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each CHZ’cgﬁﬂfﬁgt£ggkékﬁnéﬂgj%q%%gpgﬂlggt&ﬂody molecule. The heavy chains
each have four domains. The amino terminal variable domains (VH)
are at the tips of the Y. These are followed by three constant
domains: CH1, CH2, and the carboxy terminal CH3, at the base of
the Y's stem. A short stretch, the switch, connects the heavy
chain variable and constant regions. The hinge connects CH2 and
CH3 (the Fc fragment) to the remainder of the antibody (the Fab
fragments). One Fc and two identical Fab fragments can be pro-
duced by proteolytic cleavage of the hinge in an intact antibody
molecule. The light chains are constructed of two domains, vari-
able (VL) and constant (CL), separated by a switch.

Disulfide bonds in the hinge region connect the two heavy
chains. The light chains are coupled to the heavy chains by ad-
ditional disulfide bonds. Asn-linked carbohydrate moieties are
attached at different positions in constant domains depending on
the class of immunoglobulin. For IgGl two disulfide bonds in the
hinge region, between Cys235 and Cys238 pairs, unite the two
heavy chains. The light chains are coupled to the heavy chains
by two additional disulfide bonds, between Cys229s in the CH1
domains and Cys214s in the CL domains. Carbohydrate moieties are
attached to Asn306 of each CH2, generating a pronounced bulge in
the stem of the Y.
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composition and sequence of their respective heavy chains. Both

IgM and IgE lack a hinge region but each contains an extra

heavy-chain domain (CH4). Numbers and locations of the disulfide

bonds (lines) linking the chains differ between the isotypes.

They also differ in the distribution of N-linked carbohydrate

groups, symbolically shown as circles.

Each domain in an antibody molecule has a similar structure

of two beta sheets packed tightly against each other in a com-

pressed antiparallel beta barrel. This conserved structure is

termed the immunoglobulin fold. The immunoglobulin fold of con-

stant domains contains a 3-stranded sheet packed against a 4-

stranded sheet. The fold is stabilized by hydrogen bonding

between the beta strands of each sheet, by hydrophobic bonding

between residues of opposite sheets in the interior, and by a

disulfide bond between the sheets. The 3-stranded sheet com-

prises strands C, F, and G, and the 4-stranded sheet has strands

A, B, E, and D. The letters A through G denote the sequential

positions of the beta strands along the amino acid sequence of

the immunoglobulin fold.

The fold of variable domains has 9 beta strands arranged in
two sheets of 4 and 5 strands. The 5-stranded sheet is structur-
ally homologous to the 3-stranded sheet of constant domains, but



The fold of variable domains has 9 beta strands arranged in two sheets of 4
and 5 strands. The 5-stranded sheet is structur- ally honol ogous to the
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composed of the loops which connect strands B-C, C'-C'', and F-G
of the light chain variable domain and strands B-C, C'-C'', and
F-G of the heavy chain variable domain.

Using the 3D structure of a protein as an aid for design,
amino acid residues located on the surface of many proteins have
been randomized using the core structure of the protein as scaf-
fold. Examples for this strategy are described or reviewed in
the following references incorporated herein by reference:
Nygren PA, Uhlen M., Curr Opin Struct Biol. (1997) 7:463-9; Binz
HK, Amstutz P, Kohl A, Stumpp MT, Briand C, Forrer P, Grutter
MG, Pluckthun A. Nat Biotechnol. (2004) 22:575-82; Vogt M,
Skerra A. Chembiochem. (2004) 5:191-9; US 6,562,617.

The basic principle of this technique is based on the obser-
vation that many proteins have a stable core, formed by specific
arrangements of secondary structure elements such as beta sheets
or alpha helices, which are interconnected by structures such as
loops, turns, or random coils. Typically, these latter three
structure elements are less crucial for the overall structure of
the protein, and amino acid residues in these structure elements
can be exchanged often without destroying the general fold of

the protein. A naturally occurring example for this design prin-
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ara acid sequence of the loop might cause the protein to fold into a

structure which the cell would detect as incorrect, and hence
degrade it. Thus, besides the examples shown it was considered
to be difficult to further modify the structural loops without
changing the nature of the Immunoglobulin.

US Pat Appl 2004/0101905 describes binding molecules com-
prising a target binding site and a Fc effector peptide. The Fc
effector peptide is a peptide which interacts with effector mo-
lecule. The insertion of an effector peptide into a non-CDR loop
of a CHl-domain of an immunoglobulin fragment has been shown.

Fc effector peptides are structures which are naturally oc-
curring in non-CDR loops of antibodies and are therefore expec-
ted not to disturb the structure of the immunoglobulin if graf-
ted to onto different equivalent locations in an immunoglobulin.

Nevertheless every peptide grafted into a non-CDR loop ac-
cording to this disclosure has a high chance of being inactive
by the different structural environment it has been selected.

It is stated in both prior art documents mentioned above
that it is difficult to insert peptides into the loop that

should retain its structure and function, as it is critical not
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(scFv) or Fab fragments, either displayed on the surface of
phage particles or solubly expressed in various prokaryotic or
eukaryotic expression systems. Among the leading authors in the
field are Greg Winter, Andreas Pliickthun and Hennie Hoogenboom.
It is an object of the present invention to provide immuno-
globulins with new antigen binding sites introduced, and methods
for engineering and manufacturing said immunoglobulins.
Therefore, the present invention relates to a method for en-
gineering an immunoglobulin comprising at least one modification
in a structural loop region of said immunoglobulin and determin-
ing the binding of said immunoglobulin to an epitope of an anti-
gen, wherein the unmodified immunoglobulin does not signific-
antly bind to said epitope, comprising the steps of:
- providing a nucleic acid encoding an immunoglobulin com-
prising at least one structural loop region,
- modifying at least one nucleotide residue of at least one
of said structural loop regions,
- transferring said modified nucleic acid in an expression
system,
- expressing said modified immunoglobulin,

- contacting the expressed modified immunoglobulin with an
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least one structural loop region of said immunoglobulin and de-
termining the specific binding of said at least one loop region
to at least one second epitope, the epitope being selected from
the group of antigens as mentioned above, wherein the unmodified
structural loop region (non-CDR region) does not specifically
bind to said at least one second epitope, comprising the steps
of:

- providing a nucleic acid encoding an immunoglobulin bind-
ing specifically to at least one first epitope comprising at
least one structural loop region,

- modifying at least one nucleotide residue of at least one
of said loop regions encoded by said nucleic acid,

- transferring said modified nucleic acid in an expression
system,

- expressing said modified immunoglobulin,

- contacting the expressed modified immunoglobulin with said
at least one second epitope, and

- determining whether said modified immunoglobulin binds
specifically to the second epitope.

The method according to the invention preferably refers to
at least one modification in at least one structural loop region
of said immunoglobulin and determining the specific binding of
said at least one loop region to at least one antigen selected
from the group consisting of allergens, tumor associated anti-
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immunoglobulin” or “immunoglobulin according to the invention”

anti -

includes a derivative of immunoglobulins as well. A derivative
is any combination of one or more immunoglobulins of the inven-
tion and or a fusion protein in which any domain or minidomain
of the immunoglobulin of the invention may be fused at any posi-
tion of one or more other proteins (such as other immuno-
globulins, ligands, scaffold proteins, enzymes toxins and the
like). A derivative of the immunoglobulin of the invention may
also be obtained by binding to other substances by various chem-
ical techniques such as covalent coupling, electrostatic inter-
action, disulphide bonding etc.

The other substances bound to the immunoglobulins may be
lipids, carbohydrates, nucleic acids, organic and anorganic mo-
lecules or any combination therof (e.g. PEG, prodrugs or drugs).
A derivative 1s also an immunoglobulin with the same amino acid
sequence but made completely or partly from non-natural or chem-
ically modified amino acids.

The engineered molecules according to the present invention
will be useful as stand-alone proteins as well as fusion pro-
teins or derivatives, most typically fused in such a way as to

be part of larger antibody structures or complete antibody mo-
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as "epiﬁfﬁﬁﬁﬂg to effector molecules.

The term “allergens, tumor associated antigens, self anti-
gens, enzymes, bacterial antigens, fungal antigens, protozooal
antigen and viral antigens” according to the present invention
shall include all allergens and antigens capable of being recog-
nised by an antibody structure, and fragments of such molecules
(especially substructures generally referred to as “epitopes”
(e.g. B-cell epitopes)), as long as they are immunologically
relevant, i.e. are also recognisable by natural or monoclonal
antibodies.

The term “epitope” according to the present invention shall
mean a molecular structure which may completely make up a spe-
cific binding partner or be part of a specific binding partner
to the binding domain or the immunoglobulin of the present in-
vention.

Chemically, an epitope may either be composes of a carbo-
hydrate, a peptide, a fatty acid, a anorganic substance or de-
rivatives thereof and any combinations thereof. If an epitope is
a polypeptide, it will usually include at least 3 amino acids,
preferably 8 to 50 amino acids, and more preferably between
about 10-20 amino acids in the peptide. There is no critical up-
per limit to the length of the peptide, which could comprise
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which have already been proven to be or are capable of being im-
munologically or therapeutically relevant, especially those, for
which a clinical efficacy has been tested.

On the other hand, according to another aspect of the
present invention also other binding capacities may be intro-
duced in the structural loop regions, e.g. binding capacities
for small molecules, such as drugs or enzymes, catalytic sites
of enzymes or enzyme substrates or for a transition state analog
of an enzyme substrate.

Preferably the new antigen binding site in the structural
loops is foreign to the unmodified immunoglobulin. Thus targets
like effector molecules or Fc-receptors are preferably excluded
from the binding molecules and the specificity of the immuno-
globulins according to the invention.

Preferably, the new antigen binding sites in the structural
loops are introduced by substitution, deletion and/or insertion
of the immunoglobulin encoded by the selected nucleic acid.

According to another preferred embodiment of the present in-
vention the modification of at least one nucleotide results in a
substitution, deletion and/or insertion of the immunoglobulin

encoded by said nucleic acid.
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more sophisticated engineering approaches that employ selection
methods to screen higher levels of sequence diversity.

A preferred method according to the invention refers to the ran-
domly modified nucleic acid molecule which comprises at least
one nucleotide repeating unit having the sequence 5'-NNS-37,

5’ -NNN-3’or 5’- NNK-3’.

The randomly modified nucleic acid molecule may comprise the
above identified repeating units, which code for all known nat-
urally occurring amino acids.

As is well known in the art, there are a variety of selec-
tion technologies that may be used for the identification and
isolation of proteins with certain binding characteristics and
affinities, including, for example, display technologies such as
phage display, ribosome display, cell surface display, and the
like, as described below. Methods for production and screening
of antibody variants are well known in the art. General methods
for antibody molecular biology, expression, purification, and
screening are described in Antibody Engineering, edited by
Duebel & Kontermann, Springer-Verlag, Heidelberg, 2001; and Hay-
hurst & Georgiou, 2001, Curr Opin Chem Biol 5:683-689; Maynard &
Georgiou, 2000, Annu Rev Biomed Eng 2:339-76.

A “structural loop” or “non-CDR-loop” according to the
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Wiley & Sons). The nucleic acids that encode the modified immun-
oglobulins of the present invention may be incorporated into an
expression vector in order to express said immunoglobulins. Ex-
pression vectors typically comprise an immunoglobulin operably
linked, that is placed in a functional relationship, with con-
trol or regulatory sequences, selectable markers, any fusion
partners, and/or additional elements. The modified immuno-
globulins of the present invention may be produced by culturing
a host cell transformed with nucleic acid, preferably an expres-
sion vector, containing nucleic acid encoding the modified im-
munoglobulins, under the appropriate conditions to induce or
cause expression of the modified immunoglcbulins. The methods of
introducing exogenous nucleic acid molecules into a host are
well known in the art, and will vary with the host used. Of
course, also acellular or cell free expression systems for the
expression of modified immunoglobulins may be employed.

In a preferred embodiment of the present invention, the mod-
ified immunoglobulins are purified or isolated after expression.
Modified immunoglobulins may be isolated or purified in a vari-
ety of ways known to those skilled in the art. Standard purific-

ation methods include chromatographic techniques, electrophoret-
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hi gh-t htadghpet o8C4 efid gh tetumRirogireSs abBY, for example an enzyme, an
immune label, isotopic label, or small molecule label such as a
fluorescent or colorimetric dye or a luminogenic molecule.

In a preferred embodiment, the functional and/or biophysical
properties of the immunoglobulins are screened in an in vitro
assay. In a preferred embodiment, the antibody is screened for
functionality, for example its ability to catalyze a reaction or
its binding affinity to its target.

Assays may employ a variety of detection methods including
but not limited to chromogenic, fluorescent, luminescent, or
isotopic labels.

As is known in the art, a subset of screening methods are
those that select for favorable members of a library. The meth-
ods are herein referred to as "selection methods", and these
methods find use in the present invention for screening modified
immunoglobulins. When immunoglobulins libraries are screened us-
ing a selection method, only those members of a library that are
favorable, that is which meet some selection criteria, are
propagated, isolated, and/or observed. As will be appreciated,
because only the most fit variants are observed, such methods
enable the screening of libraries that are larger than those
screenable by methods that assay the fitness of library members



be utilized in the screening procedures. Screening nmay enploy the use of a
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and anpllflcatlon referred to as_ panning, r epeat ed | om ng
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identificﬁgyogt al., 1996, Academic Press, San Diego, Calif., 1996; Low-
man et al., 1991, Biochemistry 30:10832-10838; Smith, 1985, Sci-
ence 228:1315-1317) and its derivatives such as selective phage
infection (Malmborg et al., 1997, J Mol Biol 273:544-551), se-
lectively infective phage (Krebber et al., 1997, J Mol Biol
268:619-630), and delayed infectivity panning (Benhar et al.,
2000, J Mol Biol 301:893-904), cell surface display {(Witrrup,
2001, Curr Opin Biotechnol, 12:395-399) such as display on bac-
teria (Georgiou et al., 1997, Nat Biotechnol 15:29-34; Georgiou
et al., 1993, Trends Biotechnol 11:6-10; Lee et al., 2000, Nat
Biotechnol 18:645-648; Jun et al., 1998, Nat Biotechnol 16:576-
80), yeast (Boder & Wittrup, 2000, Methods Enzymol 328:430-44;
Boder & Wittrup, 1997, Nat Biotechnol 15:553-557), and mammalian
cells (Whitehorn et al., 1995, Bio/technology 13:1215-1219), as
well as in vitro display technologies (Amstutz et al., 2001,
Curr Opin Biotechnol 12:400-405) such as polysome display
(Mattheakis et al., 1994, Proc Natl Acad Sci USA 91:9022-9026),
ribosome display (Hanes et al., 1997, Proc Natl Acad Sci USA
94:4937-4942), mRNA display (Roberts & Szostak, 1997, Proc Natl
Acad Sci USA 94:12297-12302; Nemoto et al., 1997, FEBS Lett
414:405-408), and ribosome-inactivation display system (Zhou et



A variety of selection nmethods are known in the art that may find use in
the present invention for screening i munoglobulin Ilibraries. These include
but are not limted to phage display (Phage display of peptides and

anti bodi e kyﬁm%%ggggtory manual , Kay et al., 1996, Acggﬁgkﬁwgﬁﬁgﬁ, San
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growth, reproduction, or survival advantage to the cell.

A subset of selection methods referred to as "directed evol-
ution"™ methods are those that include the mating or breeding of
favourable sequences during selection, sometimes with the incor-
poration of new mutations. As will be appreciated by those
skilled in the art, directed evolution methods can facilitate
identification of the most favourable sequences in a library,
and can increase the diversity of sequences that are screened. A
variety of directed evolution methods are known in the art that
may find use in the present invention for screening antibody
variants, including but not limited to DNA shuffling (PCT WO
00/42561 A3; PCT WO 01/70947 A3), exon shuffling (U.S. Pat. No.
6,365,377; Kolkman & Stemmer, 2001, Nat Biotechnol 19:423-428),
family shuffling (Crameri et al., 1998, Nature 391:288-291; U.S.
Pat. No. 6,376,246), RACHITT.TM. (Coco et al., 2001, Nat Bio-
technol 19:354-359; PCT WO 02/06469), STEP and random priming of
in vitro recombination (Zhao et al., 1998, Nat Biotechnol
16:258-261; Shao et al., 1998, Nucleic Acids Res 26:681-683),
exonuclease mediated gene assembly (U.S. Pat. No. 6,352,842;
U.S. Pat. No. 6,361,974), Gene Site Saturation Mutagenesis.TM.
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scriptional actlvatlon such as cellular expression of a natural

gene or reporter gene. For example, such assays may measure the
ability of antibody variants to elicit ADCC, ADCP, or CDC. For
some assays additional cells or components, that 1s in addition
to the target cells, may need to be added, for example example
serum complement, or effector cells such as peripheral blood
monocytes (PBMCs), NK cells, macrophages, and the like. Such ad-
ditional cells may be from any organism, preferably humans,
mice, rat, rabbit, and monkey. Immunoglobulins may cause apop-
tosis of certain cell lines expressing the target, or they may
mediate attack on target cells by immune cells which have been
added to the assay. Methods for monitoring cell death or viabil-
ity are known in the art, and include the use of dyes, immuno-
chemical, cytochemical, and radiocactive reagents. For example,
caspase staining assays may enable apoptosis to be measured, and
uptake or release of radioactive substrates or fluorescent dyes
such as alamar blue may enable cell growth or activation to be
monitored. In a preferred embodiment, the DELFIA.RTM. EuTDA-
based cytotoxicity assay (Perkin Elmer, MA) may be used. Altern-

atively, dead or damaged target cells may be monitored by meas-



added exogenously such that cells are exposed to individual im
munogl obul i ns or pools of inmnogl obulins belonging to a |ib- rary. These
assays are typically, but not always, based on the function of the
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cells as a rMespopsefeoretdecepbedbmes: ofthe immunogenicity of the modi-
fied immunoglobulins may be determined experimentally using one
or more cell-based assays. In a preferred embodiment, ex vivo T-
cell activation assays are used to experimentally quantitate im-
munogenicity. In this method, antigen presenting cells and naive
T cells from matched donors are challenged with a peptide or
whole antibody of interest one or more times. Then, T cell ac-
tivation can be detected using a number of methods, for example
by monitoring production of cytokines or measuring uptake of
tritiated thymidine. In the most preferred embodiment, interfer-
on gamma production is monitored using Elispot assays (Schmittel
et. al., 2000, J. Immunol. Meth., 24: 17-24).

The biological properties of the modified immunoglobulins of
the present invention may be characterized in cell, tissue, and
whole organism exXperiments. As is known in the art, drugs are
often tested in animals, including but not limited to mice,
rats, rabbits, dogs, cats, pigs, and monkeys, in order to meas-
ure a drug's efficacy for treatment against a disease or disease
model, or to measure a drug's pharmacokinetics, toxicity, and
other properties. The animals may be referred to as disease mod-

els. Therapeutics are often tested in mice, including but not



nodi fied i munogl obulins. Cell types for such assays may be prokaryotic or
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tibody composition that is monoclonal or polyclonal. In a pre-
ferred embodiment, the modified immunoglobulins of the present
invention are used to kill target cells that bear the target an-
tigen, for example cancer cells. In an alternate embodiment, the
modified immunoglobulins of the present invention are used to
block, antagonize, or agonize the target antigen, for example by
antagonizing a cytokine or cytokine receptor. In an alternately
preferred embodiment, the modified immunoglobulins of the
present invention are used to block, antagonize, or agonize the
target antigen and kill the target cells that bear the target
antigen.
In an alternately preferred embodiment, the modified immuno-
globulins of the present invention are used to block, antagon-
ize, or agonize growth factors or growth factor receptors and
kill the target cells that bear or need the target antigen.
In an alternately preferred embodiment, the modified immuno-
globulins of the present invention are used to block, antagon-
ize, or agonize enzymes and substrate of enzymes.

The modified immunoglobulins of the present invention may be

used for various therapeutic purposes. In a preferred embodi-



toxicity, pharmacokinetics, or other property of the nodified
i mmunogl obul i ns of the present invention. Tests of the in humans are
ultimately required for approval as drugs, and thus of course these
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tion may be administered to the patlent along with chemotherapy,
radiation therapy, or both chemotherapy and radiation therapy.
In one embodiment, the modified immunoglobulins of the present
invention may be administered in conjunction with one or more
antibodies, which may or may not comprise a antibody variant of
the present invention. In accordance with another embodiment of
the invention, the modified immunoglobulins of the present in-
vention and one or more other anti-cancer therapies are employed
to treat cancer cells ex vivo. It is contemplated that such ex
vivo treatment may be useful in bone marrow transplantation and
particularly, autologous bone marrow transplantation. It is of
course contemplated that the antibodies of the invention can be
employed in combination with still other therapeutic techniques
such as surgery.

A variety of other therapeutic agents may find use for ad-
ministration with the modified immunoglobulins of the present
invention. In one embodiment, the modified immunoglobulin is ad-
ministered with an anti-angiogenic agent, which is a compound
that blocks, or interferes to some degree, the development of
blood vessels. The anti-angiogenic factor may, for instance, be

a small molecule or a protein, for example an antibody, Fc fu-



may be aneliorated by the adm nistration of a pharmaceutical conposition
conprising a nodified i munogl obulin of the present invention. In one
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storage by mixing said immunoglobulin having the desired degree
of purity with optional pharmaceutically acceptable carriers,
excipients or stabilizers (Remington's Pharmaceutical Sciences
16th edition, ©0sol, A. Ed., 1980), in the form of lyophilized
formulations or aqueous solutions. The formulations to be used
for in vivo administration are preferably sterile. This is read-
ily accomplished by filtration through sterile filtration mem-
branes or other methods. The modified immunoglobulins and other
therapeutically active agents disclosed herein may also be for-
mulated as immunoliposomes, and/or entrapped in microcapsules

Administration of the pharmaceutical composition comprising
a modified immunoglobulin of the present invention, preferably
in the form of a sterile aqueous solution, may be done in a
variety of ways, including, but not limited to, orally, subcu-
taneously, intravenously, intranasally, intraotically, trans-
dermally, topically (e.g., gels, salves, lotions, creams, etc.),
intraperitoneally, intramuscularly, intrapulmonary (e.g., AERx™
inhalable technology commercially available from Aradigm, or In-
hance™ pulmonary delivery system commercially available from In-
hale Therapeutics), vaginally, parenterally, rectally, or in-

traocularly.



to Vascul ar Endothelial G owh Factor (VEGF). In an alternate enbodi nent,
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The modlfled immunoglobulin is preferably expressed in a
host, preferably in a bacterial, a yeast, a plant cell, in an
animal cell or in a plant or animal.

A wide variety of appropriate host cells may be used to ex-
press the modified immunoglobulin, including but not limited to
mammalian cells (animal cells), plant cells, bacteria (e.g. Ba-
cillus subtilis, Escherichia coli), insect cells, and yeast
(e.g. Pichia pastoris, Saccharomyces cerevisiae). For example, a
variety of cell lines that may find use in the present invention
are described in the ATCC cell line catalog, available from the
American Type Culture Collection. Furthermore, also plants and
animals may be used as hosts for the expression of the immuno-
globulin according to the present invention. The expression as
well as the transfection vectors or cassettes may be selected
according to the host used.

Of course also acellular or cell free protein expression
systems may be used. In vitro transcription/translation protein
expression platforms, that produce sufficient amounts of protein
offer many advantages of a cell-free protein expression, elimin-
ating the need for laborious up- and down-stream steps (e.qg.

host cell transformation, culturing, or lysis) typically associ-



bi ndi ng reaction which is determ native of the cognate ligand of interest
in a heterogeneous popul ati on of nol ecules. Thus, under designated
conditions (e.g. imunoassay conditions in the case of an imunogl obulin),
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tope and optionally finishing it to a pharmaceutical prepara-
tion.

In particular the present invention relates to a method for
manufacturing a multi-specific immunoglobulin binding specific-
ally to at least one first molecule or a pharmaceutical prepara-
tion thereof comprising at least one modification in at least
one structural loop region of said immunoglobulin and determin-
ing the specific binding of said at least one loop region to at
least one second molecule selected from the group consisting of
allergens, tumor associated antigens, self antigens, enzymes,
bacterial antigens, fungal antigens, protozooal antigens and
viral antigens, wherein the immunoglobulin containing an unmodi-
fied structural loop region does not specifically bind to said
at least one second molecule, comprising the steps of:

- providing a nucleic acid encoding an immunoglobulin bind-
ing specifically to at least one first molecule comprising at
least one structural loop region,

- modifying at least one nucleotide residue of at least one
of said loop regions encoded by said nucleic acid,

- transferring said modified nucleic acid in an expression



- 21 ated wth cell-based expression systens. Another aspect of the present
invention relates to a nethod for manufacturing an i mmunogl obulin or a
pharmaceutical prepara- tion thereof conprising at |east one nodification in
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necessity to express four different chains (two heavy and two

light chains) in one cell resulting in a number of various com-
binations of molecules which have to be separated from the de-

sired bispecific molecule in the mixture. Due to their similar-
ity the separation of these molecules is difficult and expens-

ive. A number of techniques have been employed to minimize the

occurrence of such unwanted pairings (Carter (2001) Journal of

Immunological Methods, vol 248, pages 7-15)

One solution to the problem is the production of one poly-
peptide chain with two specificities, like e.g. two scFvs linked
to each other or the production of so-called diabodies. Such mo-
lecules have been shown to be far away from the fold of a natur-
al molecule and are notoriously difficult to produce (LeGall et
al. (2004) Protein Engineering, Design & Selection vol 17 pages
357-366) .

Another problem of the current design of bispecific antibod-
ies is the fact that even if the parent antibodies are bi-
valently binding to their respective binding partner (e.g. IgG),
the resulting bispecific antibody is monovalent for each of the
respective binding partner.

The preferred multi-specific molecules of the present inven-
tion solve these problems:

Expression of a bispecific molecule as one polypeptide chain

is possible (a modified Ig domain with two binding specificit-



- transferring said nodified nucleic acid in an expressi on WO 2006/ 072620
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ol ecul es of t?ﬁgFﬁgﬁ f&ed an 1body or derivative may be a complete anti-
body or an antibody fragment (e.g. Fab, CH1-CH2, CH2-CH3).

It may bind mono- or multi-valently to binding partners or
even with different valency for the different binding partners,
depending on the design.

As there are a number of various loops available for selec-
tion and design of a specific binding site in the non-CDR re-
gions of heavy and light chains it is possible to design anti-
body derivatives with even more than two specificities without
the problems mentioned above.

The specific binding domains within one polypeptide chain
may be connected with or without a peptide linker.

Some antibody classes can be regarded as multi-specific, in
particular bispecific, by nature: They bind to an antigen (which
is typically e.g. either a foreign structure or a cancer associ-
ated structure) with the variable region and bind to Fc-effector
molecules with the Fc part (e.g. Fc receptors on various immune
cells or complement protein) thus enabling effects such as ADCC,
ADCP or CDC.

The Fc-effector molecules are bound by the Fc-part of an im-
munoglobulin molecule (for IgGl it consists of domains CH2 and
CH3) and a number of methods have been described to optimize ef-

fector function by improvement of binding of the Fc-part of an



tion solve these problens: Expression of a bispecific nolecule as one
pol ypeptide chain is possible (a nodified Ig domain with two bindi ng
specificit WO 2006/ 072620 PCT/ EP2006/ 050059 - 23 ies, see exanple

section), whhbfshrie3, €asi er to acconplish than the expr EPRosodsyo anti body
pol ypeptl\ge c'ﬁa|7n6so(Cabi lly et al. Proc. Natl. Acad. %éc? UOSAS%l 3273- 3277
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Fc- effector nol ecul e e Fc part . Fc receptors on varlous i mmune
ol |5 G @i MBNECHLS: B LE SR MBI S0Pt 881 EVSnoRL B aBe T

than glycoenglneered antibodies or otherwise improved Fc re-

gions. However, for certain embodiments of the present inven-

tion, the effector characteristics of a given antibody to be

modified should not directly be changed but remain unaffected by

the modification in the structural loop according to the present

invention,

Antibody fragments have certain advantages as compared to
whole antibodies. Fragments have usually good biodistribution
properties and can more easily be produced. However, most of the
antibody fragment designs lack effector functions and have short
in vivo half life (Holliger P, et al. Nat Biotechnol. (2005)
23:1126-36.) .

Neither CH1 nor Ck or CA domains mediate effector functions
which is the reason why Fabs do not show ADCC, ADCP or CDC.

The WO 02/44215 describes binding molecules which consists of
the antigen binding site of an antibody and a peptide binding
Fc-effector molecules. In such a way an antibody fragment dis-
playing effector functions can be constructed. The peptide is
being incorporated into the binding molecule at a position that
does neither destroy the antigen binding nor the ability of the
peptide to bind to an Fc-effector molecule.

According to the present invention however, the binding to

Fc-effector molecules may be performed with modified immuno-



ADCP or CDC. The Fc-effector nolecules are bound by the Fc-part of an im
munogl obul in nol ecule (for Igd it consists of domains CH2 and CH3) and a
nunber of methods have been described to optimze ef- fector function by

i mpr ovenment WO Y2ty of the Fc-part of an WO 2006/ 072625/ B2495084596/ 050059
- 24 antibody nol ecule either by glycoeggineering techniques (US 6,602, 684)
or by protein engineering either directly at the Fc (US 2005/0054832) or
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Fc re- tron,
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an anti body and a pepfi
or by expression and purlflcatlon of the extracellular part of

the respective receptor. For the purpose of this invention a
first screening on FcRn may select for mutant domains which can
further be tested in vitro and even further characterized in
FACS experiments by binding to cells expressing FcRn receptor.
It can be further characterized by affinity ranking of binding
to various recombinant FcRn, isoforms and allotypes e.g with
surface plasmon resonance techniques.

According to a preferred embodiment of the present invention
the immunoglobulin is of human or murine origin.

Since the modified immunoglobulin may be employed for vari-
ous purposes, in particular in pharmaceutical compositions, the
immunoglobulin is preferably of human or murine origin. Of
course, the modified immunoglobulin may also be a humanized or
chimeric immunoglobulin.

According to another preferred embodiment of the present in-
vention the human immunoglobulin is selected from the group con-
sisting of IgAl, IgA2, IgD, IgE, IgGl, IgG2, IgG3, IgG4 and IgM.

The murine immunoglobulin is preferably selected from the
group consisting of IgA, IgD, IgE, IgGl, IgG2A, IgG2B, IgG2C,
IgG3 and IgM.

The modified immunoglobulin may be derived from one of the



Fc-effector nolecules. In such a way an anti body fragnment dis- playing
effector functions can be constructed. The peptide is being incorporated
into the binding nolecule at a position that does neither destroy the

antigen biyHongoRen the ability of the peptide to bindctppafdehoo®f fector
nol ecul e. According to the present invention however, tﬁe binding to

Fc-effector nol ecul es may be performe@éwith nodified i muno WD 2006/ 072620
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screeni ng o Refiamye sehaeh f8rafuimfinsIBIS ?Wicald aant berther be tested

invitro_an ven further characterjzed in . FACS experinments_by binding to
ol I's. OB bR Fatine T @D PaPRoS oD EERR 1147 (RiE R Ao PEr o BANBY af £i ity
r anki ngobf tig nch miggblteo regribouder gcovbi ndpt HoRVd)i sof orns and al | ot ypes e. g

wWth surfacge plasmrd exRlaBgobetni AUeS:d AL Y Aithg tavankkshesssd
enbodi nent of ghe resent invention. the I%r&yﬂnotﬁll obulin is of human or
muri ne 95T Pt & FORSHRL L SaPR T BaSEhRTRYI i OB ERBPOFEL FoPt vari -

ous pur@besCHA n Qi,t iCBdl, algkACphaghaCeuty calpaoanpbeireiodnsncihding a

i mmno%?l@i&érﬁhiins, Wi%fhera%bll)éagf: QHgafo&S f@ﬁl‘d}ﬁ %rnicﬂii%' cgaracterised
in that said at least one loop region comprises at least one
amino acid modification forming at least one modified loop re-
gion, wherein said at least one modified loop region binds spe-
cifically to at least one epitope of an antigen.

Another preferred immunoglobulin according to the invention
consists of a variable domain of a heavy or light chain, or a
part thereof including a minidomain, with at least one loop re-
gion, and is characterised in that said at least one loop region
comprises at least one amino acid modification forming at least
one modified loop region, wherein said at least one modified
loop region binds specifically to at least one epitope of an an-
tigen.

According to a preferred embodiment the constant domain is
selected from the group of CH1l, CH2, CH3, CH4, Igk-C, Igl-C and
combinations thereof.

The modified immunoglobulin according to the present inven-
tion may comprise one or more constant domains (e.g. at least
two, three, four, five, six, ten domains). If more than one do-
main is present in the modified immunoglobulin these domains may
be of the same type or of varying types (e.g. CH1-CH1-CH2, CH3-
CH3). Of course also the order of the single domains may be of



course, the nodified i munogl obulin may al so be a humani zed or chineric

i mmunogl obul i n. According to another preferred enbodi nent of the present in-
vention the human i nmunogl obulin is selected fromthe group con- sisting of
| gAl, | gA2, wioglpe/drg2p | gd, 1g&, 1gG3, 1gHA and | gM  ThBCTIER2006850059

i mmunogl obulin is preferably sel ected fr m the group consisting of |gA,

Igh, 1gE, IgGi | g&RA, 1g&B, 1g&C, “and IgM The nodified
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n
mol ecul e, L&f 3G &tterdd 1t 6984 - aNUGbFRF POFdS R Scortstanl 77 égP onte eF Y &t
CH2, CH3,all#4, 202(:16, QucleAcvacidbl Reslon®l n 367-8310; medaghobati a]lf,oImDOfm t of

the varighles Inﬁ’rfun@'i bgr@g@gb@%ﬂ in, also refered to as a domain of the

vari abl e regl on (e d) A preferred i munogl obulin according
to the inventi®if gsitet angther corrienred kol 1gentc PEJthe dPr ¢3RN tgridiTp

consi sti nge@fiofCHthe GddirCH], 162516, ré@forﬁ-, djg|C-Iﬁ,, @Hza past ahdecwnfcdmc! udi ng
a mnldomaln vmth at Iea haracterls&j dnthat

said at |Ra5TS GHE 1% (%lldgg ?‘rbr?rgjé Clldésast &ﬁe amar%n%c
modi f i cat F@nm¥ oraniimng @tClldéaé’zB bﬂeBEmdamIEfd ducls B8- tgi A3 ahéraninsai d at
| east onezppgd fied dpanregi on binds spe- cifically to at | east one epitope

of an antigen.__Anqt her preferred i nmmunogl buI| acc rding to the invention
consists of a Vi e FG8MAMA 8? ﬁglﬁe%\/%‘ J13;n1° cHEMAT BF &1 gt Htvér eof
i ncl udi ngpee fre ratdonaiminowathdat 8| 'easl8,ormmlrwo[acneis @i’lonp abd amino

charact erhseg i 4y thatygSalgiab 5852‘3& g9ecd onp /BN 2cGAEPHLSES ffo | east one

anmino acid nodification formng at |east one nodified | oop region, wherein
said at | &0 A dvdiot &g 117 and amino acids 123 to 126.

The loop regions of Igk-C and Igl-C of murine origin com-
prise preferably amino acids 8 to 20, amino acids 26 to 36,
amino acids 43 to 79, amino acids 83 to 85, amino acids 90 to
101, amino acids 108 to 116 and amino acids 122 to 125.

The structural loop regions of the variable domain of the
immunoglobulin of human origin comprise preferably amino acids 8
to 20, amino acids 44 to 50, amino acids 67 to 76 and amino
acids 89 to 101.

According to a preferred embodiment of the present invention
the structural loop regions of the variable domain of the immun-
oglobulin of murine origin comprise amino acids 6 to 20, amino
acids 44 to 52, amino acids 67 to 76 and amino acids 92 to 101.

The above identified amino acid regions of the respective
immunoglobulins comprise loop regions to be modified.

The immunoglobulin according to the invention is preferably
of camel origin.

Camel antibodies comprise only one heavy chain and have the
same antigen affinity as normal antibodies consisting of light
and heavy chains. Consequently camel antibodies are much smaller
than, e.g., human antibodies, which allows them to penetrate
dense tissues to reach the antigen, where larger proteins can-

not. Moreover, the comparative simplicity, high affinity and



| oop region binds specifically to at | east one epitope of an an- tigen.
According to a preferred enbodi nent the constant domain is selected from
the group of CHL, CH2, CH3, CH4, Igk-C, 1gl-C and conbinations thereof. The

nodi fi ed Ww‘g,?&laul in according to the present inveng c%z?ﬂmﬂ@s%ﬁos@onp“ se
one or nore constant domains (e.g. at least two, three our Ive, siXx,

ten domains). If nore than one do- mai28 s present in the nodified
i mmunogl obulin these domains may be of the sane type or of varying types
(e.g. CGpecHiiGHy apd3theHBptewkiebuksereddv arsk igtgarcsf wikk afhgve donmi ns

nmay be of tdD 2%9@10%261%@1‘%_{ CThEPR00RL O5685Ss pre?sénta%)dvléhr&ﬂgé@ 8ver
CH1- CH3- CH2 nunberlcr of the am nQ td sequences of

t he |mr%?f8“°‘b|adbtd1%j¥?sleis 18c§3?d?ﬁ§1%' tre° FuFS aﬁ’a RenB™ (PMGT, the
i nt er nat1 omiatal IMvedCatd & cemppfiodsat i on syst em@ nyt . ci nes. fr
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Rui z et al. Nucl ei ¢ i ds 19- 2217 Lefranc et al>, 2001

Nucl ei ¢ %Srtijso%sconf@an’éoﬁoﬁ‘%n petearrd e@ronélthe JFOFP RGBFEFELING| A5 Res.
31: 307ewuP;cHefamhcHst. al ., 2005, Dev Conp | nmunol 29:185-203). According

to anot her gféoe!@% %thggg%%@ a L6 PSRN 'f”th‘éegE!egQPEhgxié?QHHé&d | oop

reg|ons of com prise am no am no aci ds
25 to 3ohe a¥AaR LRYi@assPf £8181CHAne %ﬁc%%f ghe gagel ARMHBOGEPEE1EY to 103

and am é@npﬁpséjsanﬂa.% eilk738 Ebeszoilniﬁglac&"isd@f24| e @9andmhgb &cods human

origin r.ef er ahl ids 8 to 18 ds_27_to 35, am no
acids 4 _@e zﬂ?ﬁlﬁ‘g &t 6% gg] ?8 g A Ho aé:@ldcfs%g]z 3?3 gaﬁﬁn?\% aci ds
108 to aQﬂdsanw&ammd]dci ds 123 to 126. The | oop regions of ng C and Igl-

of murine OrAchd’rcﬁ%%* thf hsgreféiﬁé@bédb&mn@l@@fd%h% er@QntaﬂhG@n@%ﬁS 26
to 36, amno aci.ds 43 ¢t

clds. 83 to 8 no acids 90 to 101,
i o0 AR PiociRg’ 2k AR deodtl i5n Wntopss ol 18, Fact AR aFOT 0op
regi o_nslemd’:ulehelS/afet@trhenédnhynaolblmdhmg|aﬁnﬂmgiedla¢lt|enl dgfrohuha grogpn
conpri sg, n%@rﬁgbl&f EL Qﬂoi‘%%a? aéQA%g AR A 34! %né?‘lm £0150xe ”1 0 acids

67 to 76 and amho aci ording to preferred e I ment of
t he pre%%ﬁﬂsq ieFsays (ELISA), surface plasmon resonance assays,

saturation transfer difference nuclear magnetic resonance spec-
troscopy, transfer NOE (trNOE) nuclear magnetic resonance spec-
troscopy, competitive assays, tissue binding assays, live cell
binding assays and cellular extract assays.

Binding assays can be carried out using a variety of methods
known in the art, including but not limited to FRET (Fluores-
cence Resonance Energy Transfer) and BRET (Bioluminescence Res-
onance Energy Transfer)-based assays, AlphaScreen.TM. (Amplified
Luminescent Proximity Homogeneous Assay), Scintillation Proxim-
ity Assay, ELISA (Enzyme-Linked Immunosorbent Assay), SPR (Sur-
face Plasmon Resonance, also known as BIACORE.RTM.), isothermal
titration calorimetry, differential scanning calorimetry, gel
electrophoresis, and chromatography including gel filtration.
These and other methods may take advantage of some fusion part-
ner or label.

The modified immunoglobulin is preferably conjugated to a
label selected from the group consisting of organic molecules,
enzyme labels, radicactive labels, colored labels, fluorescent
labels, chromogenic labels, luminescent labels, haptens, digoxi-
genin, biotin, metal complexes, metals, colloidal gold and mix-
tures thereof.

The modified immunoglobulin may be conjugated to other mo-

lecules which allow the simple detection of said conjugate in,



the structural |oop regions of the variable domain of the i mmun- oglobulin
of nmurine origin conprise amno acids 6 to 20, amno acids 44 to 52, amno
acids 67 to 76 and ami no acids 92 to 101. The above identified am no acid
regi ons of wuoeon@spaoti ve i nmunogl obulins conprise | oopPCEBPLOBISHAZY be
nodi fi ed. The i munogl obulin according 5§ the invention is preferably of
canel origin. Canel antibodies conprlse nl'y one heavy chain and have the
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cifically bind to any kind of binding molecules, in particular
to proteinaceous molecules, proteins, peptides, polypeptides,
nucleic acids, glycans, carbohydrates, lipids, small organic mo-
lecules, anorganic molecules. Of course, the modified immuno-
globulins may comprise at least two loop regions whereby each of
the loop regions may specifically bind to other molecules or
epitopes.

According to a preferred embodiment of the present invention
the molecule binding to the modified structural loop region is
selected from the group consisting of tumor associated antigens,
in particular EpCAM, tumor-associated glycoprotein-72 (TAG-72),
tumor-associated antigen CA 125, Prostate specific membrane an-
tigen (PSMA), High molecular weight melanoma-associated antigen
(HMW-MAA) , tumor-associated antigen expressing Lewis Y related
carbohydrate, Carcinoembryonic antigen (CEA), CEACAMS, HMFG PEM,
mucin MUC1l, MUC18 and cytokeratin tumor-associated antigen, bac-
terial antigens, viral antigens, allergens, fluorescein, lyso-
zyme, toll-like receptor 9, erythropoietin, CD2, CD3, CD3E, CD4,
cpli, cpila, CD14, CD18, CD19, CD20, CD22, CD23, CD25, CD28,
CD29, CD30, CD33 (p67 protein), CD38, CD40, CD40L, CD52, CD54,
Cb56, CD80, CD147, GD3, IL-1, IL-1R, IL-2, IL-2R, 1IL-4, IL-5,
I.-6, IL-6R, IL-8, IL-12, IL-15, IL-18, IL-23, interferon alpha,
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testicular PLAP-like alkaline phosphatase, transferrin receptor,

Heparanase I, human cardiac myosin, Glycoprotein IIb/IIIa
(GPIIb/I1Ia), human cytomegalovirus (HCMV) gH envelope glycopro-
tein, HIV gpl20, HCMV, respiratory syncital virus RSV F, RSVF
Fgp, VNRintegrin, Hep B gpl20, CMV, gpIlIbIIIa, HIV IIIB gpl20 V3
loop, respiratory syncytial virus (RSV) Fgp, Herpes simplex vir-
us (HSV) gD glycoprotein, HSV gB glycoprotein, HCMV gB envelope
glycoprotein, Clostridium perfringens toxin and fragments there-
of.

The modified immunoglobulin according to the present inven-
tion may preferably bind to one of the molecules disclosed
above. These molecules comprise also allergens.

According to another preferred embodiment of the present in-
vention the amino acid residues of positions 15 to 17, 29 to 34,
85.4 to 85.3, 92 to 94, 97 to 98 and/or 108 to 110 of CH3 are
modified.

The modification of the immunoglobulin according to the
present invention is preferably a deletion, substitution or an
insertion.

According to the present invention at least 1, preferably at
least 2, 3, 4, 5, 6, 7, 8, 9, 10 and 15, amino acids are de-

leted, substituted with other amino acids (also with modified
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label or reporter molecule selected from the group consisting of

organic molecules, enzyme labels, radioactive labels, colored
labels, fluorescent labels, chromogenic labels, luminescent la-
bels, haptens, digoxigenin, biotin, metal complexes, metals,
colloidal gold and mixtures thereof.

Modified immunoglobulins conjugated to labels as specified
above may be used, for instance, in diagnostic methods.

Another aspect of the present invention relates to the use
of an immunoglobulin according to the present invention or ob-
tainable by a method according to the present invention for the
preparation of a vaccine for active immunization. Hereby the im-
munoglobulin is either used as antigenic drug substance to for-
mulate a vaccine or used for fishing or capturing antigenic
structures for use in a vaccine formulation.

Another aspect of the present invention relates to the use
of an immunoglobulin according to the present invention or ob-
tainable by a method according to the present invention for the
preparation of a protein library of immunoglobulins.

Yet another aspect of the present invention relates to a

method for specifically binding and/or detecting a molecule com-
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be used to isolate specifically molecules from a sample. If
multi-specific immunoglobulins are used more than one molecules
may be isolated from a sample. It is especially advantageous us-
ing modified immunoglobulins in such methods because it allows,
e.g., to generate a matrix having a homogeneous surface with
defined amounts of binding partners (i.e. Modified immuno-
globulins) immobilised thereon which able to bind to the mo-
lecules to be isolated. In contrast thereto, if mono-specific
binding partners are used no homogeneous matrix can be generated
because the single binding partners do not bind with the same
efficiency to the matrix.

Another aspect of the present invention relates to a method
for targeting a compound to a target comprising the steps of:

(a) contacting a modified immunoglobulin according to the
present invention or a modified immunoglobulin obtainable by a
method according to the present invention capable to specific-
ally bind to said compound,

(b) delivering the immunoglobulin/compound complex to the
target.

Modified immunoglobulins according to the present invention
may be used to deliver at least one compound bound to the CDRs
and/or modified loop regions to a target. Such immunoglobulins

may be used to target therapeutic substances to a preferred site
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inventi(”ﬁdﬁﬁ@o, most preferably more than 1000000 variant domains with
at least one modified loop. The library is then screened for
binding to the specific antigen. After molecular characteriza-
tion for the desired properties the selected domain or minido-
main is cloned into the original immunoglobulin by genetic en-
gineering techniques so that it replaces the wild type region.
Alternatively, only the DNA coding for the loops or coding for
the mutated amino acids may be exchanged to obtain an immuno-
globulin with the additional binding site for the specific anti-
gen.

The choice of the site for the mutated, antigen-specific
structural loop is dependent on the structure of the original
immunoglobulin and on the purpose of the additional binding
site. If, for example, the original molecule is a complete im-
munoglobulin which needs to have inserted an additional antigen
binding site without disturbance of the effector function, the
loops to be modified would be selected from domains distant from
CH2 and CH3 which are the natural binding partners to Fc-effect-
or molecules. If the original immunoglobulin is a Fab, modifica-
tion of loops in constant domains of the light chains or the
heavy chains or the respective variable domains is possible. To
generate a library one may prepare libraries of mutant original

molecules which have mutations in one ore more structural loops
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rary contains members with different modifications, wherein the
plurality is defined by the modifications in the at least one
structural loop region. The nucleic acid library preferably in-
cludes at least 10 different members (resulting in one amino
acid exchange) and more preferably includes at least 100, more
preferably 1000 or 10000 different members (e.g. designed by
randomisation strategies or combinatory techniques). Even more
diversified individual member numbers, such as at least 1000000
or at least 10000000 are also preferred.

A further aspect of the invention is the combination of two
different domains or minidomains selected from at least two lib-
raries according‘to the invention in order to generate multispe-
cific immunoglobulins. These selected specific immunoglobulins
may be combined with each other and with other molecules, simil-

.ar to building blocks, to design the optimal arrangement of the
domains or minidomains to get the desired properties.

Furthermore, one or more modified immunoglobulins according
to te invention may be introduced at various or all the differ-
ent sites of a protein possible without destruction of the
structure of the protein. By such a “domain shuffling” technique
new libraries are created which can again be selected for the

desired properties.



library of the respective domain of at |east 10, preferably 100, nore
preferably 1000, nore preferably 10000, nore preferably 100000, nost
preferably nore than 1000000 variant dormains with at |east one nodified

| oop. The I'WORBI6PTI6 t hen screened for binding to the FSEEPRIWGOHRET gen
After mol ecular characteriza- tion for the desired properties the selected
domai n or mnido- main is cloned into the original imunoglobulin by genetic
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task. |n gemey bmki,lng ht’@iﬁit{yti}f genrersaatreicanrant igep bé@ﬂcbrﬂ.g site de novo
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combinations thereof; said combinations comprising at least two,
preferably at least four, especially at least six constant do-
mains and at least one structural loop region modified according
to the present invention. Preferably these structural loop re-
gions are either connected via structural loop region modified
according to the present invention or the structural loops being
naturally present between such two constant domains. An embodi-
ment of these antigen binding molecules according to the present
invention consists of the Fc region of an antibody with at least
one modification in a structural loop according toc the present
invention. Also for the antigen binding molecules according to
the present invention it is preferred that the new antigen bind-
ing sites in the structural loops are introduced by randomising
technologies, i.e. by exchanging one or more amino acid residues
of the loop by randomisation techniques or by introducing ran-
domly generated inserts into such structural loops. Alternat-
ively preferred is the use of combinatorial approaches.
According to another aspect, the present invention relates
to a modified immunoglobulin having an antigen binding site for-
eign to the unmodified immunoglobulin and incorporated in one or

more structural loops. The term “foreign” means that the antigen



The present invention also relates to an i munoglobulin lib- rary or a
nucleic acid library conprising a plurality of inmno- globulins, e.g. a
constant or variable donmain, a mnidomain and/or at |east one structural

| oop region contained in a mn- idomain, or nucleic acid nol ecul es encoding
the sane. WEh®OYBE0 ary contains members with diff er enPCHEERPPRNIFIoNs
wherein the plurality is defined by t3ge 1modifications in the at Ieast one

structural | oop region. The nucleic acid library preferably in- cludes at
| east 161da‘iifﬁ@r§ﬂte mesThierts r(artelslalluyngo'rme@my atrh e speatiifd cexelyangeprfand nore

pr ef era k‘ Lléjy(g&o&}dl £fast 4 Ofoggggon Ig(zgéayrtjnoeoro Q" tlgggo gl fferent

menber s random sa 1 es of i nator
t echni qaéél)lraEv@fﬂdﬂﬂ% Padﬁitm@rrspﬁ éd FWPD@@L@@UM@S Wérb,y §b@h as at

| east 1000086n Windind %a_n_s_*e 189QQ0RCaAE et R §0a BRI EIHL barhnkl, t Baenagpect of
the invention is the comb di fferent domai ns or _m ni domai ns

sel ect el Froff&tPt¥as” ta\ﬁo elaftfﬁ‘:t?ér P%mgg%cwrheg 165 iWvaRrti 6™ n or der
t o genesatiered| to Spe-baginfd by trhenegtobeh i nsndilie sel tselfecieddns pecithec
'mTUnO%HJRH&if‘iSed My AYMRIAgd Wi th each other and with other nolecules,
siml- ar to building bllocks, to design the optiml arrangenent of the
domai ns or METRIRTARIG (fHegaPLEABNdLS| PRI ehertae L NeFGrOHer FBPE1SbRe or
mor e nodh§i e pammtn;tgi osbiﬂug@sl acanodirngssbéoidied raterilgenn kmyyhe,i subeduced

at vari?}%a%fa%%] r% fer g%ﬁel}"gf g{llg %(Oéleleﬂr SSIM%| hout

destructron o e ro ITB.II’]S uf f1ing"
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desir edapt 0pedis) %acﬁéQlalOQ/angaag BETAEP;?@&% 0¥ PathodensThe purherred

I|brary €9 t ai ns i acco t.he Ji nve | ected from
the grolp g%n%rs‘fh%e q:](f(?%%rr? f'lrgi nﬁu Tt ontiibuete rI]'Itz\‘hlodorlilglené or

deri vat HG¥és, t hEY elbf.. H&Vprléf-erEédveﬁbédsnenlnﬂuetr‘r?@-pr &S¥nt, Hevehiidm is a
bi ndi ngyvippiesyl e £t geschanti gepu d) @Mnga RBlReyl ebxCoRpLESi Ng at

| east ope ] obulip d and a_structuyr al i on be-

modi fi eﬁmii:?m ‘%gn{sd tb'{‘?«?s‘gleésgﬁfu?nv%ﬁf}i’%ﬁ 'ngxc’{?e ﬂ usanlpfiﬂéﬂ wher ei n
sai d bi hdnagvimiecHe yhoes Vigus¢oRpreeivasi Rlalbicerlctmmil Koxehcimneant i body.

It may Goppgi %ﬂé‘%ﬁﬁ%”%c%@%%@ fr afdd ;ﬁfatl'l\é'lfs' ¢3irbg, 9. such as

natural _or nodified ef- fector regi ons sequences however, it _| acks the
"nat ur aPengue Vlrus, Tick Borne Encephalitis Virus, 'Yellow Fever Virus,

Coronavirus, respiratory syncytial virus, parainfluenza virus,
La Crosse Virus,Lassa Virus,Rabies Viruse, Rotavirus antigens;
preferred bacterial antigens include Pseudomonas-, Mycobacteri-
um-, Staphylococcus-, Salmonella-, Meningococcal-, Borellia-,
Listeria, Neisseria-, Clostridium-, Escherichia-, Legionella-,
Bacillus-, Lactobacillus-, Streptococcus-, Enterococcus-,
Corynebacterium-, Nocardia-, Rhodococcus-, Moraxella-, Brucella,
Campylobacter-, Cardiobacterium-, Francisella-, Helicobacter-,
Haemophilus-, Klebsiella-, Shigella-, Yersinia-, Vibrio-,
Chlamydia-, Leptospira-, Rickettsia-, Mycobacterium-, Treponema-
, Bartonella- antigens. Preferred eukaryotic antigens of patho-
genic eukaryotes include antigens from Giardia, Toxoplasma, Cyc-
lospora, Cryptosporidium, Trichinella, Yeasts, Candida, Asper-
gillus, Cryptococcus,Blastomyces, Histoplasma, Coccidioides.

Preferred immunoglobulins according to the present invention
comprise at least two antigen binding sites, the first site
binding to a first epitope, and the second site binding to a
second epitope.

According to a preferred embodiment, the present immuno-
globulin comprises at least two loop regions, the first loop re-

gion binding to a first epitope, and the second loop region



bi ndi ng region of antibodies, i.e. the variable domains in their naturally
occurring position. These antigen binding nolecules according to the
present invention have the advantages described above for the present

nol ecul es, Yet20440f3%3ut t he specific bind- ing activity HACTERISHNNVES;
however with a newy introduced spe- cific_binding activity in the
structural |oop region. Preferably, theSe antigen binding nolecul es

accor di ngptRy5tfe £oPhes8Rbnb NS AN, GOHd SeneHhe EERst OFBrsChh digk-C,
I gl -C and, combi nations therepf; ‘sa nbi nati ons conpr|3|§%:at | east two,

id co
pr ef er abl }P3RT 1565809 4PP E%%%%?eﬂ?;qui MEYs LesFRNEBMBL Ant Lt M@ ns and at
| east oneledg.udher dhmhooplokyl dms xtidridithgaceotdiengresent henysresients
| nventi on, et ! ¥ LEGSR: SLNCIUIAl A OP shend! 0P8 B0 pel Rl copnect ed
via structural 1oop reg on nodified according to the gresent Invention or

the structhirdl qoaépinrbehfgessatial 8lgneaisntcrerdérs sach e WX RISt ant

domai ns. A aiHIed:- tRBNELehicthese Bidd geyikinndioag faelesdt esdamg aiddiuhg to the
present _inventiaon_consists of the Fc region of an antibody with at | east

one rodi fEERT O PHCA P Puct ural | oop according to the present invention.

Al so for the &reifgeabbiyndihg Ivhwmdleduddeordicngding thetlpr exrasentniant i on
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are introduced

by random si.n techno| ogies, i.e. b xchangi ng one or nore
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i nt roducirgpstamnedantyggenkiadiay isiserts i nto such structural | oops.
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i munogl dbififn "RadFhn§ORRT ARET g YRl missidomafisr ofefn €03 FNturAsHion ed
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"foreign" means that the_a t{gen 20q5/ 72620 PCT/EP2006/@§0059 - 36

]to ull PI v dlrbcy Uy omain, S

bi ndi ng sT1e s Mot ndt Bfa orie 1€géﬁe@ﬂPﬂg regi on of”’ the

i mmunogl otarliapleademaingr ehyah bl sidfawy gramoder mogdfiadt 1nhiehe fattigralingilndi ng
partner ofeqibd, MBN@ELObHLE Sh1é Sading 1) Kelde toaat mgens beadtmg sddi®n,Thi s
means tha a.QLRghn gartgg , %ﬁg_a& a, Fc-receptor or_an effec o&_of the
mune syStern T €5t SoBRA 5ok Sl (U HEBEI by ONS At HRrP TG site
forei gn temtdiEmemtsedi fi ed i munogl obulin. Preferably, the antigen is
sel ected fromhae pGEQHPrEQNShRlnod NH 1AM PARLIENNgNEL0ERe 1 MPDHTi RS SRRl-at ed
antlgen"ﬁ?ﬁ%ﬁ?h.%%géin that has at least 50% homology with the unmodi-

fied domain.

The term “homology” indicates that polypeptides have the

same or conserved residues at a corresponding position in their

primary, secondary or tertiary structure. The term also extends

to two or more nucleotide sequences encoding the homologous

polypeptides.

"Homologous immunoglobulin domain" means an immunoglobulin

domain according to the invention having at least about 50%

amino acid sequence identity with regard to a full-length native

sequence immunoglobulin domain sequence or any other fragment of

a full-length immunoglobulin domain sequence as disclosed

herein. Preferably, a homologous immunoglobulin domain will have

at least about 50% amino acid sequence identity, preferably at

least about 55% amino acid sequence identity, more preferably at

least about 60% amino acid sequence identity, more preferably at

least about 65% amino acid sequence identity, more preferably at

least about 70% amino acid sequence identity, more preferably at

least about 75% amino acid sequence identity, more preferably at

least about 80% amino acid sequence identity, more preferably at



strate, self antigen, organic nolecule or allergen. Mre pre- ferred
antigens are selected fromthe group consisting of viral antigens,
bacterial antigens or antigens from pat hogens of euka- ryots or phages.

Pref er red“)ﬁfﬁé ?-ﬁ}ggol gens include HAV-, HBV-, H ¥cjr/E92J"k/%0l)%st nile

Par vovi r us- "'uenza-, HSV-, Hepati t| S Vir uses "Fl aviviruses

Virus, Ebola Virus, Pox-Virus, Smald @ -Virus, I\/basl es Virus, Herpes Virus,
Adenovi rus, Papil- loma Virus, Polyoma Virus, Parvovirus, Rhinovirus,
Coxsackileasyiabeit F% @mincugcidc Redienee y@@a@és&e Em,r@pmeuftemgb&yr as,
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Brucel | a, Oagmydeahaqtear amiGar dbmbasé@mem ideragidiysediah, rlaiebiacabact er-

HaenDphkhgs iﬁﬁ%ﬁﬂlfﬁ dwﬁ uenggésﬁﬁgﬁklffé&nhéﬁgln g%gﬁgg_ antlgens

Leptospira-, r| uny
Pref erred ‘émapeymerctm |o§eﬁ§116p aat-ﬁoregwezs ek & mnéigdiaﬁel gdauaneegens

froma@ @ﬁQt aareT OXQH EA, w@tﬁ- thésﬁﬁiﬂo &y&tmcz{déis um thel epenekka,

Yeast s, d%? Aj:]ﬂ “]%Ir’nlﬁ‘u toc ccus | ast o es, Histo Ias

Cocci di bﬁ“lalé%Og R Sip 58&188 'nd 5%% HY 1% e SEAUSER ent i on
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first epLtQPfee aiﬁbﬁélecyse%%'adn%'tt BoRLDELAONG arfy c%ﬁfs%’}@a%ﬁkrteoeﬁbsészcm di ng
to a preférred enb 0|rrent t he present i mmuno- ‘globulin conprises at |east

two | oopUFEQFDRS R [y §1he| 885‘@8‘”9%‘6%“%%1 thd‘“?“ﬁ nfé’tr BBrPBpES and
t he secofiddé¢oapmireldipeiBe2@06mOR26201 P(HEMRAOH/1M5%y cad7bebi nding to a

second EP%E&P& ﬁ{t\nﬁrlottgew%g '%ﬁﬁ% 51:&3& 8 HiRlend 11591%0@%' QQSI region or

bot h ma¥ e contaln a struct I mmunogl obul i ns according to the
pr esent TPRvEME FaTHE, M?éﬁ&ldé’upllfécﬁya@%h%%b%%é?%u%{omftHaf—“ﬁeSHFP £® be
functi oBaASTy\mmmt amemheremsgau@h cheAsTHE) aedidireg ThokbBe present

tnvention;, {0¢ SIr4E Uil LRt EThPRe "B LSt AL PadiNd kst G, Present

i nventi on.
measuring alignment, including any algorithms needed to achieve

maximal alignment over the full length of the sequences being

compared.

% amino acid sequence identity values may be obtained as de-
scribed below by using the WU-BLAST-2 computer program (Altschul
et al., Methods in Enzymology 266:460-480 (1996)). Most of the
WU-BLAST-2 search parameters are set to the default values.
Those not set to default values, i.e., the adjustable paramet-
ers, are set with the following values: overlap span=1l, overlap
fraction=0.125, word threshold (T)=11], and scoring
matrix=BLOSUM62. When WU-BLAST-2 is employed, a % amino acid se-
quence identity value is determined by dividing (a) the number
of matching identical amino acid residues between the amino acid
sequence of the immunoglobulin domain of interest having a se-
quence derived from the native immunoglobulin domain and the
comparison amino acid sequence of interest (i.e., the sequence
against which the immunoglobulin domain of interest is being
compared which may be the unmodified immunoglobulin domain) as
determined by WU-BLAST-2 by (b) the total number of amino acid

residues of the non-randomized parts of the immunoglobulin do-



Preferably, the i munogl obulin according to the present in- vention is
conposed of at |east two i munogl obulin domains, or a part thereof

i ncluding a m ni donai n, and each domain contains at |east one antigen

bi ndi ng si t WO 964832630 ef erred i s an i nmunogl obul i n accor dPEYER2806(08SP nven-
tion, which conprises at |east one donmkg of the constant region and/or at
| east one donain of the variable region of the innmune- globulin, or a part

t her eof ifeiMdiNG A SHFRIAOFBENexdMYBe, din UBHd A8 cHRARI Ng %ﬁﬁept—i&@r
exanple nodified in the C-termn nal regi on, %é&thgg vari apl e, omaigrgllnked to
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more nucl eot i dg, sequences sncodi g, Lhe Nomal.adaus Bk yRERLLHEs: o Homro! ogous
i mrunogl obul i 1 domai N “means “anh i nMmunog obul omal n-accor di ng Y0 he

i nvent i onthRvintgrdiioneast aabbapes0lic antidatyl ¢rseqbéapecifent$i8aMi th
regard tociafildmd @@k RaktMer SESEERER] |G ehul kAmdAGRI SosEIence or
any other fragment of , a ful I.-I(gn th i m’rungjga: mhll n dgmal nlsgﬂgence .as

di scl osed® 9% SPPIPRPEDHEYC dOTdNDI VysuP AT minEgeEhul PRTESHAT f Vi1~ have
at | east adbowirb0% am no acid sequence identity, preferably at |east about

55% am no aci quseanaRaeshasR: LhYac s My dlPidhl Yrabentealabau HlYodM nO

acid sequence identity, ‘nore preferably a | east .about 65% am ng aci
sequence FRAtTAY 20YpPETBPELekABTY 17 theiait f9dud™Po9rdhPRvl Bef Pequence
i dentity,als eenatdfear appy iaktibeasth bdio W re/ TépanidiagacndtEequetisindtdient i ty,
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M e e g R LT LT
aci d sequbMElY i devt impuneglebpl &R &ra@ter &ing |teadtheaPs6EeDbYs B¢ Hol QRS d
sequence ifleniidfarapare ugeaf ebabt ye ddpelttiastarb @HopB§¥aani sousei (b spquence
identity to a native inmuno-.globulin q(r)mai nseguence or_any other . _
speci fi caff ya%e‘?qtnlev Fr gﬁﬁﬁﬁ?eofm%u?% qﬁaéjﬁdt'h |°rﬁrﬁr§88?56uh% d%cﬁal I
sequence h¥tif sise and for diagnostic use.

Another aspect of the present invention relates to a kit of
binding partners containing
{a) a modified immunoglobulin having an antigen binding site
foreign to the immunoglobulin incorporated in one or more struc-
tural loops, and
(b) a binding molecule containing an epitope of said antigen.

Such a binding molecule of this kit according to the present
invention may be used for identifying the binding specificity of
the modified immunoglobulin according to the present invention.

By using the binding molecule of this kit according to the
present invention, the potency of the modified immunoglobulins
according to the present invention may be determined.

Potency as defined here is the binding property of the modi-
fied molecule to its antigen. The binding can be determined
quantitatively and/or qualitatively in terms of specificity
and/or affinity and/or avidity as used for quality control pur-
poses.

Moreover, the binding molecule of a kit according to the
present invention may be used for selecting the modified immuno-
globulin according to the present invention from a library con-
sisting of at least 10, preferably at least 100, more preferably



cl osed herein. "Percent (% am no acid sequence identity" with respect to
t he i nmunogl obul i n domai n sequences identified herein is defined as the
percentage of amino acid residues in a candi date sequence that are
identical wth the amno acid residues in the specific |nnunog%obulln

domai n se&'ﬁ’ezr%“é“n%’ter al i gning the sequence and mtrﬁﬁygrﬂ'ﬁ“

necessary, to achieve the maxi num per ggent sequence identity, and not
consi dering any conservative substi- tutions as part of the seguence
identityt ¥eagnmeuo,f aoreuppesesredfadel@asi ridtPoperespriatigoaaci d sequence

i denti ty,gan ﬂ%@ofw'l%%%oggagpl fusy P S P e i 28 ERBa KL B hQ the

art, fOI’ I nst ance usi ng avai | corrput er tV\B.I’ e SucC
BLAST, ®umsttuyralalioag®sor Megal i gn ( DNASTAR) sof t war e. Those skilled in the
art can det erdnae capRhepr iwatn ’@Béaﬁﬁé:@éﬁt fidivenasyr ong alki gnaeréy i ncl udi ng

any alg rlthmsn d to _ach eve I| nment over the ful ength of
t he seq]g A rsesbel%ﬁ He cgn‘ﬁaFe 9 i }s%q{ﬁlncg g&eﬁFFtl v?ﬂ}f J%s may be
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J e
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acid se- quence i tity valu eterm ne unber of
mat chi nkP i dehtGRER Pk f§€i‘8“FeéFd®%§“b’éWvé’éh Stel%leéﬁieno i 829se@Bence of
the i migegt ohidd bydare prebehbt enestit hawyidg:,a 19&ke qORRGE1depi Yedidnom t he

native '%@%n%blﬁhe pdQIRLD 2R  the trgﬁﬁ:@ﬁ{‘{rﬁgﬁo%@ﬂ% ?8%8 sequence of

i nt er est SEQ uence agai nst nunNo ulfin domai n of
interest is W%@Pe@éﬁﬁéﬁééYVm%bth%éﬂtb%i leredint fcéétl RituABEr et i n

domai n)cﬁ&}; SRR d thyn Wi BLAST - RZodlys (dnride: it @Letaug‘e@anaé Ankno acid
resi du%b‘b‘g g%dggon randoglgéﬁd ﬁgr%s of the | é{;% gom nndo (\e/\o 2006/ 072'6'320
PCT/ EPZORS/ o RS ™ | €A hECET atBnent " a
pol ypeptéated ddwlr ibdinadg SRﬁC&ﬁlﬂ@lb:m‘dos%iMmé[‘q&lvwilldm maseptoha¥%t ng at
| east  80% af naracidd $80UBNEEnI 888911 §¥odfnd, h%nﬁr@hngr@%dpéﬁeyagcsnéi t he
am no agléké¥%lﬁm¥g%peckivggg %ga agégoggéugg¥%;ily recggggggd and

bound by human CH3 domains of IgGl. The mutations introduced by

us include mutations in which selected amino acid residues in

the wildtype sequence were replaced by randomly chosen residues,

and they also include insertions of extra amino acid residues in

the loops mentioned above.

By analogy the immunoglobulin domains from any class of im-

munoglobulins and from immunoglobulins from any species are

amenable to this type of engineering. Furthermore not only the

specific loops targeted in the present invention can be manipu-

lated, but any loop connecting beta strands in immunoglobulin

domains can be manipulated in the same way.

Engineered immunoglobulin domains from any organism and from

any class of immunoglobulin can be used according to the present

invention either as such (as single domains), or as part of a

larger molecule. For example, they can be part of an intact im-

munoglobulin, which accordingly would have its "normal" antigen

binding region formed by the 6 CDRs and the new, engineered an-

tigen binding region. Like this, a multi-specific, e.g. bispe-

cific, immunoglobulin could be generated. The engineered immuno-

globulin domains can also be part of any fusion protein. The use

of these engineered immunoglobulin domains is in the general



of interest and the am no acid sequence B is the amno acid se- quence of

t he i nmmunogl obulin domain of interest. In a preferred enbodi nent the

i mmunogl obulin according to the invention is a bispecific antibody or a

bi speci fi c WorRgeed7262hai n anti body. Further preferred i s RGIAEP2D46&50059

i mmunogl obulin conprises a bispecific domain or a part thereof including a
m n- i domain. The i mmunogl obulin according to the present invention may be

used for any PYWPese 5@3“@figm%@§b§?%?§f§h§.”””n°9l0bu'ins but al so enabl es

applications which are dependi ng o e conbi nation _of specificities
i ntroduced by e deradest of ntedit Fohl oo idmunegilebul ks i #heindfl oGS
accordi ngad oinmMigdyiesentni a¥RALhONSeras € preferably used for therapeutic and

prophyl actic e (e..g. .as an tjve,or passive . he y);, for
preparative a#%raggp’l§9|caﬁggﬁ%%dqpﬁrCﬁ?a?ﬁdspﬁgvﬂgg%’Aéo her aspect of the
present i nventfioon IigMl andsIgh a Kkt ©f, Wi,.ndHlg EHPt n€Hs, cot ai ning (a) a
nodi fi ed i mmunogl obulin having an antigen binding site foreign to the

i mmunogl obulin incorporated in one or pore struc- tural |oops, and (b) a
bi ndi ng nnlecﬁresé8ﬁ §i AMAY AR Rt o LB 1SS FanAPRyaRd OBURRE :%ﬂhding

nol ecul e ©fe t ighieirt iacdtonds ngotmwe ¢ thingresartst randenBi-On bay dwe mised for

i dentifyi h&. ;hjwndi S i £l City: i f LE '

accordi ngn%loétﬁté@pr'eggg%l ?ﬁ%e%%?%%%%yo%t;ﬁ{j{%?ﬁfee ggﬁé?ﬁgnﬁ%f%gﬁfe@of this
kit accor€RRFaD yh&anyr e36ARts hvehtPeR - sHengst énBy 6Dt héCnpdiFakd

iP nmunog| odnu'ldh:P_Sin a&&lﬁobdb_@gofﬁv&ﬁ?akgl@&ﬁjﬁaiiﬂweltbtri gnmeh@S{'ﬂ@%mﬁﬂ )rlefl. |

ot ency as. ined here is the binding property of the npdi- fied nolecule
Lo 1t antlEl HREShPRarRy SaRChe hTbrTh eePeqaaR: Peat FULPT 4Rt or
qual i t at iRediduas canmbeofrhapeedf i d¢lgtedndioraddfitinne) aadidvendali be as
used for gudddag control pur- poses. Mreover, the binding nolecule of a kit
according to the present invention may be used for selecting the nodified

i mmuno- gl obulin according to the present invention froma library con-
sisting of at 4.e&inhgle, ipmeheghddyliat dewsinsl@G@ndpwieedr eh evath ys\i@s,

2006/ 072620, RGH ER2006£0800p9, - 40 at |east 1000, nore preferred at |east
10000, especially at least 100000 i nmunogl obulins with different

nodi fications in the
3. any protein containing one of the single randomized do-

mains, such as:

a) "single-chain CH3" dimers (scCH3), scCH2, scCH1l/CL,
randomized on one or both sides

b) single-chain Fv randomized on the "bottom", i.e. on
the side opposite to the CDRs

¢) Fab fragments randomized at the "bottom", i.e. on
the C-terminal end of the CH1 and of the CL domain

d) Fc fragments (i.e. proteins consisting of CH2-CH3)
randomized on one or both sides

e) complete immunoglobulins randomized on the bottom of
the Fc

f) other suitable domains

The primary advantages of the single domains: are very sim-

ilar to all the arguments that are used to promote camel VH mo-
lecules {("nanobodies", see www.ablynx.com). The randomized im-
munoglobulin domains are very small proteins (molecular weight
ca. 12-15 kDa, depending on the number of inserted amino acid
residues) and therefore will have the following advantages as
compared to conventional antibodies or antibody fragments such
as scFv and Fabs: recognizing uncommon or hidden epitopes, bind-

ing into cavities or active sites of protein targets, ease of



structural loops. In accordance with the present invention, one of the key
features of the present invention is that the engi neering of the
i mmunogl obul i n domai ns takes place in regions which are not nor- mally

i nvol ved | 0229%/47??% bi nding, in other words, in regi ongc%lgi,%bmé{%gn the CDRs

of an anti was observed that the speC|f|c f ol | obulin
domains allows the introduction of -raadem nutations in regions which are
structurally analogous to the CDRs but different in position in sequence.
The r eghamsfadtderd, fanedmanyt behpreseht the erdsomiaes, ihlhliaeo@DEbulimop

regi O”Sdor{%%}{‘eﬁid{'&st *}%nﬁ%ﬁzéﬁréﬁ‘déo@ﬁ e d munaglakuli 8.1 9l dispbre

speci fical I's describ erein_fhat by introdu- cing random mutations
in the %%m ROHAFIES §§ hEEaISPPEAERI A éfheaﬁ%f@ Iﬁdé(ﬁnéaﬁﬁﬁaﬁf | e CH3
domai n, s Bd eibnaﬁsd@@apastv\efefseloxh qﬁcﬁda:lﬂmtlsblamduspeﬁanl bahdyngo either

Tol | Ilelgg rej_gtept or a% HReRL gg gT&Ez gt Sy chgern %%Qel ysozyme, which are a

peptid Stel nor es ec rve are not nornally recogni zed and
bound by hurﬁstn mo@@mﬂ;gt@ﬂ tha . aﬂmeemeaatsuom siysteadderdbdyused tiacl ude

mut at i ofskd rtwwl};;ﬂbt%qln%ct ad anknegpctd E}@élﬁmé @omtaliasvvalsdawe@@a&ence
wer e re}gl aced b§> %n g)é g sen {ﬁ%lﬁ?ues dﬁ %mb’ hn%}ude i nsertions
of ext r'al&%m T &5 Qe Fn2h Th (P En EA GbovEMLB) ALY ogy t he
innunoghm@uiﬂﬁidnnaumsvmrdn1ahyselpssteﬁnsmunﬂundgh@ﬁﬁlKmss&addfoﬁnﬁ

i munog) obyy "%rfrrfaqm BRY18BBELESA AL Cro HENAIE. L0, Qh%lggaeb%d?ﬂ@; neering.

Furthernore not onl Ee0| | oops targeted in resent fnvention
can be nanlpﬁpelﬁﬁ%%9W1BHtpé 9“F06% %%ﬁﬂﬁﬁﬁ|Qﬁ? H@F&rQPFéﬁlg PRTEHMBgI obul in
domai nsreggrdre-draid [dfl seed fbathheén sﬂmmtﬁr@yne@rredlltnﬁunogl obulin

domai ns fror{}s‘f"@’ 938 SILA0€5 L5 0 Ol ‘gfl%’ Jb%i%noﬁno'l@(‘fﬂ'ﬂghﬂg rhOr &L )e used

according to présént | nven fier as "sich single donarn or
as parta®faQﬁngﬂgﬁﬁ'anﬁPécGPB leep ©&@HPte, they can be part of an intact

i m nun?glcﬂug|5]84wbm@h Qgg@édlBgﬁaiﬂgnﬁdjﬁﬁggiﬂdbsd"nornal" anélggn bi ndi ng
region for e new, € neered _an i gen, bi ndi ng
reglon nggﬂiﬁyggg 738 ﬁ EBB@EI%?E p%?%fcﬁﬁ§ﬂ9§°tgﬁpﬁcWhﬁﬁﬁuﬂbﬁ?dﬁﬁl|n coul d

be genepz&d&tefﬁhemehgmmegeed i mmuno- gl obulin donmains can al so be part of

any f usi on t e i N nsis
in the general R R N R s A R R

agents

US 2004/0018508 Surrogate antibodies and methods of prepara-
tion and use thereof

US 2003/0157091 Multi-functional proteins

US 2003/0148372 Method to screen phage display libraries
with different 1ligands

US 2002/0103345 Bispecific immunoglobulin-like antigen bind-
ing proteins and method of production

US 2004/0097711 Immunoglobulin superfamily proteins

US 2004/0082508 Secreted proteins

US 2004/0063924 Secreted proteins

US 2004/0043424 Immunoglobulin superfamily proteins

US 5,892,019 Production of a single-gene-encoded immuno-
globulin

US 5,844,094 Target binding polypeptide

The present invention is further illustrated in the follow-
ing figures and examples without being restricted thereto.

Figure la shows the structure of an intact IgGl. Domains are
indicated with arrows.

Figure 1b illustrates the structural organization of the
main human immunoglobulin isotype monomers. Disulfide bonds are

shown as lines, N-linked carbohydrate groups are shown as



field of the use of inmmunogl obulins. The domains of the foll ow ng

i mmunogl obul i ns are understood as imunogl obulin domains here: for 1gG 1gD
and IgA: VL, CL, VH CHL, CH2, CH3 for IgMand IgE : VL, CL, VH, CHl, CH2,
CH3, CH4 l.wakengh®etonmrunogl obul i n domai ns random zed on POMAEPSI06/850054 . €.
either in |oops connecting beta-strands C DEor F-G (the "tip", with

t he exceptl on of vari abl e domai ns whi ch®r covered by nmany patents) or
bet a- str AB. CGD (GC and C -D|nthe case of variable donmains) or
E-F (the tom' Single | oops or any conbination of |oops can be

randomi zed ﬁéguage% Wb hehdmgeacgdebel d, fold sl 19 cvaIstedsi dbesttan be

i nsertedand aSwaghgbl@mﬂgg{tqbtadrdaltﬁoes&l B ARG Z8sh Oh baidt sSisd@andst he
tip and the hotto g rotein containing one of the single random zed
)P¥

do- mai n& Ssabfit58re " chain CH3" dinmers (scCH3), scCH2, scCH/CL,
randoni zed onFogerer3 bfﬁind’w&ajwlle)cugamgmedehaoﬁ e r%trgjlamezr@dl 6H3t He-

"bottont pjliqg acgerdﬂ{'& &b d&ﬁ—?%@e&% t:LﬁVEH%lSPRSwah Ral. frAQMRALSr andom zed

at the "bottom ) on C-term nal of t CHL and of the CL donain
d) Fc fré’@ﬁén%d&FaEedp%taeu%@V@dﬁs@@?ﬁ@lm—ecﬁ&r@%ﬁ Thén FOVREAEG 88 one or
bot h si dedrelledonpl et e i munogl obul i ns random zed on the bottom of the Fc

f) other sultgble doyeigs,Jhe R advaniages; of Sheal ek doow| ps; are

very sim ilar to al umen usée m)te came
| ecul es EregHeboaNesf, tls%efmmmeamwmﬁe@loﬁpr erﬁéemlah:doc?ﬁ Z&w imataggdo§H8bul i n

domai NS Aomadar. YPSRHﬁ)hr@é@é elfs iHmleeedabyWergbis wath 11:21’(—:-11@ Iﬂa@pedependl ng
on the ng:nber inserted am no ac ere have t he

d
Do oo g 2t IRPLLREG AR A Serhioal: Tote ShiTiad Ju Arpreody
f ragment sxigack pa515c@vsamfa ﬂiadagntrr@@i@gndzmgtuh@bmmrsmeshw@d@h @piceopes,

bi nd- i ng gt @ocaysEes1 ro@cttné/%uﬁtlatt%a @fen@r@ﬁé' Fo1 BéwWEls r23 38 c@fi o MO
2006/ 072620 PCT/ EP2006/ 0 0 42 manufacture, and man %thers In the

case of &iF ﬁnﬁﬁﬁgFBﬁE@%?@ on the primers for 1gatlons o]
fragments: CH3LNCO: NcoI; CH3LSAC and CH3CSAC: SacI; CH3CHIN and

CH3RHIN: HindIII; CH3RNOT: NotI.

Figure 5 shows some examples of how the immunoglobulin
domains of the current application could be used. Randomized re-
gilons are indicated by a star symbol. Specificities of the
randomized regions in one molecule can either be identical or
different.

Figure 6 shows a schematic presentation of the design of the
bispecific engineered CH3 domain. Names of primers are given in
boxes and arrows indicate the direction in which the primers are
elongated. Boxes with sloping lines indicate the relative posi-
tions of regions that are randomized in this construct, boxes
with vertical lines indicate the relative positions of regions
that were introduced for generation of clone C24, and restricti-
on sites used for the cloning procedure are given.

Figure 7 shows a schematic presentation of the design of the
bispecific engineered CH3 domain. The nucleotide sequence and
its translation is shown of the basic design of the bispecific
engineered CH3 domain. Red sequences indicate randomized regions
in order to generate the bispecific construct, while green boxes
indicate regions in which the sequence was randomized in order
to generate clone C24.

Figure 8 shows the sequence listing of the sequences
disclosed herein.

DESCRIPTION OF SPECIFIC EXAMPLES:



domain that is random zed on both sides, a bivalent or a bispe- cific
nol ecul e can be generated. The mai n advantages of the single domains as
part of fusion proteins is additional binding properties can be engi neered

on any Otaﬁrzo&{tﬁﬁﬁ pn- It is contenplated that any eXer@ﬁh%oétYsﬁcf@m can be

used to e proteins. An analogy to the single domains as described
here can be found in the antibodi es-f #dm-t he canel, which only has a VH but
no VL In these proteins, only 3 CDRs (instead of 6 as in "normal"

anti bodi es &*empdepdnsCbhetfaetioniqfernhs rding)ibriky fofl pheog parkage

ref erengespidye i ncorporated herein by reference as if set forth in their
entirety her vmth US.6, 294, 654 I\%dlfled %Iobulln | ecul e

i ncor por at i IS & YShELgShTPRC R Rid 3 8A™E8 5, ¥ ﬁc%Qﬂs Ryet

bi ndi nglxnjie;q:)ept itthe BSobkBOBed ShahMbdmm s o @mtmyod@QDngdpr waei nsedhtach bi nd

to I d e avidit ol yval ent and
g%ﬁ%d“ﬁ% d%%fl g %% %%%2'?0018%51&%0 dd@ navi dity pol yv

pol ysp ic re- agen s 08 Surrogate anti bodi es and net hods of
prepara- ti JhCas@IISBCENBRESE WIS 20UH (S 1091 PRELEI FPGnEPRBRERCHIRA fths US

2003/ 01483 t13vatied riyo isceesn phagsE@i SpIMy. lli.brar itdss Beghedté | etipnt

l'i gands. US 2002/ 01 5 Bis |f| | ob nld ke antig bi nd- ing
prot ei n%l%sntd et %%§fdi C% gc i on %ﬁ%%‘f n’mﬁn(i)l |%b§$l n superfamly
prot ei rﬁ;roc%@mu/deeebeee SpEret ke Prrsikei rTsheUQag@Oﬂrﬁgq)GBgZﬂOlSe@*leQ@d

prot ei ngn U %M%B%hhmm%pbsm rl[l*ﬁlmﬁrflameXeEr Géﬁhﬁ]§e@5315a392 019

Pr oduct d us 5 094 t
ool el P ot e St u e Ea SOF Ofsh A B B AL EnSke el dn of 1 e

f ol | ow-thengdsiglmess famuisgahhé ebows hdlmclb@qngletcestthecbeﬁat berands, Figure | a
shows the srlafetc%edoftoaeaha&ﬁfieleﬁldMﬂs 13 endl ﬁ!dl caﬁeéhm@ arrows.

Fi gure Iblllustrates the structural ani zation of ﬁ mal n uman
|m"runod?"%ﬁ$uqun tlhseotI)?BB FBRABREF &0 Ij’%tiﬂ fsl 5okgd g,sewe% ofd 4%’ | {4es,
N- | i nkeB cardholaypdr a7e ghhuhsa ae epshovet asheMDodP0GoARR62OnHMEEP2006/ 050059

strand E-F of SEQ ID No. 1. A molecular model of the engineered
CH3 domain, with the randomized part indicated by a solvent ac-
cessible surface is shown in Figure 3. The engineered gene was
produced by a series of PCR reactions followed by ligation of
the resulting PCR products. To facilitate ligation, some of the
codons of the nucleotide sequence coding for SEQ ID No. 1 were
modified to produce restriction sites without changing the amino
acid sequences (silent mutations). For insertion into the clon-
ing vector pHEN1l (Nucleic Acids Res. 1991 Aug 11;19(15):4133-7.
Multi-subunit proteins on the surface of filamentous phage:
methodologies for displaying antibody (Fab) heavy and light
chains. Hoogenboom HR, Griffiths AD, Johnson KS, Chiswell DJ,
Hudson P, Winter G.) in frame with the pelB secretion signal,
extra nucleotide residues encoding Met-Ala were attached at the
5’ end of the sequence to create an Ncol restriction site. For
the randomized residues, the codon NNS (IUPAC code, where S
means C or G) was chosen which encodes all 20 naturally occur-
ring amino acids, but avoids 2 out of 3 stop codons. The engin-
eered sequence is given as a nucleotide sequence in SEQ ID No. 2
and as an amino acid sequence in SEQ ID No. 3. The Letter X in
SEQ ID No. 3 denotes randomized amino acid residues. The se-
quences of the PCR primers used for assembly of the mutated CH3
domain are given in SEQ ID No. 4 through 9. Figure 4 shows a
schematic presentation of the PCR fragments generated for as-
sembly of the mutated gene, and the primers used therefor.



- 43 circles. Figure 2 shows the immunoglobulin fold for a constant (left)
and a variable (right) domain of an i nmunogl obulin. Beta strands are

i ndicated by arrows Figure 3 shows a nol ecul ar nodel of the engi neered CH3
do- nmai n acwerztieg2ee® t he present invention, with the radfddEH2HBASO0SAr t

i ndi cated by a sol vent accessible surfage._The surface is circled. Figure 4
shows a schematic presentation of the PCR5 used for production of the

fragments usedph@r o2ssgEhYa @) dilie MY ted HHRandRBRLELMER M iRIE 3D,
i ndi catedf@étarroms with respec-_tive_51-31 orientation, and verti cal

theit
lines i ndifEIERECEpHr OK°§§nﬁt RS 15 -oMYCIeorREe] AEABELTRY st &ion
sites whiNAs wercedingetdhéovV-asgeoid o OfH- kedmit-ahedngené. d heurdial Ineworg
restricti i : C i > Rriner s L L.gat | t PCR
{r agnent SR b SRy OBRALPER 8 B ENE- i8 e LPBN AT, iR N
H ndTTI ; ASBRROES (W60 F 4987 hures 5139hves S6MPlakanpPEsthbe Koy ¥erctions.
i mrunogl ofHd i pcRORBRbLASCOE WdEe CAite BRAILHC BhicaNagaube Bendmsed.rdRandoni zed
re- gions arec.i ndi _cat ﬁdlbé 8 ﬁ§tar synbol T Spglci fici %i es gf Ehe rfand_om' zed
regi ons i one worelfifeltdAT Tt HRFCHE Y dht dalasrondPFParent e Fildire 6
shows a sdrenwtiigespedswatht Nonl ofnd Mwtdesingh lafyathd ibtgpelesd fsurf@ug neered
CH3 domaidy s N E$ AR HMBESL GF SpBVIEN WHY cHP %8S pRBY1 8115 PYWSHd Yl Rl -t he
direction 4{@ whi ch the BI’I ners are I on%%t ed. Boxgs Wth sl o}gelegcg i nes
i ndi cat e 13 éalicod podi Yot orfs Wﬁq‘e&gi nSetR&tedr 8 PRRUOH 9% this
const r ucttrdidxes bywrehtvéctical ahanesid rachdc atye DNRe seghab ¢ imeg posd tweores of
regions il W Sokibi RdREd: f oL OSNerAL B Of 1610081 (24 nandh asidlet - on
sites used for the cloning procedure are given. K. gure 7 shows a schenatic

pr esent atibieded Fendesi gRdof eTMRNCH s fedi fihe éRgilABEPEdS €8RS duimdit®IeThe
nucl eot i dergerion, asdandbsdt pansd@dliowdre shawswetl.t Beibaby £ wdesilgry-of the

bi speci fig s sngiineeted, Cb8, dommi L, fed seauencesi ndical e, Landonjzed Jregi ons
in order 1o generate t Hebi specific construct, Whi [ 8 gr éen” boxes indi cat e
regi ons iBPRgtiicm .t Rebsequentey washagmhdwtitied eisnwerdereseeedehieamatfe cl one

C24. Fi gw&i8 8howe 1t BewsEHURATS: + Isid Rg MAf3-ibe . seaHgaCeSrt b Bed Gaa@ herein.
then precipitated from culture supernatant with PEG/NaCl in 2
steps, dissolved in water and used for selection by panning or,
alternatively, they were stored at minus 80°C.

Example 2: Construction of the CH3+3 library

This library was constructed and cloned in the same way as
the CH3 library. The amino acid sequence of the construct is
given in SEQ ID No. 10, the corresponding nucleotide sequence in
SEQ ID No. 11, and the primers used for construction were SEQ ID
No. 4-7, SEQ ID No. 9 and SEQ ID No. 12.

Example 3: Construction of the CH3+5 library
This library was constructed and cloned in the same way as the
CH3 library. The amino acid sequence of the construct is given
in SEQ ID No. 13, the corresponding nucleotide sequence in SEQ
ID No. 14, and the primers used for construction were SEQ ID No.
4-7, SEQ ID No. 9 and SEQ ID No. 15.

Example 4: Panning of the CH3 - phage library on TLR-9 pep-
tide

3 panning rounds were performed according to standard proto-
cols. Briefly, the following method was applied. Maxisorp 96-
well plates (Nunc) were coated with a synthetic peptide repres-
enting part of the sequence of Toll-like Receptor 9 (TLR-9). 200
nl of the following solution were added per well: 0.1M Na-car-
bonate buffer, pH 9.6, with the following concentrations of dis-



DESCRI PTI ON OF SPECI FI C EXAMPLES: WD 2006/ 072620 PCT/ EP2006/ 050059 - 44
Exanpl e 1: Construction of the CH3 library and phage surface display The

crystal structure of an 1gd@ Fc fragnent, which is pub- lished in the
Br ookhave hapass as entry 10Q0 pdb was used to ai dpipepii§eseed,an of the
mut at ed omai n. The sequence which was used as the basi's ? or

construction of the CH3 library is—gi4er in SEQID No. 1. In this sequence,
the first amno acid corresponds to Proline 343 of chain A of Brookhaven
dat abaseokvrd ydridslepdb. The | ast residue contained in loqgo.pdb is Serine

102 of SEQ I@d\lq,anjﬂln@f trg[mget al Ih@ﬂngn@LR.ly%eg;tqfdet he structure of | o0qo.pdb
and by vi su%nspectl on of ggo dﬁg@lrﬁzgr he | oops whi ch connect

the beta st rdfiPangasogad; g t‘ﬂ)g B e Be0d1if%es 17, 18 and 19, which
are part of3ntchednodmgcornadti hgO beyanktTldhd fpe@tasiewell as 71, 72, 73, 76,

and 77, which are part of the |oop connecti ng beta strand E-F of SEQ I D No.
1. A nolecular nodel of the engineered main, wth the random zed part
i ndi cat ed byInrubRtion was- feEsti bper stk f3o1 ecfl sfosliJré’\Y\ﬁdl F?YFpﬁﬂ?El@g whigh

engi neeZ%mgemQMS(M—mduwedhbyoa perpes wil1PER 1 aatibuenatf abbawesmby

Iigatlo}g % Qe resulting PCR products. To facilitate ligation, some of the
codons ®F the hucl eoti de sequence coding for SEQID No. 1 were nodified to
produce restMitsugfaset 83 spilenontaghakbPiar s @ saiined addpdedet@erest (sil ent

gut at |1 (g)cgﬁt)h e fd}ﬁﬂ ol 1dBt Byt Q@dgﬂ@moobngl \{ﬂﬁltg(é{ s@@ﬁ@ﬁsﬁb‘ﬂchﬁdc%@@l de
es supuni ot e urtrace o
Fr 7 amert bl Bl i e RS, Crau Ot Y i e 98 BlRnERE Lo o
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used fof; assenhly e the MUERLEIEBon 2.2, and incubation with shak-
ing for 30 minutes at room temperature. Subsequently, the phage
suspension was neutralized by addition of 60 pnl 2M Tris-Base,
followed by infection into E. coli TGl cells by mixing 10 ml ex-
ponentially growing culture with 0.5 ml eluted phage and incuba-
tion for 30 minutes at 37°C. Finally, infected bacteria were
plated on TYE medium with 1% glucose and 100 pg/ml ampicillin,
and incubated at 30°C overnight.

Table 1: Results of the panning of the CH3 - phage library
on TLR-9 peptide (Phage titers)

Panning Concentration Input (phage/ml) A Output (phage /ml)
round | TLR-9 at panning

ist 1 mg/ml 6x10® 2x10°

2nd 0.5 mg/ml 4x10'8 2x10%°

3rd 0.1 mg/ml 4x10% 6x10%°

Example 5: Cloning of selected clones of CH3 mutants selec-
ted against TLR-9 for soluble expression

Phagemid DNA from the phage selected through the 3 panning
rounds was isolated with a midi-prep. DNA encoding mutated CH3-



domain are given in SEQID No. 4 through 9. Figure 4 shows a schenmatic
presentation of the PCR fragnents generated for as- senbly of the nmutated
gene, and the prinmers used therefor. WD 21106/ 072620 PCT/ EP2006/ 050059 - 45
cDNA of t heWRa8pP7eR4i n of t he human nonocl onal anti bodyPQ@QPEP20(60P840§Enhauer
M Kohl J, Riker F. Nucleotide sequenceg,0f the cD- NAs encoding the
V-regions of H and L-chains of a human nono- clonal antibody specific to
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1h at 37°C

Wash: 3x 200 pl PBS

Blocking: 1% BSA-PBS, 1h at RT

Wash: 3x 200 pl PBS

Periplasmic extract binding: 50 pl periplasmic extract

50 pl 2% BSA-PBS, at room temperature overnight

Wash: 3x 200 pl PBS

lst antibody: anti-His4 (Qiagen), 1:1000 in 1% BSA-PBS,
90 min at RT, 100 pl per well

Wash: 3x 200 nl PBS

2nd antibody: goat anti mouse*HRP (SIGMA), 1:1000 in 1% BSA-
PBS, 90 min at RT, 100 pl per well

Wash: 3x 200 nl PBS

Detection : 3mg/ml OPD in Na-citrate/phosphate buffer,
pH 4.5, 0.4 ],]l 30%H202

Stopping: 100 ml 3M H,SO,

Absorbance read: 492/620 nm



cols. Briefly, the follow ng nmethod was applied. Maxisorp 96- well plates
(Nunc) were coated with a synthetic peptide repres- enting part of the

sequence of Toll-like Receptor 9 (TLR-9). 200 pl of the foll owi ng solution
wer e addeg, 0. 1M Na- car- bonate buffer, 9.8 a0 foI | owi ng
concen r st RlobEd O On6s 072690 BCT EP2006 0B00s0 CHENs AR,

peptide: 1st panning round: 1 ng/nml -TR 9 peptide 2nd panning round. 500
pg/mM TLR-9 peptide 3rd panning round: 100 pg/m TLR-9 peptide I ncubation
was for 1 hour at 37C, followed by blocking with 2%dry mlk (MPBS) with

|208 | per wectihorfé:g lt%ma&ograv@t al 89ght 5;[7@?]@13[]% bmsdﬁleiugbaéﬁlﬂggakﬁy18889F
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ature. npeund tﬁ{@gﬁﬂ&@&ﬁfé %@%m\é’el’ag pesbethbayab it f0ld @Wacelf y¢tn the 1st
panni ng round 10, x Eg %I a - 5x 300 P%{’I‘PBS after the 2nd panni ng

round: A 3RS 65‘?31"3 5?V§Q)OfBF BREE 1 HFRE°N ¢ he 3rd panning round: 20 x
300 pl T PBS, 20 x 300 pI PBS. Elution of bound phage particles was
per f or med bymsipé@ 2 u1Rk B@rgaéﬁﬂrfeétloorit A @aycine, pH 2.2, and

i ncubation—AwFt T Sttak=—1 hg—tor—30 nnu at—roomtenperature.—Subsequent |y,

t he phage__suspension Wﬁghnéﬂf%%?mzed by ladditi oW1EPOBD FMtIIRTY| - Rase,

fol | onedidyei nflection intg g, goli TGl cdl I's by m xi rp,gqglzgzom ex- ponentially
growing culturg with O. Irp gl ut ed phage and |ncubai t|0(51 I1;or 30 m nutjes at
37C. FimwaHy—tnfeected BatEdF i Sere pl-ated—oen—TYE AETErH -t h—10 ghdcose
and 100Ap¢/nl adpP43%1in, and incubated @t0BIHC overnight. Table 1: Regsults
of the pemning gfodde CH3 - phage libraryp @m TLR-9 peptide (Phage titlers)
Panni n Cé_gjnten[ aMgg Imput (phage/ nt) wé;p (phage /m) round TCR-9 at
panni n 6x1018 2x1010 —2nd- 0 7m—4x1018 2x1010—3rd-0./1
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Example 7: Panning of the CH3 and of the CH3+5 - phage lib-
rary on hen egg lysozyme

3 panning rounds were performed. Maxisorp 96-well plates
(Nunc) were coated with hen egg lysozyme, by adding 200 pl of
the following solution per well:

PBS, with the following concentrations of dissolved hen egg
lysozyme:

1st panning round: 2 mg/ml HEL

2nd panning round: lmg/ml HEL

3rd panning round: 1 mg/ml HEL

Incubation was for 1 hour at 37°C, followed by blocking with
2% dry milk (M-PBS) with 200 pl per well for 1 hour at room tem-
perature.

The surface display phage library was then allowed to react
with the bound hen egg lysozyme by adding 100 pl phage suspen-
sion and 100 pl 4% dry milk (M-PBS), followed by incubation for
45 minutes with shaking and for 90 minutes without shaking at
room temperature.

Unbound phage particles were washed away as follows:

1st panning round: 10 x 300 pl T-PBS, 5x 300 nl PBS

2nd panning round: 15 x 300 pl T-PBS, 10x 300 npl PBS

3rd panning round: 20 x 300 pl T-PBS, 20 x 300 pl PBS



ted against TLR-9 for sol uble expression Phagem d DNA fromthe phage

sel ected through the 3 panning rounds was isolated with a m di-prep. DNA
encodi ng mutated CH3 WO 2006/ 072620 PCT/ EP2006/ 050059 - 47 regi ons was
bat ch- anpl i WQYOGY263¢R and cl oned Ncol-Notl into the veBEHEP2006/050059
PNOTBAD Myc-Hi's, which is the E. coli _expression vector pBAD Myc-H s
(I'nvitrogen) with an inserted Notl restriction site to facilitate cloning.

Li gat ed const rgicd s el tbro%'?@f 95&59 gglir@lcfes Gedd (gé\é%%eeeb sa&&nﬂgtzmen)

wth el ectiogoratl 0 fag 84[ 0C.on TYE um Wltth 1% ucose and
anpi ci | 17 B BYEriihhtot Seiledt & YEFBﬁesvae & i Rt RIS 2’6 pPRBXYT ne-
di um wi t hiagpfer | 30 mimgriasn agvepninghémae r30G; e arthbsechwead gy thddphage

L-ar abi “Oéﬁs Qné‘{{frf%sc%%itr}tarlﬁtz'egnbgfagdﬂ'l:/fioﬁféf%f)ﬁl BrEFSL Q0paL 16C

over ni ght, S were harvested centri - ion and ireated with 100
pl Na- bor 5??9 PR Ry lﬁlﬁe@tGonatlnt@CEov%?H gl fccﬁ‘%rﬁé’dal‘“éﬁitéﬁeo?fpéﬁ)lfb]r asm ¢
ext raf:t S. eQﬁopémoialltywemwlln@l a;s;mer@x\tzialet@ sweile dlseedd @hElngAréﬁS.Qﬁ:— bel ow) .
Exanpl e 6; 0] ntss ai ed.cl opes were
assayed forgéjce%fgi%p;’;%n tes fljgn If)}’de ecljz:l?gsk %o iLa Y

M crot i teplpt‘é@eor( m)f\ﬂcmemmwrg)i 1%0®lp¢0§ﬁerandn/élq0 mn@gamppecglbypu de /m
0.1 M Na- gagbonatsstud far .30Pd gvgmljﬁﬂtat 37C Wash: 3x 200 pl PBS Bl ocking:
1% BSA-PBS, |h at RT Wash: 3x 200 pl PBS Periplasm c extract binding: 50 pl
periplasmc extract 50 pl 2% BSA-PBS, at room tenperature overnight Wsh:
3x 200 pl PBS Isblandi Rebultantaf- Hhed pa@naggnpf phage0lihrd sy BSA3 RBS, he®0
mn at RTeg&Ongézﬁﬁer (Q@Jaqu\%%tﬂer% 200 pI PBS 2nd anti body goat anti

mouse* HR VA) 5T 1 1000 nm 1% BSA—PBS, 90 min at— R, 100 pl_ per ||

Wash: 3x 2 Gme‘IlHPB %ftcé‘d‘t‘?i?ﬁlf’%rrg,lﬂ?ub?ﬁ’?%?\ﬁ“]&l trQPEPBHoélialh‘h‘i% fer,
pH 4.5, 0. 4 rplind0%HHEOL Stopphngng 100 nl 3M H2SO4  Absor bance read: 7{192/ 620

2nd 1 mg/ml 1.29x10%? 8.0x109
3rd 1 mg/ml] 5.71x102 4.8x10'¢

Table 4: Results of the panning of the phage library CH3 +5
on hen egg lysozyme (HEL) (phage titers)

Panning | Concentration Input {(phage/ml) Output (phage /ml)

round HEL at panning
1st 2 mg/ml 8.3x10" 2.9x107
2nd 1 mg/ml 2.1x10% 2.6x109
3rd 1 mg/ml] 5.4x10" 1.2x10'¢

Example 8: Cloning of selected clones of example 7 for sol-
uble expression

The cloning of selected clones for soluble expression was
performed as described above for the CH3 mutants selected
against TLR-9.

Example 9: Soluble expression of selected clones of example

The soluble expression of selected clones was performed as
described above for the CH3 mutants selected against TLR-9.
Periplasmic extracts were tested in a preliminary ELISA (pro-
tocol see example 10)

Clones that gave a high signal in this first, preliminary

ELISA were cultured in a 20-ml volume at the same conditions as



WD 2006/ 072620 PCT/ EP2006/ 050059 - 48 C ones that gave a high signal in
this first, prelimnary ELISA were cultured in a 20-m volune at the sane
conditions as described above. Their periplasmc extracts were isolated in

1/ 20 of t»%zﬁdé'm?%?@ vol une as descri bed above and teﬁﬁ?ﬂ#ijﬁk/osﬁkbsp‘ (as

descri bed above or confirmation. Table 2: Results of confirmation ELISA

with antigen without antigen clone A 8492620 A 492/620 4 readings 1 reading

67 0.0435 0.019 54 0.0937 0.051 67 10.0295 0.013 Background (antigen al one)

(12 pardgdaiibegadrys) : Thedl 1Ber Ixafiic BxXtpaghisngese ihel all of the

Clijer -1/ngm9ﬁ :t:h'é' lch?ﬁﬁr@?\&lbﬁﬁln@% |d§é2:zr%im%d3_a{@6ﬂﬁi Agdr @@f,l@léde& logrfogI (rjr?d-
Xi sor - pl at e unc re _cQa with.hen e ysozyme, by addi ng

200 pi EgLfIS%t \kll\@sf 8@?8&%‘5%&‘&%@5&%#% or |9§§El\ﬂ“?ﬁlgﬁe fol | owi ng

concent r at i Gxampiledil8soELUESA heh @Yy mubmdsy seletsedpagal ngt rlvemdzg® ng/ ni

HEL 2y squweng round: Inmg/m HEL 3rd panning round: 1 ng/m HEL

I ncubati'on was for 1 hour at 37C,_ followed by blocking with _ 2%dry mlk

(M PBS) wi t [¥o26618F p’%%cﬁ%fﬂtqrorplftl‘?odll‘”@f:'ré@ﬁf?%ﬁﬁ?)pé%q e Pefhe surface

di spl awgilggd 00l hgahgnwaggt hesoayowed tim &3¢t 1Thwath37he bound hen egg

| ysozynme by i.ng 10 g spen- sion and 100 pl 4%dry mlk (MPBS),

fol | owed bywiaggubati o%xfioord) epn%%unut es with shaking and for 90 m nutes

wi t hout shaking at roomtenperature. Unbound phage particles were washed

away as fol lBawekingst1pamer+mpg,oundatl@rx 300 pl T-PBS, 5x 300 pl PBS 2nd

panni ng round: .15 x 300 T-P | Ox 300 pl PBS 3rd panning round: 20 X
300 pl T- PB@%SEO x 30 p%)éqblsus1 %320061072620 PCT/ EP2006/ 050059 - 49
El uti on of bound phage particles was performed by addi ng 200

Periplasmic extract binding: 50 pl periplasmic extract
50 pul 2% BSA-PBS, at room temperature overnight
Wash: 3x 200 pl PBS

1st antibody: anti-His4 (Qiagen), 1:1000 in 1% BSA-PBS,
90 min at RT, 100 pl per well
Wash: 3x 200 pl PBS

2nd antibody: goat anti mouse*HRP (SIGMA), 1:1000 in 1% BSA-
PBS, 90 min at RT (room temperature), 100 pl per well
Wash: 3x 200 pl PBS

Detection: 3mg/ml OPD in Na-citrate/phosphate buffer,
pH 4.5, 0.4 pl 30%H,0,

Stopping: 100 ml 3M H,SO,

Absorbance read: 492/620 nm

Table 5: Results of confirmation ELISA of Cy3 mutants selec-
ted against hen egg lysozyme

with antigen without antigen
clone A 192/620 A 492/620
4 readings 1 reading
B12 0.396 0.012
D10 0.415 0.026
D46 0.398 0.011

Background (antigen alone) (12 parallel readings): 0.1763



pl| per well of 0.1 Mglycine, pH 2.2, and incubation with shak- ing for 30
m nutes at room tenperature. Subsequently, the phage suspension was
neutralized by addition of 60 pl 2M Tris-Base, followed by infection into
E. coli TGwoebdsw7ds90 m xture of 10 ml  exponential |y gr ®wivEP2006i05008% Wi t h
0.5 m eluted phage and in- cubation i?ngé 30 minutes at 37C. Finally,
infected bacteria were plated on TYE %:Ii umw th 1% gl ucose and 100 pg/m
anpicillin, i_ncubat e 3 i . Ta . Resul ; t anni ng
of phage Iibr g‘%%‘l'él%'o?lﬁ%%nlaése ég)gl %%Pﬁg%ﬁr_}ag%if?lgeysﬁ?ﬁ ‘?E%ﬁgrﬁﬂi ?318
Concent r at i on tiRp§t of phaly&uhap ﬁpﬁ?lesﬁageaqaﬁr)st rsth @ ISHEY S@EYBanni ng 2nd 1
nmg/m 1.29x102°! 48 Ox10 3rd ~1 ng/m 5.71x102 4.8x101 Table 4: Results of

t he panning of e p e [ brary CH3 + hen €gg 1 ysoz (HEL) . (‘phage
titers) Panni ngg%oncléﬁ?r att on I%sput {%Eaggﬁﬁl)gd#pdt‘%fph g 8/ m 939& ou?j*d HEL
at panningadst | 2 ng/m 8.3x1016 _ 2.9x10 2nd 1 ng/m 2.1x1019 2.6x10
Lard 1 1Bl 5. 4x101 1. 2x101 Exanple 8: d oning of selected clones of
exanpl e 7 for sol - _upbt e expressi on The clioningl of setected clones for |
sol ubl e (B}E)r pqc‘pn7r97\/\9<532p9rf}?r med23s0 déecl 1384 %abtiv e P87 thd3tH3 Pmftlant!s
sel ect ed psagai nst71BLR: 961 IExavwpl i@ 290 Galabb msexpr essimnspf webect edowl ones of
exanpl e 7, The §ojuble.@xpr essiionof, sshegted ¢l ones, vas pepforngd,as
descri bed—above—+ortheCH3—rrutant s—setected—agarnst—TtR—9— Per{plasm
extract s wér® tBst@d0i $6% Opt & i%oﬂér\Q/-OEEI‘@&N%p 001% dbdl3 sek O8kanPl €0710)
G ones that gave aohpghisi g c idktirkict biduet, prelimnary ELISA were
cultured in a %O-.mnvglé_lln11_§h<'a1jtt thne sarrgl\ycondi tions Es hZOOGC/.O_LZGZOD_

PCT/ EP2006/ 0500595 POB8Y 3% B § BoovE 2 ¥RSi F P F pt Bk ¥ ext Fae 28 wer e
i sol at ed tiifpody), 20hefefhee cal tekat wdlyndigh Beskgroend aboyeokaritesst ed with
ELI SA (as described in exanple 10) for confirmation. Exanple 10: ELI SA of

CH3 nutants S?&%ﬁée@;a %EB %Shgg gggfirmation ELISA of Cy3+5 mutants se-

lected against hen egg lysozyme

(@)

with antigen without antigen ]

clone A 4927620 A 4927620
4 readings | 1 reading o

Al3 0.197 0.016
A66 0.461 0.019
B18 0.533 (5 readings) Not done
B20 0.184 0.016
B68 0.535 B i 0.019
B40 0.706 %.051
C24 0.352 0.072
D22 0.147 0.019
C22 0.439 0.017
D37 0.360 0.026 |
D40 0.559 0.034
D56 0.369 0.019

Background (antigen alone) (12 parallel readings): 0.1334
Note: hen egg lysozyme reacts with anti-his, antibody,
therefore a relatively high background was observed.

Example 11: CL library

Visual inspection of the crystal structure of an Fab frag-
ment (the structure of the Fab of the human monoclonal antibody
3D6 is used: RSCB Protein Data Bank (http://www.rcsb.org/pdb/)
Entry 1DFB.PDB (He XM, et al. Proc Natl Acad Sci U S A. 1992 Aug



| ysozyme Coating: Mcrotiter plate (NUNC, Maxisorp), 100 pl per well, 100
pg hen egg lysozyne /m in PBS, 1h at 37C Wash: 3x 200 pl PBS Bl ocking: 1%
BSA-PBS, |h at RT Wash: 3x 200 pl PBS Periplasmc extract binding: 50 pl

peri pl asm 50 pl 2% BSA-PBS, at roomtenpera V\ash
3x 200 p%ﬁ%&fj ?&antl body: anti-H s4 (Q agen), 1: 1000}&'{/% g@ﬂb%

mn at RT, 100 pl per well Wash: 3x-206@ pl PBS 2nd anti body: goat antl
mouse*HRP_ (SI GWA), 1:1000 in 1% BSA- PBS, 90 min at RT (roomtenperature),
100 pl ped9 (Wed): Aidbdr8) 3xam®ocgmpw9srm@%d| analgay? m(eERD jRrotein Ex-

Na-citr i@f@LhO§@hatsedbtffofzerthlsp%&p%seo elhtpi 3034191 sSkaRpi. eau/plQQt@i 3M
H2SO4 grrbtésr r%gg % 0 nm Tab(lje Re ts, of confi rrr%Pl on ELI SA of
CH3 mutBnts™s N8 ) ag8F nstheRCEGY ??%oﬁ‘;‘r‘?z Thany i gar AP AGut °hnt i gen
cl one ALHD®/ pzatampzlaazom reeadi deyst If v enels hdue 812002 B&G An01dck) 415

0.026 %@n@ 9B QddnecBackgr gupg. é@f‘éﬂ&@%@' E’H@) ciléoﬂé‘{ﬁ' L,é‘éff@f@' ngs):
0. 1763 WO 2006/ 072620 PCIUEP2006/ 050059 - 6:. Resul

confi r mERGHH EEFMSH t FOBRE T SR P 1QU- 2 €1 Shs8 0F001§ nﬁ“&ﬂ@s a§é1déct2e7d Qai nst
hen egg3% ysazym® &c289 490tb0785 aAiho6a23ds. BAS tol . Gamithd).a3%id{ R )

om0y R oy SO D7 08 AhIR MR e 0 3 s, 020

0. 685 Obs7ing, 3egondrmy @PlIQEOQQﬂEFOD@BBe€H@m7SE$O€B ((hefreng4dEy. 380 0. 165

0.072 03038N0QcP88c0.A%54s0.¥Me3. 02009 H@n007; 3NC(pDALatpesd Piasuks: px88ags added
Lefranc MP, et al. Dev Comp Immunol. 2005;29(3):185-203)).

More specifically, residues 11, 12, 14-18, and 92-95 are
randomized within the human CL domain (SEQ ID No. 48). Randomiz-
ation is achieved by PCR amplification of the coding sequences
with PCR primers in which the positions of the relevant codons
are encoded by the nucleotide sequence 5’-NNS-3’, which poten-
tially encodes for all 20 amino acids while avoiding 2 out of 3
stop codons. The library insert is amplified by two separate PCR
reactions, and the two PCR fragments are ligated together via a
HpyCH41IV restriction site which is introduced as a silent muta-
tion by the PCR primers. The primers further provide the re-
striction endonuclease sites Ncol and NotI respectively for
cloning into the phage display vector pHEN (Hoogenboom HR, et
al. Nucleic Acids Res. 1991 Aug 11;19(15):4133-7). The C-termin-
al cystein of the CL domain is not included for the phage dis-
play, but can be added later on when a modified CL clone is used
e.g. for the construction of an Fab fragment.

As a template for PCR amplification, a plasmid such as
PRcCMV-3D6LC (Riker F, et al. Ann N Y Acad Sci. 1991 Dec
27;646:212-9), which contains as an insert the complete light
chain of the human monoclonal antibody, is used.

For the CL+3 (SEQ ID No. 50, 51) and the CL+5 (SEQ ID No.
52, 53) libraries, which contain additional residues inserted
between position 92 and 95 of the CL domain, primer CLRHPY3 and
CLRHPY5 are used respectively instead of primer CLRHPY.

The nucleotide and amino acid sequence of the final product
of the PCRs and ligations, cloned into the Ncol site of pHEN1,
which leads to the attachment of a pelB leader sequence to the
N-terminus of the construct is shown below (SEQ ID No. 48, 49):



It is noted that hen egg |ysozyne reacts with anti-his4 an- tibody,
therefore a relatively high background was observed. Table 7: Results of
confirmation ELI SA of CH3+5 nutants se- |ected against hen egg | ysozyne with
anti gen wi t WOLRV0GEHR2428en cl one A 492/ 620 A 492/ 620 4 readPGEPN0G/IS8Png 13
0.197 0.016 66 0.461 10.019 18 0.533_(J3readings) Not done 20 0.184 0.016
- 68 0.535 0.019 40 0.706 0.051 cC24 0.%52 0.072 22 0.147 0.019 C22 0.439

0.017 1 730.360 0.G26 B0 §.559 9.034 D56, 0.36910. 919 Backgreungd (antigen

alone) (12 p l.el readi . 1334 ; y cts with
anti-his4 ]antazi{jg%mq%hgf‘gggkgrgcr%‘g‘%g@%@r I‘#@&Tg;%%%b‘r Egﬁﬁggﬁé&gbser ved.
Exanple 11: CL library Visual inspection of the crystal structure of an Fab
frag- ment (the struciupe of the Fab of the human nonocl onal antibody 3D6
is used: RSCB Protein Data Bank (http://ww.rcsb.org/pdb/) _Entry 1DFB. PDB
(He XM et3al. Prdc Ratl MAcAd %ci & S AP 1992 Aug FwWo120061072680

PCTI EP20061 05885 CGGCE2 ATEEERGTES | 1edA@)ABN draroTIeRreC- ardedcanat ysi s (e. g.
Protein Ex- plorer is used for this purpose (http://nolvis.sdsc. edu/ protex-
pl/frntdoor.htn)) of the secondary and tertiary structure of this protein)
allows totdehtify resi dues located in | dop re- gi OnsCwhi Eh Bonhect t he

bet a- st r angls OfnNIIiCa dRRBNRSRAST Tvsnscdde seradmT@eTdees ceeapr&ALT an no aci ds
8 to 18, amno acids 27 to 35, amino acids 42 to 78, anm no acids 83 to 85,

am no acids 92 to 100, amno acids 108 to 117 and ami no acids 123 to 126
(num bertdg dtcdt dithg o RheEl MST nKinbérithg $ystkemV(LePraNc MP,Let al.

Nucl ei ¢ Aps flspAReSrc @5 c+aBadadde (ERAAPREEd SRIRAGEPRR3aTAnCEEEERNC MP, et
al. Dev Conp Inmunol. 2005;29(3):185-203)).

+3 9 S G N S Q E S V T E Q D S K D

201 CCAATCGGGT AACTCCCAGG AGAGTGTCAC AGAGCAGGAC AGCAAGGACA

HpyCHA41IV
+3 8§ T Y S L S S T L T L Y E
251 GCACCTACAG CCTCAGCAGC ACCCTGACGT TGNNSNNSNN SNNSTACGAG

+3 K H K v Y A C E v T H Q G L S 5 P
301 AAACACAAAG TCTACGCCTG CGAAGTCACC CATCAGGGCC TGAGCTCGCC

NotI
+3 V T K S F N R G E A A A
351 CGTCACAAAG AGCTTCAACA GGGGAGAGGC GGCCGCA

Primer List for CL library:

cllnco: 5'-cttaccatgg ccgtggctgc accatctgtc ttcatcttcc cgc-
catctnn snnscagnns nnsnnsnnsn nsgcctctgt tgtgtgc-3' (SEQ ID No.
56)

cllhpy: 5'-tgacaacgtc agggtgctgc tgaggc-3' (SEQ ID No. 57)

clrhpy: 5'-tcagaacgtt gnnsnnsnns nnstacgaga aacacaaagt c-3'
(SEQ ID No. 58)

clrhpy3: 5'-tcagaacgtt gnnsnnsnns nnsnnsnnsn nstacgagaa
acacaaagtc-3' (SEQ ID No. 59)



More specifically, residues 11, 12, 14-18, and 92-95 are random zed within
the human CL domain (SEQ ID No. 48). Random z- ation is achieved by PCR
anplification of the coding sequences wth PCR prinmers in which the

posi ti ons,,of gl evant codons are encoded by the npelephb guence
5'-NNS—3'?@V%%@ﬁu%oten- tially encodes for all 20 am no aci ggﬁﬁﬁ e avoi di ng

2 out of 3 stop codons. The library PAsert is anplified by two separate PCR
reactions, and the two PCR fragnents are |ligated together via a HpyCHlV
restriction site which is introduced as a silent nuta- tion by the PCR
primers. The1hpy®r:s 5 ukthghapgovi genddisdr nSishinehhel 8BARSHEsEase sites

Ncol and Notl_ respectively f ing. {,nto the phage display vector pHEN
* ucﬁg#% géﬁ%%'%%@

( HoogenbBBH3FR 2 e 2ed-© . 1991 Aug 11;19(15):4133-7). The

C-termin- al cystein of the CL domain is not included for the phage dis-

play, but can hgraddedchat§tqgglc W& dRA friged gGhgetopes s Orp eng, for
the construction of an Fab fragnent. As a tenplate for PCR anplification, a
plasnidi@uch as pRcCW-3D6LC (Rilker F, et al. Ann N Y Acad Sci. 1991 Dec
27;646: 212-9), which contains as an insert the conplete light chain of the

human nonocl,on i i dj s h + 50 ).and the
CL+5 (SEQ I D l\ghmﬁgé' %%g)y-‘-”’ﬁ BT eal B8Rr iy SlonEd g%%t%‘%ﬁ% r%%’?%%nesg
i nsert edlonRd weenthesPhRrER192 VaRECY5 PHENLhe aCe dtinelled Y FHAS and

CLRHPYS: B baglysespaatii w3 ypDRASkegdeatingi My &RERYY The nuckeet ige and

am no acj d seguence of. the .final t. he P n i Lons, cloned
into t gi 0 (ﬂsijt%celo JlﬁﬁEl\ﬁhé %%?g‘%lg%dén?%ré%% ﬁgﬁg%‘ﬁln%en(% %‘?&%erb%?ss‘ | eader
sequenciorn cthehefoIN-awimg raiepst afh@hegrsrrepprasighowdtdedand (SEXPND. 48,

49) 1 WQ 2006 Db, REAT HRR006/H5008M t rorpdni xth M KoY trdndtolrdd® i L L L

L AA 1 ATGAAATACG TATTGCGTAC %& ATTGTTAT. TACT ol +3 QP
AMA \Fa Ac%bﬁé @%ﬁ | g By G%A’E%Ccéér'&%‘s?ﬁ‘&iﬁ C TCATC
TTCCCGREAT i ci2sS QA SatnedC fram NE. 1001 CTRNSNNSTA SGNSHNINND NSNNGRCCT

CTGTTGT (3T, T pra+x3ci'\é1':esY dreR fheh ﬁéc@?&/ﬂﬁt\é@ Mo Leurkul LPALTCTATC
oA GnCl e e G AR 0 G SR TR oo s

K D pernatant with PE in steps, di r and used
for selection by panning or, alternatively, they can be stored
at minus 80°C.

Example 12: CH1 library

Visual inspection of the crystal structure of an Fab frag-
ment (the structure of the Fab of the human monoclonal antibody
3D6 is used: RSCB Protein Data Bank Entry 1DFB.PDB) and com-
puter-aided analysis (Protein Explorer is used for this purpose)
of the secondary and tertiary structure of this protein allows
to identify residues located in loop regions which connect the
beta-strands of the CHl-domain scaffold. These residues comprise
amino acids 7 to 21, amino acids 25 to 39, amino acids 41 to 81,
amino acids 83 to 85, amino acids 89 to 103 and amino acids 106
to 117 (numbering according to the IMGT numbering system).

More specifically, residues 12-19 and 93-100 are randomized
within the human CH1 domain (SEQ ID No. 54, 55). Randomization
is achieved by PCR amplification of the coding sequences with
PCR primers in which the positions of the relevant codons are
encoded by the nucleotide sequence 5’-NNS-3’, which potentially
encodes for all 20 amino acids while avoiding 2 out of 3 stop
codons. The library insert is amplified by two separate PCR re-
actions, and the two PCR fragments are ligated together via a
BstEII restriction site which occurs naturally in the CH1 do-

main. The primers further provide the restriction endonuclease



201 CCAATCGGGT AACTCCCAGG AGAGTGTCAC AGAGCAGGAC AGCAAGGACA HpyCH4AlY +3 S T
YSLSSTLTLYE 251 GCACCTACAG CCTCAGCAGC ACCCTGAM TGNNSNNSNN
SNNSTACGAG +3 KHK VYA CEVTHQGL SSP 301 AACACAAAG TCTACGCCTG
CGAAGT CACCWOAIOMBZ6IBC TGAGCTCGCC Notl +3 V T K S F N RPGI/EPMGH5H059351
CGTCACAAAG AGCTTCAACA GGGGAGAGEC Primer List for CL |ibrary:
cllnco: 5' -cttaccatgg ccgtggctgc accatctgtc ttcatcttcc cgc- catctnn

5t gacadiore oStraly MR LEBL B ITEd P@'%j? itfta, 538 gfiopdtbiec
gnnsnnsnﬁéahn%@%%@agéﬂfg“b %@a%gtteém?,nal(g&}@@ té’@)célllr py8in 1is
o' -tcagaaegt in@IhJi‘@éH\SﬁHlS tm@s@naaasalgpmygag@@ caaf ke 3atéSEE | D No.

59) WO 2006/ 07262 06/ 050059 t
gn)nsnnsnﬁ “An3d ATt n{n hs ﬁé’tng lﬁg‘éﬁ%‘aa%a% afaoalgttg‘% co{@%@g %QEB °%0)
(SEQ I D No. 61) A nunber

cl rnot: B8n-Eabcheaguantgcct ctccce tgttgaaget c- 3
of selected |A§ra§rﬁ’e l%'%ees f@@“@ékegmﬁ—lﬁpé@ﬂﬂﬁl q gﬁ%@m'lﬁ thenphagm d vector
pHENl) are cont restric- tion anal %%és an seguencing to

cont ai n PRECIHs ?H%s %%ﬁé’&taﬂﬁél a8 Ay 1 rctortrlﬁctqoyplﬁ%r {84VY andoni zed
sequenceshaifoof tttee fmirdamuwnmgaosﬂepaloénph}ag@y,prﬁparﬁtd on, standard protocols
e LOhy One0 R |1 Yo R Lo BALROHo Th 4" S d S QhEeg 5 h 0 Oprbaude! | TCL

cells by el ectro oration. sequent particles are rescued fromE.
coli TGLoéeFle BiRH and ﬂé@aﬁﬁr&@ér w&enk@ﬂnwa‘@z@ Pl sliés afePHREh/
preci pi t ahechfreadasuld whe ttaplmeat ast wp@wa@!@@a sedudngteps, tik ssol ved

in water agd used O%M sel ectl aon annl ng o1, I%uéﬁ%rqnzitd i(lel y54th g/ can be

erminu CQ
stored at n nus e fE rary nspectlon (0]

crystal structure of an Fab frag- nent (the structure of the Fab of the
human nonpgcl omalx antgi bady 1, 3P6 ips ugeda RECB &r ot eitn Dat atBapk Entry
1DFB. PDB) 1anng5£z§1r§TAcc TATTGCCTAC GGCAGCCGCT GGATTGTTAT TACTCGCGGC

Ncol

+3
51

+3
101

+3
151

+3

201

+3

251

+3

301

+3
351

Q P A

M A A S T K G

CCAGCCGGEC _ATGGCCGCCT CCACCAAGGG

A P S S
CACCCTCCTC

V K D
GTCAAGGACT

L T S

CCTGACCAGC

L Y S L

TCTACTCCCT

T Y

NNSACCTACA

K K V
CAAGAAAGTT

CNNSNNSNNS NNSNNSNNSN

Y F P E P V T
ACTTCCCCGA ACCGGTGACG

G VvV H T F P A
GGCGTGCACA CCTTCCCGGC

BstEII
S S8 V v T V
CAGCAGCGTG GTGACCGTGC

I C N V N H K
TCTGCAACGT GAATCACAAG

NotI

E P K S A A A

P S V
CCCATCGGTC

A L
NSNNSGCCCT

Vv S W
GTGTCGTGGA

Vv L Q

TGTCCTACAG

P

CCNNSNNSNN

P S N
CCCAGCAACA

GAGCCCAAAT CTGCGGCCGC A

F P L
TTCCCCCTGG

G C L
GGGCTGCCTG

N 8§ G A
ACTCAGGCGC

S 8 G
TCCTCAGGAC

SNNSNNSNNS

T K V D
CCAAGGTGGA



put er - ai ded anal ysis (Protein Explorer is used for this purpose) of the
secondary and tertiary structure of this protein allows to identify
residues located in |oop regions which connect the beta-strands of the

CH1- domai Woseafdfahg- These residues conprise am no ach@spihobspose N NO
acids 25 to 39, an?no acids 41 to 81, anmno acids 83 to 85, am no acids 89

to 103 and amno acids 106 to 117 (-nﬁﬁberl ng according to the | MGT
nunbering system . Mre specifically, residues 12-19 and 93-100 are
randoni zed Raimein Liké KammGHEHIIRRAE n (SEQ I D No. 54, 55). Randoni zation

i s achi eved dmi LRCB: aHpLaége@@a@c_r;g Q‘fcgtdtftdiﬁdi @gaggqueaeeecqgt@ttm priners
in which the SItIO he rel evant caod are g rTj¥the nucl eot i de
sequencce &9 (Q,F'lnﬁolt'l &f ?%IPIWD nesr?élgéje]ssnpors’gﬁf:f: %%g%l Fo°8Ei ds whil e
avoi di npt@3Jut( S@HQ 3DsNop 62bdons. The library insert is anplified by two
separate PCR re- actions, and the two PCR fragnents are |igated together via

a BstEll I’eStI’ICtIOB site which occurs naturallé ig the CHlL do-_main. The
primers fur tHerBeEovi degg‘ﬁ%C%l‘s‘f%%%Q%t@ﬁ&oﬁeer aséSk BBR? 072820
PC P/ EP2006/ 050059 - sites Ncol and Notl respectively for cloning into

the phage dicsr ppkay 5@958& d&g&f a%@;ﬂtﬁctcgnm Q3hsGHShAL NaRlaflim O domain is

not include or the phage can added later on en a
nodi f i éEPtG‘Hat(ﬂt@néaP§gG§éateC EQ WP dbhstofdction of an Fab fragment. As
a tenplate for PCR anplifi catl on a plasmd such as pRcCWwW- 3D6HC, whi ch

cont ai ns as ert,t n_. npno al
anti body, |sd%lllﬂjiseg)ﬁ'h T%e %%(C:%gg%%é gd&odaavt%t gégéggnggg% cﬁﬂ)e %E%gl
pr oductID gfo.t ®®)PCRs and |igations, cloned i nt o the Ncol site of pHENL,

which [ eads to the attachrrent of a pel B | eader sequence to the N-termnus
of the construct .is shown LPTAAA

GL L L L AP TUmBRIART AGE lﬂ%‘? EEIDNO % S%ﬁ A?ﬁ%A Ncol

+3 Q P Adviedl ALl Th& GhPoBiY Feptbr SHERTACEBEECOOMATGETECCOY CRNGGAAGCG

CCCATCRGHA T, {Cand3 1y Fown Ss égheﬁ%ﬁméx 50 SAEEAT CQT& CHSHRISHNS
NNSNNSNNSN NSN GCCIG _+3 VKDY EPVTVSWNSGA 151

GTCAAGERAGPIRETTA TRECAERARE PG SS ized sequences.

For the following steps of phage preparation, standard protocols
are followed. Briefly, the ligation mixture is transformed into
E. coli TGl <cells by electroporation. Subsequently, phage
particles are rescued from E. coli TGl cells with helper phage
M13-KO7. Phage particles are then precipitated from culture su-
pernatant with PEG/NaCl in 2 steps, dissolved in water and used
for selection by panning or, alternatively, they can be stored
at minus 80°C.
Example 13: Panning of the CH1 - phage library on hen egg

lysozyme (HEL)

3 panning rounds are performed with the CH1 - phage library
(see example 12). Maxisorp 96-well plates (Nunc) are coated with
hen egg lysozyme, by adding 200 pl of the following solution per
well: PBS, with the following concentrations of dissolved hen

egg lysozyme:

15t panning round: 2 mg/ml HEL
2" panning round: lmg/ml HEL
37 panning round: 1 mg/ml HEL

Incubation is for 1 hour at 37°C, followed by blocking with
2% dry milk (M-PBS) with 200 pl per well for 1 hour at room tem-

perature.



+3LTSGVHTFPAVLQSSG 201 CCTGACCAGC GECGIGCACA CCTTCCCGEC
TGTCCTACAG TCCTCAGGAC BstEIl +3 L Y SL SSVVTVP 251 TCTACTCCCT
CAGCAGCGTG GTGACCGTGC CCNNSNNSNN SNNSNNSNNS +3 T YT CNV NHKPSNTK
V D 301 NNSACOTPAT262TCTGCAACGT GAATCACAAG CCCAGCAACA CCANIAFRMNC/0SMIP | +3 K K
VEPKSAAA 351 CAAGAAAGIT GAGCCCAAAT _CTGCGECCGC A WO 2006/ 072620

PCT/ EP2006/ 050059 - 56 Prinmer List for CH library CH LNCO 5'-acgtccatgg

ccgecetccac Caaﬂﬁgt Cﬁ?@féo@@il@ﬁl S%%illﬁ% 01%160&12) oS ﬂ%sawwgrw react t
nsnnsnnsnn. sgccet g gce acqggt ca
ccacgct gcf éggg% ﬁ%&’&j& E‘)e egg ;yseﬁ& sy & ggtlg??_(d’; c%{ﬁ cc%%’?
snnsnnsnnsiomsamd nh@®d ntcéacdryt githacytpasat, chllcév@ B Noculg)i coHIRNOT:

5' -catagcggcn; gaagat Lkigg %taq@i%gt tarncptf&! Cog’ m(lﬁﬁ@esl Qllﬂﬂoufé5)sréka&a@b%rt of
selected library clones (nutate domai ns cloned in the phagm d-vect or

pHEN1) ar%o%nft%“&qr@&ulﬁ restric- t| on anal ysis and by DNA sequencing to

contai n the i nefydunals phahanpedtithed uhgvddhed eawagchky fobsews ed random zed
sequences. For the follow ng steps of phage preparation, standard protocols
are followed. Briefly, the ligation mxture is transformed into E. coli TGl
cel | s by el ectropordt pganigghseguént 19y, x ptfyerl JabBiSe| 6% 3P neskRed from E.

coli TGL cells wt@nh@a&@ﬁngh@gandl\/llﬁs) @730ng@wstl Qb§33eoep1h@ms

precipitated from (‘3@4 ture.su- 8 V\%%d’l Ci‘{ I}l%gl gp ? }gészsol ved
in water and used forpa§‘é‘llé‘8tF % %@n’ﬁ ot TatErnali de }1 an be
stored at mnus 80C. Exanple 13: Panning of the CHL - phage I|brary on hen

egg | ysozyne gikklon3 JrMYRG bﬂ%@@ssé%le;@ééOgtgggeﬂ:éﬂgécﬁ‘%% R %ﬁ)t N

i brary ee exa Maxi sor
hen egg Iéio&?ﬁe",’ggi/ %%db ny 1\‘2061-}5? r R %o 10%’?191%‘6‘11 Fiap peirt ak- pps,
wi th the fongl detrngd0cohoehes abt ormsonf tdmpsosrede hefubsegudntsiozy neie phage
suspension is neutralized by addition of 60 pl 2M Tris-Base,
followed by infection into E. coli TGl cells by mixture of 10 ml
exponentially growing culture with 0.5 ml eluted phage and in-
cubation for 30 minutes at 37°C. Finally, infected bacteria are
plated on TYE medium with 1% glucose and 100 pg/ml ampicillin,
and incubated at 30°C overnight.
Cloning of selected clones of CH1 mutants selected against
Lysozyme for soluble expression
Phagmid DNA from the phage selected through the 3 panning
rounds is isolated with a midi-prep. DNA encoding mutated CH1-
domains 1s batch-amplified by PCR and cloned NcoI-Notl into the
vector pNOTBAD/Myc-His, which is the E. coli expression vector
PBAD/Myc-His (Invitrogen) with an inserted NotI restriction site
to facilitate cloning. Ligated constructs are transformed into
E. coli 1IMG1924 cells (Invitrogen) with electroporation, and
grown at 30°C on TYE medium with 1% glucose and ampicillin
overnight. Selected clones are inoculated into 200 pl 2xYT medi-
um with ampicillin, grown overnight at 30°C, and induced by
adding L-arabinose to an end concentration of 0.1%. After ex-
pression at 16°C overnight, the cells are harvested by centrifu-
gation and treated with 100 pl Na-borate buffer, pH 8.0, at 4°C
overnight for preparation of periplasmic extracts. 50 pl of the
periplasmic extracts are used in ELISA.
Clones that give a high signal in this first, preliminary
ELISA are cultured in a 20-ml volume at the same conditions as

described above. Their periplasmic extracts are isolated in 1/20



1st panning round: 2 nmg/m HEL 2nd panning round; Inmg/mM HEL 3 d panning
round: 1 ng/m HEL Incubation is for 1 hour at 37C, followed by bl ocking
with 2%dry mlk (MPBS) with 200 pl per well for 1 hour at roomtem

per at ur e. wW0,&AP8,H72620 PCT/ EP2006/ 050059 - 57 The peEpf6sdshsse! ay phage
library is then allowed to react wth the bound hen egg |ysozynme by addi ng
100 pl phage suspen- sion and 100 pF 4% dry milKk (MPBS), followed by

i ncubation for 45 mnutes with shaking and for 90 m nutes w t hout shaking
at  rod?h t EhpeFal tres wﬁ%eraﬁdaﬁhé’@é05ag?ﬂc|a€§\'§r st eshatil @ Flol$ws: 1-
pannl ng(dowekcri®ed 30 or) foPB&nEi(rrﬁ’é)QLd}l PBS 2nd pannl ng round: 15 x 300

T- PBS, 0 ann ng, r und 2 300 PBS 20 x 300 pl
PBS El uti on%ifl%%ound(:%?age %3? i oF es&l:esaop orne eg © gd %So% per wel |
of 0.1 M §bgtine: pH Eller’ahaerndvﬂbﬁm orf NUNER sIﬁ@leCPIrr@) * orlOQO Iﬁ-nLRQBKS at

room t enper at ureweﬁqbsqqge gl Mentél @GS, el SRANSIOPBISS MRULEakhzed by
addition of 60 pI IglgrlHﬁ g Iovved by infection into E. coli TGl
cells by FesPare B¢ 2P ponentlally growing culture with 0.5 nml eluted

phage andBiLnekm@atl o %f BEA3BBH} nlit est RT 37C. Finally, infected bacteria are

pl ated onypIYE. Medi URo hhl_ gl ucose and 100 pg/m anpicillin, and
i ncubat ed_at’ 30C overni ght. Conjng of selected clones of CHL nutants

sel ect ed 565#3%@“1&5%’2%? &1osdrgll e exfr #$sPBRIPhagt @ PRXFFom the phage
sel ected through the 30pabnRagBsSAERBEIS dts icnl aleampevhthra avdrapgep. DNA

encodi ng {ed is batch-anplified by PCR and cl oned Ncol - Not |
into the ﬁgégfor 3%;%'PI_Q>A%;TB C§HI s, which is the E. coif expression vector

pBAD/ Myc- Msaﬂtﬁ@pﬁwogéﬁjclmﬁ#ﬁa ARipges) v ed :NGPP Adstl BSPorPESit SO trein
facilitate clonirg r, gat)eduggopéi:rwlglﬁ are transforned into E. coli LM3194
cells (I n% flogenv,)X wi _eLI gr oporation, and grown at 30C on TYE nedi um
wth 1%g 2dse afd gpplum overni ght Sel ected cl ones are inocul ated
into 200 @™ 2xivTipedy: aoaim ahtanpp@serHRP dP6@EMAbvelnlgA0 an 3IGC BHnd

induced by addi ngphsar abi ppseat R@n 1@d aopeenieati on of 0.1% After ex-
pressi on at S%GC quer %'ogh& PEQe cells are harvested by centrifu-
Detection : 3mg/ml OPD in Na-citrate/phosphate buffer,
pH 4.5, 0.4 ul 30%H,0,
Stopping: 100 ml 3M H,SQ,
Absorbance read: 492/620 nm

Clones are interpreted as positive when their ELISA signal
is at least three times that of the background signal.

Example 14: Panning of the CL - phage library on hen egg
lysozyme (HEL)

3 panning rounds are performed with the CL - phage library
(see example 11). Maxisorp 96-well plates (Nunc) are coated with
hen egg lysozyme, by adding 200 pl of the following solution per
well: PBS, with the following concentrations of dissolved hen

egg lysozyme:

1%t panning round: 2 mg/ml HEL
2™ panning round: lmg/ml HEL
3*® panning round: 1 mg/ml HEL

Incubation is for 1 hour at 37°C, followed by blocking with
2% dry milk (M-PBS) with 200 pl per well for 1 hour at room tem-
perature.

The surface display phage library is then allowed to react



gation and treated with 100 pl Na-borate buffer, pH 8.0, at 4C overnight
for preparation of periplasmc extracts. 50 pl of the periplasmc extracts
are used in ELISA. Cones that give a high signal in this first, prelimnary
ELI SA are cWQMPEW2624 a 20-nm vol une at the sane conditi BAYEBWU6/EELr i bed
above. Their periplasmc extracts are_isg@l ated in 1/20 WO 2006/ 072620

PCT/ EP2006/ 050059 - 58 of the culture volune as descri bed above and tested

RS Eésﬁl‘é‘f‘ﬁﬁ?gﬁ%ﬁgaequile?@ y¥oz3AR! yTilddihg S03H 0! pidde T
vt Sor ) S28h0ana o A8 SRR R Rl By 1 ER0T Sa B Y.ﬁnﬁi&att% atmza?c

Wash: 3x 260mpinuPBS Ill(td:tklsrt@:klll% BSAL PBSr PR atinREesWasithadne 2{akilngPBS:

Peri pl asm,.g gxt& (_t, ﬁtﬂ%{ ng: 50 pl periplasmc extract 50 pl 2% BSA-PBS, at
roomterrpercature over Wash: 3x 200 pl PBS 1" anti bOdvyké anti-H s,
F

(Q agen), 1: ldﬁEPCPWC%L%hB‘S,@- PBSEigbeni are arasied podpRspéPLherF: wash: 3x 200
pl PBS 2"’ antibody goat anti nouse*HRP (SIGVA), 1:1000 |n 1% BSA- PBS, 90

mn at RT, 100 pl ) O p B iQn in
Na-ci trat e/phosphate t})\%tmng rlaﬁn% 5%80 4£0($ @O%Z%I’S%o % %9
H2SO4 Absor bance r?é%td)aruem/gszounm ClLones3 Qeul rﬂt‘ét}%ﬁretl@d é@ pvsi FRSe when

their ELISA signal 3t Satniln %ﬁ%buhﬁr egot ks thatr-ofsd, hecbackgpoyndpss gnal .
Exanpl e 14: Panning of the phage library on hen egg |ysozynme (HEL) 3

panni ng rounds are perforned with the CL - phage library (see exanple 11).
Maxi sorp 96- weklutpicat exf (uwmg) rdragiec patréd cweshishppréggmégsby yaddimy 2@di ng
200 pl of Fihﬁei%bi’!“ 89 §0huh' %’ﬂ B€he V‘ﬁh' 2. PBSani EHcE}%tI&A'xPi’\t‘:r{'gsha}?—m

concentrations of _di ssol ved egg [ ysozyne' 1st g nni nrg round: 2
HEL 2nd baﬂnfﬁé ﬁequnuFﬁﬁ/ﬁF gepm” temperature. sequently, the phage

suspension is neutralized by addition of 60 pl 2M Tris-Base,
followed by infection into E. coli TGl cells by mixture of 10 ml
exponentially growing culture with 0.5 ml eluted phage and in-
cubation for 30 minutes at 37°C. Finally, infected bacteria are
plated on TYE medium with 1% glucose and 100 pg/ml Ampicillin,
and incubated at 30°C overnight.

Cloning of selected clones of CL mutants selected against
Lysozyme for soluble expression

Phagmid DNA from the phage selected through the 3 panning
rounds is isolated with a midi-prep. DNA encoding mutated CL-do-
mains 1is batch-amplified by PCR and cloned NcoI-NotI into the
vector pNOTBAD/Myc-His, which 1is the E. coli expression vector
pBAD/Myc-His (Invitrogen) with an inserted NotI restriction site
to facilitate cloning. Ligated constructs are transformed into
E. coli 1MG194 cells (Invitrogen) with electroporation, and
grown at 30°C on TYE medium with 1% glucose and ampicillin
overnight. Selected clones are inoculated into 200 pl 2xYT medi-
um with ampicillin, grown overnight at 30°C, and induced by
adding L-arabinose to an end concentration of 0.1%. After ex-
pression at 16°C overnight, the cells are harvested by centrifu-
gation and treated with 100 pl Na-borate buffer, pH 8.0, at 4°C
overnight for preparation of periplasmic extracts. 50 pl of the
periplasmic extracts are used in ELISA.

Clones that give a high signal in this first, preliminary
ELISA are cultured in a 20-ml volume at the same conditions as
described above. Their periplasmic extracts are isolated in 1/20

of the culture volume as described above and tested with ELISA



3°d panning round: 1 ng/m HEL Incubation is for 1 hour at 37C, followed by
bl ocking with 2%dry mlk (MPBS) with 200 pl per well for 1 hour at room
tem perature. The surface display phage library is then allowed to react WO

2006/ 072 #7006/ 050059 - 59 w th the bound hey Joisqzyme by
addi ng 1%86F&;§ﬁage suspen- sion and 100 pl 4%dry mlKk EM(I)DB‘)S{))'% fol | owed by

i ncubation for 45 minutes with shakifg and for 90 ni nutes wi thout shaking
at roomtenperature. Unbound phage particles are washed away as foll ows:
tat pant@snglesegaledibekoBDofQr cRIPESMa o300 pl PBS 2nd panning round: 15 x
300 pl T-PBS, | Ox 300 _pl PBS 3rd]ﬁpan2jsn% roound; 20 X 3?0 | T-PBS, 20 x 300
pi PBS El ut F&A=6f hothd™pHAYEs o3t egs ae 1Bstt BPhel?® ’éﬁ‘gﬁw 200 pl per
wel | of OcdatMmydyci neMiptbR2itZer ampdateculfBuNON Waxi sshak-, | bgOf qrl 3@an nut es
at room t enper at 1 Supge \ spensLen 4 i zed by
l%gmyéé ,%a;ggéfﬁ e];goqt pgves%g%gg /RUSRANBLEN 17 feuif

addition of 60 p res- ection into E coli TGL
cell's by ¥@xture3f 296 Wl PBXponentially growing culture with 0.5 nl el uted

phage andBidckiipati onsfrsa-30BIy M ex &T 37C. Finally, infected bacteria are

pl ated on_TYE nediu i f % gl ucose and 100 pg/m Anpicillin, and

i ncubat egwaa%hBOC%é{vg}r)m Bgtﬂ{% oni ng of selected clones of CL nutants

sel ect ed Belmbasmiq exorastt BAinddngbl e eRPredsPori M eBNAactom t he phage
sel ected through the §ppanmNBsK-BHYIS 4itS rosel abRfeWhtiira HHinyep. DNA
encodi ng put at ed3CLN-é$@- s is bat ch-anplified by PCR and cl oned Ncol - Not |
into the "3¥¢t or 3f Ab[%b%- H's, which is the E. coli expression vector

pBAD/ Myc- H*safthbody ogenjiwlis afiiagesedted:MNOOD restldi GiSRo®EBSIt &0 mdn
facilitate cloning. rki 9pbed,const rietis are transformed into E. coli LMG194
cells (Inyi trogen%f y h el ectroporation, and grown at 30C on TYE nedi um
with 1% gifetldse drd<8RprEiFP¥n  overnight. Selected clones are inocul at ed
into 200 prd 22atibvelli:- goatw dincampoesetHRR ¢8DGMAVel nl@lht abh 38CBSand

i nduced by addi ngpésar%é)iﬂ[qﬁeatt Te}nlgadu%ggggn&éﬂi on of 0.1% After ex-

pression at 16C qver ni ght e cell's are vested by centrifu- gation and
treated Was1003pl 2RA-BSrBB% buffer, pH 8.0, at 4C overnight for
prepar at i pacodt et i pl By /miexdpmctisa. oDt refte/Bosphate buffer, pH

4.5, 0.4 pl 30%H,0,
Stopping: 100 ml 3M H,SO,
Absorbance read: 492/620 nm

Clones are interpreted as positive when their ELISA signal
is at least three times that of the background signal.

Example 15: Construction of an immunoglobulin domain which
is randomized on both sides (bispecific engineered Cyz3 domain)

This example describes an engineered immunoglobulin domain

with two binding specificities.

The design of this engineered immunoglobulin domain com-
prised the following strategy:

® an engineered Cyz3 domain, clone C24 (see example 10), de-
rived from the C;3+5 library binding specifically to lyso-

zyme was used as starting point

® residues to be randomized were identified in this modified
CH3 domain which are connecting f-strands of the immuno-
globulin fold, and which lie on the opposite side of the
domain compared to the residues that were mutated when gen-
erating clone C24.



periplasmc extracts are used in ELISA. Cones that give a high signal in
this first, prelimnary ELISA are cultured in a 20-m volune at the sane
conditions as described above. Their periplasmc extracts are isolated in
1/20 of thwocwhgere@ovol une as descri bed above and test ePCTERZEEISIBEA WO
2006/ 072620 PCT/ EP2006/ 050059 - z descri bed below) for confirnmation.
ELI SA of O, nmutants sel ected agal nst “hed egg | ysozyne Coating: Mcrotiter

PEe 1 EN;’tN%?E@@ﬂvéo‘%ﬁ%gxl%a@' e BhedF oia o RREABRR S FRORITR Tkt 3
200 pl PBS Per’@lkﬁ%rﬁe@léikltelsaéﬂdbﬁhﬂﬁf’a@ﬁ%m |thyer |e;§n|ga§meéeéxma@tlo 50 pl 2%
BSA-PBS, at rograthanpeid@indha Qﬁean gdsl@edd/ibesfblna&a&OQoplthBBSnésaemm&dy

wash:  3x 200 ps?o%?ss B & Eb o SA P e R o e 5 T000 " n 196
gﬁé\/ mPB?JDDg?n%;bC?% tpr'ga]; %Q% gfgén%&#f eér/x'&]ds&l—l[S%'Ei %%g(}[eblog?s%%/%-l Zd%.éoppl ng:

100 m 3vepoSomll A@é@rt@aﬁ@éerf adwea@ﬁrwblﬁrﬁcb%'né’@ar §u ﬁ?@\ﬂ%@‘é%ﬁé:d as

positive vhep wdial rclidnkedAisi grak-1i siatNndepatotrAectsi aBY thahs odrride
background al Ex 1 nstructlo f. a mrunogl-obyl i n mai n
which 1is réacr)] omczoeld1 on botcﬁilsggg f%nss et ?Ccheeﬁgll néére fcag rrg(?}n) Thi s
exanpl e destenigs. &9 engidesdyedhparunoglabidd wedensiequencet am@ bandhimng

speci fici{igs pddia ¢ps %r@f £b0hg @8%@%&%&8&@@' Qlta‘ﬂlatgddoﬂ?é@ £OM
prised thg ff%l oW Nng, str % rlEﬁered c'3.d & one C24 (see
exanpl e 107114eLYRS ve %H@nﬁe?ﬂ@ HXP i rT&]lenQ §‘B@c FPE%WW?% | yso-
zyme was gleleelra!secStmlthorwgngosnandaesildmetsoctcolsb,e amandophagd weteriaentified
in this nmpdifiged o:C43; damgin whigh,age connecting B-strands of the inmuno-

In order to test bispecificity, recombinant human Eryth-
ropoietin (rhEPO) was chosen as second antigen, while it was ex-
pected that the construct retained its originally engineered
specificity for hen egg lysozyme. rhEPO-reactive phage was se-
lected in 4 panning rounds. In order to preserve the population
of C24 clones that after mutagenesis still should bind hen egg
lysozyme, the first round of selection on rhEPO was followed by
a round of panning of the phage population on hen egg lysozyme
(1 mg/ml in PBS). 200 pl of rhEPO was coated on the 5 wells of
microtitre plate (Maxisorp, Nunc) in 0.1 M Na-carbonate buffer,
pPH 9.6, in decreasing concentrations in subsequent panning
rounds (see Table below). After blocking with 2% M-PBS, phage in
the blocking agent was allowed to bind at room temperature for 2
h. After 20 washes with T-PBS and 20 with PBS, it was eluted
with 0.1 M glycine, pH 2.2, and neutralised with 2M Tris.

Eluted phage was used immediately to infect exponentially grow-
ing TG-1. Infected cells were selected on ampicilline-containing
medium. Phage particles were rescued from culture supernatants
upon superinfection with helper phage M13-KO7, concentrated with
PEG and used in another panning round. Input and output phage
numbers were determined as transforming units of E. coli after

every panning round (Table 8).

Table 8:
panning round |antigen phage input phage output
(TU/ml) (TU/m1)




globulin fold, and which lie on the opposite side of the domain conpared to
the residues that were nutated when gen- erating clone C24. WO 2006/ 1172620
PCTI EP2006/ 050059 - 61 PCR priners were designed that all owed

random zat i qn hese residues and synthesis of this i red i mmuno-
globulina%8%gpﬁéFﬁ3a procedure simlar to the one desc?ﬁ@g%ﬂ&§5§5% for the
C, 3, the C'3+3 and the C'3+45 |libraries2 4 PCR products containing randomn sed

positions were ligated and full-length inserts were anplified by PCR
Subsequéntly, they wehBPC} ob@d gV nHEN: 4. ¥2 ax No@f - Not |1 s9:t18 and

t r ansf grred—+nto—E—ecoH—FG-1—eceHs—toereconstruct—theti-brary—of—aboui 100
col oni ¢8. 20 randoni ylyhosemecol ord/asl wep el Getliénced apd T3idoin i sed
posi ti ons—werefoundrto—beindependentty nutated—Atsorno—-witd—type| " ( C24)

sequen¢@ was observedThERe, phdye191m ar Y6 wass1Qéner at el {61418 ng st andar d
pr ot ocots; and a phag

e rirer_of - 32 X[ JO TY T Was| acini evyed. T ofder to
test bil8pecificity, réEEﬁ%in%ﬁtp$ﬁﬁhn E ét¢£;¥%éoietin 17HEFD was chpsen as

second [gntigen, while S. £X- cted[th e constf refained 11s
originasly engineeredrhggﬁgi?ﬁcﬁéin or 1%hf%§gplysozynéfg#ﬁﬁﬁéhreacti e
phage was se- lected in 4 panning rounds. In order to preserve the

popul ation of C24 clones that after nutagenesis still should bind hen egg

| ysozyne, f t {R‘ﬁastlilﬁiﬁgr eang?p%s S@é&ctsih&ragya b{fﬁp%éﬁﬁlé@% pw;sr@l@yre% Bigg)ungogf
panni ng. Q e.phage ulation an hen ' eqg .l ysozyne in .
Do SO CORE SATOME S i R ThLPER PR braletthesd o, Nand)
in 0.J.Mmdirpn@pbomaserbafﬁere ampiifihdiwitﬁear@asbngndonhemtsubdlnned|1
subsequl, RARRLBIENOEHABSaAE CEr FAM il Ao A1 81 BbOEKL AL M Ly @20 M PES,
phage in _the blqcﬁlng agent was_allowed to bind at roomtenperature for 2
h. Aft %720 cRdoRrésswieRe ToPB el b A% wlpBSYTi WikRsaBPit el i8¢ t3nd. 1 M
gl yci neinduded #itand.beut.ratalsiebsud tdh 2Melrfiod loklinyedaphagetars2dised
| mmedi gt ?Jﬁésts‘iohng%cﬁ69"89“@&%%% gﬁLé%\@'d kﬁgﬁ@o&- § NieCch 8 CelY e wer e
sel ect ed Ton anmpi crl’l irne-containi ng um age pgrtlcles wer e rescued
from culetur ®Hs@pér faraht B atupbn Gt insrd@lesniGi eRtherbevaphagrd MIB- K07,
concentgratgad with PEG and_used i n anot her panning round. Inpup and out put
Phage o TG YEIEIShEL AR SR I ALY TRl tn ekt 58 Iy e OveTY
in PBS (20 pg/ml) or rhEPO in 0.1 M Na-carbonate buffer, pH 9.6,
respectively, for 1 h at 37 °C. After blocking with 1% BSA-PBS,

periplasmic extract in the same blocking agent was allowed to

bind overnight. Binding was revealed with an anti-His-(4) anti-
body and and a goat anti-mouse IgG antibody, conjugated with HRP
(for hen egg lysozyme detection) or AP (for rhEPO detection).
Colour reaction of OPD conversion (HRP) was read at 492/620 nm
after being stopped with 1.25 M H,30,, and pNPP conversion (AP)
was read at 405/620 nm. 14 clones with promising absorbance val-
ues were selected for expression at 20-ml-scale. After 24 h ara-
binose induction at 16 °C, the cells were collected and lysed
overnight in 1 ml Na-borate buffer at 4 °C, and the lysate was
used for ELISA. ELISA was performed as above in 4 parallels, and
wells without periplasmic extract and without antigen were used
as negative controls. Results (Table 9) were achieved with clone
according to SEQ ID No. 42, 43.

Table 9:

antigen absorbance on no periplasmic |[no antigen
binding extract




Tabl e 8: panning round anti gen phage i nput phage output (TUm) (TUmM) WO
2006/ 072620 PCT/ EP2006/ 050059 - 62 1 rhEPO, 500 Vg/m 6.32 x 101 1.9x105

2 lysozynme, 1 ng/m 6.16x1015 4.53x101 3 rhEPO 100 Vg/m 6.07x1015

6. 78x101 4 WRRMANT28Y pg/ M 8. 42x1015 3.0x1011 5 r hEPO, PSO/ERIHPS083912X1015
4.28x101 Resulting colonies were scrapeg of f the plates, cultured in 2xYT

W th arrp|C|II|ne and their Plasn‘id DNA was isolated wwth a mdi-prep.
I nserts wey C;ler?Q,[é fAegz/\é\n th @ R and t hehg sifag! oned i nt dgvges or pPNOTBAD
and transforne j=) 00|f strain E104 Ax72 colonieg were cultured in

200 pl 2xNdhpwg h anni RQ/LJoJm nep gk 1 nduced wihe®. 1% L- ar abilppseoon t he
foll ow ng rl:ay Af t er ynrpcci on at 16! C, 'rhpy wer e ch:pd with 200 ol

Na- borate buf- fer, pH 8.0 for 6 h at 4 C and periplasm c extract was used

in ELISA For ELISA Maxisorp plates were coated with hen egg |ysozyne in
PBS (20 pg/ m )ExampleER® i Ergihelird- €ad nmstia shpfirbaidepbii 9p6cifi@isedtn vel vy,
for 1 h ayn3fab-1RAkLerollacking with 1% BSA-PBS, periplasmc extract in the

same bl ocking agent was all owed tqg  bind, overni Bi ndl n vvas r ed
with an anti- g nll T T Wddys&Ad 1angh ésg%’é?mfgfﬁ Cft%t‘f‘y

conj ugat ety vxthahiﬂ-lRFf anf anthbadeggrée yﬁme_,dretcdare@mum)eemedmga( fdomarihEPO

detection). CpjQuy aef?cgtvfp%%fmogpggeﬂgeﬁa A1 S 2 f@h 4986620 nm

after bein stoppe conver5| on %ad read at
405/ 620 nrffe1dMe| eheal wi k3P AGHLs AegabSbr a%c% vy 22 83¢| Behéd for
expressi og,att20i Ascal ex Mfderscd4d hoanasc4bt nosel 4 ﬂﬁLBngthaﬁJeiGMC ethe

cells were 1C0 ted ndI r g 1 1 .Na-borat.e buffer _at 4 C
and the Iysat{é] vva%lcuzge eSELllgﬁ% E 2%217 5 Vﬁ%lr?%rrneecd)géllzeg’oerel PR 4
par al | el stoaadonwep4s Qﬁtﬁidhtl piasi plsadnfe Ewsiartpamichen tﬂmufchanengen-mere

used as pegakl &g %rﬁiarl@l %1oB@sethsw1€Tab|@ir9ﬁs WJeR i#gbheYode ¥ hdh cdppe
according.to SYIS 2, 43. Table 9: antigen absorbance on no
mt¢ SREYERL i gen

peri pl as b| ndi ng extract WO 2006/ 072620 PCT/ EP2006/ 050059
In order to promote the formation of the VL-CH3 / VH-CH3 di-

mer via a disulfide bond, the residues Ser-Cys were added to the
C-terminus of the C24 sequence.

The nucleotide- and amino acid sequences respectively of the
two chains, 3D6VL-C24 and 3D6VH-C24 are given in SEQ ID No. 47,
46 and SEQ ID No. 45, 44, respectively.

Primers were designed that allow the amplification of the
coding regions, introducing restriction sites at the same time
(silent mutations) which were used to ligate the coding regions
together. For expression of the genes, the Pichia pastoris ex-
pression system was chosen. Constructs were cloned in suitable
Pichila pastoris expression vectors: 3D6VL-C24 was cloned in the
PPICY9K (final name: pPICY9K3LC) and 3D6VH-C24 (final name:
pPICZ3HC) was cloned in pPICZalphaA. Construct pPICZ3HC was lin-
earized with Bgl II, transformed into Pichia pastoris GS115 and
transformants were selected on zeocin-containing solid medium.
One of the transformants was subsequently used as a host cell
for the Sal I- linearized construct pPIC9K3LC. Double transform-
ants were then selected on RDB - medium.

Clones were inoculated into 30 ml YPG medium and grown until
OD¢eo=10, and were then induced by the addition of 1% methanol in
BMMY medium. The induction was continued for 36 hours at 16 °C.
Supernatants were removed by centrifugation and were then con-

centrated about 10-times. Presence of the recombinant protein



- 63 lysozyne A 492/690nm 0.299 0.110 0.018 rhEPO A 405/620nm 0. 258 0. 095
0. 090 Exanple 16: Engi neered C'3 domai ns provide bispecificity in an
Fab-like format In the construct used in this exanple, both the V,, and the
VO chain body are fused to an engi neered C* Il e VL and
VH r eqi onwof tﬁeﬂshgrran nonocl onal anti body 3D6 (He XMSPééjI?EP%()&/OIS?JCEg Nat| Acad
Sci US A 1992 89: 7154-8.; Kohl J- €é# al. Ann N Y Acad Sci. 1991

646: 106-14.; Fel genhauer M et al. Nucleic Acids Has. 1990 18:4927), which
r ecogniwass aomfdpmed: BgeaoNegparn Floy Withwes ased-Hést (4) odnpHpeder for the
engi n- &Q:T%scé%tdﬁﬁﬁbﬂ €boBe 4240 WHrtdertinads ospe€i hbpabkimé€e s ®gy
Iysozy? @r er, tolpro[rEte the formation of the VL-CH3 / VH CH3 di- ner
via a di&ll Bdhda 1t FBLFREF dues Ser-Cys were added to the G terninus of
t he 024 sequémsé. fThethagdbotésies ward remfogmadi disbgleéncesonespastitiack| y of
the | Unushaidien I08YisClg, aich BORHIZA -0 g1ues USEQIR N ity 46 and

SEQID , respectively. Prinmers were eS|gned that allow the

anpl i f|%tq%ﬁlloﬁ’ephgggcéﬁﬁﬂém%g}‘bn@s it FOdUGY R FRIEPPRLPHNCRE (Y at the
sane tltniﬂaoc()sﬂ%ntlnnﬂtat MONs}ca\fbccz‘fatmrtmﬂfsae;d tch bi.gat eespecedad g, r egi ons
t oget h KLessi on, of e Righis t pression
systemefwas c 82%%7 ans?pgcgégmére ?I on %lnes(au ﬁg %ﬂlﬁhﬁ; paéesorl s
expr es st ipaeitdys Propeved AT vhas Kb P ted it heAfEPFCbko?H%I wiidhel %

PPl COKHLRA-mpy] 20a¥ENE24té4i @@ﬂ)eﬂ@dﬂhnt@|@@4€ﬂl‘éﬁ§dﬂ:@n§ﬂndn pPI CZal phaA.
Construct Rl CZ3KHC was Lin- |zed W|t transforrred |3to P|ch|a

Bgl
past ori & and ran%ﬁn%rlﬁa ?kl%ra qh ec]:3tle o/ 7&dct %V% |‘71|1hg solid
medi uman @ngiotiishd 49 r ansioedwmmnd mtswb@eqm@nsbyaaswoas, aCCbTOBlg-ceI | for

the Salzdeq |ﬂd’¢1@<'i>' ze@ldcem%ayféecppal&%@lo@r eubkeohr @@§£9£m%gf§&n\gere thgn
nedl um an

sel ected on S were lated into 30

gr own Y Iconﬁ%f@éofoataﬁa (/\é? e ‘5}%@2’& ‘by the addition of 1% met hanol
in BMW nedium The induction was continued for 36 hours at 16 C.

Super nat ant s, pgr.e ;penoved by centrifugation and were then con- centrated

about ¥ ce_of thereconbinant—protermWo2606/ 072626
PCT/ EPZZBDB%@%@OSQ - @BLISA signal Background Background
(A 492/620) {no antigen) {(no supernatant)
lysozyme 0.198 0.003 0.043
3D6 epitope 0.061 0.001 0.007




was confirmed by a Western blot with an anti-H s (4) antibody, and was
estimated to be at a concentration of proxi mately 50 - 100 pg/l initial
culture. First functional tests wer perfornmed with 10x- concentrated
supernatant. Firstly, wells of Maxisorp plates were coated with 20 pg/mn
hen egg | ysozyme in PBS or 20 pg/m epitope of the an- tibody 3D6 in 0.1 M
Na- car bonate buffer, pH 9.6, respectively, for |h at 37 C The 3D6 epitope
was used in the formof a re- conbinantly produced GST-fusion protein. After
bl ocking with 1% BSA-PBS, concentrated supernatants were allowed to bind
overnight in the sanme bl ocking agent. Binding was revealed with an anti-Hs
(4) antib Xmﬂ?d goat anti-nouse antibody, conjug- ated to HRP, and

vi sual i se col our reaction resulting from OPD conversion at 492/ 620 nm
(Table 10). Table 10 antigen ELI SA signal Background Background (A 492/620)

ti . t ant yme 0.198 0.003 0.043 3D6 epjtope 0.061
0. 001 0. 007 A GHHRIRLITn Bondiant ASFRAGT A3k AR RERUFEN OB FPrOMISH 1

thereof ofleidiGRE sBuLMIA | dicn 8%rdf of 4 €A tdoPitin S4 CHZ dBridinl #@M3 €gi on of
any of a CHl domain, a CHZ domain, a CH3 domain, CH4 donmain or a CL donain,

said at | ¢esmainfeHddomaineag Qlodpmaiagsaid at leashene stidctaral aspsegione

nodi fi cati | 1 [pTa)i 6l I ; ofal egi on
o an opi Cany oo et ol idcadlon heBirf) a e ST BEleehting mBRel ™D, ont
domai n dodsomregids tecarnt epitopiecbfei ardigen whteseisithe samddifiediimmusogbulixcl udes

t he incorparati f.a, phar 0 i.cally actjve.peptide of 2 tg 40 am no
aci dst i SoagtenERo iR HSTEIR Bkeid eatoriy kG S8id Moa e tiesSel am 1,
wher ei n sahél inteehdratish bfo® phamghoalbgidailyiaetiva geptidecof@to0 &iirdoatidsiintodan A

nodi fied i g:rrlémogl obulin according to claim1 or 2, wherein said nodified

| oop regiF Qr8alPn any of an Fab fragment. 4. A nodified i mmunogl obulin
according to claiml1l, wherein said nodified loop region is in any of an Fc
fragnent. 5. A nodified i munogl obulin according to any of clains 1 to 4,
whi ch is dbA medified immungglobelin aceardingite ¢laimmh mtereib seidwmeadified dhapgegionany of

clains 1 t'gfq%n%ftzfcﬁtorlﬂa@cim%i\q” nodi fied structural |oop regions. 7.

Innunogloﬂ conprising a east one nodified i nmunogl obulin according to
any

3. A modified immunoglobulin according to claim 1 or 2, wherein said modified loop
region is in any of an Fab fragment.

4. A modified immunoglobulin according to claim 1, wherein said modified loop region
is in any of an Fc fragment.

5. A modified immunoglobulin according to any of claims 1 to 4, which is derived from
IgG.

6. A modified immunoglobulin according to any of claims 1 to 5, with at least two
modified structural loop regions.

7. Immunoglobulin comprising at least one modified immunoglobulin according to any
of claims 1 to 6, wherein said modified structural loop region comprises at least 6

amino acid modifications.

8. Molecule comprising of at least one modified immunoglobulin according to any one
of claims 1 to 7, and at least one other binding molecule, wherein said other binding



of claimse 1 to 6, wherein said nodified structural |oop region conprises at
| east 6 amno acid nodifications. 8. | ecul e conprising of at |east one
nmodi fi ed i mrunogl obul in according to any one of claims 1 to 7, and at | east
one ot her binding nol ecule, wherein said other binding -66- nolecule is
selected fromthe group of nodified i munogl obulin according to any of
claims 1 to 7, soluble receptors, |igands, nucleic acids, and carbohydrates.
9. Mol eculrgolgsulerigisalgcied fem thimaroup afmeodified imymuanagloilinarsprdingtd @mwofi n t hat

any of the,pd {doﬁ}oll.?b‘?ngﬁéceeg'td}gshg%&dg, %lg%cﬂé‘%nfﬁl Pﬂéra?e LHA conprise a

nodi fication 1n m no ons’ Wi € amno acid
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CA conpri g8 oaerﬂiahef AmiNq 26id pasifaes withindhe amine aa@.%qgggm peJastedifiom the t he
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10. Molecule according to any of claims 1 to 8, characterised in that any of the loop
regions of Ck or CA comprise a modification in one of the amino acid positions within
the amino acid sequence selected from the group consisting of amino acids 8 to 18,
amino acids 27 to 35, aminc acids 42 to 78, amino acids 83 to 85, amino acids 32 to
100, amino acids 108 to 117 or amino acids" 123 to 126, where the numbering of the
amino acid position of the domains is that of the IMGT.

11. Nucleic acid encoding an immunoglobulin according to any one of the claims 1 to
10.



