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(7) ABSTRACT

A TNF-a binding polypeptide is provided, which is related to
a domain of staphylococcal protein A (SPA) in that the
sequence of the polypeptide corresponds to the sequence of
the SPA domain having 1 to about 20 substitution mutations.
Nucleic acid encoding the polypeptide, expression vector
comprising the nucleic acid, and host cell comprising the
expression vector are also provided. Also provided are meth-
ods comprising a step of affinity separation or detection, in
which step a polypeptide according to the invention is used.
Such methods may be used for reducing the content of TNF-a.
in a body fluid.
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US 2009/0306572 A1l

NEW POLYPEPTIDES, USES THEREOF AND
METHODS EMPLOYING IT

FIELD OF THE INVENTION

[0001] The present invention relates to a new polypeptide,
which binds to tumour necrosis factor o, TNF-a., and to the
use of such a polypeptide in a method of affinity separation,
for example in a method for reducing the content of TNF-a.in
a body fluid, in processes for the production of recombinant
TNF-a and in other applications. The polypeptide is related to
a domain of staphylococcal protein A (SPA), in that the
sequence of the polypeptide corresponds to the sequence of
the SPA domain having at least one and at most about 20
substitution mutations.

BACKGROUND
Affibody® Molecules

[0002] Molecules related to protein Z, derived from domain
B of staphylococcal protein A (SPA) (Nilsson B et al (1987)
Protein Engineering 1, 107-133), have been selected from a
library of randomized such molecules using different inter-
action targets (see e g W095/19374; W000/63243; Nord K et
al (1995) Prot Eng 8:601-608; Nord K et al (1997) Nature
Biotechnology 15, 772-777). Different target molecules have
been used to select such protein Z derivatives, e g as described
in Nord K et al (1997, supra). The experiments described in
this reference outline principles of the general technology of
selecting protein 7 derivatives against given targets, rather
than being a study directed towards the express objective of
obtaining a molecule with high enough affinity for use in a
specific therapeutic or biotechnological application.

TNF-o. and its Role in Disease

[0003] Tumornecrosis factor o, abbreviated as “TNF-a.”, is
an important mammalian cytokine, which is involved in sys-
temic inflammation and acute phase response. In humans, it is
a 157 amino acid glycoprotein hormone, which is derived
through cleavage of a 233 amino acid long propeptide (Swis-
sProt entry P01375; Pennica et al, Nature 312:724-729
(1984); Wang et al, Science 228:149-154 (1985)). Some cells
secrete shorter or longer isoforms of TNF-c.. TNF-o has
historically also been known as “cachexin” or “cachectin”.
[0004] TNF-c is released by white blood cells, endothelial
cells and several other tissue cells upon damage to the tissue,
such as during infections. [t acts on a variety of organ systems,
such as the hypothalamus, where it inter alia stimulates the
release of corticotropin-releasing hormone and suppresses
appetite, and the liver, where it stimulates the acute phase
response leading to an increase in C-reactive protein and
other mediators. Among its many effects, TNF-o also
increases insulin resistance.

[0005] Interfering with TNF-cand its function is an impor-
tant approach in the development of pharmaceuticals for
treatment of autoimmune disorders such as rheumatoid
arthritis and psoriasis. Monoclonal antibodies that bind
TNF-a have been developed, and such antibodies are com-
mercially available as drugs. Examples are those bearing the
INN names infliximab (Remicade®) and adalimumab (Hu-
mira®; see e.g. W097/29131). TNF-c. binding antibodies are
described in e.g. W091/02078. Also, a recombinant, soluble
TNF-a receptor fused to an Fe portion of an IgG anti-body
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molecule has been developed as a pharmaceutical, and is
known as etanercept (Enbrel®; see e g W094/06476).
[0006] Recent developments of TNF-a binding antibodies
and antibody derivatives are exemplified by WQ02004/
003019, which describes an antibody-derived “domain anti-
body ligand” with an affinity for TNF-a.

Drawbacks of TNF-a Binding Antibodies

[0007] Whether the object is to find a novel therapeutic
strategy for treating diseases in which interfering with TNF-a.
fanction is of importance, to establishing novel methods for
the separation of TNF-a. from other constituents in a sample,
or some other application relying on TNF-o binding, the
provision of molecules having a binding affinity for TNF-a is
critical. Previously known antibodies and antibody related
derivatives against TNF-a. are not always the optimal choice,
due to the complexity and relatively large size of the antibody
molecule. Thus, there is a continued need for novel and alter-
native molecules with a high affinity for TNF-c, which can be
used as reagents in various assays and processes where such
an affinity is needed.

DISCLOSURE OF THE INVENTION

[0008] It is an object of the present invention to meet this
need through the provision of a polypeptide that exhibits
binding to TNF-c.

[0009] A related object of the invention is a TNF-a binding
polypeptide which exhibits little or no non-specific binding.
[0010] It is another object of the invention to provide a
TNF-a binding polypeptide that can readily be used as a
moiety in a fusion polypeptide.

[0011] Another object is the provision of a TNF-a binding
polypeptide, which does not exhibit the known problems of
stability experienced with antibody reagents, but provides a
stable and robust structure with the ability to withstand harsh
environmental conditions.

[0012] Furthermore, it is an object to provide TNF-a bind-
ing polypeptide, the properties of which enable easy coupling
thereof to a solid support or other matrix.

[0013] A related object is to provide a TNF-o. binding
polypeptide, which enables efficient separation of TNF-a
from other constituents of a sample. Preferably, such a
polypeptide is also useful for reducing the content of TNF-a.
in a body fluid of a human.

[0014] Itis also an object to provide a molecule which can
be used as a reagent for the detection of TNF-a. at a low
detection limit.

[0015] These and other objects are met by the present
invention. Thus, in a first aspect, the invention provides a
TNF-a binding polypeptide, which is related to a domain of
staphylococcal protein A (SPA) in that the sequence of the
polypeptide corresponds to the sequence of the SPA domain
having 1 to about 20 substitution mutations.

[0016] In accordance herewith, the present inventors have
found that it is possible to obtain a TNF-a binding polypep-
tide through substitution mutagenesis of a domain from SPA.
An embodiment of the polypeptide of the invention may have
the ability to interact with TNF-o with an apparent K, value
of at most 1x10~7 M as measured by surface plasmon reso-
nance. Preferably, the polypeptide of the invention has the
ability to interact with TNF-o. with an apparent K , value of at
most 5x107® M as measured by surface plasmon resonance.
More preferably, the polypeptide of the invention has the
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ability to interact with TNF-o. with an apparent K ,, value of at
most 1x107® M as measured by surface plasmon resonance.

[0017] “Tumor necrosis factor o or “TNF-o” refers to a
mammalian glycoprotein hormone. The human form thereof
is a 157 amino acid protein, which is derived through cleavage
of a 233 amino acids large propeptide (SwissProt entry
P01375; Pennica et al, Nature 312:724-729 (1984); Wang et
al, Science 228:149-154 (1985)). The sequence of human
TNF-a is given in SEQ ID NO:85. However, the TNF-a
binding polypeptides of the present invention may also bind
to other forms of TNF-a than the human form represented by
SEQ ID NO:85. Thus, “TNF-0.” or “tumor necrosis factor ¢’
encompasses analogues of this cytokine in other organisms,
as well as other forms of the protein in humans.

[0018] “Binding affinity for TNF-o.” refers to a property of
a polypeptide which may be tested e.g. by the use of surface
plasmon resonance technology, such as in a Biacore® instru-
ment. TNF-a binding affinity may be tested in an experiment
wherein the polypeptide to be tested is immobilized on a
sensor chip of the instrument, and a sample containing TNF-a
is passed over the chip. The skilled person may then interpret
the sensorgrams obtained to establish at least a qualitative
measure of the polypeptide’s binding affinity for TNF-a. If a
quantitative measure is sought, for example with the purpose
to establish a certain apparent K, value for the interaction, it
is again possible to use surface plasmon resonance methods.
Binding values may for example be defined in a Biacore®
2000 instrument (Biacore AB). The polypeptide to be tested
may be immobilized on a sensor chip of the instrument, and
samples of TNF-a prepared by serial dilution and injected in
arandom order. Apparent K, values may then be calculated
from theresults, using e.g. the 1:1 Langnir binding model of
the BlAevaluation 3.2 software provided by the instrument
manufacturer. Binding specificity for TNF-o. may also be
tested by conventional methods. The testing of the binding
specificity of polypeptides in accordance with the invention
for TNF-a. compared to Human Serum Albumin (HSA) and
Immunoglobulin G (IgG) is described below.

[0019] The polypeptide according to the invention may be
useful in any method relying on affinity for TNF-o. of a
reagent. Thus, the polypeptide may be used as a detection
reagent, a capture reagent or a separation reagent in such
methods. Methods that employ the polypeptide according to
the invention in vitro may be performed in different formats,
such as in microtitre plates, in protein arrays, on biosensor
surfaces, on tissue sections, and so on. Different modifica-
tions of, and/or additions to, the polypeptide according to the
invention may be performed in order to tailor the polypeptide
to the specific use intended, without departing from the scope
of the present invention. Such modifications and additions are
described in more detail below, and may comprise additional
amino acids comprised in the same polypeptide chain, or
labels and/or therapeutic agents that are chemically conju-
gated or otherwise bound to the polypeptide according to the
invention. Furthermore, the invention also encompasses frag-
ments of the polypeptide that retain the capability of binding
to TNF-a.

[0020] As stated above, the sequence of the polypeptide
according to the present invention is related to an SPA domain
sequence in that 1 to about 20 amino acid residues of said SPA
domain have been substituted for other amino acid residues.
However, the substitution mutations introduced should not
affect the basic structure of the polypeptide. That is, the
overall folding of the C,, backbone of the polypeptide of the
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invention will be substantially the same as that of the SPA
domain to which it is related, e.g. having the same elements of
secondary structure in the same order etc. Thus, polypeptides
fall under the definition of having the same fold as the SPA
domain if the basic structural properties are shared, those
properties e.g. resulting in similar CD spectra. The skilled
person is aware of other parameters that are relevant. This
requirement of essentially conserving the basic structure of
the SPA domain, upon mutation thereof, places restrictions on
what positions of the domain may be subject to substitution.
When starting from the known structure of the Z protein, for
example, it is preferred that amino acid residues located on
the surface of the 7 protein may be substituted, whereas
amino acid residues buried within the core of the Z protein
“three-helix bundle” should be kept constant in order to pre-
serve the structural properties of the molecule. The same
reasoning applies to other SPA domains, and to the case when
a fragment of an SPA domain is used.

[0021] The invention also encompasses polypeptides in
which a TNF-a binding polypeptide described above is
present as a TNF-o binding domain, to which additional
amino acid residues have been added at one or both termini.
These additional amino acid residues may play a role in the
binding of TNF-a by the polypeptide, but may equally well
serve other purposes, related for example to one or more of
the production, purification, stabilization, coupling or detec-
tion of the polypeptide. Such additional amino acid residues
may comprise one or more amino acid residues added for
purposes of chemical coupling, e.g. to a chromatographic
resin to obtain an affinity matrix. An example of this is the
addition of a cysteine residue at the very first or very last
position in the polypeptide chain, i.e. at the N or C terminus.
Such additional amino acid residues may also comprise a
“tag” for purification or detection of the polypeptide, such as
ahexahistidyl (His) tag, or a “myc” (“c-Myc”) tag or a “flag”
tag for interaction with antibodies specific to the tag. The
skilled person is aware of other alternatives.

[0022] The “additional amino acid residues” discussed
abovemay also constitute one or more polypeptide domain(s)
with any desired function, such as the same binding function
as the first, TNF-o binding domain, or another binding func-
tion, or an enzymatic function, or a fluorescent function, or
mixtures thereof.

[0023] Thus, the invention encompasses multimers of the
polypeptide with affinity for TNF-c. It may be ofinterest, e.g.
in a method of purification of TNF-c, to obtain even stronger
binding of TNF-a than is possible with one polypeptide
according to the invention. In this case, the provision of a
multimer, such as a dimer, trimer or tetramer, of the polypep-
tide may provide the necessary avidity effects. The multimer
may consist of a suitable number of polypeptides according to
the invention. These polypeptide domains according to the
invention, forming monomers in such a multimer, may all
have the same amino acid sequence, but it is equally possible
that they have different amino acid sequences. The linked
polypeptide “units” in a multimer according to the invention
may be connected by covalent coupling using known organic
chemistry methods, or expressed as one or more fusion
polypeptides in a system for recombinant expression of
polypeptides, or joined in any other fashion, directly or medi-
ated by a linker comprising a number of amino acids.

[0024] Additionally, “heterogenic” fusion polypeptides, in
which a TNF-o binding polypeptide constitutes a first
domain, or first moiety, and the second and further moieties
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have other functions than binding TNF-c., are also contem-
plated and fall within the ambit of the present invention. The
second and further moiety/moieties of the fusion polypeptide
may comprise a binding domain with affinity for another
target molecule than TNF-c.. Such a binding domain may
well also be related to an SPA domain through substitution
mutation at 1 to about 20 positions thereof. The result is then
a fusion polypeptide having at least one TNF-a-binding
domain and at least one domain with affinity for said other
target molecule, in which both domains are related to an SPA
domain. This makes it possible to create multispecific
reagents that may be used in several biotechnological appli-
cations. The preparation of such multispecific multimers of
SPA domain related polypeptides, in which at least one
polypeptide domain has affinity for TNF-c., may be effected
as described above for the multimer of several TNF-a binding
“units”. In other alternatives, the second or further moiety or
moieties may comprise an unrelated, naturally occurring or
recombinant, protein (or a fragment thereof retaining the
binding capability of the naturally occurring or recombinant
protein) having a binding affinity for a target. An example of
such a binding protein, which has an affinity for human serum
albumin and may be used as fusion partner with TNF-a
binding SPA domain derivative of the invention, is the albu-
min binding domain of streptococcal protein G (SPG)
(Nygren P-A et al (1988) Mol Recogn 1:69-74; Kraulis P J et
al, FEBS Lett378:190 (1996)). A fusion polypeptide between
a TNF-a binding, SPA domain-related polypeptide and the
albumin binding domain of SPG thus falls within the scope of
the present invention. When the polypeptide according to the
invention is administered to a human subject as a therapeutic
agent or as a targeting agent, the fusion thereof to a moiety
which binds serum albumin may prove beneficial, in that the
half-life in vivo of such a fusion protein may likely prove to be
prolonged as compared to the half-life of the SPA domain-
related TNF-a binding moiety in isolation (this principle has
been described e.g. in W091/01743).

[0025] Other possibilities for the creation of fusion
polypeptides are also contemplated. Thus, a TNF-a. binding
SPA domain-related polypeptide according to the first aspect
of the invention may be covalently coupled to a second or
further moiety or moieties, which in addition to or instead of
target binding exhibit other functions. One example is a
fusion between one or more TNF-a binding polypeptide(s)
and an enzymatically active polypeptide serving as a reporter
or effector moiety. Examples of reporter enzymes, which may
be coupled to the TNF-a binding polypeptide to form a fusion
protein, are known to the skilled person and include enzymes
such as galactosidase, alkaline phosphatase, horseradish per-
oxidase, carboxypeptidase. Other options for the second and
further moiety or moieties of a fusion polypeptide according
to the invention include, also without limitation, fluorescent
polypeptides, such as green fluorescent protein, red fluores-
cent protein, luciferase and variants thereof.

[0026] With regard to the description above of fusion pro-
teins incorporating a TNF-a binding polypeptide according
to the invention, it is to be noted that the designation of first,
second and further moieties is made for clarity reasons to
distinguish between TNF-a. binding moiety or moieties on
the one hand, and moieties exhibiting other functions on the
other hand. These designations are not intended to refer to the
actual order of the different domains in the polypeptide chain
of the fusion protein. Thus, for example, said first moiety may
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without restriction appear at the N-terminal end, in the
middle, or at the C-terminal end of the fusion protein.

[0027] The invention also encompasses polypeptides in
which a TNF-a binding polypeptide as described above has
been provided with a label group, such as at least one fluoro-
phore, biotin or a radioactive isotope, for example for pur-
poses of detection of the polypeptide.

[0028] The five domains of naturally occurring staphylo-
coccal protein A, i.e. the E domain, the D domain, the A
domain, the B domain and the C domain are useful starting
points for the creation of a polypeptide according to the
invention (see for example Uhlén et al, I. Biol. Chem. 259:
1695-1702 (1984), reporting the original cloning of SPA).

[0029] Another example of an SPA related domain for use
as a starting point for the creation of a polypeptide according
to the invention is protein Z, derived from domain B of sta-
phylococcal protein A (Nilsson B et al (1987), supra). As
pointed out in the Background section, this protein has pre-
viously been used as a scaffold structure for the creation of
molecules, denoted Affibody® molecules, capable of binding
to avariety of targets. The 58 amino acid sequence of unmodi-
fied protein Z, denoted Z00000, is set outin SEQ ID NO: 1 and
illustrated in FIG. 1.

[0030] In an embodiment of the polypeptide according to
the invention, it is related to a domain of SPA in that the
sequence of the polypeptide corresponds to the sequence of
the SPA domain having 1 to about 20 substitution mutations.
Other embodiments may have 1 to about 13 substitution
mutations such as 4 to about 13 substitution mutations.

[0031] In a more specific embodiment of the polypeptide
according to the invention, its sequence corresponds to the
sequence set forth in SEQ ID NO:1 but having 1 to about 20
substitution mutations, such as 4 to about 20, 1 to about 13 or
4 to about 13 substitution mutations.

[0032] The polypeptide according to the invention may in
some embodiments correspond to the sequence set forth in
SEQ ID NO:1, which sequence comprises substitution muta-
tions at one or more of the positions 17, 18,25, 27, 28 and 32.
Additionally, the sequence of the polypeptide according to
the invention may comprise substitution mutations at one or
more of the positions 13, 14, 24 and 35 ofthe sequence of SPA
protein Z in SEQ ID NO:1. The sequence may furthermore
comprise substitution mutations at one or more of the posi-
tions 9, 10 and 11 of the sequence of SPA protein Z in SEQ ID
NO:1.

[0033] For example in a TNF-o. binding polypeptide in
accordance with the invention which is related to protein Z,
the amino acid at position 3 corresponds to the amino acid at
position 3 in the original (or “wild-type”) sequence of protein
7 shown in SEQ ID NO:1 when the TNF-a binding polypep-
tide has 58 amino acids, but, when the polypeptide has an
additional 10 amino acid N terminal extension, the amino
acid at position 13 of that polypeptide corresponds to the
amino acid at position 3 of the protein Z sequence in SEQ ID
NO:1.

[0034] The sequence of a polypeptide according to another
embodiment of the invention corresponds to SEQ ID NO:1,
comprising at least a substitution mutation at a position cor-
responding to position 32 in SEQ ID NO:1 from glutamine to
arginine.

[0035] The sequence of a polypeptide according to yet
another embodiment of the invention corresponds to SEQ ID



US 2009/0306572 A1l

NO:1, comprising at least a substitution mutation at a position
corresponding to position 18 in SEQ ID NO:1 from histidine
to arginine.

[0036] Thesequenceofapolypeptide according to a further
embodiment of the invention corresponds to SEQ ID NO:1,
comprising at least a substitution mutation at a position cor-
responding to position 28 in SEQID NO: 1 from asparagine to
an amino acid selected from tyrosine and arginine, more
preferably to tyrosine.

[0037] The sequence of a polypeptide according to another
embodiment of the invention corresponds to SEQ ID NO:1,
comprising at least a substitution mutation at a position cor-
responding to position 27 in SEQ ID NO:1 from arginine to
tyrosine.

[0038] The sequence of a polypeptide according to another
embodiment of the invention corresponds to SEQ ID NO:1,
comprising at least a substitution mutation at a position cor-
responding to position 25 in SEQ ID NO:1 from glutamic acid
to an amino acid residue selected from histidine and
glutamine, more preferably to histidine.

[0039] In another embodiment of the invention, the
sequence of the polypeptide corresponds to SEQ ID NO:1,
comprising at least a substitution mutation at a position cor-
responding to position 17 in SEQ ID NO:1 from leucine to an
amino acid residue selected from glycine and alanine, more
preferably to glycine.

[0040] In another embodiment of the invention, the
sequence of the polypeptide corresponds to SEQ ID NO:1,
comprising at least a substitution mutation at a position cor-
responding to position 13 in SEQ ID NO:1 from phenylala-
nine to isoleucine.

[0041] Examples of specific sequences of polypeptides
according to the invention, each comprising one or more of
the specific mutations described above, are set out in SEQ ID
NO:2-84 and illustrated in FIG. 1. TNF-a binding character-
istics of these polypeptides, and of polypeptides in which
these polypeptides are present as TNF-a binding domains,
are disclosed in the examples that follow.

[0042] Thus, as non limiting examples of the TNF-o bind-
ing polypeptides of the invention, the invention encompasses
any TNF-a binding polypeptide, or any TNF-c. binding
domain, whose amino acid sequence fulfils one definition
selected from the following:

[0043] a)itis selected from SEQ ID NO:2-84;

[0044] b) it is an amino acid sequence having 85% or
greater identity to a sequence selected from SEQ ID
NO:2-84;

[0045] As evident from this definition, in addition to a
polypeptide whose amino acid sequence is selected from
SEQ ID NO:2-84, the present invention also encompasses
variants thereof. The amino acid sequences of such encom-
passed variants exhibit small differences only in comparison
with SEQ ID NO:2-84. One definition of such variants is
given in b) above, i e a TNF-a binding polypeptide with an
amino acid sequence having at least 85% identity to a
sequence selected from SEQ ID NO:2-84. In some embodi-
ments of the invention, the amino acid sequence has at least
90% identity, at least 95% identity, or at least 98% identity to
a sequence selected from SEQ ID NO:2-84.

[0046] As discussed above, the polypeptide according to
the invention may be present as a moiety or domainina fusion
protein, or be provided with a tag of additional amino acid
residues. In the experimental section of the present disclo-
sure, the TNF-a binding properties of several such constructs
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are tested. The polypeptides described are all included in the
scope of the present invention.

[0047] As an alternative to using an unmodified SPA
domain as a starting point, the SPA domain may also be
subjected to mutagenesis in order to increase the stability
thereof in alkaline conditions. Such stabilization involves the
site-directed substitution of any asparagine residues appear-
ing in the unmodified sequence with amino acid residues that
are less sensitive to alkaline conditions. When using the
polypeptide according to the invention as an affinity ligand in
affinity chromatography, this property of having a reduced
sensitivity to alkali provides benefits; affinity chromatogra-
phy columns are frequently subjected to harsh alkali treat-
ment for cleaning in place (CIP) between separation runs, and
the ability to withstand such treatment prolongs the useful
lifetime of the affinity chromatography matrix. As an
example, making use of protein Z as starting point, the
polypeptide according to the invention may, in addition to the
substitution mutations conferring TNF-o. binding, have
modifications in that at least one asparagine residue selected
from N3, N6, N11, N21, N23, N28, N43 and N52 has been
substituted with an amino acid residue that is less sensitive to
alkaline treatment. Non-limiting examples of such polypep-
tides are those having the following sets of mutations (with
respect to SEQ ID NO:1): N3A; N6D; N3A, N6D and N23T;
N3A,N6D,N23T and N28A; N23T; N23Tand N43E; N28A;
N6A; N118S; N11S and N23T; N6A and N23T. Thus, these
SPA domains, as well as other SPA domains that have been
subjected to asparagine mutation for stability reasons, may all
be subjected to further substitution mutation of amino acid
residues in order to obtain a TNF-o binding polypeptide of
the invention. Alternatively, a TNF-a binding polypeptide of
the invention which comprises asparagine residues may be
subjected to further mutation to replace such residues. Evi-
dently, this latter alternative is only possible to the extent that
TNF-a binding capability of such a molecule is retained.
[0048] The invention also encompasses polypeptides that
have been derived from any of the polypeptides described
above through the generation of a fragment of the above
polypeptides, which fragment retains TNF-o. affinity. The
fragment polypeptide is such that it remains stable, and
retains the specificity to bind TNF-a. Braisted A C and Wells
J A in Proc Natl Acad Sci USA 93:5688-5692 (1996) show
that it is possible to create fragments of a wild-type SPA
domain with retained binding specificity to immunoglobulin
G. By using astructure-based design and phage display meth-
ods, the binding domain of a three-helix bundle of 59 residues
was reduced to a resulting two-helix derivative of 33 residues.
This was achieved by stepwise selection of random mutations
from different regions, which caused the stability and binding
affinity to be iteratively improved. Following the same rea-
soning with the polypeptides according to the first aspect of
the invention, the skilled man would be able to obtain a
“minimized” TNF-a binding polypeptide with the same bind-
ing properties as that of the “parent” TNF-a binding polypep-
tide. Hence, a polypeptide constituting a fragment of a
polypeptide according to the above aspect of the invention,
which fragment retains binding affinity for TNF-qa, is a fur-
ther aspect of the invention.

[0049] Another aspect of the present invention relates to a
nucleic acid molecule comprising a sequence which encodes
a polypeptide according to the invention.

[0050] A further aspect of the present invention relates to an
expression vector comprising the nucleic acid molecule of the
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previous aspect, and other nucleic acid elements that enable
production of the polypeptide according to the invention
through expression of the nucleic acid molecule.

[0051] Yetanother aspect of the present invention relates to
a host cell comprising the expression vector of the previous
aspect.

[0052] The latter three aspects of the invention are tools for
the production of a polypeptide according to the invention,
and the skilled person will be able to obtain them and put them
into practical use without undue burden, given the informa-
tion herein concerning the polypeptide that is to be expressed
and given the current level of skill in the art of recombinant
expression of proteins. As an example, a plasmid for the
expression of unmodified protein Z (see e g Nilsson B et al
(1987), supra) may be used as starting material. The desired
substitution mutations may be introduced into this plasmid,
using known techniques, to obtain an expression vector in
accordance with the invention.

[0053] However, the polypeptide according to the invention
may also be produced by other known means, including
chemical synthesis or expression in different prokaryotic or
eukaryotic hosts, including plants and transgenic animals.
When using chemical polypeptide synthesis, any of the natu-
rally occurring amino acid residues in the polypeptide as
described above may be replaced with any corresponding,
non-naturally occurring amino acid residue or derivative
thereof, to the extent that the TNF-a binding capacity of the
polypeptide is not substantially affected. Such non-classical
amino acids, or synthetic amino acid analogs, include, but are
not limited to, the D-isomers of the common amino acids,
o-amino isobutyric acid, 4-amino butyric acid, 2-amino
butyric acid, 6-amino hexanoic acid, 2-amino isobutyric acid,
3-amino propionic acid, ornithine, norleucine, norvaline,
hydroxyproline, sarcosine, citrulline, cysteic acid, t-butylg-
lycine, t-butylalanine, phenylglycine, cyclohexylalanine,
[-alanine, fluoroamino acids, designer amino acids such as
[(-methyl amino acids, Ca-methyl amino acids, No.-methyl
amino acids, and amino acid analogs in general. Furthermore,
the amino acid residues can be present in D or L form.
[0054] The present invention also concerns different
aspects of using the above-described TNF-a binding
polypeptide, as well as various methods for treatment, diag-
nosis and detection in which the polypeptide is useful due to
its binding characteristics. When referring to the “TNF-a
binding polypeptide” in the following description of these
uses and methods, this term is intended to encompass the
TNF-a binding polypeptide alone, but also all those mol-
ecules based on this polypeptide described above that e g
constitute fragments thereof and/or incorporate the TNF-a
binding polypeptide as a moiety in a fusion protein and/or are
conjugated to a label or therapeutic agent and/or are provided
with additional amino acid residues as a tag or for other
purposes. As explained above, such fusion proteins, deriva-
tives, fragments etc form a part of the present invention.
[0055] According to another aspect of the present inven-
tion, a method of separation, removal and/or purification of
TNF-a is provided. The method comprises a step of affinity
separation, in which step a polypeptide according to the first
aspect of the invention is used. Thus, the invention provides
the use of the polypeptide as described above in a method of
affinity separation. Suitably, the method involves a separation
device, such as chosen among chromatographic media, mem-
branes, cellulose, silica, agarose, polyacrylamide, magnetic
beads, two-phase systems and other such materials com-
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monly used in separation. For example, a suitable solid matrix
may include a surface support made from polystyrene, acry-
lamide, etc., or polymeric plastic, polymeric plastic beads
ranging in sizes 0.1 to 2 mm.

[0056] Inanembodiment, the polypeptide according to the
invention is coupled to the separation device. The thus
obtained separation device, having polypeptide according to
the invention coupled thereto, is referred to as an affinity
matrix.

[0057] For the purposes of purification of TNF-a from a
sample, the sample containing TNF-a to be purified is suit-
ably applied to such an affinity matrix under conditions that
are conducive to binding of TNF-c. to the matrix. Thereafter,
the affinity matrix is washed under conditions such that the
binding of TNF-a to the matrix is maintained, but most,
ideally all, other proteins and contaminants bound to the
matrix are washed away. In an elution step, the matrix is
treated such that TNF-a is released from the matrix in TNF-a.
enriched fraction denoted “TNF-a. fraction”, which may be
recovered.

[0058] If, conversely, the purpose of the separation is the
removal of TNF-q, essentially the same steps as above are
suitably followed, with some exceptions. The sample con-
taining TNF-a to be removed is suitably applied to an affinity
matrix under conditions that are conducive to binding of
TNF-a to the matrix. Thereafter, the affinity matrix is washed
under conditions such that the binding of TNF-a. to the matrix
is maintained, but most, ideally all, other proteins are recov-
ered in the flow-through, thus obtaining a “depleted fraction”
with a substantial reduction in TNF-a. content, which is
recovered. Thus, the non-TNF-a constituents of the sample,
that were discarded in the purification method above, may
instead be retained and used and/or processed further.
[0059] Another method of the invention, also performed
with the purpose of removing TNF-a from a sample but with
the added requirement that the “depleted fraction” should not
contain any substances or solvents not present in the original
sample, comprises a similar sequence of steps. The sample
containing TNF-a to be removed is brought to interact with
the affinity matrix under conditions that are conducive to
binding of TNF-a to the matrix, and subsequently recovered.
This yields a sample (“depleted fraction”) with a substantial
reduction in TNF-a content, which furthermore is essentially
free from anything that was not present in the sample before
application thereof to the affinity matrix.

[0060] As a further alternative of the inventive method,
both the “depleted fraction” and the “TNF-a. fraction” may be
recovered from the same separation run. Then, once again, the
sample containing TNF-a. is suitably applied to an affinity
matrix under conditions that are conducive to binding of
TNF-a. to the matrix. Thereafter, the affinity matrix is
washed, under conditions such that the binding of TNF-a to
the matrix is maintained, but most, ideally all, other proteins
are recovered in the flow-through. The thus obtained
“depleted fraction” with a substantial reduction in TNF-o
content is recovered. In an elution step, the matrix is treated
such that TNF-a is released from the matrix in TNF-a
enriched fraction denoted “TNF-a. fraction”, which is recov-
ered.

[0061] Another related aspect of the invention is a method
for reducing the content of TNF-c. in a portion of a body fluid
of a human, comprising the steps to: a) provide a portion ofa
body fluid from a human; b) apply the portion to an affinity
matrix comprising a TNF-c binding polypeptide as described
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herein, under conditions enabling binding of the TNF-c.to the
affinity matrix, thereby causing a reduction of the content of
TNF-a in the portion of body fluid; and optionally c¢) return at
least a part of said portion of body fluid to said human.

[0062] Themethod according to this aspect of the invention
may be directed to reducing the content of TNF-a in a body
fluid of a subject suffering from complications arising from
the presence of TNF-a, whereby the symptoms are alleviated
by performing the method. Alternatively, the method may be
directed to reducing the content of TNF-ct in a body fluid
aliquot which is intended for use as a supply in a transfusion
to another person than the one from whom the sample of body
fluid originates. The body fluid may for example be whole
blood, plasma or serum. Hence, by using the method accord-
ing to the invention, subjects suffering from complications
arising from the presence of TNF-c could be treated by extra-
corporeal removal of TNF-c.. For example, the levels of
proinflammatory molecules such as TNF-a increase dramati-
cally in patients undergoing surgery, and it has been shown
that these elevated levels are most likely a combined effect of
anesthesia, surgical trauma and endothelial lesions. Due to
the negative effect of the proinflammatory molecules on the
clinical outcome of surgical patients, it would be beneficial to
provide a therapeutic inhibition of the effect of pro-inflam-
matory molecules. According to this aspect of the invention,
thisis achieved directly by the decrease in TNF-a levels in the
body fluid upon carrying out of the inventive method. In other
words, this is an example of an extracorporeal therapy which
allows specific elimination of TNF-at in body fluids to be
returned to, or transfused to, surgical patients. The skilled
person with experience in the art of extracorporeal devices, e
g for immunoadsorption, could use this method with the
inventive affinity matrix for treatment of a subject, by extra-
corporeal removal of TNF-a. from for example a sample of
blood from said subject or for example an aliquot of blood to
be transfused to said subject. Affinity adsorption treatment of
humans is described in many previous publications, inter alia
in U.S. Pat. No. 5,753,227, U.S. Pat. No. 6,264,623 and U.S.
Pat. No. 6,676,622, all to Strahilevitz M.

[0063] In a further aspect, the invention is directed to an
affinity matrix comprising a TNF-o. binding polypeptide
according to the invention as described above.

[0064] Yet another aspect of the present invention is con-
stituted by the use of a TNF-a binding polypeptide as
described herein in a method for detecting TNF-ct in a bio-
logical fluid sample. This method comprises the steps of (i)
providing a biological fluid sample from a patient to be tested,
for example a blood plasma sample for the measurement of
plasma TNF-a levels, (ii) applying a TNF-c. binding
polypeptide as described herein to the sample under condi-
tions such that binding of the polypeptide to any TNF-a
present in the sample is enabled, (iii) removing non-bound
polypeptide, and (iv) detecting bound polypeptide. The
amount of the detected bound polypeptide is correlated to the
amount of TNF-a present in the sample. In step (ii), the
application of a TNF-a binding polypeptide to the sample
may be performed in any suitable format, and includes for
example the situation when a TNF-a binding polypeptide is
immobilized on a solid support with which the sample is
brought into contact, as well as set-ups in which a TNF-a.
binding polypeptide is present in solution. The method
according to this aspect of the invention may suitably be
performed in a standard 96-well format, in analogy to existing
ELISA tests. As a preferred alternative, the polypeptide
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according to the invention is used as one or more reagent(s) in
a sandwich assay, whereas a monoclonal or polyclonal anti-
body directed against TNF-c. may be used as other reagents.
A sandwich assay using the SPA domain derived TNF-a.
binding molecule as either capture or detection agent shows
several advantages compared to using conventional antibody
reagents for both capture and detection. One specific such
advantage is the elimination of false positive results in the
absence of TNF-a,, which false positives are due to cross-
linking between capture and detection anti-bodies by for
example heterophilic anti-animal Ig anti-bodies (HAIA).

[0065] As an additional aspect, the invention provides the
use of a TNF-a. binding polypeptide as described herein in a
method of detection of TNF-ain tissue samples. This method
comprises the steps of (i) providing a tissue sample suspected
of containing TNF-q, (ii) applying a TNF-a. binding polypep-
tide according to the invention to said sample under condi-
tions conducive for binding of the polypeptide to any TNF-a.
present in the sample, (iii) removing non-bound polypeptide,
and (iv) detecting bound polypeptide. The amount of the
detected bound polypeptide is correlated to the amount of
TNF-a present in the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] FIG. 1 shows an alignment of the sequences of the
sequence listing. The amino acid positions that have been
subjected to modification in the examples of TNF-a binding
polypeptides according to the invention (SEQ ID NO:2-84)
are indicated in bold face.

[0067] FIG. 2 is a schematic illustration of the amino acid
sequence of the polypeptides according to the invention
expressed and characterized in Example 2. ZTNF represents
a TNF-o binding domain with a sequence selected from the
sequences of Z00183, Z00185, 200192, 700194, Z00198,
700200, 700203, 700205, Z00207, 200209, 200210 and
700211.

[0068] FIG. 3 shows Biacore® sensorgrams obtained after
duplicated injections of different concentrations of TNF-a
over sensor chip surfaces having the following ZTNF variant
immobilized thereto. A: His,-Z00185; B: Hisg-Z00192; C:
His4-Z00198; D: Hiss-Z00210. The concentration of TNF-o
used in each binding curve of the four sensorgrams has been
indicated in the figure.

[0069] FIG. 4 is a schematic illustration of the amino acid
sequence of the polypeptides according to the invention
expressed and characterized in Example 3. A: His-(Z00734)
4 Bt His -(Z200752),; C: His-(Z00771),.

[0070] FIG. 5 shows Biacore® sensorgrams obtained after
duplicated injections of different concentrations of TNF-o
over sensor chip surfaces having the following ZTNF variant
immobilized thereto. A: Hisg-(Z00734),,; B: His,-(Z00752),;
C: His4-(Z200771),. The concentration of TNF-ct used in each
binding curve is indicated as follows: 0 uM [1,0.25 uM b, 0.5
UMA, 1uM O, 2uM €.

[0071] FIG. 6 is a flow cytometric comparative histogram
overlay of four sets of beads comprising streptavidin-coated
beads with anti-FLAG peptide antibody (BioM5) co-immo-
bilized with biotinylated PCR fragments encoding FLAG-
701446 fusion protein (solid light grey line), FLAG-Z01447
fusion protein (solid dark grey line), FLAG-Z00185 fusion
protein (dashed black line) and negative control beads immo-
bilized with anti-FLAG peptide antibody (BioMS5) (grey line
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with rings), respectively, subjected to cell-free transcription
and translation extract followed by incubation with TNF-a-
Alexa Fluor 488.

[0072] FIGS. 7A-B are comparative sensorgram overlays
obtained from biosensor analysis of chip-immobilized
701613 and two control Z variants denoted ZSOD1 and
7ZS0D2, including a blank sensor-chip surface. Superoxide
dismutase was injected at a concentration of 40 pg/ml (FIG.
7A) and TNF-a at a concentration of 50 pg/ml (FIG. 7B).
[0073] FIGS. 8A-C are comparative sensorgram overlays
obtained from biosensor analysis of chip-immobilized
701608 and Z01609 and two control Z variants denoted
7S0D3 and ZSOD4. Superoxide dismutase was injected at a
concentration of 40 pg/ml (FIG. 8A) and 1 mg/ml (FIG. §B),
and TNF-o. at a concentration of 50 pg/ml (FIG. 8C).

[0074] FIGS. 9A-B are comparative sensorgram overlays
obtained from biosensor analysis of chip-immobilized
701610, 701611, 701612 and Z01614. Superoxide dismu-
tase was injected at a concentration 0f 40 ug/m1 (FIG. 9A) and
TNF-a at a concentration of 50 ug/ml (FIG. 9B).

[0075] The invention will now be illustrated further
through the non-limiting description of experiments con-
ducted in accordance therewith. In these experiments, several
TNF-a binding polypeptides according to the invention were
selected from a library of a multitude of different SPA domain
related polypeptides, and subsequently characterized.

[0076] Unless otherwise specified, conventional molecular
biology methods were used throughout.

[0077] TNF-c binding variants of protein Z (“Z variants™)
are sometimes collectively denoted ZTNF.

EXAMPLE 1

Selection and ELISA Study of TNF-a Binding
Polypeptides

Library Panning and Clone Selection

[0078] A combinatorial phage display library was prepared
essentially as described in Nord K et al (1995, supra). The
pool of this library which was used in the present study
comprised 3.3x10° variants of protein 7 (Affibody® mol-
ecules), with random amino acid residues at positions 9, 10,
11,13, 14, 17, 18, 24, 25, 27, 28, 32 and 35. TNF-a binding
7 variants were selected using biotin-conjugated, recombi-
nant TNF-a. produced in E. coli as target (Research Diagnos-
tics Inc, cat no RDI-301X; delivered as a lyophilizate from 3
mM Tris solution, pH 8.0, with no additives; SEQ ID NO:85).
After four cycles of selection, clones were picked for phage
Enzyme Linked ImmunoSorbent Assay (ELISA) in order to
perform an analysis of their TNF-a binding activity.

Elisa for Analysis of TNF-a Binding

[0079] Z variants from clones obtained after four rounds of
selection were expressed in 96 well plates and screened for
TNF-a binding activity using ELISA. The expressed prod-
ucts were fusion proteins between prospective TNF-a bind-
ing 7 variants and an albumin binding domain (ABD) of
streptococcal protein G. Single colonies were inoculated in 1
ml TSB+YE medium (tryptic soy broth with yeast extract)
supplemented with 100 ug/ml ampicillin and 1 mM IPTG
(isopropyl f-D-1-thiogalactopyranoside) in deep well plates
and grown over night at 37° C. Cells were pelleted by cen-
trifugation at 3000 g for 15 min, resuspended in 400 ul PBS-T
(PBS with 0.1% Tween-20; PBS: 2.68 mM KCl, 1.47 mM
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KH,PO,, 137 mMNaCl, 8.1 Na,HPO,, pH 7.4) and frozen at
-80° C. Frozen samples were thawed in a water bath and cell
debris was pelleted at 3700 g for 40 min, Supernatants con-
taining fusion proteins between prospective TNF-a binding Z
variants and ABD were collected and stored at 4° C. until use
in ELISA according to the following.

[0080] Microtitre wells (Costar, cat no 9018) were coated
overnight at 4° C. with 100 pl human serum albumin (HSA,;
Sigma, cat no A-3782) at a concentration of 6 pg/ml in ELISA
coating buffer (0.1 M sodium carbonate; Merck). The wells
were blocked with blocking buffer (0.5% casein in PBS) for 2
h at room temperature. 100 pl of each prepared fusion protein
solution were added, and plates were incubated for 1.5 hours
at room temperature. Biotinylated TNF-c at a concentration
of 1 pg/mlin PBS-T was added to the wells and incubated for
1.5 h. Bound TNF-a was detected either with streptavidin
conjugated to horseradish peroxidase (SA-HRP; Dako, cat no
P0397) or with streptavidin conjugated to poly-horse radish
peroxidase (SA-polyHRP40; Research Diagnostics, cat no
RDI-PHRP40-SA2), each diluted 1:5000 in PBS-T, and incu-
bated for 1 hour at room temperature. Developing solution
was prepared by mixing an equal volume of TMB substrate A
and B according to the manufacturer’s instructions (Immu-
noPure TMB Substrate Kit; Pierce cat no 34021). 100 pl were
added to each well. After 30 min of incubation in darkness,
100 pl stop solution (2 M H,SO,,) was added. The plates were
read at A 45, in an ELISA spectrophotometer (Basic Sunrise;
Tecan).

[0081] Inexperiments using SA-HRP for detection, TNF-c.
binders were identified using a threshold criterion of an A 5
above 0.17. In experiments using SA-polyHRP40, the thresh-
old value was set to an A, above 0.5. The Z variant fusion
proteins giving a signal above the threshold value in the
ELISA experiments were selected for DNA sequence analy-
sis.

DNA Sequence Analysis

[0082] PCR fragments were amplified from the colonies
obtained after four rounds of selections using oligonucle-
otides AFFI-21 (SEQ ID NO:86) and AFFI-22 (SEQ ID
NO:87). Amplified fragments were sequenced using the
biotinylated oligonucleotide AFFI-72 (SEQ ID NO:88) and
the ABI PRISM dGTP, BigDye™ Terminator v3.0 Ready
Reaction Cycle Sequencing Kit (Applied Biosystems)
according to the manufacturer’s recommendations. The
sequencing reactions were purified by binding to magnetic
streptavidin-coated beads using a Magnatrix 8000, and ana-
lyzed on an ABI PRISM® 3100 Genetic Analyser (Applied
Biosystems). The sequence analysis resulted in 74 unique
sequences. The sequences of the Z variants expressed by the
clones chosen based on the ELISA binding assay are given in
FIG. 1, and identified in the sequence listing as SEQ ID
NO:2-75.

EXAMPLE 2

Expression and Characterization of TNF a Binding
Polypeptides

[0083] TNF-a binding variants were selected for further
characterization on the basis of 1) ELISA values obtained as
described in Example 1, ii) results from clustering of amino
acid sequences and ii1) the abundance of the sequence in the
selection result. TNF-o. binding variants with the amino acid
cysteine in any variable positions were eliminated. The cho-
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sen clones were Z00183, Z00185, 700192, Z00194, 700198,
700200, 700203, 700205, 700207, Z00209, Z00210 and
700211 (see FIG. 1). All experiments of this Example were
individually conducted with all of these variants. The TNF-a
binding 7 variants were produced in small scale as His,-
fusion proteins with an additional C-terminal cysteine resi-
due. Purified proteins were affinity screened for TNF-a bind-
ing activity using surface plasmon resonance technology
(SPR).

Expression and Purification of Fusion Polypeptides

[0084] Fusion polypeptides were expressed in E. coli BL.21
(DE3) cells, by adapting the methods of Nilsson B et al, Eur.
J. Biochem. 224 (1994), 103-108 and using conventional
molecular biology methods for cloning. The expression vec-
tor used encodes a fusion polypeptide as schematically illus-
trated in FIG. 2, in which ZTNF represents the different
TNF-o binding domains with the sequences of 700183,
700185, 700192, 700194, 700198, 700200, 700203,
700205, 700207, 200209, 700210 and 700211 (see FIG. 1).
One additional variant, denoted Z00468, was obtained due to
contamination of the original 700209 preparation. We could
not exclude that Z00468 was a more interesting clone than
700209, so this clone was included in the study.

[0085] A colony of each Z variant transformed into E. coli
BL21(DE3) was used to inoculate 10 m1 TSB (3% w/v tryptic
soy broth) medium supplemented with 50 ug/ml kanamycin.
The cultures were grown over night at 37° C. The following
day, 20 ul of each overnight culture was used to inoculate 5 ml
TSB+YE (3% w/v tryptic soy broth+0.5% w/v yeast extract)
medium supplemented with 50 pg/ml kanamyein in a 24 well
plate (2 wells/variant). The cultures were grownat 150 rpm at
37°C.toan ODyg(, of =0.7-1, which was followed by addition
of IPTG (1 M isopropyl-p-D-thiogalactopyranoside) to a
final concentration of 0.5 mM and incubation at room tem-
perature over night. Cultures were harvested by centrifuga-
tion at 1000 g for 10 minutes and pellets were stored at —80°
C. until protein preparation.

[0086] The Hisstagged proteins were IMAC purified
under denatured conditions using QI Afilter 96 Plates Ni-NTA
Superflow kit and QIAsoft 4.1, medium scale protein/Ni-
NTA Superflow 96 denat program on a Biorobot 3000
(Qiagen) according to the manufacturer’s instructions. Buffer
exchange to PBS (2.68 mM KCl, 1.47 mM KH,PO,, 137 mM
NaCl, 8.1 Na,HPO,, pH 7.4) with NAP-5 columns (Amer-
sham Biosciences) was performed according to manufactur-
er’s recommendations after the purification.

[0087] Protein concentration was determined using the
BCA Protein Assay Reagent Kit (Pierce, cat no 23225) as
recommended by the manufacturer. The purity of the proteins
was analyzed by SDS-PAGE on 20% polyacrylamide gels
under reducing conditions and stained with Coomassie Blue
R, using the Phast™ system (Amersham Biosciences)
according to the manufacturer’s recommendations. All pro-
tein preparations exhibited a high degree of purity.

Biosensor Screening of Expressed Z Variants

[0088] Biacore analyses were performed with the 7 vari-
ants, TNF-c,, HSA or IgG immobilized on the surface of
sensor chips in a Biacore® 2000 instrument (Biacore AB).

[0089] HSA,IgG and TNF-a were immobilized in different
flow cells by amine coupling onto the carboxylated dextran
layer on surfaces of CM-5 chips (research grade; Biacore
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AB), according to the manufacturer’s recommendations. The
first cell surface (FC-1) on the chip was activated and deac-
tivated and used as a reference cell during injections. Immo-
bilization resulted in approximately 2400 resonance units for
each of the three proteins. Samples of Z variants were diluted
in HBS-EP (10 mM HEPES, 150 mM NaCl, 3 mM EDTA,
0.005% P-20, pH 7.4) to a final concentration of 8 uM and
injected at a constant flow-rate of 10 ul/minute for 10 minutes,
followed by injection of HBS-EP for 5 minutes. The surfaces
were regenerated with 2 injections of 50 mM NaOH. All Z
variant molecules tested bound to TNF-o. However, it was
difficult to interpret the binding activity between different
TNF-o. binding 7 variant. A different immobilization
approach was therefore also utilized.

[0090] Purified Z variants were immobilized onto the car-
boxylated dextran layer on surfaces of a CM-5 chip in differ-
ent flow cells using the ligand thiol method according to the
manufacturer’s recommendations. One flow cell surface on
each chip was activated and deactivated and used as blank
during injections. The analytes (TNF-a,, HSA and IgG) were
diluted in HBS-EP to a final concentration of 30 pg/ml (TNF-
a) or 60 pg/ml (HSA and IgG) and injected at a constant
flow-rate of 10 pl/minute for 20 minutes followed by 5 min-
utes injection of HBS-EP. The surface was regenerated with 2
injections of 10 mM HCI. The experiment was repeated using
the same Biacore program as described above except that the
injection time was changed from 20 to 4 minutes. All variants
were found to bind to TNF-a.. Moreover, variants Z00185,
700192, 700198, 700210, 700211 and 200468 were found to
bind specifically to TNF-o.. Considering the binding activity
and binding specificity of the studied TNF-co binding
polypeptides, Z00185, Z00192, 700198 and 700210 were
chosen for further studies.

Measurement of Apparent K, Values Using SPR

[0091] Biosensor analyses were used to determine kinetic
values for Z00185, 200192, 700198 and Z00210. The ZTNF
molecules were immobilized on the sensor chip surface as
described above. TNF-a. samples with different concentra-
tions were injected at a flow rate of 60 pl/min. Four or five
different concentrations ranging from 4 nM to 250 nM of
TNF-a in HBS-EP were measured in duplicate. Dependent
on the ZTNF variant that was analyzed, the highest concen-
tration of TNF-a was either 100 or 250 nM. TNF-o was
injected randomly as duplicates over the surfaces with thiol
coupled ZTNF variants for 2.5 minutes, which was followed
by injection of HBS-EP for 10 minutes. The surfaces were
subsequently regenerated with 2 injections of 10 mM HCI.
The response measured in a reference cell was subtracted
from the responses measured in the cells containing immo-
bilized ZTNF polypeptides. FIG. 3A-3D shows sensorgrams
obtained from the measurements of Z00185 (3A), Z00192
(3B), 700198 (3C) and 700210 (3D). The concentrations of
TNF-a used in each binding curve of the four sensorgrams are
indicated. Apparent affinity constant (K,) values were calcu-
lated using BIAevaluation 3.2 software (Biacore AB), assum-
ing a 1:1 Langmuir binding model. The results are presented
in Table 1.

TABLE 1

Protein Ky (M)

Hiss-Z00185-Cys 0.1-0.5
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TABLE 1-continued

Protein Kp @M)
Hisg-Z00192-Cys 10-20
Hisg-Z200198-Cys 20-30
Hisg-Z00210-Cys 2-5

EXAMPLE 3

Expression and Characterization of Multimeric
Forms of TNF-a Binding Polypeptides

[0092] Additional selected TNF-oo binding variants
700734, 700752 and 700771 (see FIG. 1) were also further
characterized. In the experiments of this Example, these
polypeptides are sometimes collectively denoted ZTNF. All
experiments were individually conducted with all of these
variants. The TNF-a binding Z variants were produced as
His,-tagged multimers. Affinity of purified proteins for
TNF-a was measured using surface plasmon resonance tech-
nology (SPR).

Expression and Purification of Fusion Polypeptides

[0093] Fusion polypeptides were expressed in £. coli BL21
(DE3) cells, by adapting the methods of Nilsson B et al, Eur
J Biochem 224 (1994), 103-108 and using conventional
molecular biology methods for cloning. The expression vec-
tor used encoded multimeric forms of ZTNF polypeptides, as
schematically illustrated in FIG. 4.

[0094] Expression was performed as described in Example
2 above. Proteins were purified from 1 liter cultures of trans-
formants carrying plasmid encoding the proteins His,-
(700734),, His-(200752),, and His,-(Z00771),,. Purification
was performed using IMAC with Ni-NTA Superflow col-
umns on the Biorobot 3000 (Qiagen). Totalamounts of IMAC
purified proteins were determined with the BCA method. The
proteins were analyzed by SDS-PAGE on 4-12% polyacryla-
mide gels and showed good purity.

Biosensor Analysis

[0095] The binding affinity between each of the three mul-
timeric ZTNF variants and TNF-o. were analyzed using sur-
face plasmon resonance on a Biacore® 2000 instrument (Bia-
core AB). The ZTNF variants His,-(Z00734),, His,-
(Z200752), and Hisg-(Z200771), were immobilized on the
surface using amine coupling onto the carboxylated dextran
layer on surfaces of CM-5 chips (research grade; Biacore
AB), according to the manufacturer’s recommendations.
Immobilization resulted in approximately 850, 900 and 1400
resonance units, respectively, for the three molecules. TNF-a.
samples of different concentrations were injected at a flow
rate of 30 pl/min. Five different concentrations (0, 0.25, 0.5,
1 and 2 pM) in HBS-EP (10 mM HEPES, 150 mM NacCl, 3
mM EDTA, 0.005% P-20, pH 7.4) were measured. Injections
of TNF-a were made during 5 minutes followed by injection
of HBS-EP for 10 minutes. The surfaces were finally regen-
erated with 2 injections of 10 mM HCI. The response mea-
sured in a reference cell was subtracted from the responses
measured in the cells containing immobilized ZTNF variants.
FIG. 5A-5C shows sensorgrams obtained from the measure-
ments of (Z00734), (5A), (Z00752), (3B) and (Z00771),
(5C). The concentrations of TNF-a used in each binding
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curve of the four sensorgrams are indicated as follows: 0 uM
[1,0.25uM &, 0.5uM A, 1 uM O, 2 uM ¢ . Binding values
to ablank sensor-chip surface have been subtracted. Apparent
K, values were estimated using BIAevaluation 3.2 software
(Biacore AB), assuming a 1:1 Langmuir binding model. The
approximate K, for the interaction with TNF-c.is 400 nM for
all three ZTNF variants.

EXAMPLE 4

De Novo Selection and Flow Cytometry Analysis of
TNF-a Binding Polypeptides Using Microbead Dis-

play

[0096] A combinatorial library of Z variants, adopted for
microbead display (Nord O et al, ] Biotechnol 106:1-13
(2003) and U.S. Pat. No. 6,955,877), was constructed by
ligating a library assembly cassette (Nord K et al (1995) Prot
Eng 8:601-608) flanked by Xhol and Nhel restriction sites
into an Xhol and Nhel restricted pET-23d-FLAG vector
(Nord O et al (2003) supra). Biotinylated PCR fragments
encoding the library of Z variants fused to FLAG, prepared
for cell-free transcription and translation, was obtained by
performing PCR on the ligation mixture with the primers
AFFI-808 (SEQ ID NO:91) and AFFI-811 (SEQ ID N0:92).
[0097] PCR fragments encoding the library of Z variants
were immobilized on 2x10® streptavidin-coated beads
(Bangs Laboratories) at a concentration of approximately
0.60 ng/mg beads, corresponding to approximately 50 PCR
fragments per bead, resulting in an Z variant library of 1x10*°
variants. The beads (50 mg) had previously been incubated
with 7.5 ul of a solution containing 1.89 mg/ml of a biotiny-
lated anti-FLAG peptide antibody (BioMS$, Sigma, Saint
Louis, Mo., USA). The 1x10"° library was subjected to 400 ul
of a cell-free transcription and translation reaction mix using
a PURESYSTEM S-S Standard system (Post Genome Insti-
tute Co Ltd, Tokyo, Japan). After incubation for two hours at
30° C. with gentle mixing, the bead library was washed three
times with phosphate buffered saline (PBS) with 0.05% Plu-
ronic F108 NF surfactant (BASF Corporation, Mount Olive,
N.J., USA). The bead library was subsequently incubated
with 100 nM TNF-a. (Research Diagnostics Inc, cat no RDI-
301-223X, lot no 10SHTNFAO1X; SEQ ID NO:85) conju-
gated to Alexa Fluor 488 (Molecular Probes, Eugene, Oreg.,
USA) to detect those translated and biospecifically bead-
immobilized, 7 variant molecules fused to FLAG, capable of
binding TNF-a-Alexa Fluor 488. After incubation for 30 min
in room temperature with gentle mixing, the bead library was
washed three times with phosphate buffered saline (PBS;
2.68 mM KCl, 147 mM KH,PO,, 137 mM NaCl, 8.1
Na,HPO,, pH 7.4) with 0.05% Pluronic F108 NF surfactant
(BASF Corporation, Mount Olive, N.J., USA) and resus-
pended in PBS for flow cytometric sorting.

[0098] Flow cytometric sorting was performed in two steps
without any addition of TNF-a-Alexa Fluor 488, using a
FACSVantage SE instrument (BD Biosciences, San Jose,
Calif., USA). A sorting gate was set to sort out beads with a
relative Alexa Fluor 488 fluorescence of =20. The first sort-
ing step was performed in enrichment mode (low purity and
high yield of the sorted bead fraction) and 21000 beads were
collected. During the first sorting step, all sorted beads were
collected in the same tube containing PBS. In the second
sorting step, stringent purity sorting was performed (high
purity and low yield of the sorted bead fraction) and 2600
beads were collected. The PCR fragments on the collected
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beads from the second sorting step were amplified by PCR
with primers AFFI-808 and AFFI-811. The resulting PCR
fragments were applied on a 1% agarose gel for gel electro-
phoresis, and the band corresponding to PCR fragments of
correct size was cut out and purified using GenFElute Minus
EtBr Spin Columns (Sigma, Saint Louis, Mo., USA).

[0099] A second selection cycle was performed by immo-
bilizing the purified PCR fragments from the first selection
cycle on 2.5x107 beads at a concentration of 0.012 ng/mg
beads, corresponding to approximately one PCR fragment
per bead. The beads had previously been incubated with a
solution containing a biotinylated anti-FLLAG peptide anti-
body (BioM35) as described above. Subsequently, the beads
were subjected to 50 ul of cell-free transcription and transla-
tion reaction mix using a PURESYSTEM S-S Standard sys-
tem, followed by incubation with 100 nM TNF-a conjugated
to Alexa Fluor 488 as described above. The beads were
washed three times in PBS with 0.05% Pluronic F108 NF
surfactant (BASF Corporation, Mount Olive, N.J., USA) and
resuspended in PBS for flow cytometric sorting in which a
two-step sorting scheme was employed without any addition
of TNF-c.-Alexa Fluor 488 as described above. From the
second sorting step, 1000 beads were collected and a two-step
PCR reaction was performed. The first PCR reaction was
performed on the collected beads using primers AFFI-3808
and AFFI-811. This PCR reaction served as template for a
second, nested PCR using the primers AFFI-903 (SEQ ID
NO:94) and AFF1-24 (SEQ ID NO:89). The resulting PCR
fragments were applied on a 1% agarose gel and purified as
described above.

[0100] The purified PCR fragments from the second selec-
tion cycle were cloned into a pGEM-T vector using the
pGEM-T Vector System I (Promega, Madison, Wis., USA)
and trans-formed into Escherichia coli strain RRIAM15 (Ru-
ther U, Nucl Acids Res 10:5765-5772 (1982)). A PCR screen
of the resulting colonies after transformation was performed
with primers AFFI-21 (SEQ ID NO:86) and AFFI-26 (SEQ
1D NO:90) and colonies with PCR fragment-inserts of correct
length were amplified and identified by DNA sequencing as
described in Example 1 using the primer AFFI-26.

[0101] DNA sequencing revealed two clones from the sec-
ond microbead display selection cycle, denoted Z01446
(SEQ ID NO:76) and 701447 (SEQ ID NO:77) (FIG. 1).
701446 and 701447 were further analyzed by flow cytomet-
ric analysis to verify their TNF-a binding activity. PCR was
performed on the colonies harboring the clones 701446 and
701447 with primers AFFI-902 (SEQ ID NO:93) and AFFI-
903, yielding biotinylated PCR fragments enabling cell-free
transcription and translation of the two clones. The two PCR
fragments were separately immobilized on two set of beads at
a concentration of 8 ng/mg beads, corresponding to approxi-
mately 500 PCR fragments per bead. The two sets of beads
had previously been incubated with a biotinylated anti-FLAG
peptide antibody (BioM5) as described above. The two sets of
beads with FLAG-Z01446 and FLAG-Z01447 PCR frag-
ments were individually resuspended in 25 pl of cell-free
transcription and translation reaction mix, using a PUR-
ESYSTEM S-S Standard system followed by incubation with
500 nM TNF-a conjugated to Alexa Fluor 488 as described
above. After incubation for 30 min in room temperature with
gentle mixing, the two sets of beads were washed as described
above and resuspended in PBS for clonal flow cytometric
analysis.

Dec. 10, 2009

[0102] Two controls were included in the flow cytometric
analysis. The first control comprised streptavidin-coated
beads immobilized with biotinylated anti-FLAG peptide anti-
body (negative control) and the second control comprised
streptavidin-coated beads co-immobilized with biotinylated
anti-FLAG peptide antibody and biotinylated FLAG-Z00185
PCR fragment (positive control). Z00185 is a TNF-ct-binding
7 variant identified by phage display as described in Example
1. The FLAG-Z00185 PCR fragment, prepared for cell-free
transcription and translation, was generated by performing
PCR on a pET-23d-FLAG-7Z00185 vector, constructed as
described above, using the primers AFFI-808 and AFFI-811.
[0103] Flow cytometric analysis of Z01446 and 7001447
revealed a significantly higher Alexa Fluor 488 fluorescence
compared to the negative control beads (FIG. 6), indicating
TNF-a-binding activity of both Z01446 and Z01447. In addi-
tion, the fluorescence values for 701446 and 701447 were
comparable to those for Z00185, which had been previously
identified using with phage display and is included for refer-
ence in the histogram (FIG. 6).

EXAMPLE 5

De Novo Selection of TNF-a. Binding Polypeptides
Using Protein Fragment Complementation Assay
(PCA)

[0104] A combinatorial library of Z variants, adopted for
TEM-1 p-lacatamase protein fragment complementation
assay (PCA) in Escherichia coli (Nord O et al, FEMS Micro-
biol Lett 242:73-79 (2005)), was constructed by performing
PCR on the 129 bp oligonucleotide AFFI-546 (SEQ ID
NO:96) encoding helices 1 and 2 of the Z domain. The gene
fragment was amplified using the forward primer AFFI-047
(SEQ ID NO:99) and the reverse primer AFFI-050 (SEQ ID
NO:100), with 100 fmol template oligonucleotide for each of
95 parallel reactions. The amplifications were performed
using AmpliTag Gold polymerase (Applied Biosystems) for
10 cycles (15 s at 96° C., 15 s at 60° C., 1 min at 72° C.),
pooled, purified using the QIAquick PCR purification kit
(Qiagen, Hilden, Germany), Xhol/Nhel digested and ligated
into an Xhol- and Nhel-restricted pOmpA-w198 vector
(Nord O et al (2005), supra).

[0105] Electrocompetent E. coli RRIAM1S cells (Ruther U
(1982), supra) were transformed with 60 aliquots of ligated
material using 0.2-cm-gap-size cuvettes in an ECM 630 set
(BTX, Genetronics) at 2500V, 125 W and 50 pF. Cells were
grown in SOC medium (Tryptone Soy Broth (TSB)+Yeast
Extract (YE) supplemented with 1% glucose, 10 mM MgCl,,
10 mM MgSO,, 10 mM NaCl and 2.5 mM KCI) for 50 min
and transferred to 6 E-flasks, each containing 1 I TSB+YE (30
g/l TSB (Merck, Darmstadt, Germany), 5 g/l YE (Merck))
supplemented with 2% glucose and 25 pg/ml carbencillin and
grown over night at 37° C. The cells were centrifuged at 2000
g, and then resuspended in PBS/glycerol solution to a final
approximate concentration of 20% glycerol, aliquoted and
stored at —80° C. This yielded a library of 1.6x10” variants.
[0106] A selection against TNF-o. was performed by pre-
paring a phage stock (Nord K et al (1995), supra) from the
1.6x10° library. The phage stock was used to infect log-phase
(OD¢,=0.5-0.8) E. coli RRIAM15 cells (pre-cultivated in 28
ml TSB with tetracycline (20 pg/ml)) harboring the vector
pOmpA-a197-TNF-a. (Nord O et al (2005), supra), in which
the gene coding for TNF-c (Swiss-Prot accession number
P01375) had been inserted between the Notl and Ascl restric-
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tion sites and the chloramphenicol resistance marker had
been replaced with a tetracycline resistance marker. The
infection was performed at 37° C. for 2 h without shaking
followed by centrifugation. Subsequently, the cell pellet was
resuspended in freshly made TSB supplemented with yeast
extract, chloramphenicol (20 pg/ml), tetracycline (20 pg/ml)
and IPTG (1 mM). After cultivation for 5 hat37° C., the cells
were plated on 20x20 cm agar plates containing different
concentrations of carbenecillin (40, 80 and 160 pg/ml),
chloramphenicol (20 pg/ml), tetracycline (20 ug/ml), tazo-
bactam (0.4 pg/ml) and IPTG (1 mM). Incubation was per-
formed over night at 37° C., and surviving cells were screened
with PCR using primers AFFI-21 (SEQ ID NO:86) and AFFI-
617 (SEQ ID NO:98) and DNA sequencing was performed as
described in Example 1 using primers AFFI-71 (SEQ ID
NO:95) and AFFI-609 (SEQ ID NO:97).

[0107] Seven colonies of TNF-a-binding 7 variants were
identified (SEQ ID NO:78-84; FIG. 1). The seven ZTNF
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variants were produced as soluble secreted proteins fused to a
5 kDa serum albumin binding protein (ABD), released from
the periplasm and purified by affinity chromatography on
HSA-sepharose columns (Nygren et al, ] Mol Recognit 1:69-
74 (1988)).

[0108] Biosensor analysis of the ZTNF variant fusion pro-
teins Z01608-ABD, 701609-ABD, Z01610-ABD, 701611-
ABD, 7Z01612-ABD, Z01613-ABD and Z01614-ABD was
performed with a BlAcore™ instrument essentially as
described for in Example 3. Briefly, the ZTNF variants were
immobilized on a CM-5 chip, including negative control Z
variants (Z variants selected for specific binding activity
towards superoxide dismutase and denoted ZSOD1, ZSOD?2,
ZS0D3 and ZSODA4) as indicated in FIGS. 7 and 8. All seven
ZTNF molecules, 701608, 701609, 701610, 701611,
701612, 701613 and 701614, showed TNF-a-binding activ-
ity when TNF-a. was injected at the indicated concentrations
(FIGS. 7B, 8C and 9B).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 100

<210> SEQ ID NO 1

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 1

Val Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe

1 5 10

Leu His Leu Pro Asn Leu Asn Glu Glu Gln Arg Asn Ala

20 25

Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu

35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 2

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 2

Val Asp Asn Lys Phe Asn Lys Glu Ala Ala Trp Ala Pro

1 5 10

Gln His Leu Pro Asn Leu Asn His Pro Gln Asn Asp Ala

20 25

Ser Leu Thr Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu

35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 3
<211> LENGTH: 58
<212> TYPE: PRT

Tyr Glu Ile

15

Phe Ile Gln
30

2la Glu 2la

Phe Glu Ile

15

Phe Ile 2sp
30

Ala Glu 2la
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12

-continued
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 3
Val Asp Asn Lys Phe Asn Lys Glu Met Phe Gly Ala Val Gly Glu Ile
1 5 10 15
Gly Ala Leu Pro Asn Leu Asn Asp Arg Gln Leu Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 4
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 4
Val Asp Asn Lys Phe Asn Lys Glu Cys Trp Arg Ala Pro Phe Glu Ile
1 5 10 15
Tyr Arg Leu Pro Asn Leu Asn Arg Glu Gln Gln Ile Ala Phe Ile Arg
20 25 30
Ser Leu Cys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 5
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 5
Val Asp Asn Lys Phe Asn Lys Glu Leu Gly Trp Ala Ile Gly Glu Ile
1 5 10 15
Gly Thr Leu Pro Asn Leu Asn His Gln Gln Phe Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 6
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400>

SEQUENCE: 6

Val Asp Asn Lys Phe Asn Lys Glu Ser

1

5

Val Arg Leu Pro Asn Leu Asn Ala Trp

Glu Gly Ala Met Hisg Glu Ile

10

15

Gln Arg Gln Ala Phe Ile Val
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20 25

Ser Leu Trp Asp Asp Pro Ser Gln Ser

35 40

Lys Lys Leu Asn Asp Ala Gln Ala Pro

50 55
<210> SEQ ID NO 7
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered
<400> SEQUENCE: 7
Val Asp Asn Lys Phe Asn Lys Glu Lys
1 5
Gln Gly Leu Pro Asn Leu Asn Ile Asp
20 25
Ser Leu Arg Asp Asp Pro Ser Gln Ser
35 40
Lys Lys Leu Asn Asp Ala Gln Ala Pro
50 55
<210> SEQ ID NO 8
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered

<400> SEQUENCE: 8
Val Asp Asn Lys Phe Asn Lys Glu Met
1 5
Gln Asp Leu Pro Asn Leu Asn Ile Glu
20 25
Ser Leu Arg Asp Asp Pro Ser Gln Ser
35 40
Lys Lys Leu Asn Asp Ala Gln Ala Pro
50 55
<210> SEQ ID NO 9
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered

<400>

Val Asp Asn Lys Phe Asn Lys Glu

1

Gln Asp Leu Pro Asn Leu Asn Leu

Ser Leu Leu Asp Asp Pro Ser Gln

Lys Lys Leu Asn Asp Ala Gln Ala
50

<210>

SEQUENCE: 9

Gly
5

Asp
20 25
Ser
35 40

Pro
55

SEQ ID NO 10

30

Ala Asn Leu Leu Ala Glu 2la
45

Lys

Sequence

Met Ala Glu Ile

15

Lys
10

Cys

Gln Phe

30

Cys Trp Ile Thr

Ala Leu Ala Glu 2la

45

Asn Leu

Lys

Sequence

Gln
10

Cys Ala Gly Glu Ile

15

Cys

Gln Phe

30

Cys Cys Ile Arg

Ala Leu Ala Glu 2Ala

45

Asn Leu

Lys

Sequence

Glu Ile
15

Arg Thr Ala
10

Cys

Phe
30

Gln Cys Trp Ile Lys

Ala Asn Leu Leu Ala Glu 2la

45

Lys
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<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 10

Val Asp Asn Lys Phe Asn Lys Glu Cys Ser Met Ala Pro Arg Glu Ile
1 5 10 15

Trp Ala Leu Pro Asn Leu Asn Arg Glu Gln Ala Val Ala Phe Ile Arg
20 25 30

Ser Leu Cys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 11

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 11

Val Asp Asn Lys Phe Asn Lys Glu Cys Arg Thr Ala Pro Arg Glu Ile
1 5 10 15

Phe Ser Leu Pro Asn Leu Asn Ile Gly Gln Gln Trp Ala Phe Ile Arg
20 25 30

Ser Leu Cys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 12

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 12

Val Asp Asn Lys Phe Asn Lys Glu Thr Val Pro Ala Met Arg Glu Ile
1 5 10 15

Ala Ser Leu Pro Asn Leu Asn Thr Thr Gln Lys Val Ala Phe Ile Arg
20 25 30

Ser Leu Ser Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 13

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 13

Val Asp Asn Lys Phe Asn Lys Glu Cys Ala Tyr Ala Pro Arg Glu Ile
1 5 10 15
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Trp Arg Leu Pro Asn Leu Asn His Gln Gln Gly Val Ala Phe Ile Arg
20 25 30

Ser Leu Cys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 14

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 14

Val Asp Asn Lys Phe Asn Lys Glu Pro Asn Val Ala Ser Met Glu Ile
1 5 10 15

Leu Pro Leu Pro Asn Leu Asn Asn Gln Gln Met Thr Ala Phe Ile Gln
20 25 30

Ser Leu Asp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 15

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 15

Val Asp Asn Lys Phe Asn Lys Glu Arg Val Ala Ala Ala Cys Glu Ile
1 5 10 15

Glu Ser Leu Pro Asn Leu Asn Leu Gln Gln Cys Trp Ala Phe Ile Arg
20 25 30

Ser Leu Met Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 16

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 16

Val Asp Asn Lys Phe Asn Lys Glu Cys Phe Met Ala Pro Gln Glu Ile
1 5 10 15

Asn Lys Leu Pro Asn Leu Asn Ala Trp Gln Lys Tyr Ala Phe Ile Trp
20 25 30

Ser Leu Cys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
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<210> SEQ ID NO 17
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 17
Val Asp Asn Lys Phe Asn Lys Glu Gln Ser Ser Ala Met His Glu Ile
1 5 10 15
Val Gln Leu Pro Asn Leu Asn Pro Leu Gln Arg Ala Ala Phe Ile His
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 18
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 18
Val Asp Asn Lys Phe Asn Lys Glu Phe Val Tyr Ala Ile Ala Glu Ile
1 5 10 15
Met Asn Leu Pro Asn Leu Asn Gln Ser Gln Gln Leu Ala Phe Ile Tyr
20 25 30
Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 19
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 19
Val Asp Asn Lys Phe Asn Lys Glu Lys Gln Ile Ala Ala Cys Glu Ile
1 5 10 15
Met Asp Leu Pro Asn Leu Asn Gln Asp Gln Cys Phe Ala Phe Ile Arg
20 25 30
Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 20
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400>

SEQUENCE: 20
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Val Asp Asn Lys Phe Asn Lys Glu Lys Gly Arg Ala Thr Gly Glu Ile
1 5 10 15

Gly Ala Leu Pro Asn Leu Asn Pro Gln Gln Tyr Arg Ala Phe Ile Leu
20 25 30

Ser Leu His Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 21

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 21

Val Asp Asn Lys Phe Asn Lys Glu His Met Glu Ala Asp Cys Glu Ile
1 5 10 15

Glu His Leu Pro Asn Leu Asn Arg Lys Gln Cys Trp Ala Phe Ile Lys
20 25 30

Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 22

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 22

Val Asp Asn Lys Phe Asn Lys Glu Arg Thr Val Ala Ser Cys Glu Ile
1 5 10 15

Glu His Leu Pro Asn Leu Asn Leu Asp Gln Cys Trp Ala Phe Ile Asp
20 25 30

Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 23

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 23

Val Asp Asn Lys Phe Asn Lys Glu Ser Ala His Ala Val Gly Glu Ile
1 5 10 15

Gly Ser Leu Pro Asn Leu Asn Leu Val Gln Ile Gly Ala Phe Ile Lys
20 25 30

Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
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50 55
<210> SEQ ID NO 24
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 24
Val Asp Asn Lys Phe Asn Lys Glu Gly Arg Pro Ala Gly Leu Glu Ile
1 5 10 15
Met Cys Leu Pro Asn Leu Asn Thr Ala Gln Met Val Ala Phe Ile Arg
20 25 30
Ser Leu Thr Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 25
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 25
Val Asp Asn Lys Phe Asn Lys Glu Ser Ala Hig Ala Ile Gly Glu Ile
1 5 10 15
Ala Asn Leu Pro Asn Leu Ash Gly Gly Gln Leu Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 26
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 26
Val Asp Asn Lys Phe Asn Lys Glu Arg Gln Gln Ala Leu Gly Glu Ile
1 5 10 15
Ser Ala Leu Pro Asn Leu Asn Leu His Gln Tyr Tyr Ala Phe Ile Arg
20 25 30
Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 27
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
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<400> SEQUENCE: 27
Val Asp Asn Lys Phe Asn Lys Glu Ile Val Tyr Ala Pro Arg Glu Ile
1 5 10 15
Phe His Leu Pro Asn Leu Asn Ile Leu Gln Gln Ile Ala Phe Ile Arg
20 25 30
Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 28
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 28
Val Asp Asn Lys Phe Asn Lys Glu Ser Asn Lys Ala Pro Cys Glu Ile
1 5 10 15
Gln Asp Leu Pro Asn Leu Asn Ile Asp Gln Cys Ile Ala Phe Ile Arg
20 25 30
Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 29
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 29
Val Asp Asn Lys Phe Asn Lys Glu Phe His Gly Ala Leu Arg Glu Ile
1 5 10 15
Trp Lys Leu Pro Asn Leu Asn Val Arg Gln Ala Met Ala Phe Ile Arg
20 25 30
Ser Leu Ile Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 30
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400>

SEQUENCE: 30

Val Asp Asn Lys Phe Asn Lys Glu Val

1

5

Hig Arg Leu Pro Asn Leu Asn Leu Ile

20 25

Ser Leu Met Asp Asp Pro Ser Gln Ser

35 40

Leu Gln Ala
10

Pro Gln

Ala Phe

30

Gln Lys Met

Ala Asn Leu Leu Ala

45

Glu Ile
15

Ile Arg

Glu Ala



US 2009/0306572 A1l Dec. 10, 2009

20

-continued
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 31
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 31
Val Asp Asn Lys Phe Asn Lys Glu Met His Ile Ala Leu Gln Glu Ile
1 5 10 15
Tyr Ala Leu Pro Asn Leu Asn Ile Ala Gln Ser Val Ala Phe Ile Arg
20 25 30
Ser Leu Val Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 32
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 32
Val Asp Asn Lys Phe Asn Lys Glu Gly Tyr Lys Ala Leu Gly Glu Ile
1 5 10 15
Gly Arg Leu Pro Asn Leu Asn Ala Gln Gln Phe Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 33
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 33
Val Asp Asn Lys Phe Asn Lys Glu Ser Pro Gly Ala Leu Ser Glu Ile
1 5 10 15
Met Ala Leu Pro Asn Leu Asn Val His Gln Tyr Tyr Ala Phe Ile Arg
20 25 30
Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 34
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

<220>

FEATURE:
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<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 34

Val Asp Asn Lys Phe Asn Lys Glu Ser Met Ser Ala Ala Leu Glu Ile
1 5 10 15

Thr Arg Leu Pro Asn Leu Asn Val His Gln Tyr Tyr Ala Phe Ile Thr
20 25 30

Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 35

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 35

Val Asp Asn Lys Phe Asn Lys Glu Phe Val Ser Ala Pro Arg Glu Ile
1 5 10 15

His Gly Leu Pro Asn Leu Asn Val Thr Gln Arg Met Ala Phe Ile Arg
20 25 30

Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 36

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 36

Val Asp Asn Lys Phe Asn Lys Glu Cys Trp Met Ala Pro Lys Glu Ile
1 5 10 15

Tyr Arg Leu Pro Asn Leu Asn Asp Trp Gln Arg Ser Ala Phe Ile Arg
20 25 30

Ser Leu Cys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 37

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 37

Val Asp Asn Lys Phe Asn Lys Glu Gly Arg Gly Ala Arg Met Glu Ile
1 5 10 15

Val Cys Leu Pro Asn Leu Asn Trp Arg Gln Thr Val Ala Phe Ile Arg
20 25 30



US 2009/0306572 A1l Dec. 10, 2009
22

-continued

Ser Leu Gln Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 38

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 38

Val Asp Asn Lys Phe Asn Lys Glu Gly His Gln Ala Leu Val Glu Ile
1 5 10 15

Phe Arg Leu Pro Asn Leu Asn Val Gln Gln Ala Thr Ala Phe Ile Arg
20 25 30

Ser Leu Val Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 3¢

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 39

Val Asp Asn Lys Phe Asn Lys Glu Val Thr Val Ala Gly Val Glu Ile
1 5 10 15

Gly Gln Leu Pro Asn Leu Asn Leu His Gln Tyr Tyr Ala Phe Ile Arg
20 25 30

Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 40

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 40

Val Asp Asn Lys Phe Asn Lys Glu Val His Gln Ala Leu Arg Glu Ile
1 5 10 15

Phe Gln Leu Pro Asn Leu Asn Leu Asp Gln Ser Ile Ala Phe Ile Arg
20 25 30

Ser Leu Ala Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 41
<211> LENGTH: 58
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 41
Val Asp Asn Lys Phe Asn Lys Glu Thr Ala Gln Ala Leu Gly Glu Ile
1 5 10 15
Gly Val Leu Pro Asn Leu Asn Ala Gln Gln Ala Ala Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 42
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 42
Val Asp Asn Lys Phe Asn Lys Glu Gly His Met Ala Val Arg Glu Ile
1 5 10 15
His Gly Leu Pro Asn Leu Asn Val Ala Gln Arg Met Ala Phe Ile Arg
20 25 30
Ser Leu Val Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 43
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 43
Val Asp Asn Lys Phe Asn Lys Glu Val Ala Gln Ala Val Gly Glu Ile
1 5 10 15
Gly Leu Leu Pro Asn Leu Asn Ala Leu Gln Phe Arg Ala Phe Ile Leu
20 25 30
Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 44
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400>

SEQUENCE: 44

Val Asp Asn Lys Phe Asn Lys Glu Thr

1

5

Gly Thr Leu Pro Asn Leu Asn Ile His

Gln Gln Ala Val Leu Glu Ile

10

15

Gln Tyr Tyr Ala Phe Ile Lys
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20 25 30

Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la

35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 45
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 45
Val Asp Asn Lys Phe Asn Lys Glu Lys Leu His Ala Ala Gln Glu Ile
1 5 10 15
Gly Arg Leu Pro Asn Leu Asn Val His Gln Tyr Tyr Ala Phe Ile Thr
20 25 30
Ser Leu Ser Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 46
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 46
Val Asp Asn Lys Phe Asn Lys Glu Val Ala Ala Ala Val Gly Glu Ile
1 5 10 15
Gly Ser Leu Pro Asn Leu Asn Val Gly Gln Phe Ala Ala Phe Ile Arg
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 47
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 47
Val Asp Asn Lys Phe Asn Lys Glu Val Val Gly Ala Met Leu Glu Ile
1 5 10 15
Ala Arg Leu Pro Asn Leu Asn Arg Gly Gln Val Asn Ala Phe Ile Trp
20 25 30
Ser Leu Ala Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro
50 55

<210> SEQ ID NO 48

Lys
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<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 48
Val Asp Asn Lys Phe Asn Lys Glu Ser Trp Gln Ala Val Pro Glu Ile
1 5 10 15
Phe Arg Leu Pro Asn Leu Asn Val Gln Gln Ser Ile Ala Phe Ile Arg
20 25 30
Ser Leu Val Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 49
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 49
Val Asp Asn Lys Phe Asn Lys Glu Leu Glu Arg Ala Ile Phe Glu Ile
1 5 10 15
Ser Asn Leu Pro Asn Leu Asn Leu His Gln Tyr Tyr Ala Phe Ile Thr
20 25 30
Ser Leu Gln Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 50
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 50
Val Asp Asn Lys Phe Asn Lys Glu Pro Leu Ala Ala Val Met Glu Ile
1 5 10 15
Val Gln Leu Pro Asn Leu Asn Met His Gln Tyr Tyr Ala Phe Ile Arg
20 25 30
Ser Leu Asn Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 51
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400>

SEQUENCE: 51

Val Asp Asn Lys Phe Asn Lys Glu Thr

1

5

Glu Trp Ala Ile Ala
10

Glu Ile
15
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Ile Gly Leu Pro Asn Leu Asn Leu His
20 25

Gln Tyr Tyr Ala Phe Ile Met
30

Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la

35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 52
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 52
Val Asp Asn Lys Phe Asn Lys Glu Ala Tyr Thr Ala Ser Leu Glu Ile
1 5 10 15
Ala Asn Leu Pro Asn Leu Asn Met His Gln Tyr Tyr Ala Phe Ile His
20 25 30
Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 53
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 53
Val Asp Asn Lys Phe Asn Lys Glu Met Arg Trp Ala Ala Leu Glu Ile
1 5 10 15
Ala Ala Leu Pro Asn Leu Asn Val His Gln Tyr Tyr Ala Phe Ile Arg
20 25 30
Ser Leu Leu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 54
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 54
Val Asp Asn Lys Phe Asn Lys Glu Phe His Gly Ala Ile Arg Glu Ile
1 5 10 15
Hig Leu Leu Pro Asn Leu Asn Leu Gln Gln Arg Met Ala Phe Ile Ile
20 25 30
Ser Leu Thr Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys

50

55
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<210> SEQ ID NO 55
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 55
Val Asp Asn Lys Phe Asn Lys Glu Trp Lys Ala Ala Ala Arg Glu Ile
1 5 10 15
Gly Ser Leu Pro Asn Leu Asn Leu His Gln Tyr Tyr Ala Phe Ile Val
20 25 30
Ser Leu Gln Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 56
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 56
Val Asp Asn Lys Phe Asn Lys Glu Thr Glu Gln Ala Ala Trp Glu Ile
1 5 10 15
Ala Ile Leu Pro Asn Leu Asn Met His Gln Tyr Tyr Ala Phe Ile Arg
20 25 30
Ser Leu Ile Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 57
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 57
Val Asp Asn Lys Phe Asn Lys Glu Asp Arg Arg Ala Pro Gly Glu Ile
1 5 10 15
Val Arg Leu Pro Asn Leu Asn Trp Asp Gln Met Ala Ala Phe Ile Val
20 25 30
Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 58
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400>

SEQUENCE: 58
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Thr Ala

10

Val Asp Asn Lys Phe Asn Lys Glu
1 5

Arg Ala Ala His Glu Ile
15

Val Arg Leu Pro Asn Leu Asn Pro Gln

20

Arg
25

Arg Ala Ala Phe Ile Thr
30
Ala Asn Leu Leu Ala Glu 2la
45

Ser Leu Val Asp Asp Pro Ser Gln Ser

35 40
Lys Lys Leu Asn Asp Ala Gln Ala

Pro Lys

50 55
<210> SEQ ID NO 59
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered
<400> SEQUENCE: 59
Val Asp Asn Lys Phe Asn Lys Glu Met
1 5
Gly Asn Leu Pro Asn Leu Asn Asp Arg
20 25
Ser Leu Phe Asp Asp Pro Ser Gln Ser
35 40
Lys Lys Leu Asn Asp Ala Gln Ala Pro

50

<210>
<211>
<212>
<213>
<220>
<223>

<400>

55

SEQ ID NO &0

LENGTH: 58

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Engineered

SEQUENCE: 60

Val Asp Asn Lys Phe Asn Lys Glu Thr

1

5

Gly Ser Leu Pro Asn Leu Asn Asp Met
20 25

Ser Leu Trp Asp Asp Pro Ser Gln Ser
35 40

Lys Lys Leu Asn Asp Ala Gln Ala Pro

50

<210>
<211>
<212>
<213>
<220>
<223>

<400>

55

SEQ ID NO 61

LENGTH: 58

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Engineered

SEQUENCE: 61

Val Asp Asn Lys Phe Asn Lys Glu Asn

1

5

Ala Glu Leu Pro Asn Leu Asn Met His

20 25

Ser Leu Leu Asp Asp Pro Ser Gln Ser

35 40

Lys Lys Leu Asn Asp Ala Gln Ala Pro

Sequence

Phe
10

Ser Ala Ile Gly

Gln Leu Ala Phe

30
Ala

Leu Ala

45

Asn Leu

Lys

Sequence

Phe His Ala

10

Ile

Gln Phe Ser Phe

30
Ala

Leu Ala

45

Asn Leu

Lys

Sequence

Arg Glu Ala
10

Ile Val

Phe
30

Gln Tyr Tyr

Ala Asn Leu Leu Ala

45

Lys

Glu Ile
15

Ile Leu

Glu Ala

Glu Ile
15

Ile Ile

Glu Ala

Glu Ile
15

Ile Arg

Glu Ala
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50 55

<210> SEQ ID NO 62

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 62

Val Asp Asn Lys Phe Asn Lys Glu Gly Ser Lys Ala Leu Met Glu Ile
1 5 10 15

Ile Arg Leu Pro Asn Leu Asn Val His Gln Tyr Val Ala Phe Ile Met
20 25 30

Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 63

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 63

Val Asp Asn Lys Phe Asn Lys Glu Ala Pro Gly Ala Thr Ser Glu Ile
1 5 10 15

Asn Ile Leu Pro Asn Leu Asnh Trp Arg Gln Ile Met Ala Phe Ile Val
20 25 30

Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 64

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 64

Val Asp Asn Lys Phe Asn Lys Glu Phe Ile Asp Ala Pro Arg Glu Ile
1 5 10 15

Leu Arg Leu Pro Asn Leu Asn Met Thr Gln Gln Met Ala Phe Ile Arg
20 25 30

Ser Leu Ala Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 65

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence
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<400> SEQUENCE: 65
Val Asp Asn Lys Phe Asn Lys Glu Thr Met Ala Ala Met Asn Glu Ile
1 5 10 15
Val Arg Leu Pro Asn Leu Asn Gly Trp Gln Arg Tyr Ala Phe Ile Gln
20 25 30
Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 66
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 66
Val Asp Asn Lys Phe Asn Lys Glu Ala His Ser Ala Leu Arg Glu Ile
1 5 10 15
Leu Lys Leu Pro Asn Leu Asn Ile Glu Gln Trp Gln Ala Phe Ile Arg
20 25 30
Ser Leu Ala Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 67
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 67
Val Asp Asn Lys Phe Asn Lys Glu Trp His Asp Ala Leu Arg Glu Ile
1 5 10 15
His Arg Leu Pro Asn Leu Asn Val Tyr Gln Ser Leu Ala Phe Ile Arg
20 25 30
Ser Leu Val Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 68
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 68
Val Asp Asn Lys Phe Asn Lys Glu Leu Tyr Tyr Ala Lys Leu Glu Ile
1 5 10 15
Ala Asn Leu Pro Asn Leu Asn Val His Gln Trp Tyr Ala Phe Ile Ile
20 25 30
Ser Leu Glu Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
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Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 68
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 69
Val Asp Asn Lys Phe Asn Lys Glu Val Arg Phe Ala Ile Gly Glu Ile
1 5 10 15
Gly Gly Leu Pro Asn Leu Asn Asp Arg Gln Leu Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 70
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 70
Val Asp Asn Lys Phe Asn Lys Glu Trp Glu Trp Ala Ser Lys Glu Ile
1 5 10 15
Val Ile Leu Pro Asn Leu Asnh Thr Gln Gln Arg Ala Ala Phe Ile Arg
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 71
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 71
Val Asp Asn Lys Phe Asn Lys Glu Thr Ala Arg Ala Thr Gly Glu Ile
1 5 10 15
Ala Gly Leu Pro Asn Leu Asn Ile Val Gln Phe Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 72
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

<220>

FEATURE:
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<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 72
Val Asp Asn Lys Phe Asn Lys Glu Gly Arg Asn Ala Val Trp Glu Ile
1 5 10 15
Ala Glu Leu Pro Asn Leu Asn Leu His Gln Tyr Tyr Ala Phe Ile Thr
20 25 30
Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 73
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 73
Val Asp Asn Lys Phe Asn Lys Glu Thr Ala Gln Ala Pro Leu Glu Ile
1 5 10 15
Ala Leu Leu Pro Asn Leu Ash Trp Pro Gln Lys Val Ala Phe Ile Arg
20 25 30
Ser Leu Ala Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 74
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 74
Val Asp Asn Lys Phe Asn Lys Glu Val Phe Trp Ala Ala Gly Glu Ile
1 5 10 15
Gly Ile Leu Pro Asn Leu Asn His Met Gln Tyr Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 75
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400>

SEQUENCE: 75

Val Asp Asn Lys Phe Asn Lys Glu Gln

1

5

Thr Arg Leu Pro Asn Leu Asn Thr Ala

20 25

Leu Ser Ala Met Leu Glu Ile

10

15

Gln Arg Pro Ala Phe Ile Trp

30
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Ser Leu Ala Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la

35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 76
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 76
Val Asp Asn Lys Phe Asn Lys Glu Leu Gly Trp Ala Ile Gly Glu Ile
1 5 10 15
Gly Thr Leu Pro Asn Leu Asn His Gln Gln Phe Arg Ala Phe Ile Leu
20 25 30
Ser Leu Trp Val Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 77
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 77
Val Asp Asn Lys Phe Asn Lys Glu Asn Ala Arg Ala Ile Glu Glu Ile
1 5 10 15
Ile Thr Leu Pro Asn Leu Asn Lys Thr Gln Arg Ala Ala Phe Ile Ser
20 25 30
Ser Leu Thr Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55
<210> SEQ ID NO 78
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence
<400> SEQUENCE: 78
Val Asp Asn Lys Phe Asn Lys Glu Gly Pro Gly Ala Val His Glu Ile
1 5 10 15
Val Arg Leu Pro Asn Leu Asn Pro Thr Gln Arg Val Ala Phe Ile Tyr
20 25 30
Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45
Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys

50 55

<210> SEQ ID NO 79
<211> LENGTH: 58
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 79

Val Asp Asn Lys Phe Asn Lys Glu Ser Leu Val Ala Ala Arg Glu Ile
1 5 10 15

Gly Val Leu Pro Asn Leu Asn Ser Ser Gln Lys Lys Ala Phe Ile CGlu
20 25 30

Ser Leu Gly Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 80

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 80

Val Asp Asn Lys Phe Asn Lys Glu Ala Gly Val Ala Val Gly Glu Ile
1 5 10 15

Gly Met Leu Pro Asn Leu Asn Ala Leu Gln Lys Gly Ala Phe Ile Lys
20 25 30

Ser Leu Phe Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 81

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 81

Val Asp Asn Lys Phe Asn Lys Glu Ser Ala Cys Ala Thr Val Glu Ile
1 5 10 15

Gly Asn Leu Pro Asn Leu Asn Leu Ala Gln Tyr Arg Ala Phe Ile Leu
20 25 30

Ser Leu Arg Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu 2la
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> SEQ ID NO 82

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered Sequence

<400> SEQUENCE: 82

Val Asp Asn Lys Phe Asn Lys Glu Lys Arg Pro Ala Asp Cys Glu Ile
1 5 10 15

Trp Ser Leu Pro Asn Leu Asn Arg Ser Gln Cys Phe Ala Phe Ile Lys
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-continued

20 25

Ser Leu Arg Asp Asp Pro Ser Gln Ser
35 40

Lys Lys Leu Asn Asp Ala Gln Ala Pro
50 55

<210> SEQ ID NO 83

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Engineered

<400> SEQUENCE: 83

Val Asp Asn Lys Phe Asn Lys Glu Thr
1 5

Gly Phe Leu Pro Asn Leu Asn Ala Tyr
20 25

Ser Leu Trp Asp Asp Pro Ser Gln Ser
35 40

Lys Lys Leu Asn Asp Ala Gln Ala Pro
50 55

<210> SEQ ID NO 84

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Engineered

<400> SEQUENCE: 84

Val Asp Asn Lys Phe Asn Lys Glu Gly
1 5

Ala Thr Leu Pro Asnh Leu Ash Gly Ala
20 25

Ser Leu Phe Asp Asp Pro Ser Gln Ser
35 40

Lys Lys Leu Asn Asp Ala Gln Ala Pro
50 55

<210> SEQ ID NO 85

<211> LENGTH: 157

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Recombinant Protein

<400> SEQUENCE: 85

Val Arg Ser Ser Ser Arg Thr Pro Ser
1 5

Val Ala Asn Pro Gln Ala Glu Gly Gln
20 25

Ala Asn Ala Leu Leu Ala Asn Gly Val
35 40

Val Val Pro Ser Glu Gly Leu Tyr Leu
50 55

Lys Gly Gln Gly Cys Pro Ser Thr His
65 70

30

Ala Asn Leu Leu Ala Glu 2la

Lys

Sequence

Gly
10
Gln

Ala

Lys

Sequence

His
10
Gln

Ala

Lys

Asp

10

Leu

Glu

Ile

Val

45

Arg Ala Val Gly Glu Ile

Ala Ser Val Phe

Asn Leu Leu

Met

Lys

Asn

Lys

Gln

Leu

Tyr

Leu
75

Ala

Lys

Leu

Pro

Trp

Arg

Ser

60

Leu

45

Thr

Ala

Leu
45

Val

Leu

Asp

45

Gln

Thr

30

Ala

Val

Phe

30

Ala

Ala

Asn

30

Asn

Val

Hisg

15

Ile Arg

Glu Ala

Glu Ile
15
Ile Glu

Glu Ala

Hisg Val

15

Arg Arg

Gln Leu

Leu Phe

Thr Ile
80
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Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser 2Ala
85 90 85

Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala Lys
100 105 110

Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu Lys
115 120 125

Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp Phe
130 135 140

Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu
145 150 155

<210> SEQ ID NO 86

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence

<400> SEQUENCE: 86

tgetteegge tegtatgttyg tgtg 24

<210> SEQ ID NO 87

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence

<400> SEQUENCE: 87

¢ggaaccaga gcecaccaceg g 21

<210> SEQ ID NO 88

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222»> LOCATION: (1)...(1)

<223> OTHER INFORMATION: Biotinylation

<400> SEQUENCE: 88

cggaaccaga gccaccaceg g 21

<210> SEQ ID NO 89

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence

<400> SEQUENCE: 89

gctagttatt gctcagegyg 19

<210> SEQ ID NO 90

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence
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<400>

SEQUENCE: 90

aaagggggat gtgctgcaag gcg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 91

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATICN: Engineered sequence

SEQUENCE: 91

ccagtaagge aaccccge

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 92

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATICN: Engineered sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)...(1)

OTHER INFORMATICN: Biotinylation

SEQUENCE: 92

caaaaaacce ctcaagaccee

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 93

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATICN: Engineered sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)...(1)

OTHER INFORMATICN: Biotinylation

SEQUENCE: 93

gggetttygtt ageagece

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 94

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATICN: Engineered sequence

SEQUENCE: 94

ccegegaaat taatacgac

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 95

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Engineered sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)...(1)

OTHER INFORMATION: Biotinylation

SEQUENCE: 95

tgcttoegge togtatgtty tgtg

23

18

20

17

19

24
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

ctegaggtag acaacaaatt caacaaagaa

ttacctaact taaacnnknn kcaannknnk

SEQ ID NO 96

LENGTH: 129

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATICN: Engineered sequence
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31)...(32)

OTHER INFORMATICN: n is a,
FEATURE:

NAME/KEY: misc_feature

LOCATION: (34)...(35)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (37)...(38)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (43)...(44)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (46)...(47)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (55)...(56)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (58)...(59)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (76)...(77)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (79)...(80)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (85)...(86)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (88)...(89)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (100)...(101)
OTHER INFORMATION: n is
FEATURE:

NAME/KEY: misc_feature
LOCATION: (109)...(110)
OTHER INFORMATION: n is

SEQUENCE: 96

agccaaage

<210>
<211>
<212>
<213>
<220>
<223>
<220>

SEQ ID NO 97
LENGTH: 19
TYPE: DNA

nnknnknnkg cgnnknnkga gatcnnknnk

gectteaten nkagtttann kgatgaccca

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Engineered sequence

FEATURE:

60

120

129
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<221> NAME/KEY: misc_feature
<222> LOCATION: (1) ...(1)
<223> OTHER INFORMATION: Biotinylation

<400> SEQUENCE: 97

caataaacca gccagcegg

<210> SEQ ID NO 98

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence

<400> SEQUENCE: 98

aataaaccag ccagccggaa gg

<210> SEQ ID NO 99

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence

<400> SEQUENCE: 99

ceeccoeece tegaggtaga caacaaatte aa

<210> SEQ ID NO 100

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Engineered sequence

<400> SEQUENCE: 100

ceccectget ageaagttag cgetttygget tgggteate

19

22

32

39

1. TNF-a. binding polypeptide, which is related to a
domain of staphylococcal protein A (SPA) in that the
sequence of the polypeptide corresponds to the sequence of
the SPA domain having 1 to about 20 substitution mutations.

2. TNF-a binding polypeptide according to claim 1, which
has a binding affinity for TNF-a such that the apparent K,
value of the interaction is at most 1x10~" M, as measured by
surface plasmon resonance.

3. TNF-o binding polypeptide according to claim 2, the
apparent K, value of the interaction being at most 5x107% M,
as measured by surface plasmon resonance.

4. TNF-o binding polypeptide according to claim 3, the
apparent K, value of the interaction being at most 1x107% M,
as measured by surface plasmon resonance.

5. TNF-a binding polypeptide according to claim 1, the
sequence of which corresponds to the sequence of SPA pro-
tein Z, as set forth in SEQ ID NO: 1, comprising 1 to about 20
substitution mutations.

6. TNF-a. binding polypeptide according to claim 5, com-
prising 4 to about 20 substitution mutations compared to the
sequence of SPA protein 7 in SEQ ID NO:1.

7. TNF-a. binding polypeptide according to claim 6, com-
prising 4 to about 13 substitution mutations compared to the
sequence of SPA protein 7 in SEQ ID NO:1.

8. TNF-a binding polypeptide according to claim 5, com-
prising substitution mutations at one or more of the positions
17,18, 25, 27, 28 and 32 of the sequence of SPA protein Z in
SEQ ID NO:1.

9. TNF-a binding polypeptide according to claim 8, addi-
tionally comprising substitution mutations at one or more of
the positions 13, 14, 24 and 35 of the sequence of SPA protein
7 in SEQ ID NO:1.

10. TNF-a binding polypeptide according to claim 8, addi-
tionally comprising substitution mutations at one or more of
the positions 9, 10 and 11 of the sequence of SPA protein 7 in
SEQ ID NO:1.

11. TNF-a binding polypeptide according to claim 5, com-
prising a substitution mutation at a position corresponding to
position 32 in SEQ ID NO:1 from glutamine to arginine.

12. TNF-a binding polypeptide according to claim 11, the
amino acid sequence of which is as set out in any one of SEQ
IDNO:4,8,10-13,15,19,24,26-31,33,35-40, 42,46, 48, 50,
53, 56, 61, 64, 66, 67, 70, 73 and 83.

13. TNF-a binding polypeptide according to claim 5, com-
prising a substitution mutation at a position corresponding to
position 18 in SEQ ID NO:1 from histidine to arginine.

14. TNF-a binding polypeptide according to claim 13, the
amino acid sequence of which is as set out in any one of SEQ
IDNO:4,6,13,30,32,34,36,45,47-48,57-58, 62, 64-65,67,
75 and 78.
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15. TNF-a.binding polypeptide according to claim 5, com-
prising a substitution mutation at a position corresponding to
position 28 in SEQID NO:1 from asparagine to an amino acid
selected from tyrosine and arginine, more preferably to
tyrosine.

16. TNF-a binding polypeptide according to claim 15, the
amino acid sequence of which is as set out in any one of SEQ
IDNO:3, 5, 16, 20, 25-26,32-34, 39, 43-45, 49-53, 55-56, 61,
65, 68-69, 71-72, 74, 76 and 81.

17. TNF-a.binding polypeptide according to claim 5, com-
prising a substitution mutation at a position corresponding to
position 27 in SEQ ID NO:1 from arginine to tyrosine.

18. TNF-a binding polypeptide according to claim 17, the
amino acid sequence of which is as set out in any one of SEQ
ID NO:20, 26, 33-34, 39, 44-45, 49-53, 55-56, 61-62, 72, 74
and 81.

19. TNF-a.binding polypeptide according to claim 5, com-
prising a substitution mutation at a position corresponding to
position 25 in SEQ ID NO:1 from glutamic acid to an amino
acid residue selected from histidine and glutamine, more
preferably to histidine.

20. TNF-a binding polypeptide according to claim 19, the
amino acid sequence of which is as set out in any one of SEQ
ID NO:13-15, 20, 26, 32-34, 38-39, 41, 44-45, 48-56, 61-62,
68, 70, 72 and 76.

21. TNF-a binding polypeptide according to claim 5, com-
prising a substitution mutation at a position corresponding to
position 17 in SEQ ID NO:1 from leucine to an amino acid
residue selected from glycine and alanine, more preferably to
glycine.

22. TNF-a binding polypeptide according to claim 21, the
amino acid sequence of which is as set out in any one of SEQ
IDNO3, 5, 12, 20, 23, 25, 32, 39, 41, 43-47, 52-53, 55-56,
59-61, 68-69, 71-74, 76, 79-81 and 83-84.

23. TNF-a binding polypeptide according to claim 5, com-
prising a substitution mutation at a position corresponding to
position 13 in SEQ ID NO:1 from phenylalanine to isoleu-
cine.

24. TNF-a binding polypeptide according to claim 23, the
amino acid sequence of which is as set out in any one of SEQ
ID NO:5, 18, 25, 49, 51, 54, 59-61, 69 and 76-77.

25. TNF-a binding polypeptide, whose amino acid
sequence fulfils one definition selected from the following:

a) it is selected from SEQ ID NO:2-84;

b) it is an amino acid sequence having 85% or greater

identity to a sequence selected from SEQ ID NO:2-84.

26. TNF-a. binding polypeptide according to claim 25, in
which at least one of the asparagine residues present in the
domain of staphylococcal protein A (SPA) to which the
polypeptide is related has been replaced with another amino
acid residue.

27. TNF-a binding polypeptide according to claim 26, the
sequence of the domain of staphylococcal protein A (SPA)
corresponding to the sequence of SPA protein Z as set forth in
SEQ ID NO:1, and the polypeptide comprising substitution
mutations at least one position chosen from N3, N6, N11,
N21, N23, N28, N43 and N52.

28. TNF-c binding polypeptide according to claim 27,
comprising at least one of the following mutations: N3A,
N6A, N6D, N118, N23T, N28A and N43E.

29. TNF-a binding polypeptide, which constitutes a frag-
ment of a polypeptide according to claim 1, which fragment
retains binding affinity for TNF-a.

Dec. 10, 2009

30. TNF-a. binding polypeptide according to claim 1,
which comprises additional amino acid residues at either or
both termini.

31. TNF-a binding polypeptide according to claim 30, in
which the additional amino acid residues comprise a cysteine
residue at the N- or C-terminal of the polypeptide.

32. TNF-a binding polypeptide according to claim 30, in
which the additional amino acid residues comprise a tag,
preferably chosen from a hexahistidyl tag, a myc tag and a
flag tag.

33. TNF-a binding polypeptide according to claim 30, in
which the additional amino acid residues comprise at least
one functional polypeptide domain, so that the polypeptide is
a fusion polypeptide between a first moiety, consisting of the
polypeptide according to claim 1, and at least one second and
optionally further moiety or moieties.

34. TNF-a binding polypeptide according to claim 33, in
which the second moiety consists of one or more polypeptide
(s) according to claim 1, making the polypeptide a multimer
of TNF-a binding polypeptides according to any one of
claims 1-29, the sequences of which may be the same or
different.

35. TNF-a binding polypeptide according to claim 33, in
which the second moiety comprises at least one polypeptide
domain capable of binding to a target molecule other than
TNF-a.

36. TNF-a binding polypeptide according to claim 35, in
which the second moiety comprises at least one polypeptide
domain capable of binding to human serum albumin.

37. TNF-a binding polypeptide according to claim 36, in
which the at least one polypeptide domain capable of binding
to human serum albumin is an albumin binding domain of
streptococcal protein G.

38. TNF-a binding polypeptide according to claim 35, in
which the second moiety comprises a polypeptide which is
related to a domain of staphylococcal protein A (SPA) in that
the sequence of the polypeptide corresponds to the sequence
of the SPA domain having 1 to about 20 substitution muta-
tions.

39. TNF-a binding polypeptide according claim 38, in
which the sequence of the second moiety polypeptide corre-
sponds to the sequence of SPA protein Z, as set forth in SEQ
ID NO:1, having 1 to about 20 substitution mutations.

40. TNF-a binding polypeptide according to claim 33, in
which the second moiety is capable of enzymatic action.

41. TNF-a binding polypeptide according to claim 33, in
which the second moiety is capable of fluorescent action.

42. TNF-a binding polypeptide according to claim 33, in
which the second moiety is a phage coat protein or a fragment
thereof.

43. TNF-a binding polypeptide according to claim 1,
which comprises a label group.

44. TNF-a binding polypeptide according to claim 43, in
which the label group is chosen from fluorescent labels, biotin
and radioactive labels.

45. Nucleic acid molecule comprising a sequence encod-
ing a polypeptide according to claim 1.

46. Expression vector comprising a nucleic acid molecule
according to claim 45.

47. Host cell comprising an expression vector according to
claim 46.

48. (canceled)
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49. Method of separation of TNF-c. present in a sample
from other constituents in the sample, comprising a step of
affinity separation, in which step a polypeptide according to
claim 1 is used.

50. Method according to claim 49, comprising the steps:

a) applying the sample to an affinity matrix comprising a

polypeptide according to claim 1 under conditions that
are conducive to binding of TNF-a to the affinity matrix;

b) washing the affinity matrix for removal of substances not

bound thereto; and

¢) eluting the bound TNF-a from the affinity matrix, thus

obtaining TNF-a. fraction with an enriched TNF-a con-
tent; and

d) recovering said TNF-c. fraction.

51. Method according to claim 49, comprising the steps:

a) applying the sample to an affinity matrix comprising a

polypeptide according to claim 1 under conditions that
are conducive to binding of TNF-a to the affinity matrix;

b) washing the affinity matrix for recovery of substances

not bound thereto, thus obtaining a depleted fraction
with a substantially reduced TNF-a content; and

¢) recovering said depleted fraction.

52. Method according to claim 49, comprising the steps:

a) applying the sample to an affinity matrix comprising a

polypeptide according to claim 1 under conditions that
are conducive to binding of TNF-a to the affinity matrix;
and

b) recovering the sample.

53. Method according to claim 49, comprising the steps:

a) applying of the sample to an affinity matrix comprising

apolypeptide according to claim 1 under conditions that
are conducive to binding of TNF-a to the affinity matrix;

b) washing the affinity matrix for recovery of substances

not bound thereto, thus obtaining a depleted fraction
with a substantially reduced TNF-a content; and

c) eluting the bound TNF-a from the affinity matrix, thus

obtaining TNF-a. fraction with an enriched TNF-a. con-
tent; and

d) recovering said TNF-q. fraction and said depleted frac-

tion.
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54. Affinity matrix comprising a polypeptide according to
claim 1.

55. Method according claim 49 for reducing the content of
TNF-a in a portion of a body fluid of a human, comprising:

a) providing a portion of a body fluid from a human;

b) applying the portion of a body fluid to an affinity matrix
comprising a polypeptide according to claim 1 under
conditions enabling binding of TNF-a to the affinity
matrix, thereby causing a reduction of the content of
TNF-a in the portion of body fluid.

56. Method according to claim 55, further comprising:

¢) returning at least a part of the portion of body fluid to the
human.

57. Method according to claim 56, wherein the sample of a
body fluid is obtained from a subject afflicted by inflamma-
tion, and the symptoms of inflammation are alleviated by
performing the method.

58. Method according to claim 55, wherein the body fluid
is whole blood.

59. Method according to claim 55, wherein the body fluid
is plasma.

60. Method according to claim 55, wherein the body fluid
is serum.

61. (canceled)

62. Method for detection of TNF-c in a sample, in which
method a polypeptide according to claim 1 is used.

63. Method according to claim 62, comprising the steps: (i)
providing a sample to be tested, (i1) applying a polypeptide
according to claim 1 to the sample under conditions such that
binding of the polypeptide to any TNF-a present in the
sample is enabled, (iii) removing non-bound polypeptide, and
(iv) detecting bound polypeptide.

64. Method according to claim 62, in which the sample is a
biological fluid sample, preferably a human blood plasma
sample.

65. Method according to claim 62, in which the sample is a
tissue sample.
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