
INTERFERON-ALPHA POLYPEPTIDES AND CONJUGATES
CROSS-REFERENCE TO RELATED APPLICATIONS Pursuant to 35
U.S.C. 119(e), this application claims the benefit of
U.S. Provisional Application Serial No. 60/572,504
filed on May 19, 2004, the disclosure of which is
incorporated by reference herein in its entirety for
all purposes. FIELD OF THE INVENTION The present
invention relates generally to polynucleotides and
polypeptides encoded therefrom, conjugates of the
polypeptides, as well as vectors, cells, antibodies,
and methods for using and producing the
polynucleotides, polypeptides, and conjugates.
BACKGROUND OF THE INVENTION Interferon-alphas 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-alphas
are encoded by a family of over 20 tandemly duplicated
nonallelic genes and psuedogenes that share 85-98%
sequence identity at the amino acid level (Henco, K.
et al. (1985) J. MoI. Biol. 185:227-260). Genes which
express active interferon-alpha proteins have been
grouped into 13 families according to genetic loci.
Known expressed human interferon-alpha proteins and
their allelic variations are tabulated in Allen G. and
Diaz M.O. (1996) J. Interferon and Cytokine Res.
16:181-184. Interferon-alphas 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 antiproliferative 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).Interferon-alphas are also
useful against various types of viral infections
(Finter, N.B. et al. (1991) Drugs 42(5):749).
Interferon-alphas have 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, GL 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).
Although these proteins possess therapeutic value in
the treatment of a number of diseases, they have not
been optimized for use as pharmaceuticals. For
example, doselimiting toxicity, receptor
cross-reactivity, and short serum half-lives
significantly reduce the clinical utility of many of
these cytokines (Dusheiko, G. (1997) Hepatology 26:
112S- 12 IS; Vial, T. and Descotes, J. (1994) Drug
Experience 10: 115-150; Funke, I. et al. (1994) Ann.
Hematol. 68:49-52; Schomburg, A. et al. (1993) J.
Cancer Res. Clin. Oncol. 119:745-755). Diverse and
severe side effect profiles which accompany interferon
administration include flu-like symptoms, fatigue,
hallucination, fever, hepatic enzyme elevation, and
leukopenia (Pontzer, CH. et al. (1991) Cancer Res.
51:5304; Oldham, 1985, supra). Hepatitis-C virus (HCV)
is a nonhost integrated RNA virus with a very high
rate of replication and is therefore associated with a
large degree of genetic diversity. At least six
genotypes and more than thirty subtypes of HCV RNA
have been identified. HCV genotype has been shown to
be a predictor of response to IFN-alpha therapy.
Patients infected with HCV genotypes 2 and 3 have been
found to generally respond well to interferon therapy.
Patients infected with genotypes 4, 5 and 6 tend to
respond less well. Patients infected with HCV genotype
1 tend to respond very poorly to interferon therapy,
with about 50% of Genotype 1 patients classified as
"nonresponders" towards IFN-alpha therapy. Genotype 1
is currently the most prevalent form of Hepatitis C,
infecting approximately 70% of patients in the US and
50% of patients in Europe. Clearly, there is a
pressing need for more effective therapies for HCV
infection, particularly of the Genotype 1 variety.
There is genetic and biochemical evidence that
Genotype 1HCV (and other subtypes) actively attenuate
the IFN-alpha signaling pathway by inhibiting key
IFNresponsive proteins such as the dsRNA-activated
serine/threonine protein kinase PKR (Katze M.G., et al
(2002) Nat. Rev. Immunol. 2(9):675-687) . As a likely
consequence of this genetic diversity and active
inhibition of the antiviral response, HCV
(particularly Genotype 1) has the ability to escape
the host's immune surveillance, leading to a high rate
of chronic infection. The extensive genetic
heterogeneity of HCV has important diagnostic and
clinical implications, potentially accounting for
variations in clinical course, difficulties in vaccine
development, and lack of response to therapy. The
present invention addresses the need for
interferon-alpha molecules which exhibit enhanced
antiviral and/or immunomodulatory efficacy. The
invention provides novel interferon-alpha polypeptides
and polypeptide conjugates, nucleic acids encoding the
polypeptides, and methods of using such molecules.
Such molecules would be of beneficial use in a variety
of applications, including, e.g., therapeutic and
prophylactic treatments, particularly for viral
infections and diseases and conditions associated with



viral infections. The present invention fulfills these
and other needs. SUMMARY OF THE INVENTION The present
invention provides novel polypeptides, including
variants thereof and fusion proteins comprising such
polypeptides. The invention also provides conjugates
comprising a polypeptide of the invention covalently
linked to one or more nonpolypeptide moieties. The
invention also provides nucleic acids encoding any of
the polypeptides of the invention, and vectors and
host cells comprising such nucleic acids. In addition,
the invention provides methods of making and using
such polypeptides, conjugates, and nucleic acids, and
other features apparent upon further review. In one
aspect, the invention provides an isolated or
recombinant polypeptide, the polypeptide comprising a
sequence identified as one of SEQ ID NOs:2-35 and SEQ
ID NOs: 37-44 (such as one of SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID
NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID
NO: 18, SEQ ID NO: 19, SEQ ID NO: 10, SEQ ID NO:21,
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID
NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ
ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32,
SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ IDNO:37,
SEQ ID NO.38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID
NO:41, SEQ ID NO:42, SEQ ID NO:43, and SEQ ID NO:44).
The invention also provides fusion proteins and
conjugates comprising any of these polypeptides,
nucleic acids encoding these polypeptides, and methods
of making and using these polypeptides. The invention
also provides isolated or recombinant polypeptides
which each comprise a sequence which (a) differs in 1
to 16 amino acid positions from SEQ ID NO: 1 and (b)
comprises one or more substitutions relative to SEQ ID
NO: 1 selected from the group consisting of F48A/L;
V51P; F55A; F65A; F68P; Ll 1IA; and Vl 14P. Some such
polypeptides comprise a sequence which differs from
SEQ ID NO:1 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, or 16 amino acid positions, e.g., in 1-15
amino acid positions, in 1-14 amino acid positions, in
1-13 amino acid positions, in 1-12 amino acid
positions, 1-1 1 amino acid positions, in 1-10 amino
acid positions, in 1-9 amino acid positions, in 1- 8
amino acid positions, in 1-7 amino acid positions, in
1-6 amino acid positions, in 1-5 amino acid positions,
in 1-4 amino acid positions, in 1-3 amino acid
positions, or in 1-2 amino acid positions. In some
instances, the polypeptide further comprises one or
more substitutions relative to SEQ ID NO: 1 selected
from the group consisting of H47Q; V51A; Q52P/E; A53T;
F55S; L56V; F57L; Y58H; M61I; N113K; V 114E; and
E160D. In some instances, the polypeptide exhibits an
interferon-alpha activity (such as, e.g., antiviral
activity, TH I differentiation activity, and/or
antiproliferative activity). The invention also
provides fusion proteins and conjugates comprising any
of these polypeptides, nucleic acids encoding such
polypeptides, and methods of making and using such
polypeptides. The invention also provides isolated or
recombinant polypeptides which each comprise a
sequence which (a) differs in 0 to 16 amino acid
positions from SEQ ID NO: 13 and (b) comprises one or
more of: Ala or Leu at position 48; Pro at position
51; Ala at position 55; Ala at position 65; Pro at
position 68; Ala at position 111; and Pro at position
114 (position numbering relative to SEQ ID NO: 13).
Some such polypeptides comprise a sequence which
differs from SEQ ID NO: 13 in 0, 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, or 16 amino acid
positions, e.g., in 0-15 amino acid positions, in 0-14
amino acid positions, in 0-13 amino acid positions, in
0-12 amino acid positions, in 0-1 1 amino acid
positions, in 0-10 amino acid positions, in 0-9 amino
acid positions, in 0-8 amino acid positions, in 0-7
amino acid positions, in 0-6 amino acid positions, in
0-5amino acid positions, in 0-4 amino acid positions,
in 0-3 amino acid positions, in 0-2 amino acid
positions, or in 0-1 amino acid positions. Some such
polypeptides comprise an Ala or a Leu at position 48.
Some such polypeptides comprise an Ala at position 48.
In some instances, the polypeptide further comprises
one or more substitution(s) relative to SEQ ID NO: 13
selected from the group consisting of H47Q; V5 1A;
Q52P/E; A53T; F55S; L56V; F57L; Y58H; M61I; Nl 13K; Vl
14E; and E160D. In some instances, the polypeptide
exhibits an interferon-alpha activity (e.g., antiviral
activity, TH I differentiation activity, and/or
antiproliferative activity). Some such polypeptides
further comprise one or more additional amino acid(s),
such as a methionine added to the Nterminus. The
invention also provides fusion proteins and conjugates
comprising these polypeptides, and isolated or
recombinant nucleic acids encoding these polypeptides.
The invention also provides isolated or recombinant
polypeptides which each comprise a sequence which (a)
differs in 1 to 16 amino acid positions from SEQ ID
NO:36 and (b) comprises one or more substitutions
relative to SEQ ID NO:36 selected from the group
consisting of M21A; I24P; F48A/L; T5 IP; S55A; F65A;
F68P; F90A; M93P; Ll 1IA; Vl 14P; F124A; I127P and
E160D. Some such polypeptides comprise a sequence
which differs from SEQ ID NO:36 in 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, or 16 amino acid
positions, e.g., in 1-15 amino acid positions, in 1-14
amino acid positions, in 1-13 amino acid positions, in
1-12 amino acid positions, 1-1 1 amino acid positions,
in 1-10 amino acid positions, in 1-9 amino acid
positions, in 1-8 amino acid positions, in 1-7 amino
acid positions, in 1-6 amino acid positions, in 1-5
amino acid 



positions, in 1-4 amino acid positions, in 1-3 amino
acid positions, or in 1-2 amino acid positions. In
some instances, the polypeptide further comprises one
or more substitutions relative to SEQ ID NO:36
selected from the group consisting of P26L; H47Q;
T51V; S55P/F; V56L; H58Y; L60M; F90Y; M93L; N95D; Nl
13K; Vl 14E; R125Q; T132K; and L154F. In some
instances, the polypeptide exhibits an
interferon-alpha activity (such as, e.g., antiviral
activity, TH1 differentiation activity, and/or
antiproliferative activity). The invention also
provides fusion proteins and conjugates comprising any
of these polypeptides, nucleic acids encoding such
polypeptides, and methods of making and using such
polypeptides. The invention also provides isolated or
recombinant polypeptides which each comprise a
sequence which (a) differs in 0 to 16 amino acid
positions from SEQ IDNO:38 and (b) comprises one or
more of: Ala at position 21; Pro at position 24; Ala
or Leu at position 48; Pro at position 51; Ala at
position 55; Ala at position 65; Pro at position 68;
Ala at position 90; Pro at position 93; Ala at
position 1 1 1; Pro at position 114; Ala at position
124; Pro at position 127; and GIu at position 160
(position numbering relative to SEQ ID NO:38). Some
such polypeptides comprise a sequence which differs
from SEQ ID NO:38 in 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, or 16 amino acid positions, e.g.,
in 0-15 amino acid positions, in 0-14 amino acid
positions, in 0-13 amino acid positions, in 0-12 amino
acid positions, in 0-1 1 amino acid positions, in 0-10
amino acid positions, in 0-9 amino acid positions, in
0-8 amino acid positions, in 0-7 amino acid positions,
in 0-6 amino acid positions, in 0-5 amino acid
positions, in 0-4 amino acid positions, in 0-3 amino
acid positions, in 0-2 amino acid positions, or in 0-1
amino acid positions. Some such polypeptides comprise
an Ala or a Leu at position 48. Some such polypeptides
comprise an Ala at position 48. In some instances, the
polypeptide further comprises one or more
substitution(s) relative to SEQ ID NO:38 selected from
the group consisting of P26L; H47Q; V5IT; F55P/S;
L56V; Y58H; L60M; F90Y; M93L; N95D; Nl 13K; Vl 14E;
R125Q; T132K; and F154L. In some instances, the
polypeptide exhibits an interferon-alpha activity
(e.g., antiviral activity, TH I differentiation
activity, and/or antiproliferative activity). Some
such polypeptides further comprise one or more
additional amino acid(s), such as a methionine added
to the N-terminus. The invention also provides fusion
proteins and conjugates comprising these polypeptides,
nucleic acids encoding such polypeptides, and methods
of making and using such polypeptides. The invention
also provides conjugates comprising a polypeptide of
the invention, such as any of the polypeptides of the
invention described above, and at least one
nonpolypeptide moiety attached to an attachment group
of the polypeptide, wherein the conjugate exhibits an
interferon-alpha activity. In some instances, the
non-polypeptide moiety is a polymer (for example, a
polyalkylene oxide molecule, such as a polyethylene
glycol (PEG), such as a monomethoxypolyethylene glycol
(mPEG)), or a sugar moiety. The at least one
non-polypeptide moiety may, for example, be attached
to a cysteine, to a lysine, to the N-terminal amino
group of the polypeptide, or to an in vivo
glycosylation site of the polypeptide. The invention
also provides methods of making and using such
conjugates.The invention also provides isolated or
recombinant nucleic acids encoding any of the
polypeptides of the invention. The invention also
provides vectors and host cells comprising such
nucleic acids, and methods of making polypeptides of
the invention comprising culturing host cells
comprising such nucleic acids. In another aspect, the
invention provides a method of inhibiting viral
replication in virus-infected cells, the method
comprising contacting the virus-infected cells with a
polypeptide or a conjugate of the invention. The
invention also provides a method of reducing the
number of copies of a virus in virus-infected cells,
comprising contacting the virus-infected cells with a
polypeptide or a conjugate of the invention. In
another aspect, the invention provides a method of
treating a condition which is responsive to
interferon-alpha, comprising administering to a
subject afflicted with the condition a composition
comprising a polypeptide of the invention or a
conjugate of the invention in an amount effective to
ameliorate a symptom associated with the condition.
Such conditions include Chronic Hepatitis C infection,
Chronic Hepatitis B infection, Hairy Cell Leukemia,
Malignant Melanoma, Follicular Lymphoma, Condylomata
Acuminata, AIDS-related Kaposi's Sarcoma,
Non-Hodgkin's Lymphoma, Chronic Melogenous Leukemia,
Basal Cell Carcinoma, Multiple Myeloma, carcinoid
tumors, bladder cancer, Crohn's Disease, Cutaneous T
Cell Lymphoma, Renal Cell Carcinoma, Multiple
Sclerosis, and ADDS. The invention also includes the
use of a composition comprising a polypeptide of the
invention or a conjugate of the invention to treat a
condition which is responsive to interferon-alpha,
such as for example a condition described above. These
and other objects and features of the invention will
become more fully apparent when the following detailed
description is read in conjunction with the
accompanying figures. BRIEF DESCRIPTION OF THE FIGURES
Figures IA and IB show biphasic timecourses for viral
clearance from HCVinfected cells following EFN-alpha
treatment (A. Nonresponder kinetics; B. Responder
kinetics). 



Figure 2 shows an alignment of the sequence of a
polypeptide of the invention (SEQ ID NO: 13) with the
following human interferon-alpha (huIFN-alpha)
polypeptidesequences: huIFN-alpha Ia (SEQ ID NO:45),
huIFN-alpha 2b (SEQ ID NO:46), huIFNalpha 4b (SEQ ID
NO:48), huIFN-alpha 5 (SEQ ID NO:49), huIFN-alpha 6
(SEQ ID NO:50), huIFN-alpha 7 (SEQ ID NO:51),
huIFN-alpha 8b (SEQ ID NO:52), huIFN-alpha 10a (SEQ ID
NO:53), huIFN-alpha 14a (SEQ ID NO:54), huIFN-alpha 16
(SEQ ID NO:55), huIFN-alpha 17b (SEQ ID NO:56) and
huIFN-alpha 21b (SEQ ID NO:57). The naming conventions
for the huIFN-alpha sequences are according to Allen
G. and Diaz M.O. (1996) J . Interferon and Cytokine
Res. 16:181-184. Amino acid residue positions in SEQ
ED NOs:45-46 and 48-57 which are identical to SEQ ID
NO: 13 are indicated with a period (.), and gaps in
the sequence are indicated with a dash (-). Figure 3
shows an alignment of the sequence of a polypeptide of
the invention (SEQ DD NO:38) with human
interferon-alpha polypeptide sequences SEQ DD
NOs:45-46 and 48-57. Amino acid residue positions in
SEQ DD NOs:45-46 and 48-57 which are identical to SEQ
DD NO:38 are indicated with a period (.), and gaps in
the sequence are indicated with a dash (-). Figure 4
shows the BLOSUM62 substitution matrix. Figures 5A, 5B
and 5C show examples of calculations of alignment
scores used to determine optimal sequence alignments,
using the following parameters: BLOSUM62 matrix, gap
open penalty = 11, and gap extension penalty = 1.
Figures 6 and 7 show E. coli expression vectors
designated OripBR-URA3- Iacl_14epil8-mut2 and
OripBR-URA3-lacI_25epil9-mut, respectively. Figure 8
shows the separation via cation exchange HPLC of
positional isomers of an exemplary PEGylated
interferon-alpha conjugate. Figure 9 shows an SDS_PAGE
gel of fractions from the cation exchange HPLC
separation of Figure 8. DETAILED DESCRIPTION OF THE
INVENTION DEFINITIONS Unless otherwise defined herein
or in the remainder of the specification, all
technical and scientific terms used herein have the
same meaning as commonly understood by those of
ordinary skill in the art to which the invention
belongs.A "polypeptide sequence" (e.g., a protein,
polypeptide, peptide, etc.) is a polymer of amino
acids comprising naturally occurring amino acids or
artificial amino acid analogues, or a character string
representing an amino acid polymer, depending on
context. Given the degeneracy of the genetic code, one
or more nucleic acids, or the complementary nucleic
acids thereof, that encode a specific polypeptide
sequence can be determined from the polypeptide
sequence. A "polynucleotide sequence" (e.g., a nucleic
acid, polynucleotide, oligonucleotide, etc.) is a
polymer of nucleotides comprising nucleotides
A,C,T,U,G, or other naturally occurring nucleotides or
artificial nucleotide analogues, or a character string
representing a nucleic acid, depending on context.
Either the given nucleic acid or the complementary
nucleic acid can be determined from any specified
polynucleotide sequence. Numbering of a given amino
acid polymer or nucleic acid polymer "corresponds to"
or is "relative to" the numbering of a selected amino
acid polymer or nucleic acid polymer when the position
of any given polymer component (e.g., amino acid,
nucleotide, also referred to generically as a
"residue") is designated by reference to the same or
an equivalent position in the selected amino acid or
nucleic acid polymer, rather than by the actual
numerical position of the component in the given
polymer. Thus, for example, the numbering of a given
amino acid position in a given polypeptide sequence
corresponds to the same or equivalent amino acid
position in a selected polypeptide sequence used as a
reference sequence. An "equivalent position" (for
example, an "equivalent amino acid position" or
"equivalent nucleic acid position" or "equivalent
residue position") is defined herein as a position
(such as, an amino acid position or nucleic acid
position or residue position) of a test polypeptide
(or test polynucleotide) sequence which aligns with a
corresponding position of a reference polypeptide (or
reference polynucleotide) sequence, when optimally
aligned using an alignment algorithm as described
herein. The equivalent amino acid position of the test
polypeptide need not have the same numerical position
number as the corresponding position of the reference
polypeptide; likewise, the equivalent nucleic acid
position of the test polynucleotide need not have the
same numerical position number as the corresponding
position of the reference polynucleotide. As an
example, Figure 2 shows the sequence of a polypeptide
of the invention (SEQ ID NO: 13) optimally aligned
with various known human interferon-alpha
polypeptidesequences. In this example, amino acid
position number 48 of SEQ ID NO: 13 is considered to
be an equivalent amino acid position to (i.e. is
"equivalent to") that of amino acid position number 47
of SEQ ID NO:46 (huIFN-alpha 2b), since amino acid
number 48 of SEQ ID NO: 13 aligns with amino acid
number 47 of SEQ ID NO:46. In other words, amino acid
position 48 of SEQ ID NO: 13 "corresponds to" amino
acid position 47 of SEQ ID NO:46. Likewise, residue
A48 (Ala48) in SEQ ID NO: 13 is understood to
correspond to residue F48 (Phe48) in, e.g., SEQ ID
NO:1, so that for example the substitution A48L
relative to SEQ ID NO: 13 is understood to correspond
to the substitution F48L relative to, e.g., SEQ ID NO:
1 (and so on). 



Two polypeptide sequences are "optimally aligned" when
they are aligned using defined parameters, i.e., a
defined amino acid substitution matrix, gap existence
penalty (also termed gap open penalty), and gap
extension penalty, so as to arrive at the highest
similarity score possible for that pair of sequences.
The BLOSUM62 matrix (Henikoff and Henikoff (1992)
Proc. Natl. -Acad. Sci. USA 89(22): 10915-10919) is
often used as a default scoring substitution matrix in
polypeptide sequence alignment algorithms (such as
BLASTP). The gap existence penalty is imposed for the
introduction of a single amino acid gap in one of the
aligned sequences, and the gap extension penalty is
imposed for each residue position in the gap. Unless
otherwise stated, alignment parameters employed herein
are: BLOSUM62 scoring matrix, gap existence penalty =
11, and gap extension penalty = 1. The alignment score
is defined by the amino acid positions of each
sequence at which the alignment begins and ends (e.g.
the alignment window), and optionally by the insertion
of a gap or multiple gaps into one or both sequences,
so as to arrive at the highest possible similarity
score, as described in more detail below in the
section entitled "Percent Sequence Identity". The
terminology used for identifying amino acid positions
and amino acid substitutions is illustrated as
follows: F48 indicates position number 48 is occupied
by a phenylalanine (Phe) residue in a reference amino
acid sequence, such as SEQ ID NO: 1. F48A indicates
that the phenylalanine residue of position 48 has been
substituted with a alanine (Ala) residue. Alternative
substitutions are indicated with a "/", e.g., F48A/L
means an amino acid sequence in which the
phenylalanine residue at position 48 is substituted
with an alanine or a leucine residue. Multiple
substitutions may sometimes be indicated with a "+",
e.g. H47Q+ F48A/L means an amino acid sequence
whichcomprises a substitution of the histidine residue
at position 47 with an glutamine residue and a
substitution of the phenylalanine residue in position
48 with an alanine or a leucine residue Deletions are
indicated by an asterix. For example, H47* indicates
that the histidine residue in position 47 has been
deleted. Deletions of two or more continuous amino
acids may be indicated as follows, e.g., R161*-E166*
indicates the deletion of residues R161-E166 inclusive
(that is, residues 161, 162, 163, 164, 164, and 166
are deleted). Insertions are indicated the following
way: Insertion of an additional serine residue after
the histidine residue located at position 47 is
indicated as H47HS. Combined substitutions and
insertions are indicated in the following way:
Substitution of the histidine residue at position 47
with a serine residue and insertion of an alanine
residue after the position 47 amino acid residue is
indicated as H47SA. Unless otherwise indicated, the
position numbering of amino acid residues recited
herein is relative to the amino acid sequence SEQ ID
NO:1. It is to be understood that while the examples
and modifications to the parent polypeptide are
generally provided herein relative to the sequence SEQ
ID NO: 1 (or relative to another specified sequence),
the examples pertain to other polypeptides of the
invention, and the modifications described herein may
be made in equivalent amino acid positions of any of
the other polypeptides described herein. Thus, as an
example, the substitution F48L relative to SEQ ID NO:1
is understood to correspond to the substitution A48L
in SEQ ID NO: 13, and so on. The term "exhibiting
(e.g., exhibits, or having, or has) an
interferon-alpha activity" is intended to indicate
that the polypeptide or conjugate of the invention has
at least one activity exhibited by a reference
interferon-alpha polypeptide (such as, for example, a
human interferon-alpha polypeptide, e.g., huIFN-alpha
2b identified herein as SEQ ID NO:46, huIFN-alpha 2a
identified herein as SEQ ID NO:47, hlFN-alpha 8b
identified herein as SEQ ID NO:51, or any other
interferon alpha polypeptide known in the art, such
as, for example, those listed in Allen G. and Diaz
M.O. (1996, supra)). Such activity includes the
ability to signal through an interferon-alpha
receptor, as evidenced by, for example, one or more
of: inhibition of viral replication in virus-infected
cells ("antiviral activity"); enhancement of
differentiation of naive T-cells to a THI phenotype
and/or suppression of differentiation of naive T-cells
to a TH2 phenotype ("TH1 differentiation activity");
or inhibition of cell proliferation
("antiproliferative activity"). The one ormore
interferon-alpha activity is assayed using assays
known in the art and/or described in the Examples. A
polypeptide or a conjugate exhibiting an
interferon-alpha activity is considered to have such
activity when it displays a measurable activity, e.g.,
a measurable antiviral activity, antiproliferative
activity, or TH1 differentiation activity (e.g., as
determined by assays known in the art and/or described
in the Examples). One of skill in the art recognizes
that what constitutes a measurable activity depends in
part on the nature of the assay being undertaken, but
as a general guideline a measurable activity is one in
which the assay signal generated in the presence of
the test compound (e.g., a polypeptide of the
invention) is quantifiably different than the assay
signal generated in the absence of the test compound.
It is to be understood that a polypeptide or conjugate
of the invention need not exhibit all of the known
activities of a particular reference interferon-alpha,
or exhibit such activities to the same extent as the
reference interferon-alpha. In some instances the
activity exhibited by a polypeptide or conjugate of
the invention (as evidenced, e.g., by an EC50,
specific activity, or other value related to activity)
may be about equal to, be less than, or be greater
than that of the particular activity exhibited by 



the reference interferon-alpha. A "variant" is a
polypeptide comprising a sequence which differs in one
or more amino acid position(s) from that of a parent
polypeptide sequence. For example, a variant may
comprise a sequence which differs from the parent
polypeptides sequence in up to 10% of the total number
of residues of the parent polypeptide sequence, such
as in up to 8% of the residues, e.g., in up to 6%, 5%,
4%, 3% 2% or 1% of the total number of residue of the
parent polypeptide sequence. For example, a variant of
SEQ ID NO: 1 may comprise a sequence which differs
from SEQ ID NO: 1 in 1-16 amino acid positions (such
as in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, or 16 amino acid positions), e.g. in 1-15 amino
acid positions, in 1-14 amino acid positions, in 1-13
amino acid positions, in 1-12 amino acid positions, in
1-1 1 amino acid positions, in 1-10 amino acid
positions, in 1-9 amino acid positions, in 1-8 amino
acid positions, in 1-7 amino acid positions, in 1-6
amino acid positions, in 1-5 amino acid positions, in
1-4 amino acid positions, in 1-3 amino acid positions,
or in 1-2 amino acid positions. The term "parent
polypeptide" or "parent interferon-alpha" is intended
to indicate the polypeptide sequence to be modified in
accordance with the present invention. Theparent
polypeptide sequence may be that of a naturally
occurring IFN-alpha (such as a mammalian IFN-alpha,
e.g., a primate IFN-alpha, such as a human IFN-alpha,
such as a huIFN-alpha polypeptide identified herein as
SEQ ID NOs:45-57, or other huIFN-alpha sequence such
as those described herein and/or in Allen G. and Diaz
M.O. (1996), supra). The parent polypeptide sequence
may be that of a non-naturally occurring (i.e.,
"synthetic") interferon-alpha, such as IFN-alpha Conl
(SEQ ID NO:58). In some instances, the parent
polypeptide to be modified may itself be a polypeptide
of the invention, such as, for example, any one of SEQ
ID NOs:2-35 and SEQ ID NOs:37-44. "Naturally
occurring" as applied to an object refers to the fact
that the object can be found in nature as distinct
from being artificially produced by man. For example,
a polypeptide or polynucleotide sequence that is
present in an organism (including viruses, bacteria,
protozoa, insects, plants or mammalian tissue) that
can be isolated from a source in nature and which has
not been intentionally modified by man in the
laboratory is naturally occurring. "Non-naturally
occurring" (also termed "synthetic" or "artificial")
as applied to an object means that the object is not
naturally-occurring -i.e., the object cannot be found
in nature as distinct from being artificially produced
by man. A "fragment" or "subsequence" is any portion
of an entire sequence, up to but not including the
entire sequence. Thus, a fragment or subsequence
refers to a sequence of amino acids or nucleic acids
that comprises a part of a longer sequence of amino
acids (e.g., polypeptide) or nucleic acids (e.g.,
polynucleotide). One type of fragment contemplated by
the present invention is a fragment in which amino
acid residues are removed from the N-terminus or the
C-terminus of the parent polypeptide (or both); such a
polypeptide is considered to be "N-terminally
truncated" or "C-terminally truncated", respectively.
It is known that deletion of at least the first four
amino acids from the N-terminus does not significantly
affect interferon-alpha activity (Lydon, N.B. et al.
(1985) Biochemistry 24: 4131-41). Furthermore,
variants retaining interferon-alpha activity have been
described wherein between 7 and 11 amino acids have
been deleted from the C-terminus (Cheetham B.F. et al.
(1991) Antiviral Res. 15(1):27- 39; Chang N.T. et al.
(1983) Arch. Biochem Biophys. 221(2): 585-589; Franke
A.E. et al. (1982) DNA l(3):223-230). A "receptor"
e.g., an "interferon-alpha receptor" (also known as a
"Type I interferon receptor") is a receptor which is
activated in cells by an interferon-alpha, e.g., binds
aninterferon-alpha and initiates intracellular
signaling, such as a type I interferon receptor
comprising receptor subunits IFNAR-2 and EFNAR-I
(Domanski et al. (1998) J . Biol. Chem. 273(6):3 144-3
147; Mogensen et al., (1999) Journal of Interferon and
Cytokine Research, 19: 1069-1098). In the context of
this invention, receptor is also meant to include
truncated forms of a full-length receptor molecule,
such as for example a receptor molecule which lacks a
membrane-binding portion, such as a soluble form of a
receptor molecule (also known as a "soluble receptor")
which comprises an extracelluar binding domain, which
binds an interferon-alpha, but may not necessarily
bind to a membrane and/or initiate intracellular
signaling. A "specific binding affinity" between two
molecules, e.g., a ligand and a receptor, means a
preferential binding of one molecule for another in a
mixture of molecules. The binding of the molecules is
typically considered specific if the binding affinity
is about 1 x 104 M 1 to about 1 x 109 M 1 or greater
(i.e., K of about 10 4 to 10 9 M or less). Binding
affinity of a ligand and a receptor may be measured by
standard techniques known to those of skill in the
art. Non-limiting examples of well-known techniques
for measuring binding affinities include Biacore(r)
technology (Biacore AB, Sweden), isothermal titration
microcalorimetry (MicroCal LLC, Northampton, MA USA),
ELISA, and FACS. For example, FACS or other sorting
methods may be used to select for populations of
molecules (such as for example, cell surface-displayed
ligands) which specifically bind to the associated
binding pair member (such as a receptor, e.g., a
soluble receptor). Ligand-receptor complexes may be
detected and sorted e.g., by fluorescence (e.g., by
reacting the complex with a fluorescent antibody that
recognizes the complex). Molecules of interest which
bind an associated binding pair member (e.g.,
receptor) are 



pooled and re-sorted in the presence of lower
concentrations of receptor. By performing multiple
rounds sorting in the presence of decreasing
concentrations of receptor (an exemplary concentration
range being on the order of 10 6 M down to 10 9 M,
i.e., 1 micromolar (mM) down to 1 nanomolar (nM), or
less, depending on the nature of the ligand-receptor
interaction), populations of the molecule of interest
exhibiting specific binding affinity for the receptor
may be isolated. A polypeptide, nucleic acid, or other
component is "isolated" when it is partially or
completely separated from components with which it is
normally associated (other peptides, polypeptides,
proteins (including complexes, e.g., polymerases and
ribosomeswhich may accompany a native sequence),
nucleic acids, cells, synthetic reagents, cellular
contaminants, cellular components, etc.), e.g., such
as from other components with which it is normally
associated in the cell from which it was originally
derived. A polypeptide, nucleic acid, or other
component is isolated when it is partially or
completely recovered or separated from other
components of its natural environment such that it is
the predominant species present in a composition,
mixture, or collection of components (i.e., on a molar
basis it is more abundant than any other individual
species in the composition). In some instances, the
preparation consists of more than about 60%, 70% or
75%, typically more than about 80%, or preferably more
than about 90% of the isolated species. A
"substantially pure" or "isolated" nucleic acid (e.g.,
RNA or DNA), polypeptide, protein, or composition also
means where the object species (e.g., nucleic acid or
polypeptide) comprises at least about 50, 60, or 70
percent by weight (on a molar basis) of all
macromolecular species present. A substantially pure
or isolated composition can also comprise at least
about 80, 90, or 95 percent by weight of all
macromolecular species present in the composition. An
isolated object species can also be purified to
essential homogeneity (contaminant species cannot be
detected in the composition by conventional detection
methods) wherein the composition consists essentially
of derivatives of a single macromolecular species. The
term "purified" generally denotes that a nucleic acid,
polypeptide, or protein gives rise to essentially one
band in an electrophoretic gel. It typically means
that the nucleic acid, polypeptide, or protein is at
least about 50% pure, 60% pure, 70% pure, 75% pure,
more preferably at least about 85% pure, and most
preferably at least about 99% pure. The term "isolated
nucleic acid" may refer to a nucleic acid (e.g., DNA
or RNA) that is not immediately contiguous with both
of the coding sequences with which it is immediately
contiguous (i.e., one at the 5' and one at the 3' end)
in the naturally occurring genome of the organism from
which the nucleic acid of the invention is derived.
Thus, this term includes, e.g., a cDNA or a genomic
DNA fragment produced by polymerase chain reaction
(PCR) or restriction endonuclease treatment, whether
such cDNA or genomic DNA fragment is incorporated into
a vector, integrated into the genome of the same or a
different species than the organism, including, e.g.,
a virus, from which it was originally derived, linked
to an additional coding sequence to form a hybrid
geneencoding a chimeric polypeptide, or independent of
any other DNA sequences. The DNA may be
double-stranded or single-stranded, sense or
antisense. A "recombinant polynucleotide" or a
"recombinant polypeptide" is a non-naturally occurring
polynucleotide or polypeptide which may include
nucleic acid or amino acid sequences, respectively,
from more than one source nucleic acid or polypeptide,
which source nucleic acid or polypeptide can be a
naturally occurring nucleic acid or polypeptide, or
can itself have been subjected to mutagenesis or other
type of modification. A nucleic acid or polypeptide
may be deemed "recombinant" when it is synthetic or
artificial or engineered, or derived from a synthetic
or artificial or engineered polypeptide or nucleic
acid. A recombinant nucleic acid (e.g., DNA or RNA)
can be made by the combination (e.g., artificial
combination) of at least two segments of sequence that
are not typically included together, not typically
associated with one another, or are otherwise
typically separated from one another. A recombinant
nucleic acid can comprise a nucleic acid molecule
formed by the joining together or combination of
nucleic acid segments from different sources and/or
artificially synthesized. A "recombinant polypeptide"
often refers to a polypeptide that results from a
cloned or recombinant nucleic acid. The source
polynucleotides or polypeptides from which the
different nucleic acid or amino acid sequences are
derived are sometimes homologous (i.e., have, or
encode a polypeptide that encodes, the same or a
similar structure and/or function), and are often from
different isolates, serotypes, strains, species, of
organism or from different disease states, for
example. The term "recombinant" when used with
reference, e.g., to a cell, polynucleotide, vector,
protein, or polypeptide typically indicates that the
cell, polynucleotide, or vector has been modified by
the introduction of a heterologous (or foreign)
nucleic acid or the alteration of a native nucleic
acid, or that the protein or polypeptide has been
modified by the introduction of a heterologous amino
acid, or that the cell is derived from a cell so
modified. Recombinant cells express nucleic acid
sequences that are not found in the native
(non-recombinant) form of the cell or express native
nucleic acid sequences that would otherwise be
abnormally expressed, under-expressed, or not
expressed at all. The term "recombinant" when used
with reference to a cell indicates that the cell
replicates a 



heterologous nucleic acid, or expresses a polypeptide
encoded by a heterologous nucleic acid. Recombinant
cells can contain coding sequences that are not found
within thenative (non-recombinant) form of the cell.
Recombinant cells can also contain coding sequences
found in the native form of the cell wherein the
coding sequences are modified and re-introduced into
the cell by artificial means. The term also
encompasses cells that contain a nucleic acid
endogenous to the cell that has been modified without
removing the nucleic acid from the cell; such
modifications include those obtained by gene
replacement, site-specific mutation, recombination,
and related techniques. The term "recombinantly
produced" refers to an artificial combination usually
accomplished by either chemical synthesis means,
recursive sequence recombination of nucleic acid
segments or other diversity generation methods (such
as, e.g., shuffling) of nucleotides, or manipulation
of isolated segments of nucleic acids, e.g., by
genetic engineering techniques known to those of
ordinary skill in the art. "Recombinantly expressed"
typically refers to techniques for the production of a
recombinant nucleic acid in vitro and transfer of the
recombinant nucleic acid into cells in vivo, in vitro,
or ex vivo where it may be expressed or propagated. A
"recombinant expression cassette" or simply an
"expression cassette" is a nucleic acid construct,
generated recombinantly or synthetically, with nucleic
acid elements that are capable of effecting expression
of a structural gene in hosts compatible with such
sequences. Expression cassettes include at least
promoters and optionally, transcription termination
signals. Typically, the recombinant expression
cassette includes a nucleic acid to be transcribed
(e.g., a nucleic acid encoding a desired polypeptide),
and a promoter. Additional factors necessary or
helpful in effecting expression may also be used as
described herein. For example, an expression cassette
can also include nucleotide sequences that encode a
signal sequence that directs secretion of an expressed
protein from the host cell. Transcription termination
signals, enhancers, and other nucleic acid sequences
that influence gene expression, can also be included
in an expression cassette. An "immunogen" refers to a
substance capable of provoking an immune response, and
includes, e.g., antigens, autoantigens that play a
role in induction of autoimmune diseases, and
tumor-associated antigens expressed on cancer cells.
An immune response generally refers to the development
of a cellular or antibody-mediated response to an
agent, such as an antigen or fragment thereof or
nucleic acid encoding such agent. In some instances,
such a response comprises a production of at least one
or a combinationof CTLs, B cells, or various classes
of T cells that are directed specifically to
antigenpresenting cells expressing the antigen of
interest. An "antigen" refers to a substance that is
capable of eliciting the formation of antibodies in a
host or generating a specific population of
lymphocytes reactive with that substance. Antigens are
typically macromolecules (e.g., proteins and
polysaccharides) that are foreign to the host. An
"adjuvant" refers to a substance that enhances an
antigen's immune-stimulating properties or the
pharmacological effect(s) of a drug. An adjuvant may
non-specifically enhance the immune response to an
antigen. "Freund's Complete Adjuvant," for example, is
an emulsion of oil and water containing an immunogen,
an emulsifying agent and mycobacteria. Another
example, "Freund's incomplete adjuvant," is the same,
but without mycobacteria. A vector is a component or
composition for facilitating cell transduction or
transfection by a selected nucleic acid, or expression
of the nucleic acid in the cell. Vectors include,
e.g., plasmids, cosmids, viruses, YACs, bacteria,
poly-lysine, etc. An "expression vector" is a nucleic
acid construct or sequence, generated recombinantly or
synthetically, with a series of specific nucleic acid
elements that permit transcription of a particular
nucleic acid in a host cell. The expression vector can
be part of a plasmid, virus, or nucleic acid fragment.
The expression vector typically includes a nucleic
acid to be transcribed operably linked to a promoter.
The nucleic acid to be transcribed is typically under
the direction or control of the promoter.
"Substantially the entire length of a polynucleotide
sequence" or "substantially the entire length of a
polypeptide sequence" refers to at least 50%,
generally at least about 60%, 70%, or 75%, usually at
least about 80%, or typically at least about 85%, 90%,
9 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
of a length of a polynucleotide sequence or
polypeptide sequence. The term "immunoassay" includes
an assay that uses an antibody or immunogen to bind or
specifically bind an antigen. The immunoassay is
typically characterized by the use of specific binding
properties of a particular antibody to isolate,
target, and/or quantify the antigen. The term
"subject" as used herein includes, but is not limited
to, an organism; a mammal, including, e.g., a human,
non-human primate (e.g., baboon, orangutan,monkey),
mouse, pig, cow, goat, cat, rabbit, rat, guinea pig,
hamster, horse, monkey, sheep, or other non-human
mammal; a non-mammal, including, e.g., a non-mammalian
vertebrate, such as a bird (e.g., a chicken or duck)
or a fish, and a non-mammalian invertebrate. The term
"pharmaceutical composition" means a composition
suitable for pharmaceutical use in a subject,
including an animal or human. A pharmaceutical
composition generally comprises an effective amount of
an active agent and a carrier, 



including, e.g., a pharmaceutically acceptable
carrier. The term "effective amount" means a dosage or
amount sufficient to produce a desired result. The
desired result may comprise an objective or subjective
improvement in the recipient of the dosage or amount.
A "prophylactic treatment" is a treatment administered
to a subject who does not display signs or symptoms of
a disease, pathology, or medical disorder, or displays
only early signs or symptoms of a disease, pathology,
or disorder, such that treatment is administered for
the purpose of diminishing, preventing, or decreasing
the risk of developing the disease, pathology, or
medical disorder. A prophylactic treatment functions
as a preventative treatment against a disease or
disorder. A "prophylactic activity" is an activity of
an agent, such as a nucleic acid, vector, gene,
polypeptide, protein, substance, or composition
thereof that, when administered to a subject who does
not display signs or symptoms of pathology, disease or
disorder, or who displays only early signs or symptoms
of pathology, disease, or disorder, diminishes,
prevents, or decreases the risk of the subject
developing a pathology, disease, or disorder. A
"prophylactically useful" agent or compound (e.g.,
nucleic acid or polypeptide) refers to an agent or
compound that is useful in diminishing, preventing,
treating, or decreasing development of pathology,
disease or disorder. A "therapeutic treatment" is a
treatment administered to a subject who displays
symptoms or signs of pathology, disease, or disorder,
in which treatment is administered to the subject for
the purpose of diminishing or eliminating those signs
or symptoms of pathology, disease, or disorder. A
"therapeutic activity" is an activity of an agent,
such as a nucleic acid, vector, gene, polypeptide,
protein, substance, or composition thereof, that
eliminates or diminishes signs or symptoms of
pathology, disease or disorder, when administered to a
subject suffering from such signs or symptoms. A
"therapeuticallyuseful" agent or compound (e.g.,
nucleic acid or polypeptide) indicates that an agent
or compound is useful in diminishing, treating, or
eliminating such signs or symptoms of a pathology,
disease or disorder. The term "gene" broadly refers to
any segment of DNA associated with a biological
function. Genes include coding sequences and/or
regulatory sequences required for their expression.
Genes also include non-expressed DNA nucleic acid
segments that, e.g., form recognition sequences for
other proteins (e.g., promoter, enhancer, or other
regulatory regions). Genes can be obtained from a
variety of sources, including cloning from a source of
interest or synthesizing from known or predicted
sequence information, and may include sequences
designed to have desired parameters. Generally, the
nomenclature used hereafter and the laboratory
procedures in cell culture, molecular genetics,
molecular biology, nucleic acid chemistry, and protein
chemistry described below are those well known and
commonly employed by those of ordinary skill in the
art. Standard techniques, such as described in
Sambrook et al., Molecular Cloning - A Laboratory
Manual (2nd Ed.), VoIs. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York, 1989
(hereinafter "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. (1994,
supplemented through 1999) (hereinafter "Ausubel"),
are used for recombinant nucleic acid methods, nucleic
acid synthesis, cell culture methods, and transgene
incorporation, e.g., electroporation, injection, gene
gun, impressing through the skin, and lipofection.
Generally, oligonucleotide synthesis and purification
steps are performed according to specifications. The
techniques and procedures are generally performed
according to conventional methods in the art and
various general references which are provided
throughout this document. The procedures therein are
believed to be well known to those of ordinary skill
in the art and are provided for the convenience of the
reader. As used herein, an "antibody" refers to a
protein comprising one or more polypeptides
substantially or partially encoded by immunoglobulin
genes or fragments of immunoglobulin genes. The term
antibody is used to mean whole antibodies and binding
fragments thereof. The recognized immunoglobulin genes
include the kappa, lambda, alpha, gamma, delta,
epsilon and mu constant region genes, as well as
myriad immunoglobulin variable region genes. Light
chains are classified as either kappa orlambda. Heavy
chains are classified as gamma, mu, alpha, delta, or
epsilon, which in turn define the immunoglobulin
classes, IgG, IgM, IgA, IgD and IgE, respectively. A
typical immunoglobulin (e.g., antibody) structural
unit comprises a tetramer. Each tetramer is composed
of two identical pairs of polypeptide chains, each
pair having one "light" (about 25 KDa) and one "heavy"
chain (about 50-70 KDa). The N-terminus of each chain
defines a variable region of about 100 to 110 or more
amino acids primarily responsible for antigen
recognition. The terms variable light chain (VL) and
variable heavy chain (VH) refer to these light and
heavy chains, respectively. Antibodies also include
single-armed composite monoclonal antibodies, single
chain antibodies, including single chain Fv (sFv)
antibodies in which a variable heavy and a variable
light chain are joined together (directly or through a
peptide linker) to form a continuous polypeptide, as
well as diabodies, tribodies, and tetrabodies (Pack et
al. (1995) J MoI Biol 246:28; Biotechnol 11:1271; and
Biochemistry 31:1579). The antibodies are, e.g.,
polyclonal, monoclonal, chimeric, humanized, single
chain, Fab fragments, 



fragments produced by an Fab expression library, or
the like. The term "epitope" means a protein
determinant capable of specific binding to an
antibody. Epitopes usually consist of chemically
active surface groupings of molecules such as amino
acids or sugar side chains and usually have specific
three dimensional structural characteristics, as well
as specific charge characteristics. Conformational and
nonconformational epitopes are distinguished in that
the binding to the former but not the latter is lost
in the presence of denaturing solvents. An
"antigen-binding fragment" of an antibody is a peptide
or polypeptide fragment of the antibody that binds an
antigen. An antigen-binding site is formed by those
amino acids of the antibody that contribute to, are
involved in, or affect the binding of the antigen. See
Scott, T.A. and Mercer, E.I., Concise Encyclopedia:
Biochemistry and Molecular Biology (de Gruyter, 3d ed.
1997), and Watson, J.D. et al., Recombinant DNA (2d
ed. 1992) (hereinafter "Watson, Recombinant DNA"),
each of which is incorporated herein by reference in
its entirety for all purposes. The term "screening"
describes, in general, a process that identifies
optimal molecules of the present invention, such as,
e.g., polypeptides of the invention, and related
fusion polypeptides including the same, and nucleic
acids encoding all such molecules. Several properties
of these respective molecules can be used in selection
andscreening, for example: an ability of a respective
molecule to bind a ligand or to a receptor, to inhibit
cell proliferation, to inhibit viral replication in
virus-infected cells, to induce or inhibit cellular
cytokine production, to alter an immune response,
e.g., induce or inhibit a desired immune response, in
a test system or an in vitro, ex vivo or in vivo
application. In the case of antigens, several
properties of the antigen can be used in selection and
screening including antigen expression, folding,
stability, immunogenicity and presence of epitopes
from several related antigens. "Selection" is a form
of screening in which identification and physical
separation are achieved simultaneously by, e.g.,
expression of a selection marker, which, in some
genetic circumstances, allows cells expressing the
marker to survive while other cells die (or vice
versa). Screening markers include, for example,
luciferase, beta-galactosidase and green fluorescent
protein, and the like. Selection markers include drug
and toxin resistance genes, and the like. Another mode
of selection involves physical sorting based on a
detectable event, such as binding of a ligand to a
receptor, reaction of a substrate with an enzyme, or
any other physical process which can generate a
detectable signal either directly (e.g., by utilizing
a chromogenic substrate or ligand) or indirectly
(e.g., by reacting with a chromogenic secondary
antibody). Selection by physical sorting can by
accomplished by a variety of methods, such as by FACS
in whole cell or microdroplet formats. An "exogenous"
nucleic acid," "exogenous DNA segment," "heterologous
sequence," or "heterologous nucleic acid," as used
herein, is one that originates from a source foreign
to the particular host cell, or, if from the same
source, is modified from its original form. Thus, a
heterologous gene in a host cell includes a gene that
is endogenous to the particular host cell, but has
been modified. Modification of a heterologous sequence
in the applications described herein typically occurs
through the use of recursive sequence recombination.
The terms refer to a DNA segment which is foreign or
heterologous to the cell, or homologous to the cell
but in a position within the host cell nucleic acid in
which the element is not ordinarily found. Exogenous
DNA segments are expressed to yield exogenous
polypeptides. The term "nucleic acid" refers to
deoxyribonucleotides 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
nucleotideswhich have similar binding properties as
the reference nucleic acid and are metabolized in a
manner similar to naturally occurring nucleotides.
Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompasses conservatively
modified variants thereof (e.g., degenerate codon
substitutions) and complementary sequences and 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. (1991) Nucleic Acid Res 19:5081; Ohtsuka et al.
(1985) J Biol Chem 260:2605-2608; Cassol et al. (1992)
; Rossolini et al. (1994) MoI Cell Probes 8:91-98).
The term nucleic acid is used interchangeably with
gene, cDNA, and mRNA encoded by a gene. "Nucleic acid
derived from a gene" refers to a nucleic acid for
whose synthesis the gene, or a subsequence thereof,
has ultimately served as a template. Thus, an mRNA, a
cDNA reverse transcribed from an mRNA, an RNA
transcribed from that cDNA, a DNA amplified from the
cDNA, an RNA transcribed from the amplified DNA, etc.,
are all derived from the gene and detection of such
derived products is indicative of the presence and/or
abundance of the original gene and/or gene transcript
in a sample. A nucleic acid is "operably linked" when
it is placed into a functional relationship with
another nucleic acid sequence. For instance, a
promoter or enhancer is operably linked to a coding
sequence if it increases the transcription of the
coding sequence. Operably linked means that the DNA
sequences being linked are typically contiguous and,
where 



necessary to join two protein coding regions,
contiguous and in reading frame. However, since
enhancers generally function when separated from the
promoter by several kilobases and intronic sequences
may be of variable lengths, some polynucleotide
elements may be operably linked but not contiguous.
The term "cytokine" includes, for example,
interleukins, interferons, chemokines, hematopoietic
growth factors, tumor necrosis factors and
transforming growth factors. In general these are low
molecular weight proteins that regulate maturation,
activation, proliferation, and differentiation of
cells of the immune system. In the present description
and claims, any reference to "a" component, e.g. in
the context of a non-polypeptide moiety, an amino acid
residue, a substitution, a buffer, a cation, etc., is
intended to refer to one or more of such components,
unless stated otherwise or unlessit is clear from the
particular context that this is not the case. For
example, the expression "a component selected from the
group consisting of A, B and C" is intended to include
all combinations of A, B and C, e.g., A, B, C, A+B,
A+C, B+C or A+B+C. Various additional terms are
defined or otherwise characterized herein. MOLECULES
AND METHODS OF THE INVENTION Molecules of the
invention (e.g., polypeptides of the invention,
conjugates of the invention, and nucleic acids
encoding said polypeptides) are useful for the
treatment of diseases and disorders which are
responsive to treatment by interferon-alpha,
particularly diseases associated with viral infection,
such as, for example, infection by HCV. Patients with
chronic HCV infection have viral loads typically in
the range of 104 - 107 copies of HCV RNA/ml of serum
prior to treatment. Upon treatment with IFN-alpha,
viral load in these patients characteristically
undergoes two distinct log-linear phases of decline
(Figure IB; Neumann A.U., et al. (1998) Science
282:103-107). The initial rapid drop in viral load
that occurs within the first two days of IFN-alpha
therapy is believed to be due to interferon-alpha
mediated reduction in virus production in the infected
liver cells and concomitant protection of naive cells
against infection. The rate of viral production
reaches a new steady state at about two days, at which
time a second less rapid log-linear phase of viral
clearance is observed. This second phase of viral
clearance is generally believed to be due in part to
T-cell mediated killing of infected liver cells
(Neumann, et al., supra). IFN-alpha is believed to
play a key role in this biological response through
the stimulation of antigen specific T cells to
differentiate into THI cells. Furthermore, the mode of
action of Ribavirin is believed to be due to
augmentation of the TH1 response, and is thought to be
the mechanistic basis of its efficacy in combination
therapy with IFN-alpha. HCV-infected patients who are
non-responsive to interferonalpha therapies currently
in use (generally termed "non-responders") exhibit
much shallower viral load clearance profiles (Figure
IA). Although the present invention is not intended to
be limited by a particular theory of underlying
mechanism, it is proposed that antiviral activity in
surrogate assay systems (such as those described in
more detail herein) may be predictive of
interferon-alpha efficacy, in for example the first
phase of viral clearance. Exemplary antiviral assays,
described in the Examples section, monitor the
effectiveness of IFN-alpha in protectingagainst the
cytopathic effect of Encephalomyocarditis Virus (EMCV)
in HuH7 human liver-derived cells as a surrogate
system for effectiveness against HCV in human liver
cells. Other useful virus / cell assay systems include
EMCV in WISH human amnionderived cells, EMCV in HeLa
human cervical carcinoma cells, Vesicular Stomatitis
Virus (VSV) in HuH7 cells, Vaccinia Virus (VV) in HeLa
cells, Yellow Fever Virus (YFV) in HepG2 human
hepatocarcinoma cells, as well as Human
Immunodeficiency Virus (HIV) in primary CD4+ T-cells.
Example 2 shows antiviral activities of representative
polypeptides of the invention in the EMCV/HuH7 and
EMCV/HeLa antiviral activity assays. Other surrogate
assay systems useful for monitoring effectiveness
against HCV in infected hepatocytes include HCV
replicon systems, as described, for example, by
Lohmann V., et al, (1999) Science 285(5424):285-293;
Randall G. and Rice CM. (2001) Curr Opin Infect Dis
14(6):743-7477; and Bartenschlager, R. (2002) Nature
Reviews/Drug Discovery 1:91 1. An example of a useful
in vivo host system for monitoring HCV antiviral
efficacy is a chimeric human liver SCID mouse, as
described by Mercer, et al. (2001) Nature Medicine
7(8):927-933. It is furthermore proposed, without
being limited by theory, that enhancement of TH I
differentiation and/or suppression of TH2
differentiation by IFN-alpha may be a contributing
factor to interferon-alpha efficacy, for example, in
the second phase of viral clearance. According to this
theory, evolved IFN-alphas with increased potency in
these biological activities (i.e., enhancement of TH1
differentiation and/or suppression of TH2
differentiation) would be predicted to have increased
efficacy relative to, for example, currently approved
therapeutic interferon-alpha molecules administered at
the same dosage. An exemplary assay, described in the
Examples section herein, monitors the enhancement of T
HI differentiation and/or suppression of T H2
differentiation by IFNalpha on naive THOcells, by
measuring production of cytokines associated with the
TH I - phenotype (e.g., IFN-gamma) and/or the
TH2-phenotype (e.g., IL-5, IL4) via ELISA or via
intracellular staining and FACS sorting. Example 3
shows TH I differentiation activities of
representative polypeptides of the invention. 



The therapeutic efficacy of IFN-alpha molecules tends
to be diminished in part due to dose-limiting
toxicities, e.g. thrombocytopenia and neutropenia.
Although the present invention is not intended to be
limited by a particular theory of underlying
mechanism, itis proposed that such toxicity may be
associated with anti-proliferative effects of IFNalpha
on platelet and neutrophil precursors, and that
antiproliferative activity in surrogate assay systems
(such as those described herein) may be predictive of
the relative toxicity of an interferon-alpha molecule.
Thus, dose-limiting toxicities associated with
IFNalpha therapy may be diminished in IFN-alpha
molecules that exhibit reduced antiproliferative
activity relative to, for example, currently approved
therapeutic interferon-alpha molecules, such as
ROFERON(D-A (Interferon alfa-2a, recombinant;
Hoffmann-La Roche Inc.), INTRON(r) A (Interferon
alfa-2b, recombinant; Schering Corporation), and
INFERGEN(r) (interferon alfacon-1; InterMune, Inc.).
An exemplary antiproliferative activity assay,
described in the Examples section herein, monitors the
effect of IFN-alpha on the proliferation of human
Daudi lymphoid cells. Alternatively, or in addition,
dose-limiting toxicities may be reduced as a result of
administering more therapeutically active molecules,
which would permit dosing in lower concentrations or
at lower frequency than currently approved molecules.
Example 4 shows the Daudi antiproliferative activities
of representative polypeptides of the invention. It is
an object of the invention to provide novel
interferon-alpha polypeptides, and nucleic acids which
encode the polypeptides. Polypeptides of the invention
are useful for the treatment of diseases and disorders
which are responsive to treatment by interferonalpha,
particularly diseases associated with viral infection,
such as, for example, infection by HCV. Some
polypeptides of the invention exhibit an
interferon-alpha activity, such as, for example,
antiviral activity, antiproliferative activity, and/or
THI differentiation activity. Some polypeptides of the
invention exhibit one or more of the following
properties: increased or decreased antiviral activity
compared to a reference IFN-alpha polypeptide;
increased or decreased THI differentiation activity
compared to a reference IFN-alpha polypeptide;
increased or decreased antiproliferative activity
compared to a reference IFN-alpha polypeptide. The
reference IFN-alpha polypeptide may comprise a
sequence of a non-naturally occurring
interferon-alpha, such as IFN-alpha Conl (SEQ ID
NO:58), or may comprise a sequence of a
naturally-occurring (i.e., wild-type) interferonalpha
polypeptide. Examples of sequences of naturally
occurring interferon-alpha polypeptides include
sequences of human IFN-alpha polypeptides, such as,
for example, huIFN-alpha 2b (SEQ ID NO:46),
huIFN-alpha 2a (SEQ ID NO:47), huIFN-alpha 2c (SEQ ID
NO:46 with position 34 = Arg), huIFN-alpha 8b (SEQ ID
NO:52), huIFN-alpha8a (SEQ ID NO:52 with positions 98
= VaI, 99 = Leu, 100 = Cys, and 101 = Asp),
huIFN-alpha 8c (SEQ E) NO:52 with position 161 = Asp
and amino acids at positions 162-166 deleted),
huIFN-alpha 14a (SEQ ID NO:54), huIFN-alpha 14c (SEQ
ID NO:54 with position 152 = Leu), or a sequence of
any other naturally occurring human interferon alpha
polypeptide, such as those listed in Allen G. and Diaz
M.O. (1996), supra. In another aspect, the invention
provides interferon-alpha polypeptides which exhibit
enhanced efficacy in clearing a virus from
virus-infected cells, compared to a reference
interferon-alpha molecule, such as one currently
employed as a therapeutic (such as, for example,
ROFERON-A, INTRON A, or INFERGEN). Exemplary viruses
include, but are not limited to, viruses of the
Flaviviridae family, such as, for example, Hepatitis C
Virus, Yellow Fever Virus, West Nile Virus, Japanese
Encephalitis Virus, Dengue Virus, and Bovine Viral
Diarrhea Virus; viruses of the Hepadnaviridae family,
such as, for example, Hepatitis B Virus; viruses of
the Picornaviridae family, such as, for example,
Encephalomyocarditis Virus, Human Rhinovirus, and
Hepatitis A Virus; viruses of the Retroviridae family,
such as, for example, Human Immunodeficiency Virus,
Simian Immunodeficiency Virus, Human T-Lymphotropic
Virus, and Rous Sarcoma Virus; viruses of the
Coronaviridae family, such as, for example, SARS
coronavirus; viruses of the Rhabdoviridae family, such
as, for example, Rabies Virus and Vesicular Stomatitis
Virus, viruses of the Paramyxoviridae family, such as,
for example, Respiratory Syncytial Virus and
Parainfluenza Virus, viruses of the Papillomaviridae
family, such as, for example, Human Papillomavirus,
and viruses of the Herpesviridae family, such as, for
example, Herpes Simplex Virus. Such enhanced efficacy
may arise from enhanced antiviral activity, enhanced
THI -differentiation activity, or both, relative to
the reference molecule. For example, some
interferon-alpha polypeptides of the invention may be
particularly useful in clearing viruses or viral
strains that show poor response to treatment with
interferon-alpha molecules currently in use, such as,
for example, Genotype 1 of HCV. Some polypeptides of
the invention exhibit an increased ratio of (antiviral
activity/antiproliferative activity) compared to the
reference IFN-alpha molecule, and/or an increased
ratio of (TH1 differentiation
activity/antiproliferative activity) compared to the
reference IFN-alpha molecule. Polypeptides exhibiting
such properties may be particularly effective in
treatment of viral infections, such as, for example,
infection by avirus listed above. Some such
polypeptides may, for example, provide enhanced
therapeutic efficacy over currently-approved
interferon-alpha molecules in the treatment of HCV, in
one or both phases of the biphasic viral clearance
profile, and/or may exhibit reduced toxicity. Some
such polypeptides may provide enhanced therapeutic
efficacy over currently-approved interferon-alpha
molecules in the treatment of Genotype 1 HCV. 



It is another object of the invention to provide
conjugates, such conjugates comprising one or more
non-polypeptide moiety linked to a polypeptide of the
invention, which conjugate exhibits an
interferon-alpha activity (such as one or more of the
activities listed above), and which optionally
exhibits other desirable properties, such as increased
serum half-life and/or functional in vivo half-life,
and/or decreased antigenicity, compared to the
non-conjugated polypeptide. Some such conjugates may
exhibit enhanced efficacy in clearing a virus from
cells infected with the virus, compared to a reference
interferon-alpha molecule, such as an interferon-alpha
conjugate currently employed as a therapeutic (such
as, for example, PEGASYS(r) (Peginterferon alfa-2a;
Hoffmann-La Roche, Inc.) or PEG-INTRON(r)
(peginterferon alfa-2b; Schering Corporation).
Exemplary viruses include, but are not limited to,
viruses of the Flaviviridae family, such as, for
example, Hepatitis C Virus, Yellow Fever Virus, West
Nile Virus, Japanese Encephalitis Virus, Dengue Virus,
and Bovine Viral Diarrhea Virus; viruses of the
Hepadnaviridae family, such as, for example, Hepatitis
B Virus; viruses of the Picornaviridae family, such
as, for example, Encephalomyocarditis Virus, Human
Rhinovirus, and Hepatitis A Virus; viruses of the
Retroviridae family, such as, for example, Human
Immunodeficiency Virus, Simian Immunodeficiency Virus,
Human TLymphotropic Virus, and Rous Sarcoma Virus;
viruses of the Coronaviridae family, such as, for
example, SARS coronavirus; viruses of the Rhabdovi
dae family, such as, for example, Rabies Virus and
Vesicular Stomatitis Virus, viruses of the
Paramyxoviridae family, such as, for example,
Respiratory Syncytial Virus and Parainfluenza Virus,
viruses of the Papillomaviridae family, such as, for
example, Human Papillomavirus, and viruses of the
Herpesviridae family, such as, for example, Herpes
Simplex Virus. Such enhanced efficacy may arise from
enhanced antiviral activity, enhanced THI -
differentiation activity, or both, relative to the
reference molecule. For example, some interferon-alpha
conjugates of the invention may be particularly useful
in clearing virusesor viral strains that show poor
response to treatment with interferon-alpha molecules
currently in use, such as, for example, Genotype 1 of
HCV. Some conjugates of the invention exhibit an
increased ratio of (antiviral
activity/antiproliferative activity) compared to the
reference IFN-alpha molecule, and/or an increased
ratio of (T11 1 differentiation
activity/antiproliferative activity) compared to the
reference IFN-alpha molecule. Conjugates exhibiting
such properties may be particularly effective in
treatment of viral infections, such as infection by a
virus listed above, such as, for example, HCV. Some
such conjugates may, for example, provide enhanced
therapeutic efficacy over currently-approved
interferon-alpha molecules in the treatment of HCV, in
one or both phases of the biphasic viral clearance
profile, and/or may exhibit reduced toxicity. Some
such conjugates may provide enhanced therapeutic
efficacy over currently-approved interferon-alpha
molecules in the treatment of Genotype I HCV. It is
another object of the invention to provide a method of
inhibiting viral replication in virus-infected cells,
the method comprising administering to the
virusinfected cells a polypeptide or conjugate of the
invention in an amount effective to inhibit viral
replication in said cells. The invention also provides
a method of reducing the number of copies of a virus
in virus-infected cells, comprising administering to
the virusinfected cells a polypeptide or conjugate of
the invention in an amount effective to reduce the
number of copies of the virus in said cells. The virus
may be a virus of the Flaviviridae family, such as,
for example, Hepatitis C Virus, Yellow Fever Virus,
West Nile Virus, Japanese Encephalitis Virus, Dengue
Virus, or Bovine Viral Diarrhea Virus; a virus of the
Hepadnaviridae family, such as, for example, Hepatitis
B Virus; a virus of the Picornaviridae family, such
as, for example, Encephalomyocarditis Virus, Human
Rhinovirus, or Hepatitis A Virus; a virus of the
Retroviridae family, such as, for example, Human
Immunodeficiency Virus, Simian Immunodeficiency Virus,
Human TLymphotropic Virus, or Rous Sarcoma Virus; a
virus of the Coronaviridae family, such as, for
example, SARS coronavirus; a virus of the
Rhabdoviridae family, such as, for example, Rabies
Virus or Vesicular Stomatitis Virus; a virus of the
Paramyxoviridae family, such as, for example,
Respiratory Syncytial Virus or Parainfluenza Virus; a
virus of the Papillomaviridae family, such as, for
example, Human Papillomavirus; or a virus of the
Herpesvi dae family, such as, for example, Herpes
Simplex Virus. The virus mayfor example be an RNA
virus, such as HCV, a DNA virus, such as HBV, or a
retrovirus, such as HIV. The cells may be in culture
or otherwise isolated from a mammal (i.e., in vitro or
ex vivo), or may be in vivo, e.g., in a mammal (e.g.
such as a SCED mouse model as described by Mercer, et
al. (2001) Nature Medicine. 7(8): 927-933), in a
primate, or in man. The invention also provides a
method of enhancing TH1 differentiation of THO cells,
comprising administering to a population comprising
TH0 cells a polypeptide or conjugate of the invention
in an amount effective to increase the production of a
cytokine associated with the THl-phenotype (e.g.,
IFN-gamma) and/or decrease the production of a
cytokine associated with the TH2-phenotype (e.g., IL-4
or IL-5) in said population. The population may be in
culture or otherwise isolated from a mammal (i.e., in
vitro or ex vivo), or may be in vivo, e.g., in a
mammal, in a primate, or in man. The invention also
provides a method of inhibiting proliferation of a
cell population, 



comprising contacting the cell population with a
polypeptide, variant, or conjugate of the invention in
an amount effective to decrease proliferation of the
cell population. The cell population may be in culture
or otherwise isolated from a mammal (i.e., in vitro or
ex vivo), or may be in vivo, e.g., in a mammal, a
primate, or man. These and other objects of the
invention are discussed in more detail below.
POLYPEPTIDES OF THE INVENTION The invention provides
novel interferon-alpha polypeptides, collectively
referred to herein as "polypeptides of the invention".
The term "polypeptide(s) of the invention" is intended
throughout to include variants of the polypeptide
sequences disclosed herein. Also included in this
invention are fusion proteins comprising polypeptides
of the invention, and conjugates comprising
polypeptides of the invention. Fragments of various
interferon-alpha coding sequences were recursively
recombined to form libraries comprising recombinant
polynucleotides, from which polypeptides of the
invention were derived. Methods for obtaining
libraries of recombinant polynucleotides and/or for
obtaining diversity in nucleic acids used as the
substrates for recursive sequence recombination are
also described infra. Exemplary polypeptides of the
invention include polypeptides comprising sequences
identified herein as SEQ ID NOs:2-35 and SEQ ID NOs:
37-44 (i.e., SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQID NO:8, SEQ
ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19,
SEQ ID NO: 10, SEQ ID NO:21, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ
ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30,
SEQ ID NO:31, SEQ ED NO:32, SEQ ID NO:33, SEQ ID
NO:34, SEQ ID NO:35, SEQ ID NO:37, SEQ ID NO:38, SEQ
ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42,
SEQ ID NO:43, and SEQ ID NO:44). Some such
polypeptides further comprise one or more additional
amino acid(s), such as, for example, a methionine
added to the N-terminus. The invention also provides
fusion proteins and conjugates comprising these
polypeptides, and isolated or recombinant nucleic
acids encoding these polypeptides. The invention also
provides isolated or recombinant polypeptides which
each comprise a sequence which (a) differs in 1 to 16
amino acid positions from SEQ ID NO: 1 and (b)
comprises one or more substitution(s) relative to SEQ
ID NO: 1 selected from the group consisting of F48A/L;
V51P; F55A; F65A; F68P; Ll 1IA; and Vl 14P. Some such
polypeptides comprise a sequence which differs from
SEQ ID NO: 1 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, or 16 amino acid positions, e.g., in 1-15
amino acid positions, in 1-14 amino acid positions, in
1-13 amino acid positions, in 1-12 amino acid
positions, 1-1 1 amino acid positions, in 1-10 amino
acid positions, in 1-9 amino acid positions, in 1- 8
amino acid positions, in 1-7 amino acid positions, in
1-6 amino acid positions, in 1-5 amino acid positions,
in 1-4 amino acid positions, in 1-3 amino acid
positions, or in 1-2 amino acid positions. In some
instances, the polypeptide further comprises one or
more substitution(s) relative to SEQ ID NO: 1 selected
from the group consisting of H47Q; V51A; Q52P/E; A53T;
F55S; L56V; F57L; Y58H; M61I; N113K; V 114E; and
E160D. In some instances, the polypeptide exhibits an
interferon-alpha activity (e.g., antiviral activity,
TH1 differentiation activity, and/or antiproliferative
activity). Some such polypeptides further comprise one
or more additional amino acid(s), such as a methionine
added to the N-terminus. The invention also provides
fusion proteins and conjugates comprising these
polypeptides, and isolated or recombinant nucleic
acids encoding these polypeptides. The invention also
provides isolated or recombinant polypeptides which
each comprise a sequence which (a) differs in 1 to 16
amino acid positions from SEQ ID NO: 1and (b)
comprises the substitution F48A/L relative to SEQ ID
NO:1. Some such polypeptides comprise a sequence which
differs from SEQ ID NO: 1 in 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, or 16 amino acid positions,
e.g., in 1-15 amino acid positions, in 1-14 amino acid
positions, in 1-13 amino acid positions, in 1-12 amino
acid positions, 1-1 1 amino acid positions, in 1-10
amino acid positions, in 1-9 amino acid positions, in
1- 8 amino acid positions, in 1-7 amino acid
positions, in 1-6 amino acid positions, in 1-5 amino
acid positions, in 1-4 amino acid positions, in 1-3
amino acid positions, or in 1-2 amino acid positions.
Some such polypeptides comprise the substitution F48A
relative to SEQ ID NO: 1. In some instances, the
polypeptide further comprises one or more
substitution(s) relative to SEQ ID NO: 1 selected from
the group consisting of H47Q; V51A/P; Q52P/E; A53T;
F55A/S; L56V; F65A; F57L; Y58H; M61I; F68P; Ll 1IA; Ni
l 3K; Vl 14E/P; and E160D. In some instances, the
polypeptide exhibits an interferon-alpha activity
(e.g., antiviral activity, TH1 differentiation
activity, and/or antiproliferative activity). Some
such polypeptides further comprise one or more
additional amino acid(s), such as a methionine added
to the N-terminus. The invention also provides fusion
proteins and conjugates comprising these polypeptides,
and isolated or recombinant nucleic acids encoding
these polypeptides. The invention also provides
isolated or recombinant polypeptides which each
comprise a sequence which (a) differs in 1 to 16 amino
acid positions from SEQ ID NO:1 and (b) comprises the
substitution F55A relative to SEQ ID NO: 1. Some such 



polypeptides comprise a sequence which differs from
SEQ ID NO: 1 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, or 16 amino acid positions, e.g., in 1-15
amino acid positions, in 1-14 amino acid positions, in
1-13 amino acid positions, in 1-12 amino acid
positions, 1-1 1 amino acid positions, in 1-10 amino
acid positions, in 1-9 amino acid positions, in 1- 8
amino acid positions, in 1-7 amino acid positions, in
1-6 amino acid positions, in 1-5 amino acid positions,
in 1-4 amino acid positions, in 1-3 amino acid
positions, or in 1-2 amino acid positions. In some
instances, the polypeptide further comprises one or
more substitution(s) relative to SEQ ID NO: 1 selected
from the group consisting of H47Q; F48A/L; V51A/P;
Q52P/E; A53T; L56V; F65A; F57L; Y58H; M61I; F68P; Ll I
lA; Nl 13K; Vl 14E/P; and E160D. In some instances,
the polypeptide exhibits an interferon-alpha activity
(e.g., antiviral activity, TH1 differentiation
activity, and/or antiproliferative activity). Some
such polypeptides further comprise one or
moreadditional amino acid(s), such as a methionine
added to the N-terminus. The invention also provides
fusion proteins and conjugates comprising these
polypeptides, and isolated or recombinant nucleic
acids encoding these polypeptides. The invention also
provides isolated or recombinant polypeptides which
each comprise a sequence which (a) differs in 1 to 16
amino acid positions from SEQ ED NO:1 and (b)
comprises the substitution F65A relative to SEQ ID NO:
1. Some such polypeptides comprise a sequence which
differs from SEQ ID NO: 1 in 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, or 16 amino acid positions,
e.g., in 1-15 amino acid positions, in 1-14 amino acid
positions, in 1-13 amino acid positions, in 1-12 amino
acid positions, 1-1 1 amino acid positions, in 1-10
amino acid positions, in 1-9 amino acid positions, in
1- 8 amino acid positions, in 1-7 amino acid
positions, in 1-6 amino acid positions, in 1-5 amino
acid positions, in 1-4 amino acid positions, in 1-3
amino acid positions, or in 1-2 amino acid positions.
In some instances, the polypeptide further comprises
one or more substitutions relative to SEQ ID NO: 1
selected from the group consisting of H47Q; F48A/L;
V51A/P; Q52P/E; A53T; F55A/S; L56V; F57L; Y58H; M61I;
F68P; Ll 1IA; Nl 13K; Vl 14E/P; and E160D. In some
instances, the polypeptide exhibits an
interferon-alpha activity (e.g., antiviral activity, T
H I differentiation activity, and/or antiproliferative
activity). Some such polypeptides further comprise one
or more additional amino acid(s), such as a methionine
added to the N-terminus. The invention also provides
fusion proteins and conjugates comprising these
polypeptides, and isolated or recombinant nucleic
acids encoding these polypeptides. The invention also
provides isolated or recombinant polypeptides which
each comprise a sequence which (a) differs n 1 to 16
amino acid positions from SEQ ID NO:1 and (b)
comprises the substitution Ll 1IA relative to SEQ ID
NO:1. Some such polypeptides comprise a sequence which
differs from SEQ ID NO: 1 in 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, or 16 amino acid positions,
e.g., in 1-15 amino acid positions, in 1-14 amino acid
positions, in 1-13 amino acid positions, in 1-12 amino
acid positions, 1-11 amino acid positions, in 1-10
amino acid positions, in 1-9 amino acid positions, in
1- 8 amino acid positions, in 1-7 amino acid
positions, in 1-6 amino acid positions, in 1-5 amino
acid positions, in 1-4 amino acid positions, in 1-3
amino acid positions, or in 1-2 amino acid positions.
In some instances, the polypeptide further comprises
one or more substitutions relative to SEQ ID NO: 1
selected from the group consisting of H47Q;F48A/L;
V51A/P; Q52P/E; A53T; F55A/S; L56V; F65A; F57L; Y58H;
M61I; F68P; Nl 13K; Vl 14E/P; and E160D. In some
instances, the polypeptide exhibits an
interferon-alpha activity (e.g., antiviral activity,
TH I differentiation activity, and/or
antiproliferative activity). Some such polypeptides
further comprise one or more additional amino acid(s),
such as a methionine added to the N-terminus. The
invention also provides fusion proteins and conjugates
comprising these polypeptides, and isolated or
recombinant nucleic acids encoding these polypeptides.
The invention also provides isolated or recombinant
polypeptides which each comprise a sequence which (a)
differs in 0 to 16 amino acid positions from SEQ ED
NO: 13 and (b) comprises one or more of: Ala or Leu at
position 48; Pro at position 51; Ala at position 55;
Ala at position 65; Pro at position 68; Ala at
position 111; and Pro at position 114 (position
numbering relative to SEQ ED NO: 13). Some such
polypeptides comprise a sequence which differs from
SEQ ED NO: 13 in 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, or 16 amino acid positions, e.g., in
0-15 amino acid positions, in 0-14 amino acid
positions, in 0-13 amino acid positions, in 0-12 amino
acid positions, in 0-1 1 amino acid positions, in 0-10
amino acid positions, in 0-9 amino acid positions, in
0-8 amino acid positions, in 0-7 amino acid positions,
in 0-6 amino acid positions, in 0-5 amino acid
positions, in 0-4 amino acid positions, in 0-3 amino
acid positions, in 0-2 amino acid positions, or in 0-1
amino acid positions. Some such polypeptides comprise
an Ala or a Leu at position 48. Some such polypeptides
comprise an Ala at position 48. In some instances, the
polypeptide further comprises one or more
substitution(s) relative to SEQ ED NO: 13 selected
from the group consisting of H47Q; V51A; Q52P/E; A53T;
F55S; L56V; F57L; Y58H; M61I; Nl 13K; Vl 14E; and
E160D. In some instances, the polypeptide exhibits an
interferon-alpha activity (e.g., antiviral activity,
TH I differentiation activity, and/or
antiproliferative activity). Some such polypeptides
further comprise one or more additional amino acid(s),
such as a methionine added to the Nterminus. The
invention also provides fusion proteins and conjugates
comprising these 



polypeptides, and isolated or recombinant nucleic
acids encoding these polypeptides. The invention also
provides isolated or recombinant polypeptides which
each comprise a sequence which (a) differs in 1 to 16
amino acid positions from SEQ ED NO:36 and (b)
comprises one or more substitution(s) relative to SEQ
ED NO:36 selected from the group consisting of M21A;
I24P; F48A/L; T51P; S55A; F65A; F68P; F90A;M93P; LlI
lA; V 114P; F124A; I127P; and E160D. Some such
polypeptides comprise a sequence which differs from
SEQ ID NO:36 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, or 16 amino acid positions, e.g., in 1-15
amino acid positions, in 1-14 amino acid positions, in
1-13 amino acid positions, in 1-12 amino acid
positions, 1-1 1 amino acid positions, in 1-10 amino
acid positions, in 1-9 amino acid positions, in 1-8
amino acid positions, in 1-7 amino acid positions, in
1-6 amino acid positions, in 1-5 amino acid positions,
in 1-4 amino acid positions, in 1-3 amino acid
positions, or in 1-2 amino acid positions. In some
instances, the polypeptide further comprises one or
more substitution(s) relative to SEQ ID NO:36 selected
from the group consisting of P26L; H47Q; T51V; S55P/F;
V56L; H58Y; L60M; F90Y; M93L; N95D; Nl 13K; Vl 14E;
R125Q; T132K; and L154F. In some instances, the
polypeptide exhibits an interferonalpha activity
(e.g., antiviral activity, TH I differentiation
activity, and/or antiproliferative activity). Some
such polypeptides further comprise one or more
additional amino acid(s), such as a methionine added
to the N-terminus. The invention also provides fusion
proteins and conjugates comprising these polypeptides,
and isolated or recombinant nucleic acids encoding
these polypeptides. The invention also provides
isolated or recombinant polypeptides which each
comprise a sequence which (a) differs in 1 to 16 amino
acid positions from SEQ ID NO:36 and (b) comprises the
substitution F48A/L relative to SEQ ID NO:36. Some
such polypeptides comprise a sequence which differs
from SEQ ID NO:36 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, or 16 amino acid positions, e.g.,
in 1-15 amino acid positions, in 1-14 amino acid
positions, in 1-13 amino acid positions, in 1-12 amino
acid positions, 1-1 1 amino acid positions, in 1-10
amino acid positions, in 1-9 amino acid positions, in
1- 8 amino acid positions, in 1-7 amino acid
positions, in 1-6 amino acid positions, in 1-5 amino
acid positions, in 1-4 amino acid positions, in 1-3
amino acid positions, or in 1-2 amino acid positions.
Some such polypeptides comprise the substitution F48A
relative to SEQ ID NO:36. In some instances, the
polypeptide further comprises one or more
substitution(s) relative to SEQ ID NO:36 selected from
the group consisting of M21A; I24P; P26L; H47Q;
T51V/P; S55P/F/A; V56L; H58Y; L60M; F65A; F68P;
F90Y/A; M93L/P; N95D; LlIlA; N 113K; V114E/P; F124A;
R125Q; I127P; T132K; L154F; and E160D. In some
instances, the polypeptide exhibits an
interferon-alpha activity (e.g., antiviral activity,
TH I differentiation activity, and/or
antiproliferative activity). Somesuch polypeptides
further comprise one or more additional amino acid(s),
such as a methionine added to the N-terminus. The
invention also provides fusion proteins and conjugates
comprising these polypeptides, and isolated or
recombinant nucleic acids encoding these polypeptides.
The invention also provides isolated or recombinant
polypeptides which each comprise a sequence which (a)
differs in 1 to 16 amino acid positions from SEQ ID
NO:36 and (b) comprises the substitution F90A relative
to SEQ ID NO:36. Some such polypeptides comprise a
sequence which differs from SEQ ID NO:36 in 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or 16 amino
acid positions, e.g., in 1-15 amino acid positions, in
1-14 amino acid positions, in 1-13 amino acid
positions, in 1-12 amino acid positions, 1-1 1 amino
acid positions, in 1-10 amino acid positions, in 1-9
amino acid positions, in 1- 8 amino acid positions, in
1-7 amino acid positions, in 1-6 amino acid positions,
in 1-5 amino acid positions, in 1-4 amino acid
positions, in 1-3 amino acid positions, or in 1-2
amino acid positions. In some instances, the
polypeptide further comprises one or more
substitution(s) relative to SEQ ID NO:36 selected from
the group consisting of M21A; I24P; P26L; H47Q;
F48A/L; T51V/P; S55P/F/A; V56L; H58Y; L60M; F65A;
F68P; M93L/P; N95D; Ll I lA; N113K; V114E/P; F124A;
R125Q; I127P; T132K; L154F; and E160D. In some
instances, the polypeptide exhibits an
interferon-alpha activity (e.g., antiviral activity,
TH1 differentiation activity, and/or antiproliferative
activity). Some such polypeptides further comprise one
or more additional amino acid(s), such as a methionine
added to the N-terminus. The invention also provides
fusion proteins and conjugates comprising these
polypeptides, and isolated or recombinant nucleic
acids encoding these polypeptides. The invention also
provides isolated or recombinant polypeptides which
each comprise a sequence which (a) differs in 1 to 16
amino acid positions from SEQ ID NO:36 and (b)
comprises the substitution E160D relative to SEQ ID
NO:36. Some such polypeptides comprise a sequence
which differs from SEQ ID NO:36 in 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, or 16 amino acid
positions, e.g., in 1-15 amino acid positions, in 1-14
amino acid positions, in 1-13 amino acid positions, in
1-12 amino acid positions, 1-1 1 amino acid positions,
in 1-10 amino acid positions, in 1-9 amino acid
positions, in 1- 8 amino acid positions, in 1-7 amino
acid positions, in 1-6 amino acid positions, in 1-5
amino acid positions, in 1-4 amino acid positions, in
1-3 amino acid positions, or in 1-2amino acid
positions. In some instances, the polypeptide further
comprises one or more substitution(s) relative to SEQ
ID NO:36 selected from the group consisting of M21A;
I24P; P26L; H47Q; F48A/L; T51V/P; S55P/F/A; V56L;
H58Y; L60M; F65A; F68P; 



F90Y/A; M93L/P; N95D; Ll I lA; N113K; V 114E/P; F124A;
R125Q; I127P; T132K; and L154F. In some instances, the
polypeptide exhibits an interferon-alpha activity
(e.g., antiviral activity, TH1 differentiation
activity, and/or antiproliferative activity). Some
such polypeptides further comprise one or more
additional amino acid(s), such as a methionine added
to the N-terminus. The invention also provides fusion
proteins and conjugates comprising these polypeptides,
and isolated or recombinant nucleic acids encoding
these polypeptides. The invention also provides
isolated or recombinant polypeptides which each
comprise a sequence which (a) differs in 0 to 16 amino
acid positions from SEQ ID NO:38 and (b) comprises one
or more of: Ala at position 21; Pro at position 24;
Ala or Leu at position 48; Pro at position 51; Ala at
position 55; Ala at position 65; Pro at position 68;
Ala at position 90; Pro at position 93; Ala at
position 111; Pro at position 114; Ala at position
124; Pro at position 127; and GIu at position 160
(position numbering relative to SEQ ID NO:38). Some
such polypeptides comprise a sequence which differs
from SEQ ID NO:38 in 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, or 16 amino acid positions, e.g.,
in 0-15 amino acid positions, in 0-14 amino acid
positions, in 0-13 amino acid positions, in 0-12 amino
acid positions, in 0-1 1 amino acid positions, in 0-10
amino acid positions, in 0-9 amino acid positions, in
0-8 amino acid positions, in 0-7 amino acid positions,
in 0-6 amino acid positions, in 0-5 amino acid
positions, in 0-4 amino acid positions, in 0-3 amino
acid positions, in 0-2 amino acid positions, or in 0-1
amino acid positions. Some such polypeptides comprise
an Ala or a Leu at position 48. Some such polypeptides
comprise an Ala at position 48. In some instances, the
polypeptide further comprises one or more
substitution(s) relative to SEQ ID NO:38 selected from
the group consisting of P26L; H47Q; V51T; F55P/S;
L56V; Y58H; L60M; F90Y; M93L; N95D; N113K; V114E;
R125Q; T132K; and F154L. In some instances, the
polypeptide exhibits an interferon-alpha activity
(e.g., antiviral activity, THI differentiation
activity, and/or antiproliferative activity). Some
such polypeptides further comprise one or more
additional amino acid(s), such as a methionine added
to the N-terminus. The inventionalso provides fusion
proteins and conjugates comprising these polypeptides,
and isolated or recombinant nucleic acids encoding
these polypeptides. Other modifications contemplated
for polypeptides of the invention include those
described below and in the section entitled
"INTERFERON-ALPHA CONJUGATES". It is to be understood
that while the examples and modifications to the
parent polypeptide are generally provided herein
relative to the sequence SEQ ID NO: 1 (or relative to
SEQ ID NO:36, or relative to some other specified
sequence), the disclosed modifications may also be
made in equivalent amino acid positions of any of the
other polypeptides of the invention (such as a
polypeptide comprising a sequence selected from SEQ ID
NOs:2-35 and SEQ ID NOs:37-44) described herein. Thus,
as an example, the substitution F48L relative to SEQ
ID NO: 1 is understood to correspond to the
substitution A48L in SEQ ID NO: 13, and so on. The
following tables provide sequences of some
interferon-alpha polypeptides of the invention. For
clarity, the sequences are shown relative to reference
sequences SEQ ID NO:1 (Table 1) or SEQ ID NO:36 (Table
2). Some such polypeptides exhibit an interferon-alpha
activity, such as antiviral activity, THI
differentiation activity, and/or antiproliferative
activity. Table 1VAPOR/LIQUID SEPARATION APPARATUS FOR
USE IN CRACKING HYDROCARBON FEEDSTOCK CONTAINING RESID
FIELD OF THE INVENTION [0001] The present invention
relates to a vapor/liquid separation apparatus which
exhibits great efficiency in removing non-volatile
hydrocarbons from hydrocarbon feedstocks. BACKGROUND
OF THE INVENTION [0002] Steam cracking, also referred
to as pyrolysis, has long been used to crack various
hydrocarbon feedstocks into olefins, preferably light
olefins such as ethylene, propylene, and butenes.
Conventional steam cracking utilizes a pyrolysis
furnace which has two main sections: a convection
section and a radiant section. The hydrocarbon
feedstock typically enters the convection section of
the furnace as a liquid (except for light feedstocks
which enter as a vapor) wherein it is typically heated
and vaporized by indirect contact with hot flue gas
from the radiant section and by direct contact with
steam. The vaporized feedstock and steam mixture is
then introduced into the radiant section where the
cracking takes place. The resulting products,
including olefins, leave the pyrolysis furnace for
further downstream processing, including quenching.
[0003] Conventional steam cracking systems have been
effective for cracking high-quality feedstocks such as
gas oil and naphtha. However, steam cracking economics
sometimes favor cracking low cost heavy feedstock such
as, by way of non-limiting examples, crude oil and
atmospheric resid, also known as atmospheric pipestill
bottoms. Crude oil and atmospheric resid contain high
molecular weight, non-volatile components with boiling
points in excess of 59O0C (HOO0F). The non-volatile,
heavy ends of these feedstocks lay down as coke in 



the convection section of conventional pyrolysis
furnaces. Only very low levels of non-volatiles can be
tolerated in the convection section downstream of the
point where the lighter components have fully
vaporized. Additionally, some naphthasare contaminated
with crude oil during transport. Conventional
pyrolysis furnaces do not have the flexibility to
process resids, crudes, or many residue- or
crudecontaminated gas oils or naphthas, which contain
a large fraction of heavy non volatile hydrocarbons.
[0004] The present inventors have recognized that in
using a flash to separate heavy non-volatile
hydrocarbons from the lighter volatile hydrocarbons
which can be cracked in the pyrolysis furnace, it is
important to maximize the non-volatile hydrocarbon
removal efficiency. Otherwise, heavy, coke-forming
non-volatile hydrocarbons could be entrained in the
vapor phase and carried overhead into the furnace
creating coking problems in the convection section.
[0005] Additionally, during transport some naphthas
are contaminated with heavy crude oil containing
non-volatile components. Conventional pyrolysis
furnaces do not have the flexibility to process
residues, crudes, or many residueor crude-contaminated
gas oils or naphthas which are contaminated with non
volatile components. [0006] To address coking
problems, U.S. Patent 3,617,493, which is incorporated
herein by reference, discloses the use of an external
vaporization drum for the crude oil feed and discloses
the use of a first flash to remove naphtha as vapor
and a second flash to remove vapors with a boiling
point between 230 and 590C (450 and HOO0F). The vapors
are cracked in the pyrolysis furnace into olefins and
the separated liquids from the two flash tanks are
removed, stripped with steam, and used as fuel. [0007]
U.S. Patent 3,718,709, which is incorporated herein by
reference, discloses a process to minimize coke
deposition. It describes preheating of heavy feedstock
inside or outside a pyrolysis furnace to vaporize
about 50% of the heavy feedstock with superheated
steam and the removal of the residual, separated
liquid. The vaporized hydrocarbons, which contain
mostly light volatile hydrocarbons, are subjected to
cracking.[0008] U.S. Patent 5,190,634, which is
incorporated herein by reference, discloses a process
for inhibiting coke formation in a furnace by
preheating the feedstock in the presence of a small,
critical amount of hydrogen in the convection section.
The presence of hydrogen in the convection section
inhibits the polymerization reaction of the
hydrocarbons thereby inhibiting coke formation. [0009]
U.S. Patent 5,580,443, which is incorporated herein by
reference, discloses a process wherein the feedstock
is first preheated and then withdrawn from a preheater
in the convection section of the pyrolysis furnace.
This preheated feedstock is then mixed with a
predetermined amount of steam (the dilution steam) and
is then introduced into a gas-liquid separator to
separate and remove a required proportion of the
non-volatiles as liquid from the separator. The
separated vapor from the gas-liquid separator is
returned to the pyrolysis furnace for heating and
cracking. [0010] Co-pending U.S. Application Serial
No. 10/188461 filed July 3, 2002, Patent Application
Publication US 2004/0004022 Al, published January 8,
2004, which is incorporated herein by reference,
describes an advantageously controlled process to
optimize the cracking of volatile hydrocarbons
contained in the heavy hydrocarbon feedstocks and to
reduce and avoid coking problems. It provides a method
to maintain a relatively constant ratio of vapor to
liquid leaving the flash by maintaining a relatively
constant temperature of the stream entering the flash.
More specifically, the constant temperature of the
flash stream is maintained by automatically adjusting
the amount of a fluid stream mixed with the heavy
hydrocarbon feedstock prior to the flash. The fluid
can be water. [0011] U.S. Patent Application Serial
No. 11/068,615, filed February 28, 2005, which is
incorporated herein by reference, describes a process
for cracking heavy hydrocarbon feedstock which mixes
heavy hydrocarbon feedstock with a fluid, e.g.,
hydrocarbon or water, to form a mixture stream which
is flashed to form a vapor phase and a liquid phase,
the vapor phase being subsequently cracked to provide
olefins, and the product effluent cooled in a transfer
lineexchanger, wherein the amount of fluid mixed with
the feedstock is varied in accordance with a selected
operating parameter of the process, e.g., temperature
of the mixture stream before the mixture stream is
flashed. [0012] Co-pending U.S. Application Serial No.
10/189,618 filed July 3, 2002, Patent Application
Publication US 2004/0004028 Al, published January 8,
2004, which is incorporated herein by reference,
describes an advantageously controlled process to
increase the non-volatile removal efficiency in a
flash drum in the steam cracking system wherein gas
flow from the convection section is converted from
mist flow to annular flows before entering the flash
drum to increase the removal efficiency by subjecting
the gas flow first to an expander and then to bends,
forcing the flow to change direction. This coalesces
fine liquid droplets from the mist. 



[0013] It has been found that in the convection
section of a steam cracking pyrolysis furnace, a
minimum gas flow is required in the piping to achieve
good heat transfer and to maintain a film temperature
low enough to reduce coking. Typically, a minimum gas
flow velocity of about 30 m/sec (100 ft/sec) has been
found to be desirable. [0014] When using a
vapor/liquid separation apparatus such as a flash drum
to separate the lighter volatile hydrocarbon as vapor
phase from the heavy non-volatile hydrocarbon as
liquid phase, the flash stream entering the flash drum
usually comprises a vapor phase with liquid (the
non-volatile hydrocarbon components) entrained as fine
droplets. Therefore, the flash stream is two-phase
flow. At the flow velocities required to maintain the
required boundary layer film temperature in the piping
inside the convection section, this two-phase flow is
in a "mist flow" regime. In this regime, fine droplets
comprising non-volatile heavy hydrocarbons are
entrained in the vapor phase, which is the volatile
hydrocarbons and, optionally, steam. The two-phase
mist flow presents operational problems in the flash
drum because at these high gas flow velocities the
fine droplets comprising non-volatile hydrocarbons do
not coalesce and, therefore, cannot beefficiently
removed as liquid phase from the flash drum. It was
found that, at a gas flow of 30 m/sec (100 ft/sec)
velocity, the flash drum can only remove heavy
non-volatile hydrocarbons at a low efficiency, e.g.,
about 73%. [0015] The present invention provides an
apparatus and process for the effective removal of
non-volatile hydrocarbon liquid from the volatile
hydrocarbon vapor in the flash drum. The present
invention provides an apparatus and process that
significantly enhance the separation of non-volatile
and volatile hydrocarbons in the flash drum. SUMMARY
OF THE INVENTION [0016] In one aspect, the present
invention relates to a vapor/liquid separation
apparatus for treating a flow of vapor/liquid mixtures
of hydrocarbons and steam. The apparatus comprises (a)
a substantially cylindrical vertical drum having an
upper cap section, a middle section comprising a
circular wall, and a lower cap section; (b) an
overhead vapor outlet attached to the upper cap
section; (c) at least one substantially tangentially
positioned inlet in the circular wall of said middle
section for introducing said flow along said wall; (d)
an annular structure located in the middle section,
comprising i) an annular ceiling section extending
from the circular wall and ii) an internal vertical
side wall to which the ceiling section extends, the
side wall being positioned substantially
concentrically to, but away from, the circular wall,
the annular structure blocking the upward passage of
the vapor/liquid mixtures along the circular wall
beyond the ceiling section, and the annular structure
surrounding an open core having sufficient
cross-sectional area to permit vapor velocity low
enough to avoid significant entrainment of liquid; and
(e) a substantially concentrically positioned,
substantially cylindrical boot of less diameter than
the middle section, the boot communicating with the
lower cap section, and further comprising a liquid
outlet at its lower end. In an embodiment, the
apparatus further comprises (f) at least one baffle
located at a lower part of the middle section
providing a surfaceslanting downwardly from the center
of the drum toward the circular wall and providing a
gap between the baffle and the circular wall for
directing liquid along or near the circular wall to
the lower cap section. [0017] In another aspect, the
present invention relates to an apparatus for cracking
a hydrocarbon feedstock containing resid comprising
(a) a heating zone for heating the hydrocarbon
feedstock to provide heated hydrocarbon feedstock; (b)
a mixing zone for mixing a primary dilution steam
stream with the heated hydrocarbon feedstock to
provide a heated two-phase stratified open channel
flow mixture stream, which may be further heated,
e.g., by convection prior to step (c); (c) a
vapor/liquid separation zone for treating vapor/liquid
mixtures of hydrocarbons and steam, the separation
zone comprising (i) a substantially cylindrical
vertical drum having an upper cap section, a middle
section comprising a circular wall, and a lower cap
section; (ii) an overhead vapor outlet attached to the
upper cap section; (iii) at least one substantially
tangentially positioned inlet in the wall of the
middle section for introducing the flow along the
wall; (iv) an annular structure located in the middle
section comprising 1) an annular ceiling section
extending from the circular wall and 2) an internal
vertical side wall to which the ceiling section
extends, the side wall being positioned substantially
concentrically to, but away from, the circular wall,
the annular structure blocking the upward passage of
the vapor/liquid mixtures along the circular wall
beyond the ceiling section, and the annular structure
circumscribing an open core having sufficient
cross-sectional area to permit vapor velocity low
enough to avoid significant entrainment of liquid; and
(v) a substantially concentrically positioned,
substantially cylindrical boot of less diameter than
the middle section, the boot communicating with the
lower cap section, and further comprising an inlet for
quench oil and a liquid outlet at its lower end; (d) a
pyrolysis furnace comprising a 



convection section, and a radiant section for cracking
the vapor phase from the overhead vapor outlet to
produce an effluent comprising olefins; (e) a means
forquenching the effluent; and (f) a recovery train
for recovering cracked product from the quenched
effluent. [0018] In yet another aspect, the present
invention relates to a process for cracking a
hydrocarbon feedstock containing resid, the process
comprising (a) heating the hydrocarbon feedstock; (b)
mixing the heated hydrocarbon feedstock with a primary
dilution steam stream to form a heated two-phase
stratified open channel flow mixture stream, which may
be further heated, e.g, by convection, prior to step
(c); (c) directing the mixture stream to a
vapor/liquid separation apparatus (or flash zone) for
treating vapor/liquid mixtures of hydrocarbons and
steam, the apparatus comprising (i) a substantially
cylindrical vertical drum having an upper cap section,
a middle section comprising a substantially circular
wall, and a lower cap section; (ii) an overhead vapor
outlet attached to the upper cap section; (iii) at
least one substantially tangentially positioned inlet
in the wall of the middle section for introducing the
flow along the wall; (iv) an annular structure located
in the middle section, comprising 1) an annular
ceiling section extending from the circular wall and
2) an internal vertical side wall to which the ceiling
section extends, the side wall being positioned
substantially concentrically to, but away from, the
circular wall, the annular structure blocking the
upward passage of the vapor/liquid mixtures along the
circular wall beyond the ceiling section, and the
annular structure preferably circumscribing an open
core having sufficient cross-sectional area to permit
vapor velocity low enough to avoid significant
entrainment of liquid; and (v) a substantially
concentrically positioned, substantially cylindrical
boot of less diameter than the middle section, the
boot communicating with the lower cap section, and
further comprising an inlet for quench oil and a
liquid outlet at its lower end; (d) removing the
liquid phase through the liquid outlet of the
vapor/liquid separation apparatus; (e) cracking the
vapor phase in a radiant section of a pyrolysis
furnace to produce an effluent comprising olefins, the
pyrolysis furnace comprising a radiant section and
aconvection section; and (f) quenching the effluent
and recovering cracked product therefrom. BRIEF
DESCRIPTION OF THE DRAWINGS [0019] Figure 1
illustrates a schematic flow diagram of a process in
accordance with the present invention employed with a
pyrolysis furnace. [0020] Figure 2 illustrates an
elevational view of an embodiment of the
flash/separation apparatus of the present invention
comprising tangential inlets, annular, inverted-L
baffle, perforated conical baffle, manway, boot with
anti-swirl baffles and ring distributor. [0021] Figure
3 provides a perspective detailed view of a boot for
an embodiment of the present invention, depicting an
inlet for quench oil and associated ring distributor,
an inlet for fluxant, a side drain, and anti-swirl
baffles. [0022] Figure 4 provides a perspective view
of a cross-section of the apparatus taken at the level
of the tangential inlet nozzles showing the details of
the annular, inverted-L baffle. [0023] Figure 5
provides a perspective view of a perforated conical
baffle used in an embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION [0024] The
present invention relates to a highly efficient
vapor/liquid separation apparatus for treating a flow
of vapor/liquid mixtures of hydrocarbons and steam.
The apparatus comprises a substantially cylindrical
vertical drum or vessel having an upper cap section, a
middle section comprising a circular wall, a lower cap
section, a tangential inlet to introduce
hydrocarbon/steam mixtures, an overhead vapor outlet,
and a bottom outlet for liquid. The vessel also
comprises an annular structure located in the middle
section, comprising (i) an annular ceiling section
extending from the circular wall and (ii) a concentric
internal vertical side wall, to which the ceiling
section extends. The annular structureblocks upward
passage of vapor/liquid mixtures along the circular
wall beyond the ceiling section, and surrounds an open
core having sufficient cross-sectional area to permit
vapor velocity low enough to avoid significant
entrainment of liquid. [0025] In one embodiment of the
present invention, the vapor outlet comprises a pipe
extending above and below the upper cap section of the
drum, wherein a skirt extends circumferentially
downwardly and outwardly from a section of the pipe
extending below the upper cap section of the drum.
[0026] In another embodiment, the apparatus comprises
an upper and a lower cap wherein the caps are at least
one of (i) substantially hemispherical and (ii)
substantially elliptical in longitudinal section.
[0027] In yet another embodiment, the tangentially
positioned inlet passes through the circular wall and
opens into the annular structure. The apparatus can
further comprise an additional substantially
tangentially positioned inlet substantially opposite
from the first tangentially positioned inlet, or one
or more such inlets equally spaced from one another
along the vessel circumference. The 



tangential entry causes the liquid in the two-phase
flow to contact the wall with significant force, e.g.,
from about 1 to 2 g's of centrifugal force. This
permits hot liquid hydrocarbon to wet the wall and
smoothly fall to the bottom of the vertical drum
without being entrained by the gas flow in the core of
the drum. Advantageously, the tangentially positioned
inlet can be flush to an interior side of the circular
wall, in order to reduce disruption of flow, the flush
entry serving to reduce or eliminate formation of mist
within the vessel. The resulting smooth, near vertical
flow of the liquid to the bottom of the drum minimizes
its residence time before quenching in the boot. Thus,
the tangential inlet or inlets can serve to completely
coalesce the liquid phase. [0028] The apparatus of the
present invention includes an open core defined by the
annular structure. In one embodiment, the open core
has sufficient cross-sectional area to permit vapor
velocity of no greater than about one-third of the
maximum vapor velocity, which avoids significant
entrainment of liquid in thevapor. Typically, the open
core has sufficient cross-sectional area to permit a
vapor velocity of no greater than about 60 cm/sec (2
ft/sec), say, from about 15 to about 45 cm/sec (1 to
11 ft/sec). [0029] In an embodiment of the present
invention, the tangentially positioned inlet is
oriented to provide the flow in the same direction as
the Coriolis force acting on the drum. Where more than
one such inlet is present, all inlets are
advantageously oriented to provide the flow in the
same direction as the Coriolis force acting on the
drum. [0030] In one embodiment, it has been found
useful to provide an apparatus according to the
invention, which further comprises a means for
controlling swirling of the liquid of the vapor/liquid
mixture. While swirling can be unlimited in the
present invention, typically, swirling is controlled
to the extent that the liquid is swirled to no greater
than about one-third of a revolution around the drum.
The means for controlling swirling of the liquid is
typically selected from at least one of (i) limiting
vapor/liquid velocity entering the drum and (ii)
providing a sufficient drum diameter. The vapor/liquid
velocity entering the drum can be less than about 9
m/sec (30 ft/sec), preferably less than about 6 m/sec
(20 ft/sec), preferably ranging from about 3 to about
6 m/sec (10 to 20 ft/sec). Sufficient drum diameters
are typically greater than about 1 meter, such as
greater than about 2 meters, e.g., about 4 meters.
[0031] In another embodiment of the present invention,
a wear plate is attached to the circular wall adjacent
the annular structure. The wear plate protects against
erosion, particularly during decoking operations with
air and steam in which coke can otherwise erode the
interior wall of the flash vessel. [0032] The
apparatus of the present invention comprises an
annular structure which serves to prevent trace mists
from creeping up the drum walls. Inasmuch as a flat
horizontal ring alone permits some mist to still creep
up the walls and around the ring, the ring structure
comprises a vertical element secured to the inner edge
of the horizontal ring, providing an inverted L-shaped
crosssection. Such a structure has been shown to
prevent the mist from traversing the vertical element
without coalescing into the bulk liquid phase. The
annular structure is advantageously supported by
hangers positioned above which reduces or prevents
obstruction of fluid flows by the structure's
supporting members. [0033] In another embodiment, the
apparatus comprises a manway provided in the circular
wall, for the purpose of providing access to the
interior of the flash drum for cleaning, maintenance,
and other servicing. The manway can comprise a plug
contoured to the shape of the circular wall through
which it passes. [0034] As earlier noted, the
apparatus of the present invention can further
comprise at least one baffle located at a lower part
of the middle section providing a surface slanting
downwardly from the center of the drum toward the
circular wall and providing a gap between the baffle
and the circular wall for directing liquid along or
near the circular wall to the lower cap section. In
one embodiment, the baffle is perforated. This baffle,
which can be substantially conical in shape, partially
isolates the bottom of the flash drum and boot from
the upper part of the flash drum, but prevents hot
swirling vapors from causing liquid to swirl, and
prevents the colder liquid in the boot from condensing
the hotter vapor. The baffle advantageously is shaped,
e.g., by having sufficient pitch where conical, to
prevent pooling of liquid thereon. The baffle may also
comprise perforations which improve mass transfer
during decoking, e.g., by permitting passage of air
and steam through the baffle. By properly selecting
the number and size of the perforations, during normal
operation, minimal hot vapor diffuses into the bottom
of the drum. Yet, during decoking, the fraction of the
steam/air mixtures flowing out the bottom of the boot
can effectively contact the entire drum. Without
perforations, a thick layer of coke can build on the
lower part of the drum and on the baffle. Thus, the
perforations are advantageously sufficient in size to
prevent coke from plugging them. In one embodiment,
the baffle is perforated with at 



least one of substantially circular perforations and
substantially rectangularperforations. The baffle can
be perforated with perforations ranging in size from
about 50 to about 200 cm2 (8 to 3 1 in2) . The
perforations can have dimensions selected from the
group consisting of about 5 cm x 20 cm (2 in x 8 in)
rectangles and about 10 to 15 cm (4 to 6 in) diameter
circles. Advantageously, the baffle is perforated to
an extent ranging from about 1% to about 20% of its
surface area as compared to a corresponding
unperforated baffle, say, to an extent sufficient to
increase mass transfer from the apparatus of a
steam/air mixture used for decoking. Although a single
baffle is typically used in the lower part of the
middle section of the drum, multiple baffles may be
used as well. [0035] As earlier noted, the apparatus
of the present invention comprises a substantially
concentrically positioned, substantially cylindrical
boot of less diameter than the middle section, the
boot communicating with the lower cap section, and
further comprising an inlet for quench oil and a
liquid outlet at its lower end. The boot is the
location at which hot liquid can be quenched by
recycle of externally cooled liquid. The boot is
advantageously sized to provide negligible liquid
residence time before and during quenching, which
prevents coke formation and provides a sufficient
liquid level to be controllable. The liquid level also
provides NPSH or Net Positive Suction Pressure to
prevent cavitation in the pumps which serve to
transfer liquid bottoms from the drum. The boot may
comprise additional internal components to ensure that
recycle quench is thoroughly and rapidly mixed with
the hot liquid without causing vortexing of the
liquid. Liquid vortices make the liquid level
difficult to control and can allow gas to flow with
the liquid into the pumps. [0036] In one embodiment,
the present invention relates to an apparatus wherein
the boot further comprises an inlet for recycle quench
oil. While quench can flow directly into the boot,
this may cause liquid vortexing and a wavy gas/liquid
interface. [0037] In an embodiment of the present
invention, it is especially desirable to provide the
boot with a ring distributor for recycle quench oil,
located at aboutthe normal operating liquid level
maintained in the boot. The ring distributor for
recycle quench oil can advantageously comprise
downwardly directed apertures to effect rapid
quenching and a level gas/liquid interface. Sufficient
number and size of the holes in the ring distributor
ensure good flow distribution while plugging with
coke. [0038] In one embodiment, the apparatus of the
present invention comprises a boot that further
comprises anti-swirl baffles. Typically, the antiswirl
baffles comprise vanes whose longitudinal edges are
substantially perpendicular to an internal wall of the
boot, although any effective design is sufficient for
present purposes. [0039] In an embodiment, the
apparatus contains a boot that further comprises at
least one grate above and proximal to the liquid
outlet. Such grate(s) prevent or minimize vortexing
while liquid drains from the boot. [0040] In still
another embodiment, the present invention comprises an
apparatus whose boot can comprise one or more
additional drains for removing liquid, e.g., a side
outlet above the liquid outlet. This can further
prevent liquid from vortexing. [0041] In an
embodiment, the apparatus of the invention contains a
boot that further comprises a side inlet for
introducing fluxant. This is of particular utility
because the liquid in the boot typically exhibits high
viscosity as a result of high molecular weight or
being partially visbroken. To promote flow of liquid
hydrocarbon, the boot can be equipped with one or more
nozzles for fluxant addition. Advantageously, the
fluxant nozzle or nozzles can be located below the
normal liquid level in the boot. Thus, fluxant can
enter below the quench point, thereby preventing the
fluxant from boiling. [0042] In applying this
invention, hydrocarbon feedstock containing resid may
be heated by indirect contact with flue gas in a first
convection section tube bank of the pyrolysis furnace
before mixing with the fluid. Preferably,
thetemperature of the hydrocarbon feedstock is from
about 150 to about 260C (300 to 500F) before mixing
with the fluid. [0043] The mixture stream may then be
heated by indirect contact with flue gas in a first
convection section of the pyrolysis furnace before
being flashed. Preferably, the first convection
section is arranged to add the fluid, and optionally
primary dilution steam, between passes of that section
such that the hydrocarbon feedstock can be heated
before mixing with the fluid and the mixture stream
can be further heated before being flashed. [0044] The
temperature of the flue gas entering the first
convection section tube bank is generally less than
about 815C (15000F), for example, less than about
7000C (13000F), such as less than about 620C (
115O0F), and preferably less than about 5400C
(10000F). Dilution steam may be added at any point in
the process, for example, it may be added to the
hydrocarbon feedstock containing resid before or after
heating, to the mixture stream, and/or to the vapor
phase. 



Any dilution steam stream may comprise sour steam or
process steam. [0045] Any dilution steam stream may be
heated or superheated in a convection section tube
bank located anywhere within the convection section of
the furnace, preferably in the first or second tube
bank. [0046] The mixture stream may be at about 315 to
about 54O0C (6000F to 10000F) before the flash step,
and the flash pressure may be about 275 to about 1375
kPa (40 to 200 psia). Following the flash, 50 to 98%
of the mixture stream may be in the vapor phase. An
additional separator such as a centrifugal separator
located downstream of the vapor outlet from the drum
may be used to remove trace amounts of liquid from the
vapor phase. The vapor phase may be heated to above
the flash temperature before entering the radiant
section of the furnace, for example, to between about
425 and about 7050C (800 to 13000F). This heating may
occur in a convection section tube bank, preferably
the tube bank nearest the radiant section of the
furnace.[0047] Unless otherwise stated, all
percentages, parts, ratios, etc., are by weight.
Unless otherwise stated, a reference to a compound or
component includes the compound or component by
itself, as well as in combination with other compounds
or components, such as mixtures of compounds. [0048]
Further, when an amount, concentration, or other value
or parameter is given as a list of upper preferable
values and lower preferable values, this is to be
understood as specifically disclosing all ranges
formed from any pair of an upper preferred value and a
lower preferred value, regardless whether ranges are
separately disclosed. [0049] As used herein, flow
regimes are visual or qualitative properties of fluid
flow. There is no set velocity and no set drop size.
Mist flow refers to a two-phase flow where tiny
droplets of liquid are dispersed in the vapor phase
flowing through a pipe. In clear pipe, mist flow looks
like fast moving small rain droplets. [0050] Annular
flow refers to a two-phase flow where liquid flows as
streams on the inside surface of a pipe and the vapor
flows in the core of the pipe. The vapor flow velocity
of annular flow is about 6 m/sec (20 ft/sec). In clear
pipe, a layer of fast moving liquid is observed. Few
droplets of liquid are observed in the core of the
vapor flow. At the pipe exit, the liquid usually drips
out and only a small amount of mist is observed. The
change from mist to annular flow usually includes a
transition period where mist and annular flow exist
together. [0051] The feedstock comprises at least two
components: volatile hydrocarbons and non-volatile
hydrocarbons. The mist flow, in accordance with the
present invention, comprises fine droplets of
non-volatile hydrocarbons entrained in volatile
hydrocarbon vapor. [0052] A process for cracking a
hydrocarbon feedstock 10 of the present invention as
illustrated in FIG. 1 comprises preheating a
hydrocarbon feedstock by a bank of exchanger tubes 2,
with or without the presence of water 11 and steam 12
in the upper convection section 1 of a steam cracking
furnace 3 to vaporize aportion of the feedstock and to
form a mist stream 13 comprising liquid droplets
comprising non-volatile hydrocarbons in volatile
hydrocarbon/steam vapor. The further preheating of the
feedstock/water/steam mixture can be carried out
through a bank of heat exchange tubes 6. The mist
stream upon leaving the convection section 14 has a
first flow velocity and a first flow direction. The
process also comprises treating the mist stream to
coalesce the liquid droplets, separating at least a
portion of the liquid droplets from the hydrocarbon
vapor in a flash 5 to form a vapor phase 15 and a
liquid phase 16, and feeding the vapor phase 8 to the
lower convection section 7 and thence by crossover
piping 18 to the radiant section of the cracking
furnace 3. Flue gas from the radiant section is
introduced to the lower convection section 7 of
furnace 3 via 19. [0053] As used herein, non-volatile
components, or resids, are the fraction of the
hydrocarbon feed with a nominal boiling point above
5900C (HOO0F) as measured by ASTM D-6352-98 or D-2887.
This invention works very well with non-volatiles
having a nominal boiling point above 760C (14000F).
The boiling point distribution of the hydrocarbon feed
is measured by Gas Chromatograph Distillation (GCD) by
ASTM D-6352-98 or D-2887 extended by extrapolation for
materials boiling above 700C (12920F). Non-volatiles
include coke precursors, which are large, condensable
molecules that condense in the vapor and then form
coke under the operating conditions encountered in the
present process of the invention. [0054] The
hydrocarbon feedstock can comprise a large portion,
such as about 0.3 to about 50%, of non-volatile
components. Such feedstock could comprise, by way of
non-limiting examples, one or more of steam cracked
gas oil and residues, gas oils, heating oil, jet fuel,
diesel, kerosene, gasoline, coker naphtha, steam
cracked naphtha, catalytically cracked naphtha,
hydrocrackate, reformate, raffmate reformate,
Fischer-Tropsch liquids, Fischer-Tropsch gases,
natural gasoline, distillate, virgin naphtha,
atmospheric pipestill bottoms, vacuum 



pipestill streams including bottoms, wide boiling
range naphtha to gas oilcondensates, heavy non-virgin
hydrocarbon streams from refineries, vacuum gas oils,
heavy gas oil, naphtha contaminated with crude,
atmospheric residue, heavy residue, C4's/residue
admixture, naphtha/residue admixture, hydrocarbon
gases/residue admixtures, hydrogen/residue admixtures,
gas oil/residue admixtures, and crude oils. [0055] The
hydrocarbon feedstock can have a nominal end boiling
point of at least about 315C (600F), generally greater
than about 51O0C (950F), typically greater than about
59O0C ( 11000F), for example greater than about 76O0C
(1400F). The economically preferred feedstocks are
generally low sulfur waxy residues, atmospheric
residues, naphthas contaminated with crude, various
residue admixtures, and crude oils. [0056] As noted,
the heavy hydrocarbon feedstock is preheated in the
upper convection section of the furnace 1. The
feedstock may optionally be mixed with steam before
preheating or after preheating (e.g., preferably after
preheater 2 in a sparger 4). The preheating of the
heavy hydrocarbon can take any form known by those of
ordinary skill in the art. It is preferred that the
heating comprises indirect contact of the feedstock in
the convection section of the furnace with hot flue
gases from the radiant section of the furnace. This
can be accomplished, by way of non-limiting example,
by passing the feedstock through a bank of heat
exchange tubes 2 located within the upper convection
section 1 of the pyrolysis furnace 3. The preheated
feedstock 14 before the control system 17 has a
temperature between about 310 and about 5100C (600 to
95O0F). Preferably, the temperature of the heated
feedstock is between about 370 and about 490C (700 to
920F), more preferably between about 400 and about
48O0C (750 to 9000F), and most preferably between
about 430 and about 475C (810 to 89O0F). [0057] As a
result of preheating, a portion of the feedstock is
vaporized and a mist stream is formed containing
liquid droplets comprising non-volatile hydrocarbon in
volatile hydrocarbon vapor, with or without steam. At
flow velocities of greater than about 30 m/sec (100
ft/sec), the liquid is present as finedroplets
comprising non-volatile hydrocarbons entrained in the
vapor phase. This two-phase mist flow is extremely
difficult to separate into liquid and vapor. It is
necessary to coalesce the fine mist into large
droplets or a single continuous liquid phase before
entering the flash drum. However, flow velocities of
about 30 m/sec (100 ft/sec) or greater are normally
necessary to practically effect the transfer of heat
from the hot flue gases and reduce coking, especially
in lower convection section 7 and/or further
downstream. [0058] In an embodiment of the present
invention, the mist stream is treated in accordance
with the method disclosed in earlier noted
US2004/004028 to coalesce the liquid droplets. In one
embodiment in accordance with the present invention,
the treating comprises reducing the velocity of the
mist stream. It is found that reducing the velocity of
the mist stream leaving convection section 14 before
the flash 5 (location 9 in FIG. 1) helps coalesce the
mist stream. It is preferred to reduce the mist stream
velocity by at least about 40%, preferably at least
about 70%, more preferably at least about 80%, and
most preferably about 85%. It is also preferred to
reduce the velocity of the mist flow stream leaving
the convection section from at least about 30 m/sec
(100 ft/sec) to a velocity of less than about 18 m/sec
(60 ft/sec), more preferably to less than about 9
m/sec (30 ft/sec), and most preferably to less than
about 6 m/sec (20 ft/sec). [0059] It is found that
using the invention disclosed herein, a flash drum
removal efficiency of at least about 95% can be
accomplished. A preferred flash efficiency of at least
about 98%, a more preferred flash efficiency of at
least about 99%, and a most preferred flash efficiency
of at least about 99.9% can also be achieved using the
present invention. Removal or flash efficiency as used
herein, is 100% less the percentage of liquid
hydrocarbon entering the drum that is entrained in the
overhead vapor phase leaving the flash drum. [0060]
After the desirable reduction of velocity, e.g., in a
combination of expanders, the fine droplets in the
mist flow stream can advantageously coalesce in one or
more bends and thus are easily separated from the
vapor phase stream inthe flash drum 5. Flash is
normally carried out in at least one flash drum. In
the flash drum 5, the vapor phase stream is removed
from at least one upper flash drum outlet 15 and the
liquid phase is removed from at least one lower flash
drum outlet 16. Preferably, two or more lower flash
drum outlets are present in the flash drum for liquid
phase removal. [0061] Secondary dilution steam 20 can
be convection heated in the furnace 3 and then
directed to the flash drum 5 via line 9. In one
embodiment, the heated secondary dilution steam can be
added directly to the flash drum 5 via line 9.
Alternately, the heated secondary dilution steam can
be added to the flash drum overhead by an optional
bypass 22. [0062] To further increase the removal
efficiency of the non-volatile hydrocarbons in the
flash drum (or vapor/liquid separation apparatus), it
is preferred that the flash stream 9 of FIG. 1 enters
the flash drum tangentially 



through tangential flash drum inlet 201 and 202 as
shown in FIG. 2. Preferably, the tangential inlets are
level or of slightly downward flow. The non-volatile
hydrocarbon liquid phase will form an outer annular
flow along the inside flash drum wall and the volatile
vapor phase will initially form an inner core and then
flow upwardly in the flash drum. In one preferred
embodiment, the tangential entries should be of the
same direction as the Coriolis effect. [0063] The
liquid phase is removed from bottom flash drum outlet
203 attached to boot 205. Optionally, a side flash
drum outlet 231 or a vortex breaker comprising
anti-swirl baffles or vanes 207 can be added to
prevent a vortex forming in the outlet. The upward
inner core flow of vapor phase is diverted in the
middle section 208 around an annular structure or
baffle 209 inside the flash drum and is removed from
at least one upper flash drum outlet or overhead vapor
outlet 211 which can comprise a pipe 213 extending
above and below the upper cap portion 215 of the drum
which is typically semi-elliptical in longitudinal
section. The baffle or annular structure 209 is
installed inside the flash drum to further avoid and
reduce any portion of the separated liquid phase,
flowingdownwards in the flash drum, from being
entrained in the upflow vapor phase in the flash drum.
The pipe 213 may have a skirt 217 extending
circumferentially down and out from a lower section of
the pipe. A stiffening ring 219 is attached to the
lower internal portion of the annular structure 209
for reinforcement. A wear plate 221 is optionally
provided around the internal drum wall partially
enclosed by the annular structure for the purpose of
preventing erosion of the internal drum wall by coke
during decoking. A support structure 223 may be used
to attach the annular structure 209 to the drum from
above. An optional manway 225 is provided in the drum
wall to provide access to the drum internals. A
conical baffle 227 having sufficient pitch to prevent
liquid from pooling on its surface is optionally
located in the lower portion of the drum vessel, e.g.,
beneath the manway. Conical baffle 227 can be
supported by columns or brackets 229 attached to the
drum wall. A baffle manway 228 optionally provides
access through the conical baffle. Boot 205 may
optionally comprise a side outlet 231 that permits
withdrawal of liquid bottoms while avoiding the
swirling flow problems associated with using only the
bottom liquid outlet 203. The boot 205 may further
comprise an inlet 233 for liquid fluxant added to
control viscosity, as well as an inlet for quench oil
235 in communication with ring distributor 237. The
boot may also comprise anti-vortex subway grating 239.
The vapor phase, preferably, flows to the lower
convection section 7 of FIG. 1 and through crossover
pipes 18 to the radiant section of the pyrolysis
furnace. [0064] Referring to FIG. 3, a perspective
detailed view of a boot 305 shows a bottom resid
liquid outlet 303, anti-swirl baffles 307, a side
drain 331, a fluxant inlet 333, a quench oil inlet 335
attached to ring distributor 337 having downwardly
pointed holes 338, and anti-vortex subway grating 339.
[0065] Referring to FIG. 4, a perspective detailed
view, including a cut away, of a cross-section of the
vapor/liquid separation apparatus or flash drum 405
taken at the level of the tangential inlet nozzles 401
and 402 shows the details of the annular structure
409, comprising a horizontal annular ring component
orannular ceiling section 411 extending from the
circular wall of the flash drum 405, and an internal
vertical side wall 413, providing an inverted-L shaped
profile as shown by the cut-away. An open core area
415 allows upward flow of the vapor phase to the
overhead or vapor outlet 211 shown in FIG. 2. [0066]
Referring to FIG. 5, a perspective view is provided of
a perforated conical baffle 501 having an apex 503
used in an embodiment of the present invention, which
includes perforations 505 of round or elliptical
shape. [0067] While the present invention has been
described and illustrated by reference to particular
embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to
variations not necessarily illustrated herein. For
this reason, then, reference should be made solely to
the appended claims for purposes of determining the
true scope of the present invention.CLAIMS What Is
Claimed Is: 1. A vapor/liquid separation apparatus for
treating a flow of vapor/liquid mixtures of
hydrocarbons and steam, comprising: (a) a
substantially cylindrical vertical drum having an
upper cap section, a middle section comprising a
circular wall, and a lower cap section; (b) an
overhead vapor outlet attached to said upper cap
section; (c) at least one substantially tangentially
positioned inlet in the circular wall of said middle
section for introducing said flow along said wall; (d)
an annular structure located in the middle section,
comprising (i) an annular ceiling section extending
from the circular wall and (ii) an internal vertical
side wall to which said ceiling section extends, said
side wall being positioned substantially
concentrically to, but 



away from, said circular wall, said annular structure
blocking the upward passage of said vapor/liquid
mixtures along the circular wall beyond said ceiling
section, and said annular structure surrounding an
open core having sufficient cross-sectional area to
permit vapor velocity low enough to avoid significant
entrainment of liquid; and (e) a substantially
concentrically positioned, substantially cylindrical
boot of less diameter than said middle section, said
boot communicating with said lower cap section, and
further comprising a liquid outlet at its lower end.
2. The apparatus of claim 1, which further comprises:
(f) at least one baffle located at a lower part of
said middle section providing a surface slanting
downwardly from the center of said drum toward the
circular wall and providing a gap between said baffle
and saidcircular wall for directing liquid along or
near the circular wall to said lower cap section. 3.
The apparatus of claim 1 or 2, wherein said vapor
outlet comprises a pipe extending above and below said
upper cap section of said drum, wherein a skirt
extends circumferentially downwardly and outwardly
from a section of said pipe extending below the upper
cap section of said drum. 4. The apparatus of claim 1,
2 or 3, wherein said caps are at least one of
substantially hemispherical and substantially
elliptical in longitudinal section. 5. The apparatus
of any preceding claim, wherein said tangentially
positioned inlet passes through said circular wall and
opens into said annular structure. 6. The apparatus of
any preceding claim, further comprising an additional
tangentially positioned inlet substantially opposite
from the first tangentially positioned inlet. 7. The
apparatus of claim 5 or 6, wherein said tangentially
positioned inlet is flush to an interior side of said
circular wall. 8. The apparatus of any preceding
claim, which further comprises a means for controlling
swirling of the liquid of said vapor/liquid mixture to
no greater than about one-third of a revolution around
said drum. 9. The apparatus of claim 8, wherein said
means for controlling swirling of the liquid is
selected from (i) limiting vapor/liquid velocity
entering the drum and (ii) providing a sufficient drum
diameter. 10. The apparatus of any preceding claim,
wherein said tangentially positioned inlet is oriented
to provide said flow in the same direction as the
Coriolisforce acting on said drum. 11. The apparatus
of any preceding claim, wherein a wear plate is
attached to the circular wall adjacent said annular
structure. 12. The apparatus of any preceding claim,
wherein said annular structure is supported by hangers
positioned above said annular structure. 13. The
apparatus of claim 1, wherein a manway is provided in
the circular wall. 14. The apparatus of claim 13,
wherein said manway comprises a plug contoured to the
shape of the circular wall through which it passes.
15. The apparatus of claim 2, wherein said baffle is
perforated. 16. The apparatus of claim 15, wherein
said baffle is perforated with at least one of
substantially circular perforations and substantially
rectangular perforations. 17. The apparatus of claim
15 or 16, wherein said baffle is perforated with
perforations ranging in size from about 50 to about
200 cm2 (8 to 3 1 in2) . 18. The apparatus of claim
15, 16 or 17, wherein said perforations can have
dimensions selected from the group consisting of about
5 cm x 20 cm (2 in x 8 in) rectangles and about 10 to
15 cm (4 to 6 in) diameter circles. 19. The apparatus
of any of claims 15 through 18, wherein said baffle is
perforated to an extent ranging from about 1% to about
20% of its surface area as compared to a corresponding
unperforated baffle. 20. The apparatus of any of
claims 15 through 19, wherein said baffle is
perforated to an extent sufficient to increase mass
transfer from said apparatus of a steam/air mixture
used for decoking.21. The apparatus of any of claims 2
or 15 through 20, wherein said baffle is substantially
conical. 22. The apparatus of any of claims 2 or 15
through 20, wherein said baffle is pitched to an
extent sufficient to prevent liquid from pooling
thereon during operation of said apparatus. 23. The
apparatus of any claim, depending from claim 2
comprising two or more of said baffles. 24. The
apparatus of any preceding claim, wherein said boot
further comprises an inlet for recycle quench oil. 



25. The apparatus of claim 24, wherein said boot
further comprises a ring distributor for recycle
quench oil, located at about the normal operating
liquid level maintained in said boot. 26. The
apparatus of claim 25, wherein said ring distributor
for recycle quench oil comprises downwardly directed
apertures. 27. The apparatus of any preceding claim,
wherein said boot further comprises anti-swirl
baffles. 28. The apparatus of any preceding claim,
wherein said anti-swirl baffles comprise vanes whose
longitudinal edges are substantially perpendicular to
an internal wall of the boot. 29. The apparatus of any
preceding claim, wherein said boot further comprises
at least one grate above and proximal to said liquid
outlet. 30. The apparatus of any preceding claim,
wherein said boot further comprises a side outlet
above said liquid outlet. 31. The apparatus of any
preceding claim, wherein said boot further comprisesa
side inlet for introducing fluxant. 32. The apparatus
of claim 31, wherein said side inlet is located below
the normal liquid level maintained in the boot during
operation. 33. The apparatus of any preceding claim,
wherein said open core has sufficient cross-sectional
area to permit vapor velocity of no greater than about
one-third of the maximum vapor velocity which avoids
significant entrainment of liquid. 34. The apparatus
of claim 33, wherein said open core has sufficient
crosssectional area to permit a vapor velocity of no
greater than about 60 cm/sec (2 ft/sec). 35. An
apparatus for cracking a hydrocarbon feedstock
containing resid, comprising: (a) a heating zone for
heating said hydrocarbon feedstock to provide heated
hydrocarbon feedstock; (b) a mixing zone for mixing a
primary dilution steam stream with said heated
hydrocarbon feedstock to provide a heated two-phase
stratified open channel flow mixture stream; (c) the
apparatus of any preceding claim; (d) a pyrolysis
furnace comprising a convection section and a radiant
section for cracking the vapor phase from the overhead
vapor outlet to produce an effluent comprising
olefins; (e) a means for quenching the effluent; and
(f) a recovery train for recovering cracked product
from the quenched effluent. 36. The apparatus of claim
35, which further comprises an additional heating zone
for heating effluent from said mixing zone.37. A
process for cracking a hydrocarbon feedstock
containing resid, said process comprising: (a) heating
said hydrocarbon feedstock; (b) mixing the heated
hydrocarbon feedstock with a primary dilution steam
stream to form a heated two-phase stratified open
channel flow mixture stream; (c) directing said
mixture stream to the apparatus of any of claims 1
through 34; (d) removing the liquid phase through said
liquid outlet of the vapor/liquid separation
apparatus; (e) cracking the vapor phase in a radiant
section of a pyrolysis furnace to produce an effluent
comprising olefins, said pyrolysis furnace comprising
a radiant section and a convection section; and (f)
quenching the effluent and recovering cracked product
therefrom. 38. The process of claim 37, wherein the
hydrocarbon feedstock with resid comprises one or more
of steam cracked gas oil and residues, gas oils,
heating oil, jet fuel, diesel, kerosene, gasoline,
coker naphtha, steam cracked naphtha, catalytically
cracked naphtha, hydrocrackate, reformate, raffinate
reformate, Fischer-Tropsch liquids, Fischer-Tropsch
gases, natural gasoline, distillate, virgin naphtha,
atmospheric pipestill bottoms, vacuum pipestill
streams including bottoms, wide boiling range naphtha
to gas oil condensates, heavy non-virgin hydrocarbon
streams from refineries, vacuum gas oils, heavy gas
oil, naphtha contaminated with crude, atmospheric
residue, heavy residue, C4's/residue admixture,
naphtha/residue admixture, hydrocarbon gases/residue
admixtures, hydrogen/residue admixtures, gas
oil/residue admixtures, and crude oil. 39. The process
of claim 37, which further comprises heating said
mixture stream prior to (c). 


