis, a non-cancerous lymphocytosis,
a primary lymphocytosis, which includes monoclonal B
cell lymphocytosis (e.g., benign monoclonal gammopathy
and monoclonal garnmopathy of undetermined
significance, MGUS), peripheral neuropathy,
paraneoplastic syndrome, channelopathies such as
epilepsy, migraine, arrhythmia, muscular disorders,
deafness, blindness, periodic paralysis, and
channelopathies of the CNS, autism, inflammatory
myopathy, focal segmental glomerulosclerosis (FSGS),
endocrine ophthalmopathy, uveoretinitis,
chorioretinitis, autoimmune hepatological disorder,
fibromyalgia, multiple endocrine failure, Schmidt's
syndrome, adrenalitis, gastric atrophy, presenile
dementia, demyelinating diseases such as autoimmune
demyelinating diseases and chronic inflammatory
demyelinating polyneuropathy, diabetic nephropathy,
Dressler's syndrome, alopecia areata, CREST syndrome
(calcinosis, Raynaud's phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia), male
and female autoimmune infertility, mixed connective
tissue disease, Chagas' disease, rheumatic fever,
recurrent abortion, farmer's lung, erythema
multiforme, post-cardiotomy syndrome, Cushing's
syndrome, bird-fancier's lung, allergic granulomatous
angiitis, benign lymphocytic angiitis, Alport's
syndrome, alveolitis such as allergic alveolitis and
fibrosing alveolitis, interstitial lung disease,
transfusion reaction, leprosy, malaria, leishmaniasis,
kypanosomiasis, schistosomiasis, ascariasis,
aspergillosis, Sampter's syndrome, Caplan's syndrome,
dengue, endocarditis, endomyocardial fibrosis, diffuse
interstitial pulmonary fibrosis, interstitial lung
fibrosis, pulmonary fibrosis, idiopathic pulmonary
fibrosis, cystic fibrosis, endophthalmitis, erythema
elevatum et diutinum, erythroblastosis fetalis,
eosinophilic faciitis, Shulman's syndrome, Felty's
syndrome, flariasis, cyclitis such as chronic
cyclitis, heterochronic cyclitis, iridocyclitis (acute
or chronic), or Fuch's cyclitis, Henoch-Schonlein
purpura, human immunodeficiency virus (HIV) infection,
echovirus infection, cardiomyopathy, Alzheimer's
disease, parvovirus infection, rubella virus
infection, post-vaccination syndromes, congenital
rubella infection, Epstein-Barr virus infection,
mumps, Evan's syndrome, autoimmune gonadal failure,
Sydenham's chorea, poststreptococcal nephritis,
thromboangitis ubiterans, thyrotoxicosis, tabes
dorsalis, chorioiditis, giant cell polymyalgia,
endocrine ophthamopathy, chronic hypersensitivity
pneumonitis, keratoconjunctivitis sicca, epidemic
keratoconjunctivitis, idiopathic nephritic syndrome,
minimal change nephropathy, benign familial and
ischemia-reperfusion injury, retinal autoimmunity,
joint inflammation, bronchitis, chronic obstructive
airway disease, silicosis, aphthae, aphthous
stomatitis, arteriosclerotic disorders,
aspermiogenese, autoimmune hemolysis, Boeck's disease,
cryoglobulinemia, Dupuytren's contracture,
endophthalmia phacoanaphylactica, enteritis allergica,
erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome, febris
rheumatica, Hamman-Rich's disease, sensoneural hearing
loss, haemoglobinuria paroxysmatica, hypogonadism,
ileitis regionalis, leucopenia, mononucleosis
infectiosa, traverse myelitis, primary idiopathic
myxedema, nephrosis, ophthalmia symphatica, orchitis
granulomatosa, pancreatitis, polyradiculitis acuta,
pyoderma gangrenosum, Quervain's thyreoiditis,
acquired spenic atrophy, infertility due to
antispermatozoanantobodies, non-malignant thymoma,
vitiligo, SCID and Epstein-Barr virus- associated
diseases, acquired immune deficiency syndrome (AIDS),
parasitic diseases such as Lesihmania, toxic-shock
syndrome, food poisoning, conditions involving
infiltration of T cells, leukocyte-adhesion
deficiency, immune responses associated with acute and
delayed hypersensitivity mediated by cytokines and
T-lymphocytes, diseases involving leukocyte
diapedesis, multiple organ injury syndrome,
antigen-antibody complex-mediated diseases,
antiglomerular basement membrane disease, allergic
neuritis, autoimmune polyendocrinopathies, oophoritis,
primary myxedema, autoimmune atrophic gastritis,
sympathetic ophthalmia, rheumatic diseases, mixed
connective tissue disease, nephrotic syndrome,
insulitis, polyendocrine failure, peripheral
neuropathy, autoimmune polyglandular syndrome type I,
adult-onset idiopathic hypoparathyroidism (AOIH),
alopecia totalis, dilated cardiomyopathy,
epidermolisis bullosa acquisita (EBA),
hemochromatosis, myocarditis, nephrotic syndrome,
primary sclerosing cholangitis, purulent or
nonpurulent sinusitis, acute or chronic sinusitis,
ethmoid, frontal, maxillary, or sphenoid sinusitis, an
eosinophil-related disorder such as eosinophilia,
pulmonary infiltration eosinophilia,
eosinophilia-myalgia syndrome, Loffler's syndrome,
chronic eosinophilic pneumonia, tropical pulmonary
eosinophilia, bronchopneumonic aspergillosis,
aspergilloma, or granulomas containing eosinophils,
anaphylaxis, seronegative spondyloarthritides,
polyendocrine autoimmune disease, sclerosing
cholangitis, sclera, episclera, chronic mucocutaneous
candidiasis, Bruton's syndrome, transient
hypogammaglobulinemia of infancy, Wiskott-Aldrich
syndrome, ataxia telangiectasia, autoimmune disorders
associated with collagen disease, rheumatism,
neurological disease, lymphadenitis, ischemic
re-perfusion disorder, reduction in blood pressure
response, vascular dysfunction, antgiectasis, tissue
injury, cardiovascular ischemia, hyperalgesia,
cerebral ischemia, and disease accompanying
vascularization, allergic hypersensitivity disorders,
glomerulonephritides, reperfusion injury, reperfusion
injury of myocardial or other tissues, dermatoses with
acute inflammatory components, acute purulent
meningitis or other central nervous system
inflammatory disorders, ocular and orbital
inflammatory disorders, granulocyte
transfusion-associated syndromes, cytokine-induced
toxicity, acute serious inflammation, chronic
intractable inflammation, pyelitis, pneumonocirrhosis,
diabetic retinopathy, diabetic large-artery disorder,
endarterial hyperplasia, peptic ulcer, valvulitis, and
endometriosis. In specific embodiments, the humanized
2H7 antibodies and functional fragments thereof are
used to treat rheumatoid arthritis and juvenile
rheumatoid arthritis, systemic lupus erythematosus
(SLE) including lupus nephritis, Wegener's disease,
inflammatory bowel disease, ulcerative colitis,
idiopathic thrombocytopenic purpura (ITP), thrombotic
throbocytopenic purpura (TTP), autoimmune
thrombocytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathies, myasthenia gravis,
ANCA associated vasculitis, diabetes mellitus,
Reynaud's syndrome, Sjorgen's syndrome, Neuromyelitis
Optica (NMO) and glomerulonephritis. "Treating" or
"treatment" or "alleviation" refers to therapeutic
treatment wherein the object is to slow down (lessen)
if not cure the targeted pathologic condition or
disorder or prevent recurrence of the condition. A
subject is successfully "treated" for an autoimmune
disease or a CD20 positive B cell malignancy if, after
receiving a therapeutic amount of a humanized CD20
binding antibody of the invention according to the
methods of the present invention, the subject shows
observable and/or measurable reduction in or absence
of one or more signs and symptoms of the particular
disease. For example, for cancer, significant
reduction in the number of cancer cells or absence of
the cancer cells; reduction in the tumor size;
inhibition (Le., slow to some extent and preferably
stop) of tumor metastasis; inhibition, to some extent,
of tumor growth; increase in length of remission,
and/or relief to some extent, one or more of the
symptoms associated with the specific cancer; reduced
morbidity and mortality, and improvement in quality of
life issues. Reduction of the signs or symptoms of a
disease may also be felt by thepatient. Treatment can
achieve a complete response, defined as disappearance
of all signs of cancer, or a partial response, wherein
the size of the tumor is decreased, preferably by more
than 50 percent, more preferably by 75%. A patient is
also considered treated if the patient experiences
stable disease. In preferred embodiments, treatment
with the antibodies of the invention is effective to
result in the cancer patients being progression-free
in the cancer 4 months after treatment, preferably 6
months, more preferably one year, even more preferably
2 or more years post treatment. These parameters for
assessing successful treatment and improvement in the
disease are readily measurable by routine procedures
familiar to a physician of appropriate skill in the
art. A "therapeutically effective amount" refers to an
amount of an antibody or a drug effective to "treat" a
disease or disorder in a subject. In the case of
cancer, the therapeutically effective amount of the
drug may reduce the number of cancer cells; reduce the
tumor size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent
and preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. See preceding definition of "treating". In the
case of an autoimmune disease, the therapeutically
effective amount of the antibody or other drug is
effective to reduce the signs and symptoms of the
disease. The parameters for assessing efficacy or
success of treatment of the neoplasm will be known to
the physician of skill in the appropriate disease.
Generally, the physician of skill will look for
reduction in the signs and symptoms of the specific
disease. Parameters can include median time to disease
progression, time in remission, stable disease. The
following references describe lymphomas and CLL, their
diagnoses, treatment and standard medical procedures
for measuring treatment efficacy. Canellos GP, Lister,
TA, Sklar JL: The Lymphomas. W.B.Saunders Company,
Philadelphia, 1998; van Besien K and Cabanillas, F:
Clinical Manifestations, Staging and Treatment of
Non-Hodgkin's Lymphoma, Chap. 70, pp 1293-1338, in:
Hematology , Basic Principles and Practice, 3rd ed.
Hoffman et al. (editors). Churchill Livingstone,
Philadelphia, 2000; and Rai, K and Patel, D:Chronic
Lymphocytic Leukemia, Chap. 72, pp 1350-1362, in:
Hematology , Basic Principles and Practice, 3rd ed.
Hoffman et al. (editors). Churchill Livingstone,
Philadelphia, 2000. The parameters for assessing
efficacy or success of treatment of an autoimmune or
autoimmune related disease will be known to the
physician of skill in the appropriate disease.
Generally, the physician of skill will look for
reduction in the signs and symptoms of the specific
disease. The following are by way of examples. In one
embodiment, the humanized 2H7 antibodies and
specifically hu2H7.v511 and functional fragments
thereof are used to treat rheumatoid arthritis. RA is
a debilitating autoimmune disease that affects more
than two million Americans and hinders the daily
activities of sufferers. RA occurs when the body's own
immune system inappropriately attacks joint tissue and
causes chronic inflammation that destroys healthy
tissue and damage within the joints. Symptoms include
inflammation of the joints, swelling, stiffness, and
pain. Additionally, since RA is a systemic disease, it
can have effects in other tissues such as the lungs,
eyes and bone marrow. There is no known cure.
Treatments include a variety of steroidal and
non-steroidal anti-inflammatory drugs,
immunosuppressive agents, disease-modifying anti
rheumatic drugs (DMARDs), and biologies. However, many
patients continue to have an inadequate response to
treatment. The antibodies can be used as first-line
therapy in patients with early RA (i.e., methotrexate
(MTX) naive) and as monotherapy, or in combination
with, e.g., MTX or cyclophosphamide. Or, the
antibodies can be used intreatment as second-line
therapy for patients who were DMARD and/or MTX
refractory, and as monotherapy or in combination with,
e.g., MTX. The humanized CD20 binding antibodies are
useful to prevent and control joint damage, delay
structural damage, decrease pain associated with
inflammation in RA, and generally reduce the signs and
symptoms in moderate to severe RA. The RA patient can
be treated with the humanized CD20 antibody prior to,
after or together with treatment with other drugs used
in treating RA (see combination therapy below). In one
embodiment, patients who had previously failed
disease-modifying antirheumatic drugs and/or had an
inadequate response to methotrexate alone are treated
with a humanized CD20 binding antibody of the
invention. In one embodiment of this treatment, the
patients are in a 17-day treatment regimen receiving
humanized CD20 binding antibody alone (Ig i.v.
infusions on days 1 and 15); CD20 binding antibody
plus cyclophosphamide (750mg i.v. infusion days 3 and
17); or CD20 binding antibody plus methotrexate. One
method of evaluating treatment efficacy in RA is based
on American College of Rheumatology (ACR) criteria,
which measures the percentage of improvement in tender
and swollen joints, among other things. The RA patient
can be scored at for example, ACR 20 (20 percent
improvement) compared with no antibody treatment
(e.g,, baseline before treatment) or treatment with
placebo. Other ways of evaluating the efficacy of
antibody treatment include X-ray scoring such as the
Sharp X-ray score used to score structural damage such
as bone erosion and joint space narrowing. Patients
can also be evaluated for the prevention of or
improvement in disability based on Health Assessment
Questionnaire [HAQ] score, AIMS score, SF-36 at time
periods during or after treatment. The ACR 20 criteria
may include 20% improvement in both tender (painful)
joint count and swollen joint count plus a 20%
improvement in at least 3 of 5 additional measures: 



1. patient's pain assessment by visual analog scale
(VAS), 2. patient's global assessment of disease
activity (VAS), 3. physician's global assessment of
disease activity (VAS), 4. patient's self-assessed
disability measured by the Health Assessment
Questionnaire, and 5. acute phase reactants, CRP or
ESR. The ACR 50 and 70 are defined analogously.
Preferably, the patient is administered an amount of a
CD20 binding antibody of the invention effective to
achieve at least a score of ACR 20, preferably at
least ACR 30, more preferably at least ACR50, even
more preferably at least ACR70, most preferably at
least ACR 75 and higher. Psoriatic arthritis has
unique and distinct radiographic features. For
psoriatic arthritis, joint erosion and joint space
narrowing can be evaluated by the Sharp score as well.
The humanized CD20 binding antibodies of the invention
can be used to prevent the joint damage as well as
reduce disease signs and symptoms of the disorder. Yet
another aspect of the invention is a method of
treating SLE or lupus nephritis by administering to a
subject suffering from the disorder, a therapeutically
effective amount of a humanized CD20 binding antibody
of the invention. SLEDAI scores provide a numerical
quantitation of disease activity. The SLEDAI is a
weighted index of 24 clinical and laboratory
parameters known to correlate with disease activity,
with a numerical range of 0- 103. see Bryan Gescuk &
John Davis, "Novel therapeutic agent for systemic
lupus erythematosus" in Current Opinion in
Rheumatology 2002, 14:515-521. Antibodies to
double-stranded DNA are believed to cause renal flares
and other manifestations of lupus. Patients undergoing
antibody treatment can be monitored for time to renal
flare, which is defined as a significant, reproducible
increase in serum creatinine, urine protein or blood
in the urine. Alternatively or in addition, patients
can be monitored for levels of antinuclear antibodies
and antibodies to doublestranded DNA. Treatments for
SLE include high-dose corticosteroids and/or
cyclophosphamide (HDCC).Spondyloarthropathies are a
group of disorders of the joints, including ankylosing
spondylitis, psoriatic arthritis and Crohn's disease.
Treatment success can be determined by validated
patient and physician global assessment measuring
tools. Treatment efficacy for psoriasis is assessed by
monitoring changes in clinical signs and symptoms of
the disease including Physician's Global Assessment
(PGA) changes and Psoriasis Area and Severity Index
(PASI) scores, Psoriasis Symptom Assessment (PSA),
compared with the baseline condition. The psoriasis
patient treated with a humanized CD20 binding antibody
of the invention such as hu2H7.v511 can be measured
periodically throughout treatment on the Visual analog
scale used to indicate the degree of itching
experienced at specific time points. Patients may
experience an infusion reaction or infusion-related
symptoms with their first infusion of a therapeutic
antibody. These symptoms vary in severity and
generally are reversible with medical intervention.
These symptoms include but are not limited to,
flu-like fever, chills/rigors, nausea, urticaria,
headache, bronchospasm, angioedema. It would be
desirable for the disease treatment methods of the
present invention to minimize infusion reactions. To
alleviate or minimize such adverse events, the patient
may receive an initial conditioning or tolerizing
dose(s) of the antibody followed by a therapeutically
effective dose. The conditioning dose(s) will be lower
than the therapeutically effective dose to condition
the patient to tolerate higher dosages. Dosing
Depending on the indication to be treated and factors
relevant to the dosing that a physician of skill in
the field would be familiar with, the antibodies of
the invention will be administered at a dosage that is
efficacious for the treatment of that indication while
minimizing toxicity and side effects. The desired
dosage may depend on the disease and disease severity,
stage of the disease, level of B cell modulation
desired, and other factors familiar to the physician
of skill in the art. For treatment of an autoimmune
disease, it may be desirable to modulate the extent of
B cell depletion depending on the disease and/or the
severity of the condition in the individual patient,
by adjusting the dosage of humanized 2H7 antibody. B
cell depletion can but does not have to be complete.
Or, total B cell depletion may be desired in initial
treatment but in subsequent treatments, the dosage may
be adjusted to achieve only partial depletion. In one
embodiment, the B cell depletion is at least 20%,
i.e., 80% or less of CD20 positive B cells remain as
compared to the baseline level before treatment. In
other embodiments, B cell depletion is 25%, 30%, 40%,
50%, 60%, 70% or greater. Preferably, the B cell
depletion is sufficient to halt progression of the
disease, more preferably to alleviate the signs and
symptoms of the particular disease under treatment,
even more preferably to cure the disease. The
Genentech and Biogen Idee clinical investigations have
evaluated the therapeutic effectiveness of treatment
of autoimmune diseases using doses of anti-CD20
(hu2H7.vl6 and Rituximab) ranging from as low as 10 mg
up to a dose of 1 g (see under Background section for
Rituximab studies; andWO 04/056312, Example 16). In
general, the antibodies were administered in these
clinical investigations in two doses, spaced about two
weeks apart. Examples of regimens studied in the
clinical investigations include, for humanized CD20
antibody 2H7.vl6 in rheumatoid arthritis at 2 x 10 mg
(means 2 doses at lOmg per dose; total dose of
~10.1mg/m2 for a 70 kg, 67 inch tall patient), 2 x 50
mg (total dose of 55 mg/m2 for a 70 kg, 67 in tall
patient), 2 x 200 mg (total dose of 220 mg/m2 for a 70
kg, 67 in tall patient), 2 x 500 mg (total dose of
-550 mg/m2 for a 70 kg, 67 in tall patient) and 2 x
1000 mg(total dose of ~ 1100 mg/m2 for a 70 kg, 67 in
tall patient ) ; and for Rituxan, 2 x 500 mg (total
dose of -550 mg/m2 for a 70 kg, 67 in tall patient), 2
x 1000 mg (total dose of ~1100 mg/m2 for a 70 kg, 67
in tall patient). At each of these doses, substantial
depletion of circulating B-lymphocytes was observed
following the administration of the first dose of the
antibody. In the present methods of treating
autoimmune diseases and of depleting B cells in a
patient having an autoimmune disease, in one
embodiment, the patient is administered humanized
2H7.v5 11 antibody at a flat dose in the range of
0.lmg to 1000 mg. We have found that at flat doses of
less than 300mg, even at lOmg, substantial B cell
depletion is achieved. Thus, in the present B cell
depletion and treatment methods in different
embodiments, hu2H7.v511 antibody is administered at
dosages of 0.1, 0.5, 1, 5, 10, 15, 20 25, 30, 40, 50,
75, 100, 125, 150, 200, or 250mg. Lower doses e.g., at
20mg, 10 mg or lower can be used if partial or short
term B cell depletion is the objective. For the
treatment of a CD20 positive cancer, it may be
desirable to maximize the depletion of the B cells
which are the target of the anti-CD20 antibodies of
the invention. Thus, for the treatment of a CD20
positive B cell neoplasm, it is desirable that the B
cell depletion be sufficient to at least prevent
progression of the disease which can be assessed by
the physician of skill in the art, e.g., by monitoring
tumor growth (size), proliferation of the cancerous
cell type, metastasis, other signs and symptoms of the
particular cancer. Preferably, the B cell depletion is
sufficient to prevent progression of disease for at
least 2 months, more preferably 3 months, even more
preferably 4 months, more preferably 5 months, even
more preferably 6 or more months. In even more
preferred embodiments, the B cell depletion is
sufficient to increase the time in remission by at
least 6 months, more preferably 9 months, more
preferably one year, more preferably 2 years, more
preferably 3 years, even more preferably 5 or more
years. In a most preferred embodiment, the B cell
depletion is sufficient to cure the disease. In
preferred embodiments, the B cell depletion in a
cancer patient is at least about 75% and more
preferably, 80%, 85%, 90%, 95% , 99% and even 100% of
the baseline level before treatment. Examples of
dosing regimens and dosages of hu2H7 antibodies
including vl6 and v511 for clinical trials in the
treatment of NHL are described under Experimental
Examples 18-20 below. Doses at mg/dose of 50, 75, 100,
125, 150, 200, 250, 300, 350 mg/dose can also be used
in maintenance therapy for B cell malignancies such as
NHL. The frequency of dosing can vary depending on
several factors. The patient will be administered at
least 2 doses of the humanized 2H7 CD20 binding
antibody, and in different embodiments may receive
2-4, 2-8 doses, 2- 10 doses. Typically, the 2 doses
are administered within a month, generally 1, 2 or 3
weeks apart. Depending on the level of improvement in
the disease or recurrence, further doses can be
administered over the course of the disease or as
disease maintenance therapy. Patients having an
autoimmune disease or a B cell malignancy for whom one
or more current therapies were ineffective, poorly
tolerated, or contraindicated can be treated using any
of the dosing regimens of the present invention. For
example, the invention contemplates the present
treatment methods for RA patients who have had an
inadequate response to tumor necrosis factor (TNF)
inhibitor therapies or to disease-modifying
anti-rheumatic drugs (DMARD) therapy. In another
embodiment, treatment at the low dosages 200mg /dose
or less is useful in maintenance therapy. In one
embodiment, the present dosages and dosing regimen are
used in treating rheumatoid arthritis (RA)."Chronic"
administration refers to administration of the
agent(s) in a continuous mode as opposed to an acute
mode, so as to maintain the initial therapeutic effect
(activity) for an extended period of time.
"Intermittent" administration is treatment that is not
consecutively done without interruption, but rather is
cyclic in nature. Routes of administration The
humanized 2H7 antibodies are administered to a human
patient in accord with known methods, such as by
intravenous administration, e.g., as a bolus or by
continuous infusion over a period of time, by
subcutaneous, intramuscular, intraperitoneal,
intracerobrospinal, intra-articular, intrasynovial,
intrathecal, or inhalation routes, generally by
intravenous or subcutaneous administration. In on
embodiment, the humanized 2H7 antibody is administered
by intravenous infusion with 0.9% sodium chloride
solution as an infusion vehicle. In another
embodiment, the humanized 2H7 antibody is administered
by subcutaneous injection. Combination Therapy In
treating the B cell neoplasms described above, the
patient can be treated with the humanized 2H7
antibodies of the present invention in conjunction
with one or more therapeutic agents such as a
chemotherapeutic agent in a multidrug regimen. The
humanized 2H7 antibody can be administered
concurrently, sequentially, or alternating with the
chemotherapeutic agent, or after non-responsiveness
with other therapy. Standard chemotherapy for lymphoma
treatment may include cyclophosphamide, cytarabine,
melphalan and mitoxantrone plus melphalan. CHOP is one
of the most common chemotherapy regimens for treating
Non-Hodgkin's lymphoma. The following are the drugs
used in the CHOP regimen: cyclophosphamide (brand
names Cytoxan, neosar); adriamycin (doxorubicin /
hydroxydoxorubicin); vincristine (Oncovin); and
prednisolone (sometimes called Deltasone or Orasone).
In particular embodiments, the CD20 binding antibody
is administered to a patient in need thereof in
combination with one or more of the following
chemotherapeutic agents of doxorubicin,
cyclophosphamide, vincristine and prednisolone. In a
specific embodiment, a patient suffering from a
lymphoma (such as a non-Hodgkin's lymphoma) is treated
with a humanized 2H7 antibody of the present invention
in conjunction with CHOP (cyclophosphamide,
doxorubicin, vincristine and prednisone) therapy. In
another embodiment, the cancer patient can be treated
with a humanized 2H7 CD20 binding antibody of the
invention in combination with CVP (cyclophosphamide,
vincristine, and prednisone) chemotherapy. In a
specific embodiment, the patient suffering from
CD20-positive NHL is treated with humanized 2H7.v511
in conjunction with CVP. In a specific embodiment of
the treatment of CLL, the hu2H7.v5 11 antibody is
administered in conjunction with chemotherapy with one
or both of fludarabine and Cytoxan. A
"chemotherapeutic agent" is a chemical compound useful
in the treatment of cancer. Examples of
chemotherapeutic agents include alkylating agents such
as thiotepa and CYTOXAN(r) cyclosphosphamide; alkyl
sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines and
methylamelamines including altretamine,
triethylenemelamine, trietylenephosphoramide,
triethiylenethiophosphoramide and
trimethylolomelamine; TLK 286 (TELCYTA(tm));
acetogenins (especially bullatacin and bullatacinone);
delta-9-tetrahydrocannabinol (dronabinol, MARINOL(r));
beta-lapachone; lapachol; colchicines; betulinic acid;
a camptothecin (including the synthetic analogue
topotecan (HYCAMTIN(r)), CPT-Il (irinotecan,
CAMPTOSAR(r)), acetylcamptothecin, scopolectin, and
9-aminocamptothecin); bryostatin; callystatin; CC-1065
(including its adozelesin, carzelesin and bizelesin
synthetic analogues); podophyllotoxin; podophyllinic
acid; teniposide; cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin;
duocarmycin (including the synthetic analogues,
KW-2189 and CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; bisphosphonates, such as
clodronate; antibiotics such as the enediyne
antibiotics (e. g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (see,
e.g., Agnew, Chem Intl. Ed. Engl, 33: 183-186 (1994))
and anthracyclines such as annamycin, AD 32,
alcarubicin, daunorubicin, dexrazoxane, DX-52-1,
epirubicin, GPX-100, idarubicin, KRN5500, menogaril,
dynemicin, including dynemicin A, an esperamicin,
neocarzinostatin chromophore and related chromoprotein
enediyne antiobiotic chromophores, aclacinomysins,
actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, detorubicin, 6-
diazo-5-oxo-L-norleucine, ADRIAMYCIN(r) doxorubicin
(including morpholino-doxorubicin,
cyanomorpholinodoxorubicin, 2-pyrrolino-doxorubicin,
liposomal doxorubicin, and deoxydoxorubicin),
esorubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, potfromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, and zorubicin; 



folic acid analogues such as denopterin, pteropterin,
and trimetrexate; purine analogs such as fludarabine,
6- mercaptopurine, thiamiprine, and thioguanine;
pyrimidine analogs such as ancitabine, azacitidine,
6-azauridine, carmofur, cytarabine, dideoxyuridine,
doxifluridine, enocitabine, and floxuridine; androgens
such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, and testolactone;
anti-adrenals such as aminoglutethimide, mitotane, and
trilostane; folic acid replenisher such as folinic
acid (leucovorin); aceglatone; anti-folate anti
neoplastic agents such as ALIMTA(r), LY231514
pemetrexed, dihydrofolate reductase inhibitors such as
methotrexate, anti-metabolites such as 5-fluorouracil
(5-FU) and its prodrugs such as UFT, S-I and
capecitabine, and thymidylate synthase inhibitors and
glycinamide ribonucleotide formyltransferase
inhibitors such as raltitrexed (TOMUDEX(tm), TDX);
inhibitors of dihydropyrimidine dehydrogenase such as
eniluracil; aldophosphamide glycoside; aminolevulinic
acid; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elfornithine;
elliptinium acetate; an epothilone; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidainine;
maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerine;
pentostatin; phenamet; pirarubicin; losoxantrone;
2-ethylhydrazide; procarbazine; PSK(r) polysaccharide
complex (JHS Natural Products, Eugene, OR); razoxane;
rhizoxin; sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine
(ELDISINE(r), FILDESIN(r)); dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine;
arabinoside ("Ara-C"); cyclophosphamide; thiotepa;
taxoids and taxanes, e.g., TAXOL(r) paclitaxel
(Bristol-Myers Squibb Oncology, Princeton, N.J.),
ABRAXANE(tm) Cremophor-free, albumin-engineered
nanoparticle formulation of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE(r) doxetaxel (Rhdne-Poulenc Rorer, Antony,
France); chloranbucil; gemcitabine (GEMZAR(r)); 6-
thioguanine; mercaptopurine; platinum; platinum
analogs or platinum-based analogs such as cisplatin,
oxaliplatin and carboplatin; vinblastine (VELBAN(r));
etoposide (VP-16); ifosfamide; mitoxantrone;
vincristine (ONCOVIN(r)); vinca alkaloid; vinorelbine
(NAVELBINE(r)); novantrone; edatrexate; daunomycin;
aminopterin;xeloda; ibandronate; topoisomerase
inhibitor RFS 2000; difluorometlhylornithine (DMFO);
retinoids such as retinoic acid; pharmaceutically
acceptable salts, acids or derivatives of any of the
above; as well as combinations of two or more of the
above such as CHOP, an abbreviation for a combined
therapy of cyclophosphamide, doxorubicin, vincristine,
and prednisolone, and FOLFOX, an abbreviation for a
treatment regimen with oxaliplatin (ELOXATIN(tm))
combined with 5-FU and leucovorin. Also included in
this definition are anti-hormonal agents that act to
regulate or inhibit hormone action on tumors such as
anti-estrogens and selective estrogen receptor
modulators (SERMs), including, for example, tamoxifen
(including NOLVADEX(r) tamoxifen), raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, LYl 17018, onapristone, and FARESTON(r)
toremifene; aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production
in the adrenal glands, such as, for example,
4(5)-imidazoles, aminoglutethimide, MEGASE(r)
megestrol acetate, AROMASIN(r) exemestane,
formestanie, fadrozole, RIVISOR(r) vorozole, FEMARA(r)
letrozole, and ARIMIDEX(r) anastrozole; and
anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine
analog); antisense oligonucleotides, particularly
those that inhibit expression of genes in signaling
pathways implicated in abherant cell proliferation,
such as, for example, PKC-alpha, Raf, H-Ras, and
epidermal growth factor receptor (EGF-R); vaccines
such as gene therapy vaccines, for example,
ALLOVECTTN(r) vaccine, LEUVECTIN(r) vaccine, and
VAXID(r) vaccine; PROLEUKIN(r) rEL-2; LURTOTECAN(r)
topoisomerase 1 inhibitor; ABARELIX(r) rmRH; and
pharmaceutically acceptable salts, acids or
derivatives of any of the above. In treating the
autoimmune diseases or autoimmune related conditions
described above, the patient can be treated with one
or more hu2H7 antibodies such as hu2H7.v51 1, in
conjunction with a second therapeutic agent, such as
an immunosuppressive agent, such as in a multi drug
regimen. The hu2H7 antibody can be administered
concurrently, sequentially or alternating with the
immunosuppressive agent or upon non-responsiveness
with other therapy. The immunosuppressive agent can be
administered at the same or lesser dosages than as set
forth in the art. The preferred adjunct
immunosuppressive agent will depend on many factors,
including the type of disorder being treated as well
as the patient's history. "Immunosuppressive agent" as
used herein for adjunct therapy refers to substances
that act to suppress or mask the immune system of a
patient. Such agents would include substances that
suppress cytokine production, down regulate or
suppress self-antigen expression, or mask the MHC
antigens. Examples of such agents include steroids
such as glucocorticosteroids, e.g., prednisone,
methylprednisolone, and dexamethasone;
2-amino-6-aryl-5- substituted pyrimidines (see U.S.
Pat. No. 4,665,077), azathioprine (or
cyclophosphamide, if there is an adverse reaction to
azathioprine); bromocryptine; glutaraldehyde (which
masks the MHC antigens, as described in U.S. Pat. No.
4,120,649); anti-idiotypic antibodies for MHC antigens
and MHC fragments; cyclosporin A; cytokine or cytokine
receptor antagonists including anti-interferon- g ,
-b, or -a antibodies; anti-tumor necrosis factor-a
antibodies; anti-tumor necrosis factor- b antibodies;
anti-interleukin-2 antibodies and anti-IL-2 receptor
antibodies; anti-L3T4 antibodies; heterologous
anti-lymphocyte globulin; pan-T antibodies, preferably
anti-CD3 or anti- CD4/CD4a antibodies; soluble peptide
containing a LFA-3 binding domain (WO 90/08187
published 7/26/90); streptokinase; TGF-b;
streptodornase; RNA or DNA from the host; FK506;
RS-61443; deoxyspergualin; rapamycin; T-cell receptor
(U.S. Pat. No. 5,114,721); T-cell receptor fragments
(Offner et ah, Science 251:430-432 (1991); WO
90/11294; andWO 91/01133); and T cell receptor
antibodies (EP 340,109) such as T10B9.For the
treatment of rheumatoid arthritis, the patient can be
treated with a hu2H7 antibody in conjunction with any
one or more of the following drugs: DMARDS
(disease-modifying anti-rheumatic drugs (e.g.,
methotrexate), NSAI or NSAID (non-steroidal
anti-inflammatory drugs), HUMIRA(tm) (adalimumab;
Abbott Laboratories), ARAVA(r) (leflunomide),
REMICADE(r) (infliximab; Centocor Inc., of Malvern,
Pa), ENBREL (etanercept; Immunex, WA), COX-2
inhibitors. DMARDs commonly used in RA are
hydroxycloroquine, sulfasalazine, methotrexate,
leflunomide, etanercept, infliximab, azathioprine,
D-penicillamine, Gold (oral), Gold (intramuscular),
minocycline, cyclosporine, Staphylococcal protein A
immunoadsorption. Adalimumab is a human monoclonal
antibody that binds to TNFa. Infliximab is a chimeric
monoclonal antibody that binds to TNFa. Etanercept is
an "immunoadhesin" fusion protein consisting of the
extracellular ligand binding portion of the human 75
kD (p75) tumor necrosis factor receptor (TNFR) linked
to the Fc portion of a human IgGl. For conventional
treatment of RA, see, e.g., "Guidelines for the
management of rheumatoid arthritis" Arthritis
&Rheumatism 46(2): 328-346 (February, 2002). In a
specific embodiment, the RA patient is treated with a
hu2H7 CD20 antibody of the invention in conjunction
with methotrexate (MTX). An exemplary dosage of MTX is
about 7.5-25 mg/kg/wk. MTX can be administered orally
and subcutaneously. For the treatment of ankylosing
spondylitis, psoriatic arthritis and Crohn's disease,
the patient can be treated with a CD20 binding
antibody of the invention in conjunction with, for
example, Remicade(r) (infliximab; from Centocor Inc.,
of Malvern, Pa.), ENBREL (etanercept; Immunex, WA).
Treatments for SLE include high-dose corticosteroids
and/or cyclophosphamide (HDCC). For the treatment of
psoriasis, patients can be administered a CD20 binding
antibody in conjunction with topical treatments, such
as topical steroids, anthralin, calcipotriene,
clobetasol, and tazarotene, or with methotrexate,
retinoids, cyclosporine, PUVA and UVB therapies. In
one embodiment, the psoriasis patient is treated with
a CD20 binding antibody sequentially or concurrently
with cyclosporine. To minimize toxicity, the
traditional systemic therapies can be administered in
rotational, sequential, combinatorial, or intermittent
treatment regimens, or lower dosage combination
regimens with the hu2H7 CD20 binding antibody
compositions at the present dosages. Pharmaceutical
Formulations Therapeutic formulations of the hu2H7
CD20-binding antibodies used in accordance with the
present invention are prepared for storage by mixing
an antibody having the desired degree of purity with
optional pharmaceutically acceptable carriers,
excipients or stabilizers {Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980)), in the
form of lyophilized formulations or aqueous solutions.
Acceptable carriers, excipients, or stabilizers are
nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as
phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol,
butyl or benzyl alcohol; alkyl parabens such as methyl
or propyl paraben; catechol; resorcinol; cyclohexanol;
3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such
as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as olyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including
glucose, mannose, or dextrins; chelating agents such
as EDTA; sugars such assucrose, mannitol, trehalose or
sorbitol; salt-forming counter-ions such as sodium;
metal complexes (e.g. Zn-protein complexes); and/or
non-ionic surfactants such as TWEEN(tm), PLURONICS(tm)
or polyethylene glycol (PEG). Exemplary hu2H7 antibody
formulations are described in WO98/56418, expressly
incorporated herein by reference. Another formulation
is a liquid multidose formulation comprising the hu2H7
antibody at 40 mg/mL, 25 mM acetate, 150 mM trehalose,
0.9% benzyl alcohol, 0.02% polysorbate 20 at pH 5.0
that has a minimum shelf life of two years storage at
2-8C. Another anti-CD20 antibody formulation of
interest comprises lOmg/mL antibody in 9.0 mg/mL
sodium chloride, 7.35 mg/mL sodium citrate dihydrate,
0.7mg/mL polysorbate 80, and Sterile Water for
Injection, pH 6.5. Yet another aqueous pharmaceutical
formulation comprises 10-30 mM sodium acetate from
about pH 4.8 to about pH 5.5, preferably at pH5.5,
polysorbate as a surfactant in a an amount of about
0.01-0.1% v/v, trehalose at an amount of about 2-10%
w/v, and benzyl alcohol as a preservative (U.S.
6,171,586). Lyophilized formulations adapted for
subcutaneous administration are described in
WO97/04801. Such lyophilized formulations may be
reconstituted with a suitable diluent to a high
protein concentration and the reconstituted
formulation may be administered subcutaneously to the
mammal to be treated herein. One formulation for the
humanized 2H7.v51 1 variant is antibody at 12-14 mg/mL
in 10 mM histidine, 6% sucrose, 0.02% polysorbate 20,
pH 5.8. In a specific embodiment, 2H7 variants and in
particular 2H7.v511 is formulated at 20mg/mL antibody
in 1OmM histidine sulfate, 60mg/ml sucrose., 0.2 mg/ml
polysorbate 20, and Sterile Water for Injection, at
pH5.8. The formulation herein may also contain more
than one active compound as necessary for the
particular indication being treated, preferably those
with complementary activities that do not adversely
affect each other. For example, it may be desirable to
further provide a cytotoxic agent, chemotherapeutic
agent, cytokine or immunosuppressive agent (e.g. one
which acts on T cells, such as cyclosporin or an
antibody that binds T cells, e.g. one which binds
LFA-I). The effective amount of such other agents
depends on the amount of antibody present in the
formulation, the type of disease or disorder or
treatment, and other factors discussed above. These
are generally used in the same dosages and with
administration routes as described herein or about
from 1 to 99% of the heretofore employed dosages. The
active ingredients may also be entrapped in
microcapsules prepared, for example, by coacervation
techniques or by interfacial polymerization, for
example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques
are disclosed in Remington's Pharmaceutical Sciences
16th edition, Osol, A. Ed. (1980). Sustained-release
preparations may be prepared. Suitable examples of
sustained-release preparations include semi-permeable
matrices of solid hydrophobic polymers containing the
antagonist, which matrices are in the form of shaped
articles, e.g. films, or microcapsules. Examples of
sustained-release matrices include polyesters,
hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Pat. No.
3,773,919), copolymers of L-glutamic acid and.
ethyl-L-glutamate, non-degradable ethylene-vinyl
acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT(tm) (injectable
microspheres composed of lactic acid-glycolic acid
copolymer and leuprolide acetate), and
poly-D-(-)-3-hydroxybutyric acid. The formulations to
be used for in vivo administration must be sterile.
This is readily accomplished by filtration through
sterile filtration membranes.Articles of Manufacture
and Kits Another embodiment of the invention is an
article of manufacture containing materials useful for
the treatment of autoimmune diseases and related
conditions and CD20 positive cancers such as
non-Hodgkin's lymphoma. The article of manufacture
comprises a container and a label or package insert on
or associated with the container. Suitable containers
include, for example, bottles, vials, syringes, etc.
The containers may be formed from a variety of
materials such as glass or plastic. The container
holds a composition which is effective for treating
the condition and may have a sterile access port (for
example the container may be an intravenous solution
bag or a vial having a stopper pierceable by a
hypodermic injection needle). At least one active
agent in the composition is a hu2H7 antibody, e.g.,
hu2H7.v511 of the invention. The label or package
insert indicates that the composition is used for
treating the particular condition. The label or
package insert will further comprise instructions for
administering the antibody composition to the patient.
Package insert refers to instructions customarily
included in commercial packages of therapeutic
products, that contain information about the
indications, usage, dosage, administration,
contraindications and/or warnings concerning the use
of such therapeutic products. In one embodiment, the
package insert indicates that the composition is used
for treating non-Hodgkins' lymphoma. 



Additionally, the article of manufacture may further
comprise a second container comprising a
pharmaceutically-acceptable buffer, such as
bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer's solution and
dextrose solution. It may further include other
materials desirable from a commercial and user
standpoint, including other buffers, diluents,
filters, needles, and syringes. Kits are also provided
that are useful for various purposes , e.g., for
B-cell killing assays, as a positive control for
apoptosis assays, for purification or
immunoprecipitation of CD20 from cells. For isolation
and purification of CD20, the kit can contain a
hu2H7.v511 antibody coupled to beads (e.g., sepharose
beads). Kits can be provided which contain the
antibodies for detection and quantitation of CD20 in
vitro, e.g. in an ELISA or a Western blot. As with the
article of manufacture, the kit comprises a container
and a label or package insert on or associated with
the container. The container holds a composition
comprising at least one anti-CD20 antibody of the
invention. Additional containers may be included that
contain, e.g., diluents and buffers, control
antibodies. The label or package insert may provide a
description of the composition as well as instructions
for the intended in vitro or diagnostic use.
Experimental Examples Example 1 Conversion of an
existing cell line to a less-fucosylated cell line. In
order to achieve high yields of non-fucosylated
antibodies in CHO cells, RNAi approach was employed to
knock down the expression of FUT8 gene. pSilencer
3.1-Hl-Puro plasmid from Ambion, Inc. (Austin, TX) was
used to produce short hairpin siRNA consisting of 19nt
(nucleotide) sense siRNA sequence specific to the gene
of FUT8, linked to its reverse complementary antisense
siRNA sequence by a short spacer (9nt hairpin loop),
followed by 5-6 U's at 3' end (Fig. 3). The method
used to design siRNA probes to target the CHO FUT8
gene was described by Elbashir et al (2002). Five
different siRNA probes were designed (probe #1-5) to
target the different regions based on the available
CHO FUT8 DNA sequence (Fig. 4). Probe 1 (SEQ ID NO. 3
and NO. 4);Probe 2 (SEQ ID NO. 5 and NO. 6); Probe 3
(SEQ ID NO. 7 and NO. 37); Probe 4 (SEQ ID NO. 3 8 and
NO. 39); Probe 5 (SEQ ID NO. 4 0 and NO. 41). The
siRNA encoding sequence consisting of 19nt sense
sequence linked by the spacer to the antisense
sequence and 5-6 U's is SEQ ID NO. 42 in probe #2
(positions 7 to 59 in SEQ ID 5) and SEQIDNO. 43 in
probe #4. Probes 1-5 correspond to RNAi 1-5 in Fig.
5B. The five siRNA probes were constructed using
annealed synthetic oligonucleotides independently
cloned into the pSilencer 3.1-Hl-Puro plasmid. To test
the efficacy of these RNAi probes, a FLAG-tagged FUT8
fusion protein was constructed using the CHO FUT8
partial DNA sequence from Genbank (accession no.
P_AAC63891). A 3' 0.98 kb fragment of the FUT8 coding
sequence was cloned by reverse transcription
polymerase chain reaction (RT-PCR) using total RNA
purified from CHO cells and FUT8 primers and the
resulting PCR fragment was fused with 5' FLAG tag
sequence. An 8 amino acid Flag tag
(metAspTyrLysAspAspAspAspLys - SEQ ID NO. _ ) was
added to the 5' end of the isolated partial cDNA
sequence. The tagged FUT8 fragment was cloned into an
expression vector. The RNAi probe plasmid and
flag-tagged FUT8 plasmid were cotransfected into CHO
cells. Cell lysate was extracted 24 hours after
transfection and the FUT8 fusion protein level was
analyzed by anti-flagM2 antibody (Sigma, MO) by
immunoblotting. In the presence of RNAi probes, the
fusion protein expression was significantly inhibited
in four out of the five cases (Fig. 5). The ability of
these probes to cleave the FUT8 transcript was tested
by transient corransfection of each siRNA expression
plasmid with the Flag-tagged FUT8 plasmid into CHO
cells. Cells were lysed 24 hours after transfection
and the cell lysate was analyzed by western blot with
anti-FlagM2 antibody (Sigma, MO). RNAiI (probe 1)
transfected cells, as expected, showed strong
expression of the Flag-tagged FUT8 product since the
Flag-tagged FUT8 fusion protein does not contain the
sequence targeted by this probe (Fig. 5A, 5B). In
contrast, siRNA probes 2 (RNAi2) through 5 all have
various degrees of inhibitory effects on Flag-tagged
FUT8 fusion protein expression (Fig. 5B). Probe#2 and
#4 showed the best inhibitory effect and were chosen
for further evaluation. Example 2 Fucose content of
stably expressed antibodies manipulated by transient
siRNA expression: RNAi2 and RNAi4 plasmids were
transiently transfected into a previously established
stable CHO cell line expressing a humanized anti-CD20
antibody, 2H7.vl6 (clone #60). The transfected cells
were then separately seeded into 250 ml spinner
vessels in serum free medium for antibody production.
The expressed and secreted 2H7.vl6 antibody in the
harvested cell culture fluid was purified by a protein
A column and N-linked oligosaccharides were analyzed
for fucose content by matrix-assisted laser
desorption/ionization time-of-flight mass spectral
analysis (MALDI-TOF) as described in Papac et al.,
1998. The antibody was also assayed in a FcgR binding
assay (described below). There are 3 groups of human
Fcg receptors: FcgRI, FcgRIL and FcgRIII. Some of
these have a functional allelic polymorphism
generating allotypes with different receptor
properties (Dijstelbloem et al. , 1999; Lehrnbecher et
al., 1999). FcgRIII(F158) has phenylalanine at
position 158 and has a lower binding affinity for the
Fc region of human IgGs than FcgRIII(V158) which has a
valine at position 158 (Shields et al., 2001 and
2002).The RNAi transiently transfected cells produced
about 35 to 37% nonfucosylated 2H7 antibody as shown
in FIG. 6. Compared with the 2H7 control cell line
(transfected with irrelevant RNAi plasmid) which had
about 2 to 4% nonfucosylated antibody, a level typical
of antibodies generated from regular CHO cells, the
2H7 antibody pool with 35% to 37 %nonfucosylation
showed a 6 and 4 fold increase in binding affinity
toward FcgRIII (F158 allele) and FcgRIII (V158
allele), respectively (Fig. 7D, 7E ). No effect was
seen with other Fc receptors (e.g., FcgRl and FcgRII -
see FIG. 7A, 7B, 7C). Glycans isolated from antibodies
produced from both RNAi plasmid transfected and
mock-transfected cells had similar distributions of
galactose contents when structures with no galactose
(GO), one galactose (Gl) and two galactose (G2) were
compared. These data show that the fucose content of
antibodies secreted from a stable production cell line
can be decreased by transient RNAi plasmid
transfection and that the effect does not alter the
other main glycan compositions including GO, Gl and G2
distribution. To confirm that the RNAi transfected
cells do have less FUT8 RNA expression, a Northern
blot was performed using RNA samples extracted from
the transfected cells 24 hours after transfection.
Total RNA from cells containing a control plasmid
(random mouse DNA sequence, no homology to any known
mouse proteins) and 2 RNAi plasmids were purified and
hybridized with a 300 bp probe. As shown in FIG. 8,
the mRNA level was knocked down in two RNAi
transfected cells (lanes 2 and 3). This agrees with
the immunoblot where lower FUT8 protein amount was
detected in two RNAi plasmid transfected cells. The
size of CHO FUT8 mRNA is similar to that in rat cells,
which is about 3.5 kb. The knock down of endogenous a
1,6-fucosyltransferase RNA was further confirmed by
quantitative PCR (data not shown). Since both RNAi2
and RNAi4 constructs can efficiently knock down
endogenous FUT8 gene RNA level, only the RNAi4 plasmid
was chosen to be used in further stable transfection.
The antibody cell line clone 60 which is at 600 nM
methotrexate (MTX) resistance and produces over 1.5
g/L in bioreactor was stably transfected with the
RNAi4 construct where puromycin gene from the
pSilencer plasmid was removed and replaced by
hygromycin under the control of SV40 promoter and
selected with 500 mg/ml hygromycin. The positive
clones were picked into a 96-well tissue culture plate
and screened by Taqman for endogenous FUT8 mRNA level.
The 4 clones showing different levels of FUT8 mRNA
decreasing were scaled up to produce antibody in 250
ml spinners. Antibodies in the HCCF were protein A
purified and submitted for fucose content assay and
FcgRIII binding assays. The results from FIG. 7A-E
showed that of the Fcg receptqrs tested only FcgRIII
binding was affected with lower fucosecontaining
antibody. Therefore, the antibody products from the
stable transfection were submitted for only FcgRHI
binding assays. Analysis of fucose content showed that
the 4 lines produced nonfucosylated antibody ranging
from 45 to 70 % or 80%. Antibodies containing 5
different levels of fucosylation were assayed for
their binding to FcgRIII. FcgRIII binding assay showed
that there was an increased improvement with low
affinity FcgRIII (F158) than FcgRIII (V158) as shown
in Table 1. When the fold increase was plotted against
the square of the percentage of non-fucosylated
material in each antibody sample, a linear
relationship was seen for both FcgR l variants. Intact
human IgGl contains two heavy chains, each with a
N-glycosylation site at Asn297 in the CH2 domain of
the Fc region. Therefore there are 3 possibilities for
the Fc in terms of fucose occupancy of the core
carbohydrate structure. One heavy chain is fucosylated
and one is not; both heavy chains are fucosylated; or
neither heavy chain is fucosylated. The linear
relationship between the fold increase in affinity to
FcgRIII and the square of the percentage of
non-fucosylated glycans indicates that in this case
antibody molecules with neither heavy chain
fucosylated may provide the major contribution to the
improvement of increased FcgRIII binding affinity. 'In
a further scale up of antibody production by two of
the stable transfection clones to a bioreactor,
analysis of the fucose content showed that the
fucosylation level remained stable over the 79-day
period studied, at about 80% nonfucosylation. Antibody
titers as well as %Go, Gl and G2 on antibody glycans
were also in the expected range at the end of the
bioreactor run. Therefore, transfection of RNAi
plasmid into an established protein production cell
line, antibody producing cell line in this case, is
one approach that can be used to generate host cells
that produce commercial amounts of a therapeutic
antibody with controlled amounts of non-fucosylated
carbohydrate. Table 1. FcgRip bind affinities with
antibodies of different fucose contents Example 3 In
this example, we constructed a new version of RNAi
plasmid that contains two RNAi transcriptional units,
targeting two different regions of FUT8 gene. This
plasmid was more potent than the previous version
targeting only one region of the gene. ' Example 4
Generation of new stable cell line with simultaneous
metabolic engineering of fucose content (knockdown of
fucosylation level) Materials and Methods Cell Culture
and Transfection Chinese Hamster Ovary (CHO) cells
were grown in growth medium with 5% FBS (fetal bovine
serum) and IX GHT (glycine, hypoxanthine, and
thymidine) at 37 0C. For transient transfection,
DMRIE-C transfection reagent (Invitrogen) was used.
For stable transfection, Lipofectamine 2000
(Invitrogen) was used. Selection After the
transfection, cells were centrifuged to collect the
pellet. The pellet was then resuspended in medium
containing 25 nM methotrexate (MTX). Medium was
changed every 3 to 4 days. About 2 weeks after
transfection, individual clones were picked and grown
in 96-well plates. Usually it takes about 1 week for
cells to grow confluent in a 96-well plate.Equal
Seeding Density Assay 5X 104 cells/well were seeded
into the 96-well plate. The next day, the growth
medium was removed and replaced with the production
medium. The day after adding the production medium,
the plate was incubated at 33 0C for 5-6 days before
the ELISA assay. EUSA Assay When cells are confluent,
the growth medium was removed and production medium
was added into each well. The day after adding the
production medium, the plate was incubated at 33 0C
for 5-6 days before the ELISA assay. Typically an
ELISA is performed with serial dilutions. RNA Analysis
Total RNA was purified with Qiagen's RNA purification
kit and quantified by Taqman with gene specific
primers and probes. Fey receptor binding assay -ELISA
MaxiSorp 96-well microwell plates (Nunc, Roskilde,
Denmark) were coated with 2 mg/ml anti-GST (clone
8E2.1.1, Genentech), at 100 ml /well in 50 mM
carbonate buffer, pH 9.6, at 4C overnight. Plates were
washed with PBS containing 0.05% polysorbate, pH 7.4
(wash buffer) and blocked with PBS containing 0.5%
BSA, pH 7.4, at 150 ml /well. After a one-hour
incubation at room temperature, plates were washed
with wash buffer. Human FcgRIII was added to the
plates at 0.25 mg/ml, 100 ml/well, in PBS containing
0.5% BSA, 0.05% polysorbate 20, pH 7.4. (assay
buffer). The plates were incubated for one hour and
washed with wash buffer. Antibodies were incubated
with goat F(ab') 2 anti-k (Cappel, ICN
Pharmaceuticals, Inc., Aurora, Ohio) at a 1:2 (w/w)
ratio for 1 hour to form antibody complexes. Eleven
twofold serial dilutions of complexed IgG antibodies
(0.85-50000 ng/ml in threefold serial dilution) in
assay buffer were added to the plates. After a
two-hour incubation, plates were washed with wash
buffer. Bound IgG was detected by adding peroxidase
labeled goat F(ab')2 anti-human IgG F(ab')2 (Jackson
ImmunoResearch, West Grove, PA) at 100 ml/well in
assay buffer. After a one-hour incubation, plates were
washed with wash buffer and the substrate
3,3',5,5'-tetramethyl benzidine (TMB) (Kirkegaard &
Perry Laboratories) was added at 100 ml /well. The
reaction was stopped by adding i M phosphoric acid at
100 ml /well. Absorbance was read at 450 nm on a
multiskan Ascent reader (Thermo Labsystems, Helsinki,
Finland). The absorbance at the midpoint of the
standard curve (mid-OD) was calculated. The
corresponding concentrations of standard and samples
at this mid-OD were determined from the titration
curves using a four-parameter nonlinear regression
curve-fitting program (KaleidaGraph, Synergy software,
Reading, PA). The relative activity was calculated by
dividing the mid- 



OD concentration of standard by that of
sample.Antibody Dependent Cellular Cytotoxicity (ADCC)
Assays One ADCC assay format was as follows. 2H7 IgG
variants were assayed for their ability to mediate
Natural-Killer cell (NK cell) lysis of WIL2-S cells, a
CD20 expressing lymphoblastoid B-cell line,
essentially as described (Shields et al., J. Biol.
Chem. 276:6591-6604 (2001)) using a lactate
dehydrogenase (LDH) readout. NK cells were prepared
from 100 mL of heparinized blood, diluted with 100 mL
of PBS (phosphate buffered saline), obtained from
normal human donors who had been isotyped for FcgRIII,
also known as CD16 (Koene et al., Blood 90:1109-1114
(1997)). The NK cells can be from human donors
heterozygous for CD16 (F158/V158) of homozygous for
V158 or F158. The diluted blood was layered over 15 mL
of lymphocyte separation medium (ICN Biochemical,
Aurora, Ohio) and centrifuged for 20 min at 2000 RPM.
White cells at the interface between layers were
dispensed to 4 clean 50-mL tubes, which were filled
with RPMI medium containing 15% fetal calf serum.
Tubes were centrifuged for 5 min at 1400 RPM and the
supernatant discarded. Pellets were resuspended in
MACS buffer (0.5% BSA, 2mM EDTA), and NK cells were
purified using beads (NK Cell Isolation Kit,
130-046-502) according to the manufacturer's protocol
(Miltenyi Biotech,). NK cells were diluted in MACS
buffer to 2xlO6 cells/mL. Serial dilutions of antibody
(0.05 mL) in assay medium (F12/DMEM 50:50 without
glycine, 1mM HEPES buffer pH 7.2,
Pennicillin/Streptomycin (100 units/mL; Gibco),
glutamine, and 1% heat-inactivated fetal bovine serum)
were added to a 96-well round-bottom tissue culture
plate. WIL2-S cells were diluted in assay buffer to a
concentration of 4 x 105/mL. WTL2-S cells (0.05 mL per
well) were mixed with diluted antibody in the 96-well
plate and incubated for 30 min at room temperature to
allow binding of antibody to CD20 (opsonization). The
ADCC reaction was initiated by adding 0.1 mL of NK
cells to each well. In control wells, 2% Triton X-100
was added. The plate was then incubated for 4h at 37C.
Levels of LDH released were measured using a
cytotoxicity (LDH) detection kit (Kit#1644793, Roche
Diagnostics, Indianapolis, Indiana.) following the
manufacturers instructions. 0.1 mL of LDH developer
was added to each well, followed by mixing for 10s.
The plate was then covered with aluminum foil and
incubated in the dark at room temperature for 15 min.
Optical density at 490 nm was then read and use to
calculate % lysis by dividing by the total LDH
measured in control wells. Lysis was plotted as a
function of antibody concentration, and a 4-parameter
curve fit (KaleidaGraph) was used to determine EC50
concentrations. Matrix-Assisted Laser
Desorption/Ionization Time-of-flight (MALDI-TOF) Mass
Spectral Analysis of Asparagine- Linked
Oligosaccharides: N-linked oligosaccharides were
released from recombinant glycoproteins using the
procedure of Papac et al, Glycobiology 8, 445-454
(1998). Briefly, the wells of a 96 well PVDF-lined
microtitre plate (Millipore, Bedford, MA) were
conditioned with 100 ml methanol that was drawn
through the PDVF membranes by applying vacuum to the
Millipore Multiscreen vacuum manifold. The conditioned
PVDF membranes were washed with 3 X 250 ml water.
Between all wash steps the wells were drained
completely by applying gentle vacuum to the manifold.
The membranes were washed with reduction and
carboxymethylation buffer (RCM) consisting of 6M
guanidine hydrochloride, 360 mM Tris, 2 mM EDTA, pH
8.6. Glycoprotein samples (50 mg) were applied to
individual wells, again drawn through the PVDF
membranes by gentle vacuum and the wells were washed
with 2 X 50 ml of RCM buffer. The immobilized samples
were reduced by adding 50 ml of a 0.1 M dithiothreitol
(DTT) solution to each well and incubating the
microtitre plate at 37C for 1 hr. DTT was removed by
vacuum and thewells were washed 4 x 250 ml water.
Cysteine residues were carboxylmethylated by the
addition of 50 ml of a 0.1M iodoacetic acid (IAA)
solution which was freshly prepared in 1M NaOH and
diluted to 0.1 M with RCM buffer. Carboxymethylation
was accomplished by incubation for 30 min in the dark
at ambient temperature. Vacuum was applied to the
plate to remove the IAA solution and the wells were
washed with 4 x 250 ml purified water. The PVDF
membranes were blocked by the addition of 100 ml of 1%
PVP360 (polyvinylpyrrolidine 360,000 MW) (Sigma)
solution and incubation for 30 minutes at ambient
temperature. The PVP-360 solution was removed by
gentle vacuum and the wells were washed 4 x 250 ml
water. The PNGase F (New England Biolabs, Beverly, MA)
digest solution, 25 ml of a 25 Unit/ml solution in 10
mM Tris acetate, pH 8.3, was added to each well and
the digest proceeded for 3 hr at 370C. After
digestion, the samples were transferred to 500 ml
Eppendorf tubes and 2.5 ml of a 1.5 M acetic acid
solution was added to each sample. The acidified
samples were incubated for 2 hr at ambient temperature
to convert the oligosaccharides from the glycosylamine
to the hydroxyl form. Prior to MALDI-TOF mass spectral
analysis, the released oligosaccharides were desalted
using a 0.7-ml bed of cation exchange resin (AG50W-X8
resin in the hydrogen form) (Bio-Rad, Hercules, CA)
slurried packed into compact reaction tubes (US
Biochemical, Cleveland, OH). For MALDI-TOF mass
spectral analysis of the samples in the positive mode,
the desalted oligosaccharides (0.5 ml aliquots) were
applied to the stainless target with 0.5 ml of the 2,5
dihydroxybenzoic acid matrix (sDHB) that was prepared
by dissolving 2 mg 2,5 dihydroxybenzoic acid with 0.1
mg of 5-methoxyslicylic acid in 1ml of 1 mM NaCl in
25% aqueous ethanol. The sample/matrix mixture was
dried by vacuum.. The sample/matrix mixture was vacuum
dried and then allowed to absorb atmospheric moisture
prior to analysis. Released oligosaccharides were
analyzed by MALDI-TOF on a PerSeptive BioSystems
Voyager-ELITE mass spectrometer. The mass spectrometer
was operated in the positive mode at 20 kV with the
linear configuration and utilizing delayed extraction.
Data were acquired using a laser power of
approximately 1100 and in the data summation mode (240
scans) to improve the signal to noise. The instrument
was calibrated with a mixture of standard
oligosaccharides and the data was smoothed using a 19
point Savitsky-Golay algorithm before the masses were
assigned. Integration of the mass spectral data was
achieved using Caesar 7.2 data analysis software
package (SciBridge Software). Results and Discussion
In the previous examples, a-l,6-fucosyltransferase
(FUT8) activity was knocked down in 2H7. vl6 cell line
using RNAi technology. The RNAi targeted an area
within the open reading frame (ORF) of FUT8 gene. The
less-fucosylated antibodies produced by this cell line
displayed higher binding affinity towards FcgRIII
receptors, and higher ADCC activity than the highly
fucosylated antibodies. FIG. 9A shows the process that
was used to develop a less-fucosylated 2H7.vl6 cell
line. The above process is a two-step approach
requiring the existence of a stable antibody producing
cell line before RNAi plasmid transfection. To shorten
the time needed for this process, a new, one-step
approach was explored where the siRNA unit(s) has been
included in the expression plasmid expressing the
protein of interest (e.g., antibody), as illustrated
in FIG. 9B. First, the expression plasmids containing
the antibody expression cassette and RNAi unit(s) were
tested to see if antibody and RNAi could be expressed
simultaneously in transient transfection. The
configuration of the five sets of plasmids transiently
transfected is shown in FIG. 10. The proteins
expressed from those five sets of plasmids were
assayed for fucosylation level.In Table 2 below, v5 11
and vl 14 refer to hu2H7 antibody variants described
in Table 3. As shown in Table 2, the antibody from
control plasmids containing no RNAi unit has 9%
non-fucosylation. The antibodies expressed from the
plasmids that contain one RNAi unit have
non-fucosylation ranging from 33% to 49%. The
antibodies expressed from the plasmids containing two
RNAi units have non-fucosylation ranging from 62 % to
65%. These results show that addition of two RNAi
transcription units on expression plasmids led to the
production of antibodies with higher nonfucosylation
of 62-65% compared to 33-49% with only one RNAi unit
on the expression plasmids, indicating additive
effects of the two siRNAi transcripts. The antibody
expressed in this example is humanized anti-CD20
antibody 2H7.v511 (also referred to herein as
hu2H7.v511) the sequences of which are provided above
under CD20 binding antibodies. Table 2 Plasmid
Nonfucosylation Percentage rkHCv511+rkLCvll4 9
rkHCv51lRNAi4+rkLCvl 14RNA4 49 rkHCv5 1lRNAi2.4+rkLCvl
14RNAi2.4 62 CMV.PD.v511.RNAi4 33 CMV.PD.v511.RNAi2.4
65 Cells were stably transfected with one of two
plasmids, CMV.PD.v511.RNAi4 or CMV.PD.v511.RNAi2.4
(FIG. 10C) and the transfected cells selected with 25
nM methotrexate (MTX). From each transfection, 72
clones were picked and screened for antibody
expression. Expression titers are shown in FIG. 11.
Clones from the CMV.PD.v51 l.RNAi2.4 plasmid
transfection appeared to have lower titers overall
compared to the other two transfections. To see if the
clones that have good expression titers also have
lower fucosylation levels, about 20% of clones with
higher expression were analyzed for FUT 8 mRNA
expression by Taqman. As shown in FIG. 12, clones from
the CMV.PD.v511.RNAi2.4 plasmid transfection generally
have lower FUT8 mRNA levels compared with clones from
the CMV.PD.v511.RNAi4 plasmid transfection. Six clones
with lowest FUT8 mRNA expression levels, two from the
CMV.PD.v51lRNAi4 plasmid transfection and four from
the CMV.PD.v511.RNAi2.4 plasmid transfection, were
further evaluated for antibody expression using equal
seeding density assay. The results indicated that
titers of these six clones are comparable to control
2H7 v511 clones (clone 18 and 63 were from the
CMV.PD.v511 plasmid transfection) as shown in FIG. 13.
However, CMV.PD.v51l.RNAi2.4 clones appear to have
lower titer than CMV.PD.v51l.RNAi4 clones and control
clones. Fucose content of the antibodies produced by
the 2H7.v5 11 clones shown in FIG. 14 was performed by
MALDI-TOF mass spectral analysis as described above.
It was found that one clone, RNAi24-3d, achieved
94-95% nonfucosylation. A FcgRIII binding assay was
done with antibody 2H7 .v51 1 containing either 65 %
nonfucosylation (from transient run) or 94-95%
nonfucosylation (from best stable clone RNAi2.4-3d).
The results are shown in FIG. 15A and FIG. 15B.
Compared to control antibody pools, which had about 5%
nonfucosylation, the 65% nonfucosylated material
showed a moderate 4.8 and 6.2 fold increase in
affinity toward the high affinity (V158 allele-FIG.
15B) andlow affinity (F158 allele, FIG. 15A) receptors
respectively, while the 95% nonfucosylated material
showed a 6.8 and 9.8 fold increase in affinity toward
the two receptor isotypes. Since nonfucosylated
antibodies seem to bind to FcgRIII better, they were
tested for their ADCC activities. Materials collected
from 2H7.vl6 clone 7F (ranging from 60-70 %
nonfucosylation) and from 2H7.v511 transient
transfection (65% nonfucosylation) were used for ADCC
activity assay. As seen in FIG. 16A and 16B, both
versions of less fucosylated 2H7 displayed higher ADCC
activity compared to their corresponding highly
fucosylated counterparts. Here we described a novel
streamlined way to metabolically engineer CHO cells to
produce even more highly (as high as 95%)
non-fucosylated antibodies by incorporating the
antibody heavy chain and light chain transcription
units along with 1-2 siRNA transcription unit(s) onto
the same plasmid. The two siRNA transcripts used in
this approach target different coding regions in the
FUT8 gene and are directed by separate Pol HI type
promoters, Hl and U6. In summary, we have demonstrated
that it is feasible to incorporate RNAi technology
into the development of the humanized 2H7 cell lines
to knock down fucosylation level. An existing antibody
producing cell line was successfully converted to a
less-fucosylated cell line. Additionally, simultaneous
fucosylation knockdown while generating a new antibody
producing cell line was also successfully achieved.
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IS CLAIMED IS: 1. A method of producing an antibody
comprising an IgG Fc in a mammalian host cell while
reducing the fucose content of the antibody,
comprising introducing simultaneously into the host
cell, at least one nucleic acid encoding an antibody
and a second nucleic acid encoding at least two siRNAs
targeting different coding regions of the FUT8 gene
sequence of SEQ ID NO. 1, wherein the siRNAs inhibit
the expression of FUT8 and reduce the fucosylation
level of the antibody. 2. The method of claim 1
wherein the nucleic acid encoding an antibody encodes
both a light (L) chain and a heavy (H) chain of the
antibody. 3. The method of claim 2 wherein the nucleic
acid encoding the H and L chains of the antibody and
the nucleic acid encoding the siRNAs are on the same
expression vector. 4. The method of claim 1 wherein
the nucleic acid encoding the H chain and the nucleic
acid encoding the L chain are on separate expression
vectors wherein each of the expression vectors
encoding the H and L chain also comprises a nucleic
acid encoding at least two siRNAs. 5. The method of
claim 1 wherein the two siRNAs are expressed under the
control of separate promoters. 6. The method of claim
5 wherein one siRNA is expressed under the Pol IE
promoter, Hl and the second siRNAi is expressed under
the Pol l promoter, U6. 7. The method of claim 1
wherein the first and second siRNA target nucleotide
positions 733-751 and 1056-1074, respectively, of the
FUT8 gene sequence of SEQ ID NO. 1. 8. The method of
claim 1 wherein the host cell is a Chinese Hamster
Ovary (CHO) cell or derivative thereof. 9. The method
of claim 1 wherein the antibody fucosylation level is
reduced by at least 90%. 10. The method of claim 1
wherein the antibody fucosylation level is reduced by
at least 95%. 11. The method of claim 1 wherein the
antibody is a therapeutic antibody. 12. An antibody
produced by the method of claim 1. 13. A method of
producing an IgG antibody with improved ADCC,
comprising introducing simultaneously into the host
cell, at least one nucleic acid encoding an antibody
and a second nucleic acid encoding at least two siRNAs
targeting different coding regions of the FUT8 gene
sequence of SEQ ID NO. 1, wherein the antibody and the
siRNAs are expressed in the cell to produce an
antibody with reduced fucosylation and increased ADCC
activity as compared to the antibody produced in the
cell in the absence of the siRNAs. 14. The method of
claim 13 wherein the antibody comprises at least one
amino acid alteration in the Fc region that improves
antibody binding to FcgRIII and/or ADCC. 15. The
method of claim 14 wherein the antibody comprises the
Fc amino acid substitutions of S298A, E333A, K334A.
16. The method of claim 15 further comprising the Fc
amino acid substitution K326A. 17. The method of claim
13 wherein the antibody binds CD20. 18. The method of
claim 17 wherein the antibody binds primate CD20. 19.
The method of claim 17 wherein the CD20 binding
antibody is a human antibody. 20. The method of claim
17 wherein the CD20 binding antibody is a chimeric
antibody.21. The method of claim 20 wherein the
chimeric antibody is rituximab. 22. The method of
claim 17 wherein the CD20 binding antibody is a
humanized antibody. 23. The method of claim 22 wherein
the humanized CD 20 binding antibody comprises the VL
and VH regions selected from the VL of SEQ ID NO.2 and
the VH of SEQ ID NO.8; VL of SEQ ID NO.25 and the VH
of SEQ ID NO.22; and VL of SEQ ID NO.25 and the VH of
SEQ ID NO.33. 24. The method of claim 22 wherein the
humanized CD20 binding antibody comprises the L and H
chain having the sequence of SEQ ID NO. 13 and 14,
respectively. 25. The method of claim 22 wherein the
humanized CD20 binding antibody comprises the L and H
chain having the sequence of SEQ ID NO. 26 and SEQ ID
NO. 27, respectively. 26. The method of claim 22
wherein the humanized CD 20 binding antibody comprises
the L and H chain having the sequence of SEQ ID NO. 26
and SEQ ID NO. 34, respectively. 27. The method of
claim 13 wherein the antibody binds BR3. 28. An
antibody produced by the method of claim 13. 29. A
nucleic acid comprising the sequence of SEQ ID NO. 42
and SEQ ID NO. 43. 30. A composition comprising
humanized CD20 binding antibodies having an Fc region,
and a carrier, wherein at least 95 % of the antibodies
in the composition lack fucose. 31. A host cell
comprising at least one nucleic acid encoding an
antibody and a second nucleic acid encoding at least
two siRNAs targeting different coding regions of the
FUT8 gene sequence of SEQ ID NO. 1, wherein the host
cell expresses the antibody and the siRNAs. 


