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C-MET KINASE BINDING PROTEINS

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] This application is a continuation-in-part of U.S. Patent
Application No. 10/957,351, filed September 30, 2004, which is a continuation-in-part
of U.S. Patent Application No. 10/871,602, filed June 17, the disclosures of each of

which are incorporated by reference in their entirety for all purposes.

BACKGROUND OF THE INVENTION
Any discussion of the prior art throughout the specification should
in no way be considered as an admission that such prior art is widely known or forms

part of common general knowledge in the field.

[02] Hepatocyte Growth Factor/Scatter Factor (HGF/SF) is a
mesenchyme-derived pleiotropic factor, which regulates cell growth, cell motility, and
morphogenesis of various types of cells and mediates epithelial-mesenchymal
interactions responsible for morphogenic tissue interactions during embryonic
development and organogenesis. Although HGF was originally identified as a potent
mitogen for hepatocytes, it has also been identified as an angiogenic growth factor.

[03] Met was first identified in the 1980s as an oncogene and is the
receptor for HGF. The proto-oncogene c-MET, was found to encode a receptor tyrosine
kinase. Inresponse to HGF treatment a range of activities are observed: phosphorylation
of receptor, docking of signaling intermediates Gab-1/Grb2, culminating in activation of
kinases such as PI3K, ERK1 and 2, and AKT. These activities aid in cell growth,
survival, migration, and neovascularisation.

[04] Inappropriate expression or signaling of the receptor tyrosine
kinase Met and its ligand Hepatocyte Growth Factor/Scatter Factor (HGF/SF) is
associated with an aggressive phenotype and poor clinical prognosis for a wide variety
of solid human tumors.

[05] Four lines of evidence cement the case for a role of ¢c-MET in
cancer:

[06] First, mouse and human cell lines that ectopically overexpress
HGF and/or Met become tumorigenic and metastatic in athymic nude mice. Secondly,

downregulation ot Met or HGF expression in human tumour cells decreases their

1
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tumorigenic potential. Mouse models that express the receptor or ligand as a transgene
develop various types of tumour and metastatic tumors. Third, a large number of studies
show that HGF and/or Met are frequently expressed in carcinomas, in other types of
human solid tumours and in their metastases, and that HGF and/or Met over- or

5  misexpression often correlates with poor prognosis. Fourth, unequivocal evidence that
implicates Met in human cancer is provided by the activating mutations that have been

discovered in both sporadic and inherited forms of human renal papillary carcinomas.

BRIEF SUMMARY OF THE INVENTION
10 According to a first aspect, the present invention provides an isolated polypeptide
comprising at least one monomer domain that binds to ¢-MET, wherein the at least one
monomer domain comprises a sequence selected from the group consisting of (1) SEQ
ID NO:7, (ii) SEQ ID NO:12, (iii) and at least amino acids 1-34 of SEQ ID NO:14 and
(iv) a sequence that is at least 95% identical to a sequence defined by any of (i), (ii) or
15  (iii), as defined herein:
Cxxx[EQJFxCxSTxRC[IV]xxxWxCDGDNDCEDxSDEx (SEQ ID NO:7),
wherein the first x is an amino acid chosen from A, L, E, R, P, and Q,
the second x is an amino acid chosen from P, A, and S,
the third x is an amino acid chosen from S, N, and G,
20 the fourth x is an amino acid chosen from T, Q, and K,
the fifth x is an amino acid chosen from N, R, S, and H,
the sixth x is an amino acid chosen from G, N, D, and E,
the seventh x is an amino acid chosen from P and S,
the eighth x is an amino acid chosen from Q, L, and A,
25 the ninth x is an amino acid chosen fromE, T, Q, A, S, G, and D
the tenth x is an amino acid chosen from V and L,
the eleventh x is an amino acid chosen from S and G,
the twelfth x is an amino acid chosen from A, S, and K,
and amino acids in brackets are alternative amino acids at a single position;
30 Cxxx[EQ]FxCxSTGRCxPxxWxCxGxNDCEDxSDEx (SEQ ID NO:12),

wherein the first X is an amino acid chosen from A, E, V, R, L, P, and Q,

-2 -
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the second x is an amino acid chosen from A, S, P, T, and L,

the third x is an amino acid chosen from D, S, N, and G,

the fourth x is an amino acid chosen from Q, T, and R,

the fifth x is an amino acid chosen from N, H, and R,

the sixth x is any amino acid,

the seventh x is an amino acid chosen fromV, Q,L, R, A, and G,
the eighth x is an amino acid chosen from S, E, D, Q, and A

the ninth x is any amino acid,

the tenth x is an amino acid chosen from D and H,

the eleventh x is an amino acid chosen from V and D,

the twelfth x is an amino acid chosen from S and G,

the thirteenth x is an amino acid chosen from A, T, S, and E,

and amino acids in brackets are alternative amino acids at a single position; and
at least amino acids 1-34 of

CxxX[EQ]FxCxxxxxC[ILVxxx WxCDGXxNDCxDxSxExxxxC (SEQ ID NO:14),
wherein the first x is an amino acid chosen from P, Q, V, L, and E,
the second x is an amino acid chosen from A, S, and P,

the third x is an amino acid chosen from G, S, N, and D,

the fourth x is an amino acid chosen from Q, R, T, and M,

the fifth x is any amino acid,

the sixth x is any amino acid,

the seventh x is an amino acid chosen from T, G, and N,

the eighth x is any ahmo acid,

the ninth x is an amino acid chosen from R and Q,

the tenth X is an amino acid chosen from P and S,

the eleventh x is any amino acid,

the twelfth x is an amino acid chosen from T, P, N, D, A, and H,
the thirteenth x is an amino acid chosen from L, G, and V,

the fourteenth x is an amino acid chosen from D, V, and E,

the fifteenth x is an amino acid chosen from E and G,

the sixteenth x is an amino acid chosen from G and S,

-2a -

COMS ID No: ARCS-362491 Received by IP Australia: Time (H:m) 17:53 Date (Y-M-d) 2012-03-26

7/

47



2005265150 26 Mar 2012

26-03—-12:;16:37 H ; #*

the seventeenth x is any amino acid,
the eighteenth x is any amino acid,
the nineteenth x is any amino acid,
the twentieth x is any amino acid,

5 the twenty-first x is any amino acid,

and amino acids in brackets are alternative amino acids at a single position.

cordi

According to a second aspect
polypeptide comprising at least one monomer domain that binds to ¢-MET, wherein the
at least one monomer domain comprises the amino acids of SEQ ID NO:14 as defined

10 herein:

Cxxx[EQ]FxCxxxxxC[ILV ]xxxWxCDGxNDCxDxSxExxxxC (SEQ ID NO:14),
wherein the first X is an amino acid chosen from P, Q, V, L and E,
the second x is an amino acid chosen from A, S and P,
the third x is an amino acid chosen from G, S, N, and D,
15 the fourth x is an amino acid chosen from Q, R, T and M,
the fifth x is any amino acid,
the sixth x is any amino écid,
the seventh x is an amino acid chosen from T, G and N,
the eighth x is any amino acid,
20 the ninth x is an amino acid chosen from R and Q,
the tenth x is an amino acid chosen from P and S,
the eleventh x is any amino acid,
the twelfth x is an amino acid chosen from T, P, N, D, A and H,
the thirteenth x is an amino acid chosen from L, G and V,
25 the fourteenth x is an amino acid chosen from D, V and E,
the fifteenth x is an amino acid chosen from E and G,
the sixteenth x is an amino acid chosen from G and S,
the seventeenth x is any amino acid,
the eighteenth x is any amino acid,

30 the nineteenth x is P or no amino acid,

the twentieth x is A or no amino acid,

-2 -
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the twenty-first x is an amino acid chosen from S, H, G and N,

and amino acids in brackets are alternative amino acids at a single position

or a sequence that is at least 95% identical to the amino acids of SEQ ID NO:14 as

defined herein.

According to a third aspect, the present invention provides an isolated polypeptide

comprising at least three monomer domains that bind to ¢c-MET, wherein one monomer

domain comprises a sequence selected from the group consisting of

10

15

20

25

30

(1) Cxxx[EQ]FxCxSTGRCxPxxWxCxGxNDCEDxSDEx (SEQ ID NO:12),
wherein the first x is an amino acid chosen from A, E, V, R, L, P, and Q,

the second x is an amino acid chosen from A, S, P, T, and L,

the third x is an amino acid chosen from D, S, N, and G,

the fourth x is an amino acid chosen from Q, T, and R,

the fifth x is an amino acid chosen from N, H, and R,

the sixth x is any amino acid, the seventh x is an amino acid chosen from V, Q, L,
R, A, and G,

the eighth x is an amino acid chosen from S, E, D, Q, and A,

the ninth x is any amino acid,

the tenth x is an amino acid chosen from D and H,

the eleventh x is an amino acid chosen from V and D,

the twelfth x is an amino acid chosen from S and G,

the thirteenth x is an amino acid chosen from A, T, S, and E,

and amino acids in brackets are alternative amino acids at a single position, and
(ii) a sequence that is at least 95% identical to a sequence defined by (i);

another monomer domain comprises a sequence selected from the group consisting
of

(iii) at least amino acids 1-34 of:

Cxxx[EQ]FxCxxxxxC[ILV]xxx WxCDGxNDCxDxSxExxxxC (SEQ ID NO:14),
wherein the first x is an amino acid chosen from P, Q, V, L, and E,

the second x is an amino acid chosen from A, S, and P,

the third x is an amino acid chosen from G, S, N, and D,

_2c-
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the fourth x is an amino acid chosen from Q, R, T, and M,
the fifth x is an amino acid chosen from any amino acid,
the sixth x is any amino acid,

the seventh x is an amino acid chosen from T, G, and N,
the eighth x is any amino acid,

the ninth x is an amino acid chosen from R and Q,
the tenth ¥ is an amine acid chosen rom P

the eleventh x is any amino acid,

the twelfth x is an amino acid chosen from T, P, N, D, A, and H,

the thirteenth x is an amino acid chosen from L, G, and V,

the fourteenth x is an amino acid chosen from D, V, and E,

the fifteenth x is an amino acid chosen from E and G,

the sixteenth x is an amino acid chosen from G and S,

the seventeenth x is any amino acid,

the eighteenth x is any amino acid,

the nineteenth x is any amino acid,

the twentieth x is any amino acid,

the twenty-first x is any amino acid,

and amino acids in brackets are alternative amino acids at a single position, and
(iv) a sequence that is at least 95% identical to a sequence defined by (iii); and
yet another monomer domain comprises a sequence selected from the group
consisting of

(v) at least amino acids 1-34 of:

Cxxx[EQ]FxCxxxxxC[ILV]xxx WxCDGxNDCxDxSxExxxxC (SEQ ID NO:14),
wherein the first x is an amino acid chosen from P, Q, V, L, and E,

the second x is an amino acid chosen from A, S, and P,

the third x is an amino acid chosen from G, S, N, and D,

the fourth x is an amino acid chosen from Q, R, T, and M,

the fifth x is an amino acid chosen from any amino acid,

the sixth x is any amino acid,

the seventh x is an amino acid chosen from T, G, and N,

-2d -
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the eighth x is any amino acid, the ninth x is an amino acid chosen from R and Q,
the tenth x is an amino acid chosen from P and S,

the eleventh x is any amino acid,

the twelfth x is an amino acid chosen from T, P, N, D, A, and H,

the thirteenth x is an amino acid chosen from L, G, and V,

the fourteenth x is an amino acid chosen from D, V, and E,

the fifteenth x is an amine acid chosen from Eand G

the sixteenth x is an amino acid chosen from G and S,

the seventeenth X is any amino acid,

the eighteenth x is any amino acid,

the nineteenth x is any amino acid,

the twentieth x is any amino acid,

the twenty-first x is any amino acid,

and amino acids in brackets are alternative amino acids at a single position; and
(vi) a sequence that is at least 95% identical to a sequence defined by (v).

According to a fourth aspect, the present invention provides an isolated

polypeptide comprising at least three monomer domains that bind to ¢-MET, wherein

one monomer domain comprises at least amino acids 1-38 of:
CQPNEFQCHSTGRCIPASWLCDGDNDCEDSSDESPANCATPTHT (SEQ ID

20 NO:389); another monomer domain comprises a sequence selected from the group

consisting of

25

(1) at least amino acids 1-34 of:

Cxxx[EQ]FxCxxxxxC[ILV]xxx WxCDGxNDCxDxSxExxxC (SEQ ID NO:14),
wherein the first x is an amino acid chosen from P, Q, V, L, and E,

the second x is an amino acid chosen from A, S, and P,

the third x is an amino acid chosen from G, S, N, and D,

the fourth x is an amino acid chosen from Q, R, T, and M,

the fifth x is an amino acid chosen from any amino acid,

the sixth x is any amino acid,

the seventh x is an amino acid chosen from T, G, and N,

the eighth x is any amino acid,

- 2e-
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the ninth x is an amino acid chosen from R and Q,

the tenth x is an amino acid chosen from P and S,

the eleventh x is any amino acid,

the twelfth x is an amino acid chosen from T, P, N, D, A, and H,
the thirteenth x is an amino acid chosen from L, G, and V,

the fourteenth x is an amino acid chosen from D, V, and E,

3
3
)

the fifteenth x is an amino acid chosen from E and G,
the sixteenth x is an amino acid chosen from G and S,

the seventeenth X is any amino acid,

the eighteenth x is any amino acid,

the nineteenth x is any amino acid, the twentieth x is any amino acid,

the twenty-first x is any amino acid,

and amino acids in brackets are alternative amino acids at a single position,

and (i1) a sequence that is at least 95% identical to a sequence defined by (i); and
yet another monomer domain comprises a sequence selected from the group
consisting of (iii) at least amino acids 1-34 of:

Cxxx{ EQ]FxCxxxxxClILV]xxxWxCDGxNDCxDxSxExxxxC (SEQ ID NO:14),
wherein the first x is an amino acid chosen from P, Q, V, L, and E, the second x is
an amino acid chosen from A, S, and P, the third x is an amino acid chosen from
G, S, N, and D, the fourth x is an amino acid chosen from Q, R, T, and M, the fifth
X is an amino acid chosen from any amino acid, the sixth x is any amino acid, the
seventh x is an amino acid chosen from T, G, and N, the eighth x is any amino
acid, the ninth x is an amino acid chosen from R and Q, the tenth x is an amino
acid chosen from P and S, the eleventh x is any amino acid, the twelfth x is an
amino acid chosen from T, P, N, D, A, and H, the thirteenth x is an amino acid
chosen from L, G, and V, the fourteenth x is an amino acid chosen from D, V, and
E, the fifteenth x is an amino acid chosen from E and G, the sixteenth x is an
amino acid chosen from G and S, the seventeenth x is any amino acid, the
eighteenth x is any amino acid, the nineteenth x is any amino acid, the twentieth x

is any amino acid, the twenty-first x is any amino acid, and amino acids in brackets

-2f-
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are alternative amino acids at a single position; and (iv) a sequence that is at least
95% identical to a sequence defined by (iii).

According to a fifth aspect, the present invention provides an isolated
polypeptide comprising at least three monomer domains that bind to c-MET, wherein
each of the at least three monomer domains comprises the amino acids of the following
sequence

Cxxx[EQ
NO:14),

wherein the first X is an amino acid chosen from P, Q, V, L and E,

=
"
D)
P
.><
9

the second x is an amino acid chosen from A, S and P,

the third x is an amino acid chosen from G, S, N, and D,

the fourth x is an amino acid chosen from Q, R, T and M,

the fifth x is an amino acid chosen from any amino acid,

the sixth x is any amino acid,

the seventh x is an amino acid chosen from T, G and N,

the eighth x is any amino acid,

the ninth x is an amino acid chosen from R and Q,

the tenth x is an amino acid chosen from P and S,

the eleventh x is any amino acid,

the twelfth x is an amino acid chosen from T, P, N, D, A and H,
the thirteenth x is an amino acid chosen from L, G and V,

the fourteenth x is an amino acid chosen from D, V and E,

the fifteenth x is an amino acid chosen from E and G,

the sixteenth x is an amino acid chosen from G and S,

the seventeenth x is any amino acid,

the eighteenth x is any amino acid,

the nincteenth x is P or no amino acid,

the twentieth x is A or no amino acid,

the twenty-first x is an amino acid chosen from S, H, G and N,

and amino acids in brackets are alternative amino acids at a single position,

-2g-
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or a sequence that is at least 95% identical to the amino acids of SEQ ID NO:14 as

defined herein.

According to a sixth aspect, the present invention provides an isolated

polypeptide comprising at least two monomer domains that bind to c-MET, wherein one

5 monomer domain comprises the amino acids of the following sequence:

10

15

20

25

Cxxx[EQ]FxCxxxxxC[ILV]xxx WxCDGxNDCxDxSxExxxxC (SEQ ID NO:14),

wherein the first x is an amino acid chosen

fromP, Q, V, L and E,
the second x is an amino acid chosen from A, S and P,

the third x is an amino acid chosen from G, S, N, and D,

the fourth x is an amino acid chosen from Q, R, T and M,

the fifth x is an amino acid chosen from any amino acid,

the sixth x is any amino acid,

the seventh x is an amino acid chosen from T, G and N,

the eighth x is any amino acid,

the ninth x is an amino acid chosen from R and Q,

the tenth x is an amino acid chosen from P and S,

the eleventh x is any amino acid,

the twelfth x is an amino acid chosen from T, P, N, D, A and H,
the thirteenth x is an amino acid chosen from L, Gand V,

the fourteenth x is an amino acid chosen from D, V and E,

the fifteenth x is an amino acid chosen from E and G,

the sixteenth x is an amino acid chosen from G and S,

the seventeenth x is any amino acid,

the eighteenth x is any amino acid,

the nineteenth x is P or no amino acid,

the twentieth x is A or no amino acid,

the twenty-first x is an amino acid chosen from S, H, G and N,

and amino acids in brackets are alternative amino acids at a single position,

or a sequence that is at least 95% identical to the amino acids of SEQ ID NO:14 as
30 defined herein; and

another monomer domain comprising the amino acids of the following sequence:

-%h-
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Cxxx[ EQ]FxCxxxxxC[ILV]xxx WxCDGXxNDCxDxSxExxxxC (SEQ ID NO:14),
wherein the first x is an amino acid chosen from P, Q, V, L and E,
the second x is an amino acid chosen from A, S and P,

the third x is an amino acid chosen from G, S, N, and D,

the fourth x is an amino acid chosen from Q, R, T and M,

the fifth x is an amino acid chosen from any amino acid,

the sixth x is any amino acid,

the seventh X is an amino acid chosen from T, G and N,

the eighth x is any amino acid,

the ninth x is an amino acid chosen from R and Q,

the tenth x is an amino acid chosen from P and S,

the eleventh x is any amino acid,

the twelfth x is an amino acid chosen from T, P, N, D, A and H,
the thirteenth x is an amino acid chosen from L, G and V,

the fourteenth x is an amino acid chosen from D, V and E,

the fifteenth x is an amino acid chosen from E and G,

the sixteenth x is an amino acid chosen from G and S,

the seventeenth x is any amino acid,

the eighteenth x is any amino acid,

the nineteenth x is P or no amino acid,

the twentieth x is A or no amino acid,

the twenty-first x is an amino acid chosen from S, H, G and N,

and amino acids in brackets are alternative amino acids at a single position,

or a sequence that is at least 95% identical to the amino acids of SEQ ID NO:14 as
25  defined herein; and

further comprising the following sequence:
CQPNEFQCHSTGRCIPASWLCDGDNDCEDSSDESPANCATPTHT (SEQ ID

NO:389).

According to a seventh aspect, the present invention provides an isolated

30  polypeptide that binds to c-MET, wherein the polypeptide comprises the amino acids of

Z2i-
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SEQ ID NO:389 or a sequence that is at least 95% identical to the amino acids of SEQ
ID NO:389.

According to an eighth aspect, the present invention provides an isolated
polypeptide that binds to c-MET, wherein the polypeptide comprises amino acids 1-38
of SEQ ID NO:389 or a sequence that is at least 95% identical to amino acids 1-38 of
SEQ ID NO:389.

According to a ninth aspect, the present invention provides an isolated

polynucleotide encoding the polypeptide of any one of the first to eighth aspects.

According to a tenth aspect, the present invention provides a method of treating
cancer comprising administering the polypeptide of any one of the first to eighth aspects

to a subject, wherein the subject suffers from a cancer that expresses ¢c-MET and/or
HGF.

-2j-
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[07] The present invention provides a polypeptide comprising a

monomer domain that binds to c-MET. In some embodiments, the monomer domain:
is a non-naturally-occurring monomer domain consisting of 30 to 50 amino
acids; comprises at least one disulfide bond; and optionally, binds to an ion.

[08] Insome embodiments, the monomer domain is an LDL receptor
class A monomer domain. In some embodiments, the monomer domain is an LDL
receptor class A monomer domain comprising the following sequence:

EFXCXNGXCIPXXWXCDGXDDCGDXSDE (SEQ ID NO: 17),
wherein X is any amino acid.

[09] Insome embodiments, the polypeptide comprises at least one and
no more than six monomer domains that bind c-MET. In some embodiments, the
polypeptide comprises at least two monomer domains that bind ¢c-MET.

[10] Insome embodiments, the polypeptide further comprises a second
monomer domain, wherein the second monomer domain has a binding specificity for a
blood factor, thereby increasing the serum half-life of the polypeptide when the
polypeptide is injected into an animal compared to the serum half-life of a polypeptide
lacking the blood factor-binding monomer domain. In some embodiments, the blood
factor is serum albumin, an immunoglobulin or an erythrocyte. In some embodiments,
the second monomer domain binds to immunoglobulin (IgG) and the second monomer
domain is an LDL receptor class A monomer domain comprising a sequence selected
from the following:

CXSSGRCIPXXWVCDGXXDCRDXSDE (SEQ ID NO: 2), and
CXSSGRCIPXXWLCDGXXDCRDXSDE (SEQ ID NO: 3),
wherein X is any amino acid.

{11]  In some embodiments, the second monomer domain binds to
immunoglobulin (IgG) and the second monomer domain is an LDL receptor class A
monomer domain comprising the following sequence:

[EQJFXCRX[ST]XRC[IV]XXXWI[ILV]CDGXXDCXD[DN]SDE (SEQ ID NO:
4),

wherein X is any amino acid and amino acids in brackets are alternative amino
acids at a single position. In some embodiments, the second monomer domain
comprises
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSL
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(SEQ ID NO: 5). In some embodiments, the second monomer domain comprises
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENC (SEQ ID NO: 6)

[12] Insome embodiments, binding of at least one monomer domain to
c-MET inhibits dimerization of Met. In some embodiments, at least one monomer
domain binds to the Sema domain of c-MET, thereby preventing binding of Met ligands
to c-MET.

[13] Insome embodiments, the polypeptide comprises at least one and
no more than six monomer domains. In some embodiments, the polypeptide comprises
at least two monomer domains and the monomer domains are linked by a linker. In
some embodiments, the linker is a peptide linker. In some embodiments, the linker is
between 4 to 12 amino acids long.

[14] In some embodiments, the monomer domains are each between 35
to 45 amino acids.

[15] In some embodiments, each monomer domain comprises two
disulfide bonds. In some embodiments, each monomer domain comprises three
disulfide bonds.

[16] Insome embodiments, the ion is a metal ion. In some
embodiments, the ion is a calcium ion.

[17] Insome embodiments, at least one of the monomer domains is
derived from a LDL-receptor class A domain. In some embodiments, at least one of the
monomer domains is derived from an EGF-like domain.

[18] Insome embodiments, the monomer comprises an amino acid
sequence in which at least 10% of the amino acids in the sequence are cysteine; and/or at
least 25% of the amino acids are non-naturally-occurring amino acids.

[19]  The present invention also provides methods for identifying a
polypeptide that binds to c-MET. In some embodiments, the method comprises,

screening a library of polypeptides for affinity to c-MET; and
selecting a polypeptide comprising at least one monomer domain that binds to c-
MET, wherein the monomer domain:
is a non-naturally-occurring monomer domain;
comprises at least one disulfide bond; and
binds to an ion.
[20] In some embodiments, the selected polypeptide comprises a

monomer domain comprising any of the following;:
4
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Cxxx [EQ) FXCxSTxRC [IV] xxxWxCDGDNDCEDxSDEx (SEQ ID NO: 7)

CxxxX [EQ] FECXSTXRC [IV]xxxWxCDGxNDCEDxSDEx (SEQ ID NO: 8)
CxxxX [EQ] FXCxSTxXRC [ILV] PxxWxCDGxxDCEDxSDExx (SEQ ID NO: 9)
Cxxx [EQ) FQCxSTxRC [IV] PxxWxCDGxNDCEDSSDExxC (SEQ ID NO: 10)
Cxxxx [EQ] FxCxxxxxC[ILV] xxxxxxxxxxDCxDxSDEx (SEQ ID NO: 11)
Cxxx [EQ] FXCxSTGRCxPxxWxCxGxNDCEDxSDEx (SEQ ID NO: 12)

Cxxxx [EQ] FXCXxSTXRC[ILV] xxxWxCxxxxDCxDxSDxxxxxCx (SEQ ID NO: 13)
CxxX [EQ] FXCXXxXxXC[ILV]xxxWxCDGxNDCxDxSxExxxxC (SEQ ID NO: 14)
Cxxxx [EQ] FXCxSTXRC [ILV] PxxWxCxGxxDCxDxSDEx (SEQ ID NO: 15)
Cxxxx [EQ] FXCxxxxXC[ILV] xxxWxCDGxxDCxDxSDEx (SEQ ID NO: 16)
EFXCXNGXCIPXXWXCDGXDDCGDXSDE (SEQ ID NO: 17).

[21] Insome embodiments, the selecting step comprises selecting a
polypeptide that reduces HGF-mediated cell proliferation and/or migration. In some
embodiments, the method further comprises selecting a polypeptide that inhibits tumor
growth in an animal.

[22]  In some embodiments, the monomer domain comprises an amino
acid sequence in which at least 10% of the amino acids in the sequence are cysteine;
and/or at least 25% of the amino acids are non-naturally-occurring amino acids.

(23] In some embodiments, the method further comprises

linking the monomer domain in the selected polypeptide to a second monomer
domain to form a library of multimers, each multimer comprising at least two
monomer domains;

screening the library of multimers for the ability to bind to c-MET; and
selecting a multimer that binds c-MET.

[24]  In some embodiments, the method further comprises

linking the monomer domain in the selected polypeptide to a second monomer
domain to form a library of multimers, each multimer comprising at least two
monomer domains;

screening the library of multimers for the ability to bind to a target molecule
other than the c-MET; and

selecting a multimer that binds to the target molecule.
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[25] In some embodiments, the method further comprises a step of
mutating at least one monomer domain, thereby providing a library comprising mutated
monomer domains.

[26] In some embodiments, the library of monomer domains is
expressed as a phage display, ribosome display or cell surface display.

[27] In some embodiments, the polypeptide comprises at least two
monomer domains and the monomer domains are linked by a linker. In some
embodiments, the linker is a peptide linker. In some embodiments, the linker is between
4 to 12 amino acids long.

28] In some embodiments, the monomer domains are each between 35
to 45 amino acids.

[29] In some embodiments, each monomer domain comprises two
disulfide bonds. In some embodiments, each monomer domain comprises three
disulfide bonds.

[30] In some embodiments, the ion is a metal ion. In some
embodiments, the ion is a calcium ion.

[31] Insome embodiments, at least one of the monomer domains is
derived from a LDL-receptor class A domain. In some embodiments, at least one of the
monomer domains is derived from an EGF-like domain.

[32]) In some embodiments, the monomer domain comprises an amino
acid sequence in which at least 10% of the amino acids in the sequence are cysteine;
and/or at least 25% of the amino acids are non-naturally-occurring amino acids.

[33] The present invention also provides polynucleotides encoding a
polypeptide comprising a monomer domain that binds to c-MET, wherein the monomer
domain:

is a non-naturally-occurring monomer domain consisting of 30 to 50 amino
acids;

comprises at least one disulfide bond.

The present invention also provides

[34] A polypeptide comprising a monomer domain that binds to
immunoglobulin-G (IgG), wherein the monomer domain is an LDL receptor class A
monomer domain comprising sequence selected from the following:

CXSSGRCIPXXWVCDGXXDCRDXSDE (SEQ ID NO: 2),

CXSSGRCIPXXWLCDGXXDCRDXSDE (SEQ ID NO: 3), and
6
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[EQ]JFXCRX[ST]XRC[IV]XXXW[ILV]CDGXXDCXD[DN]SDE (SEQ ID NO: 4)
wherein X is any amino acid and amino acids in brackets are alternative amino
acids at a single position; and

wherein the polypeptide has an increased serum half-life when the polypeptide is
injected into an animal compared to the serum half-life of a polypeptide lacking

the monomer domain that binds to IgG.

[35] Insome embodiments, the monomer domain comprises

CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSL
(SEQ ID NO: 5). In some embodiments, the monomer domain comprises

CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENC (SEQ ID NO: 6).

[36] Insome embodiments, the polypeptide comprises a second

monomer domain with binding specificity for a molecule other than IgG, wherein the

second monomer domain:

has between 30-100 amino acids;
is a non-naturally-occurring monomer domain;
comprises at least one disulfide bond.

[37) In some embodiments, the second monomer domain is a non-

naturally-occuring LDL-receptor class A domain.

[38] The present invention also provides polynucleotides that encode

the polypeptides as described above.

DEFINITIONS

[39] Unless otherwise indicated, the following definitions supplant

those in the art.

Unless the context clearly requires otherwise, throughout the

bR N3

description and the claims, the words “comprise”, “comprising”, and the like are to be
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construed in an inclusive sense as opposed to an exclusive or exhaustive sense; that is to
say, in the sense of “including, but not limited to”.

[40] "Met" also referred to as "c-MET," refers to the Hepatocyte
Growth Factor/Scatter Factor (HGF/SF)-binding receptor tyrosine kinase. In response to
HGF treatment a range of activities are observed: phosphorylation of receptor, docking
of signaling intermediates Gab-1/Grb2, culminating in activation of kinases such as
PI3K, ERKI1 and 2, and AKT. These activities aid in cell growth, survival, migration,
and neovascularisation. See, e.g., Birchmeier et al., Mol. Cell Biol. 4:915-925 (2003).
The amino acid sequence of Met is known and is displayed in SEQ ID NO:1. See, e.g.,
Park et al., Proc. Natl. Acad. Sci. USA 84(18):6379 (1987).

[41] The terms “monomer domain” or “monomer” are used
interchangeably and herein refer to a discrete region found in a protein or polypeptide.

A monomer domain forms a native three-dimensional structure in solution in the absence
of flanking native amino acid sequences. Monomer domains of the invention will often
bind to a target molecule. For example, a polypeptide that forms a three-dimensional
structure that binds to a target molecule is a monomer domain. As used herein, the term
“monomer domain” does not encompass the complementarity determining region (CDR)
of an antibody.

[42]  The term “loop” refers to that portion of a monomer domain that
is typically exposed to the environment by the assembly of the scaffold structure of the
monomer domain protein, and which is involved in target binding. The present
invention provides three types of loops that are identified by specific features, such as,
potential for disulfide bonding, bridging between secondary protein structures, and
molecular dynamics (i.e., flexibility). The three types of loop sequences are a cysteine-
defined loop sequence, a structure-defined loop sequence, and a B-factor-defined loop
sequence.

[43]  As used herein, the term "cysteine-defined loop sequence" refers
to a subsequence of a naturally occurring monomer domain-encoding sequence that is
bound at each end by a cysteine residue that is conserved with respect to at least one
other naturally occurring monomer domain of the same family. Cysteine-defined loop
sequences are identified by multiple sequence alignment of the naturally occurring
monomer domains, followed by sequence analysis to identify conserved cysteine
residues. The sequence between each consecutive pair of conserved cysteine residues is

a cysteine-defined loop sequence. The cysteine-defined loop sequence does not include
7a
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the cysteine residues adjacent to each terminus. Monomer domains having cysteine-
defined loop sequences include the LDL receptor A-domains, EGF-like domains, sushi
domains, Fibronectin type 1 domains, and the like. Thus, for example, in the case of
LDL receptor A-domains represented by the consensus sequence,
CXCX4CXCXsCXsC (SEQ ID NO: 18), wherein X¢, X4, Xs, and Xg each represent a
cysteine-defined loop sequence comprising the designated number of amino acids.

[44]  As used herein, the term "structure-defined loop sequence" refers
to a subsequence of a monomer-domain encoding sequence that is bound at each end to
subsequences that each form a secondary structure. Secondary structures for proteins
with known three dimensional structures are identified in accordance with the algorithm
STRIDE for assigning protein secondary structure as described in Frishman, D. and
Argos, P. (1995) "Knowledge-based secondary structure assignment," Proteins,
23(4):566-79 (see also //hgmp.mrc.ac.uk/Registered/Option/stride.html at the World
Wide Web). Secondary structures for proteins with unknown or uncharacterized three
dimensional structures are identified in accordance with the algorithm described in
Jones, D.T. (1999), "Protein secondary structure prediction based on position-specific
écoring matrices," J. Mol. Biol., 292:195-202 (see also McGuffin, L.J., Bryson, K.,
Jones, D.T. (2000) "The PSIPRED protein

7b
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structure prediction server,” Bioinformatics, 16:404-405, and //bioinf.cs.ucl.ac.uk/psipred/ at
the World Wide Web). Secondary structures include, for example, pleated sheets, helices,
and the like. Examples of monomer domains having structure-defined loop sequences are the
C2 domains, Ig domains, Factor 5/8 C domains, Fibronectin type 3 domains, and the like.
[45] The term "B-factor-defined loop sequence" refers to a subsequence of
at least three amino acid residues of a monomer-domain encoding sequence in which the B-
factors for the alpha carbons in the B-factor-defined loop are among the 25% highest alpha
carbon B factors in the entire monomer domain. Typically the average alpha-carbon B-factor
for the subsequence is at least about 65. As used herein, the term "B-factor" (or "temperature
factor" or "Debye-Waller factor") is derived from X-ray scattering data. The B-factor is a
factor that can be applied to the X-ray scattering term for each atom, or for groups of atoms,
that describes the degree to which electron density is spread out B-factors employed in the
practice of the present invention may be either isotropic or anisotropic. The term "average

alpha-carbon B-factor" refers to:
n
(0 I}Z’»-factorcod) /n
p

where n corresponds to the number of residues in the loop, and is at least 3, and B-factorcg; is

the B-factor for the alpha carbon of amino acid residue i of the loop.

[46] The term “multimer” is used herein to indicate a polypeptide
comprising at least two monomer domains. The separate monomer domains in a multimer
can be joined together by a linker. A multimer is also known as a combinatorial mosaic
protein or a recombinant mosaic protein.

[47]  The term “family” and “family class™ are used interchangeably to
indicate proteins that are grouped together based on similarities in their amino acid
sequences. These similar sequences are generally conserved because they are important for
the function of the protein and/or the maintenance of the three dimensional structure of the
protein. Examples of such families include the LDL Receptor A-domain family, the EGF-
like family, and the like. Additionally, related sequences that bind to the same target
molecule can be divided into families based on common sequence motifs.

[48] The term “ligand,” also referred to herein as a “target molecule,”
encompasses a wide variety of substances and molecules, which range from simple molecules
to complex targets. Target molecules can be proteins, nucleic acids, lipids, carbohydrates or

any other molecule capable of recognition by a polypeptide domain. For example, a target
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molecule can include a chemical compound (i.e., non-biological compound such as, e.g., an
organic molecule, an inorganic molecule, or a molecule having both organic and inorganic
atoms, but excluding polynucleotides and proteins), a mixture of chemical compounds, an
array of spatially localized compounds, a biological macromolecule, a bacteriophage peptide
display library, a polysome peptide display library, an extract made from a biological
materials such as bacteria, plants, fungi, or animal (e.g., mammalian) cells or tissue, a protein,
a toxin, a peptide hormone, a cell, a virus, or the like. Other target molecules include, e.g., a
whole cell, a whole tissue, a mixture of related or unrelated proteins, a mixture of viruses or
bacterial strains or the like. Target molecules can also be defined by inclusion in screening
assays described herein or by enhancing or inhibiting a specific protein interaction (i.e., an
agent that selectively inhibits a binding interaction between two predetermined polypeptides).

[49] The term “linker” is used herein to indicate a moiety or group of
moieties that joins or connects two or more discrete separate monomer domains. The linker
allows the discrete separate monomer domains to remain separate when joined together in a
multimer. The linker moiety is typically a substantially linear moiety. Suitable linkers
include polypeptides, polynucleic acids, peptide nucleic acids and the like. Suitable linkers
also include optionally substituted alkylene moieties that have one or more oxygen atoms
incorporated in the carbon backbone. Typically, the molecular weight of the linker is less
than about 2000 daltons. More typically, the molecular weight of the linker is less than about
1500 daltons and usually is less than about 1000 daltons. The linker can be small enough to
allow the discrete separate monomer domains to cooperate, e.g., where each of the discrete
separate monomer domains in a multimer binds to the same target molecule via separate
binding sites. Exemplary linkers include a polynucleotide encoding a polypeptide, or a
polypeptide of amino acids or other non-naturally occurring moieties. The linker can be a
portion of a native sequence, a variant thereof, or a synthetic sequence. Linkers can
comprise, e.g., naturally occurring, non-naturally occurring amino acids, or a combination of
both.

[S0] The term “separate” is used herein to indicate a property of a moiety
that is independent and remains independent even when complexed with other moieties,
including for example, other monomer domains. A monomer domain is a separate domain in
a protein because it has an independent property that can be recognized and separated from
the protein. For instance, the ligand binding ability of the A-domain in the LDLR is an
independent property. Other examples of separate include the separate monomer domains in

a multimer that remain separate independent domains even when complexed or joined
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together in the multimer by a linker. Another example of a separate property is the separate
binding sites in a multimer for a ligand.

[51] Asused herein, “directed evolution” refers to a process by which
polynucleotide variants are generated, expressed, and screened for an activity (e.g., a
polypeptide with binding activity) in a recursive process. One or more candidates in the
screen are selected and the process is then repeated using polynucleotides that encode the
selected candidates to generate new variants. Directed evolution involves at least two rounds
of variation generation and can include 3, 4, 5, 10, 20 or more rounds of variation generation
and selection, Variation can be generated by any method known to those of skill in the art,
including, e.g., by error-prone PCR, gene recombination, chemical mutagenesis and the like.

[52] The term “shuffling” is used herein to indicate recombination between
non-identical sequences. In some embodiments, shuffling can include crossover via
homologous recombination or via non-homologous recombination, such as via cre/lox and/or
flp/fit systems. Shuffling can be carried out by employing a variety of different formats,
including for example, in vitro and in vivo shuffling formats, in silico shuffling formats,
shuffling formats that utilize either double-stranded or single-stranded templates, primer
based shuffling formats, nucleic acid fragmentation-based shuffling formats, and
oligonucleotide-mediated shuffling formats, all of which are based on recombination events
between non-identical sequences and are described in more detail or referenced herein below,
as well as other similar recombination-based formats. The term “random” as used herein
refers to a polynucleotide sequence or an amino acid sequence composed of two or more
amino acids and constructed by a stochastic or random process. The random polynucleotide
sequence or amino acid sequence can include framework or scaffolding motifs, which can
comprise invariant sequences.

[53] The term “pseudorandom” as used herein refers to a set of sequences,
polynucleotide or polypeptide, that have limited variability, so that the degree of residue
variability at some positions is limited, but any pseudorandom position is allowed at least
some degree of residue variation.

99 <,

[54] The terms “polypeptide,” “peptide,” and “protein” are used herein
interchangeably to refer to an amino acid sequence of two or more amino acids.

[55] The term “amino acid” refers to naturally occurring and synthetic
amino acids, as well as amino acid analogs and amino acid mimetics that function in a
manner similar to the naturally occurring amino acids. Naturally occurring amino acids are

those encoded by the genetic code, as well as those amino acids that are later modified, e.g.,

10
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hydroxyproline, y-carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to
compounds that have the same basic chemical structure as a naturally occurring amino acid,
i.e., an o, carbon that is bound to a hydrogen, a carboxyl group, an amino group, and an R
group, e.g., homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium.
Such analogs have modified R groups (e.g., norleucine) or modified peptide backbones, but
retain the same basic chemical structure as a naturally occurring amino acid. “Amino acid
mimetics” refers to chemical compounds that have a structure that is different from the
general chemical structure of an amino acid, but that functions in a manner similar to a
naturally occurring amino acid.

[56] "Conservative amino acid substitution” refers to the interchangeability
of residues having similar side chains. For example, a group of amino acids having aliphatic
side chains is glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chains is serine and threonine; a group of amino acids having amide-
containing side chains is asparagine and glutamine; a group of amino acids having aromatic
side chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic
side chains is lysine, arginine, and histidine; and a group of amino acids having sulfur-
containing side chains is cysteine and methionine. Preferred conservative amino acids
substitution groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine,
alanine-valine, and asparagine-glutamine.

[57) The phrase "nucleic acid sequence" refers to a single or double-
stranded polymer of deoxyribonucleotide or ribonucleotide bases read from the 5' to the 3
end or an analog thereof.

[58] The term “encoding” refers to a polynucleotide sequence encoding one
or more amino acids. The term does not require a start or stop codon. An amino acid
sequence can be encoded in any one of six different reading frames provided by a
polynucleotide sequence.

[59] The term "promoter" refers to regions or sequence located upstream
and/or downstream from the start of transcription that are involved in recognition and binding
of RNA polymerase and other proteins to initiate transcription.

[60] A “vector” refers to a polynucleotide, which when independent of the
host chromosome, is capable of replication in a host organism. Examples of vectors include
plasmids. Vectors typically have an origin of replication. Vectors can comprise, €.g.,
transcription and translation terminators, transcription and translation initiation sequences,

and promoters useful for regulation of the expression of the particular nucleic acid.
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[61] The term “recombinant’ wnen usea with reterence, e.g., to a cell, or
nucleic acid, protein, or vector, indicates that the cell, nucleic acid, protein or vector, has
been modified by the introduction of a heterologous nucleic acid or protein or the alteration
of a native nucleic acid or protein, or that the cell is derived from a cell so modified. Thus,
for example, recombinant cells express genes that are not found within the native
(nonrecombinant) form of the cell or express native genes that are otherwise abnormally
expressed, under-expressed or not expressed at all.

[62] The phrase “specifically (or selectively) binds™ to a polypeptide, when
referring to a monomer or multimer, refers to a binding reaction that can be determinative of
the presence of the polypeptide in a heterogeneous population of proteins (e.g., a cell or tissue
lysate) and other biologics. Thus, under standard conditions or assays used in antibody
binding assays, the specified monomer or multimer binds to a particular target molecule
above background (e.g., 2X, 5X, 10X or more above background) and does not bind in a
significant amount to other molecules present in the sample.

[63] The terms “identical” or percent “identity,” in the context of two or
more nucleic acids or polypeptide sequences, refer to two or more sequences or subsequences
that are the same. “Substantially identical” refers to two or more nucleic acids or polypeptide
sequences having a specified percentage of amino acid residues or nucleotides that are the
same (i.e., 60% identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity over a
specified region, or, when not specified, over the entire sequence), when compared and
aligned for maximum correspondence over a comparison window, or designated region as
measured using one of the following sequence comparison algorithms or by manual
alignment and visual inspection. Optionally, the identity or substantial identity exists over a
region that is at least about 50 nucleotides in length, or more preferably over a region that is
100 to 500 or 1000 or more nucleotides or amino acids in length.

[64] A polynucleotide or amino acid sequence is “heterologous to” a second
sequence if the two sequences are not linked in the same manner as found in naturally-
occurring sequences. For example, a promoter operably linked to a heterologous coding
sequence refers to a coding sequence which is different from any naturally-occurring allelic
variants. The term “heterologous linker,” when used in reference to a multimer, indicates
that the multimer comprises a linker and a monomer that are not found in the same
relationship to each other in nature (e.g., they form a non-naturally occurring fusion protein).

[65] A "non-naturally-occurring amino acid" in a protein sequence refers to

any amino acid other than the amino acid that occurs in the corresponding position in an
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alignment with a naturally-occurring polypeptide with the lowest smallest sum probability
where the comparison window is the length of the monomer domain queried and when
compared to a naturally-occuring sequence in the non-redundant ("nr") database of Genbank
using BLAST 2.0 as described herein.

[66] “Percentage of sequence identity” is determined by comparing two
optimally aligned sequences over a comparison window, wherein the portion of the
polynucleotide sequence in the comparison window may comprise additions or deletions (i.e.,
gaps) as compared to the reference sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or amino acid residue occurs in
both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the
result by 100 to yield the percentage of sequence identity.

[67] The terms “identical” or percent “identity,” in the context of two or
more nucleic acids or polypeptide sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino acid residues or nucleotides that are
the same, when compared and aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the following sequence comparison
algorithms or by manual alignment and visual inspection. Such sequences are then said to be
“substantially identical.” This definition also refers to the complement of a test sequence.
Optionally, the identity exists over a region that is at least about 50 amino acids or
nucleotides in length, or more preferably over a region that is 75-100 amino acids or
nucleotides in length.

[68] For sequence comparison, typically one sequence acts as a reference
sequence, to which test sequences are compared. When using a sequence comparison
algorithm, test and reference sequences are entered into a computer, subsequence coordinates
are designated, if necessary, and sequence algorithm program parameters are designated.
Default program parameters can be used, or alternative parameters can be designated. The
sequence comparison algorithm then calculates the percent sequence identities for the test
sequences relative to the reference sequence, based on the program parameters.

[69] A “comparison window”, as used herein, includes reference to a
segment of any one of the number of contiguous positions selected from the group consisting
of from 20 to 600, usually about 50 to about 200, more usually about 100 to about 150 in

which a sequence may be compared to a reference sequence of the same number of
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contiguous positions after the two sequences are optimally aligned. Methods of alignment of
sequences for comparison are well-known in the art. Optimal alignment of sequences for
comparison can be conducted, e.g., by the local homology algorithm of Smith and Waterman
(1970) Adv. Appl. Math. 2:482c, by the homology alignment algorithm of Needleman and
Waunsch (1970) J. Mol. Biol. 48:443, by the search for similarity method of Pearson and
Lipman (1988) Proc. Nat’l. Acad. Sci. USA 85:2444, by computerized implementations of
these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by manual
alignment and visual inspection (see, e.g., Ausubel et al., Current Protocols in Molecular
Biology (1995 supplement)).

[70]  One example of a useful algorithm is the BLAST 2.0 algorithm, which
is described in Altschul et al. (1990) J. Mol. Biol. 215:403-410, respectively. Software for
performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identifying short words of length W in the
query sequence, which either match or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul et al., supra). These initial neighborhood word
hits act as seeds for initiating searches to find longer HSPs containing them. The word hits
are extended in both directions along each sequence for as far as the cumulative alignment
score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N (penalty score
for mismatching residues; always < 0). For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X from its maximum achieved value;
the cumulative score goes to zero or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN
program (for nucleotide sequences) uses as defaults a wordlength (W) of 11, an expectation
(E) or 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences, the
BLASTP program uses as defaults a wordlength of 3, and expectation (E) of 10, and the
BLOSUMBG62 scoring matrix (see Henikoff and Henikoff (1989) Proc. Natl. Acad. Sci. USA
89:10915) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both

strands.
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[71]  The BLAST algorithm also performs a statistical analysis of the
similarity between two sequences (see, e.g., Karlin and Altschul (1993) Proc. Natl.
Acad. Sci. USA 90:5873-5787). One measure of similarity provided by the BLAST
algorithm is the smallest sum probability (P(N)), which provides an indication of the
probability by which a match between two nucleotide or amino acid sequences would
occur by chance. For example, a nucleic acid is considered similar to a reference
sequence if the smallest sum probability in a comparison of the test nucleic acid to the
reference nucleic acid is less than about 0.2, more preferably less than about 0.01, and

most preferably less than about 0.001.

BRIEF DESCRIPTION OF THE DRAWINGS

[72]  Figure 1 schematically illustrates the alignment of partial amino
acid sequence from a variety of the LDL-receptor class A-domains to demonstrate the
conserved cysteines (SEQ [D NOS 735-748, respectively, in order or appearance). The
connectivity of cysteines in the three disulfide bonds of the folded domain is illustrated
schematically on the consensus sequence. Residues whose side-chains contribute to
calcium binding are designated with an asterisk in the consensus sequence.

[73] Figure 2, panel A schematically illustrates an example of an A-
domain. Panel A schematically illustrates conserved amino acids in an A-domain of
about 40 amino acids long (SEQ ID NO: 749). The conserved cysteine residues are
indicated by C, and the conserved negatively charged amino acids are indicated by a
circle with a minus (“-”) sign. Circles with an “H” indicate conserved hydrophobic
residues. Panel B schematically illustrates two folded A-domains connected via a linker.
Panel B also indicates two calcium binding sites, dark circles with Ca+2, and three
disulfide bonds within each folded A-domain for a total of 6 disulfide bonds.

[74]  Figure 3 indicates some of the ligands recognized by naturally-
occurring members of the LDL-receptor family, which include inhibitors, proteases,
protease complexes, vitamin-carrier complexes, proteins involved in lipoprotein
metabolism, non-human ligands, antibiotics, viruses, and others.

[7S]  Figure 4 schematically illustrates a general scheme for identifying
monomer domains that bind to a ligand, isolating the selected monomer domains,
creating multimers of the selected monomer domains by joining the selected monomer
domains in various combinations and screening the multimers to identify multimers

comprising more than one monomer that binds to a ligand.
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[76]  Figure S is a schematic representation of another selection
strategy (guided selection). A monomer domain with appropriate binding properties is
identified from a library of monomer domains. The identified monomer domain is then
linked to monomer domains from another library of monomer domains to form a library
of multimers. The multimer library is screened to identify a pair of monomer domains
that bind simultaneously to the target. This process can then be repeated until the
optimal binding properties are obtained in the multimer.

[77]  Figure 6 depicts an alignment of A domains (SEQ ID NOS 750-
966, respectively, in order or appearance). At the top and the bottom of the figure, small
letters (a-q) indicate conserved residues.

[78]  Figure 7 illustrates various possible antibody-monomer or
multimer conformations. In some embodiments, the monomer or multimer replaces the
Fab fragment of the antibody.

[79]  Figure 8 depicts a possible conformation of a multimer of the
invention comprising at least one monomer domain that binds to a half-life extending
molecule and other monomer domains binding to one or optionally two or more target
molecules. In the Figure, two monomer domains bind to two first target molecules.
Optionally, the two monomer domains can bind to different sites on one first target
molecule (not depicted).

[80]  Figure 9 shows a comparison between c-METFc, a c-MET-
specific monomer (M26) and a c-MET-specific dimer (RM12; RecM12) with regards to
their relative abilities to block HGF-induced proliferation of serum-starved A549-SC
human lung adenocarcinoma cells.

[81]  Figure 10 illustrates the serum half-life in monkeys of monomers
that bind to IgG.

DETAILED DESCRIPTION OF THE INVENTION
L INTRODUCTION
[82]  The present invention provides for non-naturally-occurring
proteins that bind to c-MET. Generally, the proteins of the present invention comprise a
domain that binds to c-MET. These domains may be readily identified using a variety of
polypeptide scaffolds to generate a plurality of polypeptide variants and then selecting a
variant that binds to c-MET. The present invention therefore also provides for selecting

a protein that binds to c-MET. Proteins that bind c-MET are useful, e.g., for treating
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individuals with solid tumors that express c-MET. The polypeptides of the invention
are also useful to detect tissues in which Met is expressed and can be used to target
molecules to those tissues.

[83] c¢-MET is inactive in its resting monomer state and dimer

n

formation results in receptor activation (often even in absence of ligand binding). The

mature form of the
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the receptor consists of a solely extracellular o chain and a longer 8 chain encompassing the
remainder of the extracellular domain, a transmembrane domain and a cytoplasmic tail. The
cytoplasmic tail contains the juxtamembrane domain, a kinase domain and docking sites for
signaling intermediates. The o chain and the first 212 amino acids of the f§ chain, also known
as the Sema domain (Kong-Beltran, et al., Cancer Cell 6:75-84 (2004), are sufficient for
binding to HGF. The rest of the extracellular portion of the B chain consists of a cysteine-
rich C domain and four repeats of an unusual immunoglobulin domain. Accordingly, in some
embodiments, the polypeptides of the invention comprise at least one monorher domain that
inhibits dimerization of c-MET o and B chains and/or functions as an antagonist to prevent
ligands of c-MET from binding and/or activating c-MET.

[84] While the present invention provides for polypeptides comprising
single domains, multimers of the domains may also be synthesized and used. In some
embodiments, all of the domains of the multimer bind ¢c-MET. In some of these
embodiments, each of the domains are identical and bind to the same portion (i.e., "epitope")
of c-MET. For example, in some embodiments, the monomer domains bind to the Sema
domain of c-MET. In other embodiments, at least some of the domains in the multimer bind
to different portions of c-MET. In yet other embodiments, at least some of the domains of
the polypeptide bind to a molecule or molecules other than ¢-MET (e.g., a blood factor such

as serum albumin, immunoglobulin, or erythrocytes).

/A MONOMERS

[85] Monomer domains can be polypeptide chains of any size. In some
embodiments, monomer domains have about 25 to about 500, about 30 to about 200, about
30 to about 100, about 35 to about 50, about 35 to about 100, about 90 to about 200, about 30
to about 250, about 30 to about 60, about 9 to about 150, about 100 to about 150, about 25 to
about 50, or about 30 to about 150 amino acids. Similarly, a monomer domain of the present
invention can comprise, e.g., from about 30 to about 200 amino acids; from about 25 to about
180 amino acids; from about 40 to about 150 amino acids; from about 50 to about 130 amino
acids; or from about 75 to about 125 amino acids. Monomer domains can typically maintain
a stable conformation in solution, and are often heat stable, e.g., stable at 95° C for at least 10
minutes without losing binding affinity. Sometimes, monomer domains can fold
independently into a stable conformation. In one embodiment, the stable conformation is

stabilized by ions (e.g., such as metal or calcium ions). The stable conformation can
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optionally contain disulfide bonds (e.g., at least one, two, or three or more disulfide
bonds). The disulfide bonds can optionally be formed between two cysteine residues. In
some embodiments, monomer domains, or monomer domain variants, are substantially

identical to the sequences exemplified.

A. ¢-MET Binders
[86] Insome aspects, the invention provides monomer domains that
bind to a c-MET polypeptide or a portion thereof. A portion of a polypeptide can be,
e.g., at least 5, 10, 15, 20, 30, 50, 100, or more contiguous amino acids of the
polypeptide.
[87] A large number of c-MET binding sequences having an A domain
scaffold were generated. As described in detail in the examples, ten families (i.e.,
Families 1-10, or "Fam 1-10") of monomer domains that bind to c-MET have been
identified. The consensus motifs generated based on these families indicate common
amino acid residues between c-MET binders. Sequence flanking the conserved residues
comprising the motif are omitted from the motif, although it is assumed that all residues
comprising the A-domain structure will be present in any binding domain based on the
families below. Those of skill in the art will appreciate that positions where there is no
consensus (marked with an "X") can be any amino acid. In some embodiments, the
amino acid at "X" positions will be selected from amino acids in the analogous position
of one of the exemplified c-MET binders either from the same family or a different
family.
(88] Family 1 has the following consensus motif:
Cxxx [EQ]FXCxSTxRC[IV]xxxWxCDGDNDCEDxSDEx (SEQ ID NO: 7)
[89] Exemplary sequences comprising the c-MET Family 1 motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 1 sequence exemplified in the examples.
[90] Family 2 has the following motif:
Cxxxx [EQ] FECXxSTXRC [IV] xxxWxCDGxNDCEDxSDEx (SEQ ID NO: 8)
[91})  Exemplary sequences comprising the c-MET Family 2 motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 2 sequence exemplified in the examples.

[92] Family 3 has the following motif:
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Cxxxx [EQ] FXCxXxSTXRC[ILV] PxxWxCDGxxDCEDxSDExx (SEQ ID NO: 9)

[93] Exemplary sequences comprising the c-MET Family 3 motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 3 sequence exemplified in the examples.

[94] Family 4 has the following motif:

Cxxx [EQ] FQCxSTxRC [IV] PxxWxCDGXNDCEDSSDExxC (SEQ ID NO: 10)

[95] Exemplary sequences comprising the c-MET Family 4 motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 4 sequence exemplified in the examples.

[96] Family S has the following motif:

CxxxX [EQ] FXCxxxxXC [ILV] xxxxxxxxxxDCxDxSDEX (SEQ ID NO: 11)

[97] Exemplary sequences comprising the c-MET Family S motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 5 sequence exemplified in the examples.

[98] Family 6 has the following motif:

Cxxx [EQ] FXCxSTGRCxPxxWxCxGxNDCEDxSDEx (SEQ ID NO: 12)

[99] Exemplary sequences comprising the c-MET Family 6 motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 6 sequence exemplified in the examples.

[100] Family 7 has the following motif:

Cxxxx [EQ] FXCXSTXRC [ILV] xxxWxCxxxxXDCxDxSDxxxxxCx (SEQ ID
NO: 13)

[101] Exemplary sequences comprising the c-MET Family 7 motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 7 sequence exemplified in the examples.

[102] Family 8 has the following motif:

Cxxx [EQ] FXCxxxxxC[ILV] xxXWxCDGXNDCxDxSxExxxxC (SEQ [D
NO: 14)

[103] Exemplary sequences comprising the c-MET Family 8 motif are
displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 8 sequence exemplified in the examples.

[104) Family 9 has the following motif:

Cxxxx [EQ] FXCxSTxRC [ILV] PxxWxCxGxxDCxDxSDEx (SEQ ID NO: 15)
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[105] Exemplary sequences comprising the c-MET Family 9 motif are

displayed in the examples. References to c-MET binding monomers or multimers
encompass each Family 9 sequence exemplified in the examples.

[106] Family 10 has the following motif:

Cxxxx [EQ] FXCxxxxXC [ILV]xxxWxCDGxxDCxDxSDEx (SEQ ID NO: 16)

which can be further condensed as:
EFXCXNGXCIPXXWXCDGXDDCGDXSDE (SEQ ID NO: 17)

[107] Exemplary sequences comprising the c-MET Family 10 motif are
displayed in the examples. References to c-MET binding monomers or multimers

encompass each Family 10 sequence exemplified in the examples.

B. IgG binders and serum half-life extension
[108] The invention further provide monomer domains that bind to a
blood factor (e.g., serum albumin, immunoglobulin, or erythrocytes).
[109] In some embodiments, the monomer domains bind to an
immunoglobulin polypeptide or a portion thereof.
[110] Two families (i.e., A domain Families 2 and 3) of monomer
domains that bind to immunoglobulin have been identified.
[111] Family 2 has the following motif:
[EQ]FXCRX [ST]XRC[IV]XXXW[ILV]CDGXXDCXD[DN]SDE (SEQ ID NO: 4)
[112] Exemplary sequences comprising the IgG Family 2 motif are
displayed in the examples. References to IgG binding monomers or multimers
encompass each Family 2 sequence exemplified in the examples.
[113] Family 3 has either of the two following motifs:
CXSSGRCIPXXWVCDGXXDCRDXSDE (SEQ ID NO: 2); or
CXSSGRCIPXXWLCDGXXDCRDXSDE (SEQ ID NO: 3)

[114] Exemplary sequences comprising the IgG Family 3 motif are
displayed in the examples. References to 1gG binding monomers or multimers

encompass each Family 3 sequence exemplified in the examples.
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[115] Monomer domains that bind to red blood cells (RBC) or serum
albumin (CSA) are described in U.S. Patent Publication No. 2005/0048512, and include,
e.g.:

RBCA
CRSSQFQCNDSRICIPGRWRCDGDNDCQDGSDETGCGDSHILPFSTPGPST (SEQ ID
NO: 19)

RBCB
CPAGEFPCKNGQCLPVTWLCDGVNDCLDGSDEKGCGRPGPGATSAPAA (SEQ ID NO:
20)

RBC11
CPPDEFPCKNGQCIPQDWLCDGVNDCLDGSDEKDCGRPGPGATSAPAA (SEQ ID NO:
21)

CSA-A8 CGAGQFPCKNGHCLPLNLLCDGVNDCEDNSDEPSELCKALT
(SEQ ID NO: 22)

[116] The present invention provides a method for extending the serum

half-life of a protein, including, e.g., a multimer of the invention or a protein of interest

in an animal. The protein of interest in an
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animal. The protein of interest can be any protein with therapeutic, prophylactic, or
otherwise desirable functionality. This method comprises first providing a monomer domain
that has been identified as a binding protein that specifically binds to a half-life extender such
as a blood-carried molecule or cell, such as serum albumin (e.g., human serum albumin), IgG,
red blood cells, etc. The half-life extender-binding monomer is then covalently linked to
another monomer domain that has a binding affinity for the protein of interest (e.g., c-MET or
a different target). This complex formation results in the half-life extension protecting the
multimer and/or bound protein(s) from proteolytic degradation and/or other removal of the
multimer and/or protein(s) and thereby extending the half-life of the protein and/or multimer.
One variation of this use of the invention includes the half-life extender-binding monomer
covalently linked to the protein of interest. The protein of interest may include a monomer
domain, a multimer of monomer domains, or a synthetic drug. Alternatively, monomers that
bind to either immunoglobulins or erythrocytes could be generated using the above method
and could be used for half-life extension.

[117] The half-life extender-binding multimers are typically multimers of at
least two domains, chimeric domains, or mutagenized domains (i.e., one that binds to Met
and one that binds to the blood-carried molecule or cell). Suitable domains include all of
those described herein, that are further screened and selected for binding to a half-life
extender. The half-life extender-binding multimers are generated in accordance with the
methods for making multimers described herein, using, for example, monomer domains pre-
screened for half-life extender -binding activity. The serum half-life of a molecule can be
extended to be, e.g., at least 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70 80, 90, 100, 150, 200, 250,

400, 500 or more hours.

C. Discussion of Monomer Domains
[118] Monomer domains that are particularly suitable for use in the practice
of the present invention are cysteine-rich domains comprising disulfide bonds. Cysteine-rich
domains employed in the practice of the present invention typically do not form an o helix, a
B sheet, or a B-barrel structure. Typically, the disulfide bonds promote folding of the domain
into a three-dimensional structure. Usually, cysteine-rich domains have at least two disulfide
bonds, more typically at least three disulfide bonds. In some embodiments, at least 5, 10, 15

or 20% of the amino acids in a monomer domain are cysteines.
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[119] Domains can have any number of characteristics. For example, in
some embodiments, the domains have low or no immunogenicity in an animal (e.g., a
human). Domains can have a small size. In some embodiments, the domains are small
enough to penetrate skin or other tissues. Domains can have a range of in vivo half-lives or
stabilities.

[120] Illustrative monomer domains suitable for use in the practice of the
present invention include, e.g., an EGF-like domain, a Kringle-domain, a fibronectin type I
domain, a fibronectin type II domain, a fibronectin type III domain, a PAN domain, a Gla
domain, a SRCR domain, a Kunitz/Bovine pancreatic trypsin Inhibitor domain, a Kazal-type
serine protease inhibitor domain, a Trefoil (P-type) domain, a von Willebrand factor type C
domain, an Anaphylatoxin-like domain, a CUB domain, a thyroglobulin type I repeat, LDL-
receptor class A domain, a Sushi domain, a Link domain, a Thrombospondin type I domain,
an Immunoglobulin-like domain, a C-type lectin domain, a MAM domain, a von Willebrand
factor type A domain, a Somatomedin B domain, a WAP-type four disulfide core domain, a
F5/8 type C domain, a Hemopexin domain, an SH2 domain, an SH3 domain, a Laminin-type
EGF domain, a C2 domain, and other such domains known to those of ordinary skill in the
art, as well as derivatives and/or variants thereof.

[121] In some embodiments, suitable monomer domains (e.g. domains with
the ability to fold independently or with some limited assistance) can be selected from the
families of protein domains that contain f-sandwich or B-barrel three dimensional structures
as defined by such computational sequence analysis tools as Simple Modular Architecture
Research Tool (SMART), see Shultz et al., SMART: a web-based tool for the study of
genetically mobile domains, (2000) Nucleic Acids Research 28(1):231-234) or CATH (see

Pearl et.al., Assigning genomic sequences to CATH, (2000) Nucleic Acids Research
28(1):277-282).

[122] In another embodiment, monomer domains of the present invention
include domains other than a fibronectin type III domain, an anticalin domain and a Ig-like
domain from CTLA-4. Some aspects of these domains are described in WO01/64942 entitled
“Protein scaffolds for antibody mimics and other binding proteins™ by Lipovsek et al.,
published on September 7, 2001, W099/16873 entitled “Anticalins” by Beste et al.,
published April 8, 1999 and WO 00/60070 entitled “A polypeptide structure for use as a
scaffold” by Desmet, et al., published on October 12, 2000.
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[123] As described supra, monomer domains are optionally cysteine rich.
Suitable cysteine rich monomer domains include, e.g., the LDL receptor class A domain (“A-
domain”) or the EGF domain. The monomer domains can also have a cluster of negatively
charged residues.

[124] Other features of monomer domains can include the ability to bind
ligands or the ability to bind an ion (e.g., Ca** binding by the LDL receptor A-domain).
Monomer domains that bind ions to maintain their secondary structure include, e.g., A
domain, EGF domain, EF Hand (e.g., such as those found in present in calmodulin and
troponin C), Cadherin domain, C-type lectin, C2 domain, Annexin, Gla-domain,
Trombospondin type 3 domain, all of which bind calcium, and zinc fingers (e.g., C2H2 type
C3HCH4 type (RING finger), Integrase Zinc binding domain, PHD finger, GATA zinc finger,
FYVE zinc finger, B-box zinc finger), which bind zinc. Without intending to limit the
invention, it is believed that ion-binding provides stability of secondary structure while
providing sufficient flexibility to allow for numerous binding conformations depending on
primary sequence.

[125] As described herein, monomer domains may be selected for the ability
to bind to targets other than the target that a homologous naturally occurring domain may
bind. Thus, in some embodiments, the invention provides monomer domains (and multimers
comprising such monomers) that do not bind to the target or the class or family of target
proteins that a substantially identical naturally occurring domain may bind.

[126] Characteristics of a monomer domain can include the ability to fold
independently and the ability to form a stable structure. Thus, the structure of the monomer
domain is often conserved, although the polynucleotide sequence encoding the monomer
need not be conserved. For example, the A-domain structure is conserved among the
members of the A-domain family, while the A-domain nucleic acid sequence is not. Thus,
for example, a monomer domain is classified as an A-domain by its cysteine residues and its
affinity for calcium, not necessarily by its nucleic acid sequence. See, Figures 1 and 2.

[127] Specifically, the A-domains (sometimes called “complement-type
repeats” or "LDL receptor type or class A domains") contain about 30-50 or 30-65 amino
acids. In some embodiments, the domains comprise about 35-45 amino acids and in some
cases about 40 amino acids. Within the 30-50 amino acids, there are about 6 cysteine
residues. Of the six cysteines, disulfide bonds typically are found between the following
cysteines: C1 and C3, C2 and C5, C4 and C6. The cysteine residues of the domain are
disulfide linked to form a compact, stable, functionally independent moiety. See, Figure 3.
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Clusters of these repeats make up a ligand binding domain, and differential clustering
can impart specificity with respect to the ligand binding.

(128] Exemplary A domain sequences and consensus sequences are
depicted in Figures | and 2. One typical consensus sequence useful to identify A
domains is the following: C-[VILMA]-Xs)-C-[DNH]-X3)-[DENQHT]-C-X3 4)-
[STADE]- [DEH]-[DE]-X1.5)-C (SEQ ID NO: 23), where the residues in brackets
indicate possible residues at one position. “X” indicates number of residues. These
residues can be any amino acid residue. Parentheticals containing two numbers refers to
the range of amino acids that can occupy that position (e.g., “[DE]-X( 5)-C” means that
the amino acids DE are followed by 1, 2, 3, 4, or 5 residues, followed by C). This
consensus sequence only represents the portion of the A domain beginning at the third
cysteine. A second consensus is as follows: C-X3.15-C-X4.15)-C-X(6.7)-C-[N,D]-X3y-
[D,E,N,Q.H,S, T]-C-X(446)-D-E-X(2.4)-C (SEQ ID NO: 24). The second consensus
predicts amino acid residues spanning all six cysteine residues. In some embodiments,
A domain variants comprise sequences substantially identical to any of the above-
described sequences. Note that reference to "LDL receptor class A" domain, for the
purposes of this invention, is not intended to indicate origin or binding properties of the
domain.

[129] Additional exemplary A domains include the following sequence:

CaX3.15CpX3.15CX6.7Ca( D,N) X4 Ce X4 s DEX2.3Cr (SEQ ID NO: 25)

wherein C is cysteine, X,.n, represents between n and m number of
independently selected amino acids, and (D,N) indicates that the position can be either D
or N; and wherein C,-C,, Cp-C. and C4-C¢ form disulfide bonds.

[130] To date, at least 190 naturally-occurring human A-domains are
identified based on cDNA sequences. See, e.g., Figure 6. Exemplary proteins
containing naturally-occurring A-domains include, e.g., complement components (e.g.,
Ce6, C7, C8, C9, and Factor I), serine proteases (e.g., enteropeptidase, matriptase, and
corin), transmembrane proteins (e.g., ST7, LRP3, LRP5 and LRP6) and endocytic
receptors (e.g., Sortilin-related receptor, LDL-receptor, VLDLR, LRP1, LRP2, and
ApoER2). A domains and A domain variants can be readily employed in the practice of
the present invention as monomer domains and variants thereof. Further description of
A domains can be found in the following publications and references cited therein:

Howell and Hertz, The LDL receptor gene family: signaling functions during
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development, (2001) Current Opinion in Neurobiology 11:74-81; Herz (2001), supra;

Krieger, The “best” of cholesterols, the “worst’ of cholesterols: A tale of two receptors,
(1998) PNAS 95: 4077-4080; Goldstein and Brown, The Cholesterol Quartet, (2001)
Science, 292: 1310-1312; and, Moestrup and Verroust, Megalin-and Cubilin-Mediated
Endocytosis of Protein-Bound Vitamins, Lipids, and Hormones in Polarized Epithelia,

(2001) Ann. Rev. Nutr. 21:407-28.

[131] A number of other domain types can also be used to generate c-
MET-binding monomer domains.

{132] Exemplary EGF monomer domains include the sequence:

CaX3.14CX3.7CX4.16CaX1.2CX5.23Cr (SEQ ID NO: 26)

wherein C is cysteine, X,.m represents between n and m number of
independently selected amino acids; and

wherein C,-C,, Cy-C, and Cy4-C¢ form disulfide bonds.

(133] Each of the domains described below employ exemplary motifs
(i.e., scaffolds). Certain positions are marked x, indicating that any amino acid can
occupy the position. These positions can include a number of different amino acid
possibilities, thereby allowing for sequence diversity and thus affinity for different target
molecules. Use of brackets in motifs indicates alternate possible amino acids within a
position (e.g., "[ekq]" indicates that either E, K or Q may be at that position). Use of
parentheses in a motif indicates that that the positions within the parentheses may be
present or absent (e.g., "([ekq])" indicates that the position is absent or either E, K, or Q
may be at that position). When more than one "x" is used in parentheses (e.g., "(xx)"),
each x represents a possible position. Thus "(xx)" indicates that zero, one or two amino
acids may be at that position(s), where each amino acid is independently selected from
any amino acid. a represents an aromatic/hydrophobic amino acid such as, e.g., W, Y,
F, or L; B represents a hydrophobic amino acid such as, e.g., V, I, L, A, M, or F;
¥ represents a small or polar amino acid such as, e.g., G, A, S, or T; & represents a
charged amino acid such as, ¢.g., K, R, E, Q, or D; £ represents a small amino acid such
as,e.g, V, A, S, orT; and ¢ represents a negatively charged amino acid such as, e.g., D,
E,or N.

[134] Suitable domains include, e.g. thrombospondin type 1 domains,

trefoil domains, and thyroglobulin domains.
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[135] Thrombospondin type | (“TSP1”) domains contain about 30-50 or
30-65 amino acids. In some embodiments, the domains comprise about 35-55 amino
acids and in some cases about 50 amino acids. Within the 35-55 amino acids, there are
typically about 4 to about 6 cysteine residues. Of the six cysteines, disulfide bonds
typically are found between the following cysteines: C1 and C5, C2 and C6, C3 and C4.
The cysteine residues of the domain are disulfide linked to form a compact, stable,
functionally independent moiety comprising distorted beta strands. Clusters of these
repeats make up a ligand binding domain, and differential clustering can impart
specificity with respect to the ligand binding.

[136] Exemplary TSP1 domain sequences and consensus sequences are
as follows:
(1) (xxxxxx)C 1 xxXCoxxxXX(X)XXXXX C3xXXX(XXX)XXXXXCsXXXXXX(X)XXXCs(X)xxXXCs;
(SEQID NO: 27)
(2) (WxxWxx)CixxxCoxxGxx(x)xRxxxCyxxxx(Pxx)xxxxxCsxxxxXX(x)xxXCs(X)xxxxCs
(SEQ ID NO: 28)
(3) (WxxWxx)CisxtCoxxGxx(x)XRxrxCixxxx(Pxx)xxxxxCsxxxxxX(X)XXXCs(x)xxxxCg
(SEQID NO: 29)
(4) (WxxWxx)C,[Stnd][ Vkaq][Tspl]C.xx[Gq]xx(x)x[Re]x[Rktvm]x[C;vidr]xxxx([Pq]x
x)xxxxx[Cqldae]xxxxxx(x)xxxCs(x)xxxxCs. (SEQ ID NO: 30)
(5) (WxxWxx)C;[Stnd][Vkaq][Tspl]C.xx[Gq]xx(x)x[Re]x[Rktvm]x[C3vIdr]xxxx([Pq]x
x)xxxxxX[Cqldae]xxxxxx(x)xxxCs(x)xxxxCs; (SEQ ID NO: 31) and
(6) Ci[nst][aegiklgrstv][adenpqgrst]C,[adetgs]xgx[ikqrstv]x[aqrst]x[almrtv]xCxxxXxXXxx
X(xxxxxxX)Caxxxxxxxxx(xx)CsxxxxC¢ (SEQ ID NO: 32)

[137] In some embodiments, thrombospondin type 1 domain variants
comprise sequences substantially identical to any of the above-described sequences.

[138] To date, at least 1677 naturally occurring thrombospondin
domains have identified based on cDNA sequences. Exemplary proteins containing the
naturally occurring thrombospondin domains include, ¢.g., proteins in the complement
pathway (e.g., properdin, C6, C7, C8A, C8B, and C9), extracellular matrix proteins (e.g.,
mindin, F-spondin, SCO-spondin,), circumsporozoite surface protein 2, and TRAP
proteins of Plasmodium. Thrombospondin type 1 domains are further described in, e.g.,
Roszmusz et al., BBRC 296:156 (2002); Higgins et al., J Immunol. 155:5777-85 (1995);
Schultz-Cherry et al., J. Biol. Chem. 270:7304-7310 (1995); Schultz-Cherry et al., J.
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Biol. Chem. 269:26783-8 (1994); Bork, FEBS Lett 327:125-30 (1993); and Leung-
Hagesteijn er al., Cell 71:289-99 (1992).

[139] Another exemplary monomer domain suitable for use in the
practice of the present invention is the trefoil domain. Trefoil monomer domains are
typically about about 30-50 or 30-65 amino acids. In some embodiments, the domains
comprise about 35-55 amino acids and in some cases about 45 amino acids. Within the
35-55 amino acids, there are typically about 6 cysteine residues. Of the six cysteines,
disulfide bonds typically are found between the following cysteines: C1 and C5, C2 and
C4, C3 and C6.

[140] To date, at least 149 naturally occurring trefoil domains have
identified based on cDNA sequences. Exemplary proteins containing naturally
occurring trefoil domains include, e.g., protein pS2 (TFF1), spasmolytic peptide SP
(TFF2), intestinal trefoil factor (TFF3), intestinal surcease-isomaltase, and proteins
which may be involved in defense against microbial infections by protecting the
epithelia (e.g., Xenopus xP1, xP4, integumentary mucins A.1 and C.1. Trefoil domains
are further described in, e.g., Sands and Podolsky, Annu. Rev. Physiol. 58:253-273
(1996); Carr et al., PNAS USA 91:2206-2210 (1994); DeA et al., PNAS USA 91:1084-
1088 (1994); Hoffman et al., Trends Biochem Sci 18:239-243 (1993).

[141]) Exemplary trefoil domain sequences and consensus sequences are
as follows:

(1) Ci(xx)xxxxxxxXXCaxX(X)xxXXXXXC3xxXXCsCsxxxxX(Xx)xXXXXCs (SEQ ID NO: 33)
(2) Ci(xx)xxxxxXRxxCoxx(x)xxxxxXXC3xxXXCqCsxxxxX(x)xXXXXCs (SEQ ID NO: 34)
(3) Ci(xx)xxxpxxRxnCrgx(x)pxitxxxC3;xxxgCsCsfdxxx(x)xxxpwCef (SEQ ID NO: 35)
(4) Ci(xx)xxx[Pvae]xxRx[ndpm]C,[Gaiy][ypfst]([de]x)[pskq]x[Ivap][Tsa]xx[qedk]C3xx
[krln][Gnk]CsCs[Fwy][Dnrs][sdpnte]xx(x)xxx[pki][ Weash]C¢[Fy] (SEQ ID NO: 36)
(5) Cl(xx)xxx[Pvae]xxRx[ndpm]C2[Gaiy][ypfst]([de]x)[pskq]x[Ivap][Tsa]xx[keqd]C3x
x[krIn][Gnk]C4C5|a][Dnrs][sdpnte]xx(x)xxx[ pki] [ Weash]C6[Fy] (SEQ ID NO: 37)

(6) Ci([dnps])[adikInprstv][dfilmv][adenprst][adelprv][ehkIngrs][adegknsv][kqr][fikiqrt
v][dnpqs]C:[agiy][flpsvy][dknpgs][adfghlp][aipv][st][aegkpqrs][adegk pgs][deiknqt]C;[a
defknqrt][adegknqs][gn] CsCs[wyth][deinrs][adgnpst][aefgqlrstw][giknsvmq]([afmprstv]
[degklIns][afigstv][iknpv]w)Cs (SEQ ID NO: 38)

[142] Another exemplary monomer domain suitable for use in the
present invention is the thyroglobulin domain. Thyroglobulin monomer domains are

typically about 30-85 or 30-80 amino acids. In some embodiments, the domains
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comprise about 35-75 amino acids and in some cases about 65 amino acids. Within the
35-75 amino acids, there are typically about 6 cysteine residues. Of the six cysteines,
disulfide bonds typically are found between the following cysteines: Cl and C2, C3 and
C4, CS and C6.

[143] To date at least 251 naturally occurring thyroglobulin domains
have been identified based on cDNA sequences. The N-terminal section of Tg contains
10 repeats of a domain of about 65 amino acids which is known as the Tg type-1 repeat
PUBMED:3595599, PUBMED:8797845. Exemplary proteins containing naturally
occurring thyroglobulin domains include e.g., the HLA class II associated invariant
chain, human pancreatic carcinoma marker proteins, nidogen (entactin), insulin-like
growth factor binding proteins (IGFBP), saxiphilin, chum salmon egg cysteine
proteinase inhibitor, and equistatin. The Thyr-1 and related domains belong to
MEROPS proteinase inhibitor family 131, clan IX. Thyroglobulin domains are further
described in, e.g., Molina et al., Eur. J. Biochem. 240:125-133 (1996); Guncar et al.,
EMBO J 18:793-803 (1999); Chong and Speicher, DW 276:5804-5813 (2001).

{144] Exemplary thyroglobulin domain sequences and consensus
sequences are as follows:

(1) CrxxxxXXXXXXXXXXX(XXXXXXXXXX)XXXXXXXXXXXCoxXXXXXXXXXC3X(x)X(xxX)xXXXCs
XCsxxxx(X)xxxXXxXXXXXxxxx(xx)xCq (SEQ 1D NO: 39)

(2) CixxXXXXXXXXXXXXX(XXXXXXXXXX)XXXXXXXYXPXCxxXGxxXXXQC3X(X)X(XXX)XXXX
CaWCsVxxx(x)GxxxxGxxxxxxxx(xx)xCe¢ (SEQ ID NO: 40)

(3) CixXXXXXXXXXXXXXX(XXXXXXXXXX)XXXXXXXYX PXCXxXXGXyxxXQC;3x(X)s(XXX)XXgX
CaWCsVdxx(x)GxxxxGxxxxxgxx(xx)xCe (SEQ ID NO: 41)

(4) Ci[gerl]xxxxxxxxXxxXXX(XXXXXXXXXX)XXXXXXX[ Y thp]xPxCoxxxGx[Y f]xx[vkrl]QC;
x(x[sa]xxx)xx[Gsa]xCs[ Wyf]CsV[Dnyfl]xx(x)Gxxxx[ Gdne ] xxxxxgxx(xx)xCq

(SEQID NO: 42)

(5) Ci[gerl]xxxxxxxxxxxXXX(XXXXXXXXXX)XXXXXXX[athp]xPxC2xxxGx[o]xx[ vkrI]QC3x(

x[sa]xxx)xx[gas]xCs[a]CsV[Dna]xx(x)Gxxxx[dg]xxxxxgxx(xx)XCs (SEQ ID NO: 43)

[145] Another exemplary monomer domain that can be used in the
present invention is a laminin-EGF domain. Laminin-EGF domains are typically about
30-85 or 30-80 amino acids. In some embodiments, the domains comprise about 45-65
amino acids and in some cases about 50 amino acids. Within the 45-65 amino acids,

there are typically about 8 cysteine residues which interact to form 4 disulfide bonds.
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Laminins are a major noncollagenous component of basement membranes that mediate
cell adhesion, growth migration, and differentiation. They are composed of distinct but
related alpha, beta, and gamma chains. The three chains form a cross-shaped molecule
that consist of a long arm and three short globular arms. The long arm consist of a
coiled coil structure contributed by all three chains and cross-linked by interchain

disulphide bonds.

[146] Exemplary laminin EGF domain sequences and consensus
sequences are as follows:

(1) CixCaxxxxxx(xxX)XXC3xXX(XXXXXX)XXXX CaX C5XXXXXXXXCXXC7XXXXXXX(XXXXX)XX
xxxCs (SEQ ID NO: 44)

(2) CixCoxxxxxx(xxx)XXC3IxXX(XXXXXX)XXZXCsXCsXxXXXXGXXCeXXCXXXXXXX(XXXXX)X

xxxxCs (SEQ ID NO: 45)

(3) CixCa[ndh]xxxxx(xxx)xXx C3xxX(xxxXXX)XXgXC4XCsxxxxxGxxCs[denq]xC7xx[gn][yf
ht]xxx(xxxxx)xxxxxCsg (SEQ ID NO: 46)

In some embodiments, the monomer domain is a Notch/LNR monomer
domain, a DSL monomer domain, an Anato monomer domain, an integrin beta
monomer domain, and a Ca-EGF monomer domain.

[147] In some embodiments, the Ca-EGF monomer domain comprises
the following sequence:
DxdECxx(xx)xxxXCax(xx)xxxxXC3XNxXXGxfxCax(xxx)xCsxxg XXX XXXX(XXXXX)XXXCj
(SEQ ID NO: 47).

[148] In some embodiments, the Notch/LNR monomer domain,
comprises the following sequence:
Cixx(xx)xxxCaxxxxxnGxC3xxxCanxxxCsxxDGxDCq (SEQ ID NO: 48)

[149] In some embodiments, the DSL monomer domain comprises the
following sequence: C;xxxYygxxCoxxfC;xxxxdxxxhxxCsxxxGxxxCsxxGWxGxxCg
(SEQ ID NO: 49).

[150] Anato monomer domain comprises the following sequence:
CiCaxdgxxxxx(x)xxxxC3exrxxxxxx(xx)xxCaxxxfxxCsCs (SEQ ID NO: 50).

(151] In some embodiments, the integrin beta monomer domain
comprises the following sequence:
CixxCaxxxxpxCixwCaxxxxfxxx(gx)xxxxRCsdxxxxLxxxgCes (SEQ ID NO: 51); and “x”

is any amino acid.
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[152] In some embodiments, C;-Cs, C,-C4 and C;-Cg of the Notch/LNR
monomer domain form disulfide bonds; and C;-Cs, C,-C4 and C;-C¢ of the DSL
monomer domain form disulfide bonds.

[153] Insome embodiments, the Ca-EGF monomer domain comprises
the following sequence:
D[B][Dn)EC;xx(xx)xxxxC,[pdg](dx)xxxxxC3xNxxG[sgt][a]xCsx(xxx)xCsxx[Gsn][ as]
xxxxxx(xxxxx)xxxCe (SEQ ID NO: 52).

[154] In some embodiments, the Notch/LNR monomer domain,
comprises the following sequence: Cxx(x[Ba])xxxCax[ds]xxx[d][Gk]xC;[nd]x[¢psa)Cqy
[¢s]xx[aeg]Csx[a]DGxDCs (SEQ ID NO: 53).

[155] In some embodiments, the DSL monomer domain comprises the
following sequence: Cxxx[a][cth][Gsna]xxCoxx[a]Csx[pae]xx[Da]xx[x!][Hrgk][ ak]x
C4[dnsg]xxGxxxCsxxG[a]xGxxCs (SEQ ID NO: 54).

[156] In some embodiments, the Anato monomer domain comprises the
following sequence: C,C,x[Dhtl][Ga]xxxx[plant](xx)xxxxC;[esqdat]x[RIps]xxxxxx([ge
pa]x)xxCsxx[avipt][Fqvy]xxCsCs (SEQ ID NO: 55).

[157] Insome embodiments, the integrin beta monomer domain
comprises the following sequence: CxxC,[B]xx[ghds][Pk]}xCs[x][ a]Csxxxx[a]xxx([Gr
1xx)x[x]XxRCs[Dnae]xxxxL[Bk]xx[Gn]C¢ (SEQ ID NO: 56); a is selected from: w, y, f,
and I; B is selected from: v, I, 1, a, m, and f;  is selected from: g, a, s, and t; 8 is
selected from: k, r, e, q, and d; € is selected from: v, a, s, and t; and ¢ is selected from:
d, e, and n.

[158] Insome embodiments, the Ca-EGF monomer domain comprises
the following sequence: D[vilf][Dn]EC,xx(xx)xxxxC,[pdg](dx)xxxxxC3xNxxG[sgt][fy]
XCax(xxx)xCsxx[Gsn][ as]xxxxxx(xxxxx)xxXCs (SEQ ID NO: 57).

[159] In some embodiments, the Notch/LNR monomer domain,
comprises the following sequence: C;xx(x[yiflv])xxxC,x[dens]xxx[Nde][Gk]xC;[nd]x[d
ensa]Cs[Nsde]xx[aeg]Csx[wyf]DGxDC6 (SEQ ID NO: 58).

[160] In some embodiments, the DSL monomer domain comprises the
following sequence:Cxxx[Ywf][Y th][ Gasn]xxCyxx[Fy]Csx[pae]xx[Da]xx[glast][Hrgk]
[ykfw]xCs[dsgn]xxGxxxCsxxG[WIfy]xGxxCs (SEQ ID NO: 59).
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[161] In some embodiments, the Anato monomer domain comprises the
following sequence: C,C;x[adehlt]gxxxxxxxx(x)[derst] C;xxxxxxxxx(xx[aersv])Csxx[ap
vt][fmq][ekiqrtv][adehqrsk](x)CsCs (SEQ ID NO: 60).

[162] Insome embodiments, the integrin beta monomer domain
comprises the following sequence: C;[aegkqrst][kreqd]C;[il][aelqrv][vilas][dghs][kp]xC
s[gast][wy] Caxxxx[fl]]xxxx(xxxx[vilar]r)Cs[and][dilrt][ iklpgrv][adeps] [aenq]I[iklqv]x[ad
knr][gn]Cs (SEQ ID NO: 61)

[163] Polynucleotides encoding the monomer domains are typically
employed to make monomer domains via expression. Nucleic acids that encode
monomer domains can be derived from a variety of different sources. Libraries of
monomer domains can be prepared by expressing a plurality of different nucleic acids
encoding naturally occurring monomer domains, altered monomer domains (i.e.,
monomer domain variants), or a combinations thereof. For example, libraries may be
designed in which a scaffold of amino acids remain constant (e.g., an LDL A receptor
domain, EGF domain) while the intervening amino acids in the scaffold comprise
randomly generated amino acids.

[164] The invention provides methods of identifying monomer domains

that bind to a selected or desired ligand or mixture of ligands. In some embodiments,

monomer
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domains are identified or selected for a desired property (e.g., binding affinity) and then the
monomer domains are formed into multimers. See, e.g., Figure 4. For those embodiments,
any method resulting in selection of domains with a desired property (e.g., a specific binding
property) can be used. For example, the methods can comprise providing a plurality of
different nucleic acids, each nucleic acid encoding a monomer domain; translating the
plurality of different nucleic acids, thereby providing a plurality of different monomer
domains; screening the plurality of different monomer domains for binding of the desired
ligand or a mixture of ligands; and, identifying members of the plurality of different
monomer domains that bind the desired ligand or mixture of ligands.

[165] Monomer domains can be naturally-occurring or altered (non-natural
variants). The term “naturally occurring” is used herein to indicate that an object can be
found in nature. For example, natural monomer domains can include human monomer
domains or optionally, domains derived from different species or sources, e.g., mammals,
primates, rodents, fish, birds, reptiles, plants, etc. The natural occurring monomer domains
can be obtained by a number of methods, e.g., by PCR amplification of genomic DNA or
cDNA.

[166] Monomer domains of the present invention can be naturally-occurring
domains or non-naturally occurring variants. Libraries of monomer domains employed in the
practice of the present invention may contain naturally-occurring monomer domain, non-
naturally occurring monomer domain variants, or a combination thereof.

[167] Monomer domain variants can include ancestral domains, chimeric
domains, randomized domains, mutated domains, and the like. For example, ancestral
domains can be based on phylogenetic analysis. Chimeric domains are domains in which one
or more regions are replaced by corresponding regions from other domains of the same
family. For example, chimeric domains can be constructed by combining loop sequences
from multiple related domains of the same family to form novel domains with potentially
lowered immunogenicity. Those of skill in the art will recognized the immunologic benefit
of constructing modified binding domain monomers by combining loop regions from various
related domains of the same family rather than creating random amino acid sequences. For
example, by constructing variant domains by combining loop sequences or even multiple
loop sequences that occur naturally in human LDL receptor class A-domains, the resulting
domains may contain novel binding properties but may not contain any immunogenic protein
sequences because all of the exposed loops are of human origin. The combining of loop

amino acid sequences in endogenous context can be applied to all of the monomer constructs
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of the invention. Thus the present invention provides a method for generating a library of
chimeric monomer domains derived from human proteins, the method comprising: providing
loop sequences corresponding to at least one loop from each of at least two different naturally
occurring variants of a human protein, wherein the loop sequences are polynucleotide or
polypeptide sequences; and covalently combining loop sequences to generate a library of at
least two different chimeric sequences, wherein each chimeric sequence encodes a chimeric
monomer domain having at least two loops. Typically, the chimeric domain has at least four
loops, and usually at least six loops. As described above, the present invention provides three
types of loops that are identified by specific features, such as, potential for disulfide bonding,
bridging between secondary protein structures, and molecular dynamics (i.e., flexibility).

The three types of loop sequences are a cysteine-defined loop sequence, a structure-defined
loop sequence, and a B-factor-defined loop sequence.

[168] Randomized domains are domains in which one or more regions are
randomized. The randomization can be based on full randomization, or optionally, partial
randomization based on natural distribution of sequence diversity.

[169] The present invention also provides recombinant nucleic acids
encoding one or more polypeptides comprising one or a plurality of monomer domains that
bind c-MET. For example, the polypeptide can be selected to comprise a non-naturally
occuring domain from the group consisting of: an EGF-like domain, a Kringle-domain, a
fibronectin type I domain, a fibronectin type II domain, a fibronectin type III domain, a PAN
domain, a Gla domain, a SRCR domain, a Kunitz/Bovine pancreatic trypsin Inhibitor domain,
a Kazal-type serine protease inhibitor domain, a Trefoil (P-type) domain, a von Willebrand
factor type C domain, an Anaphylatoxin-like domain, a CUB domain, a thyroglobulin type I
repeat, LDL-receptor class A domain, a Sushi domain, a Link domain, a Thrombospondin
type I domain, an Immunoglobulin-like domain, a C-type lectin domain, a MAM domain, a
von Willebrand factor type A domain, a Somatomedin B domain, a WAP-type four disulfide
core domain, a F5/8 type C domain, a Hemopexin domain, an SH2 domain, an SH3 domain,
a Laminin-type EGF-like domain, a C2 domain and variants of one or more thereof. In
another embodiment, the naturally occuring polypeptide encodes a monomer domain found in
the Pfam database and/or the SMART database.

[170] All the compositions of the present invention, including the
compositions produced by the methods of the present invention, €.g., monomer domains

and/or immuno-domains, as well as multimers and libraries thereof can be optionally bound
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to a matrix of an affinity material. Examples of affinity material include beads, a column, a

solid support, a microarray, other pools of reagent-supports, and the like.

Ir. MULTIMERS

[171] Methods for generating multimers are a feature of the present
invention. Multimers comprise at least two monomer domains. For example, multimers of
the invention can comprise from 2 to about 10 monomer domains, from 2 and about 8
monomer domains, from about 3 and about 10 monomer domains, about 7 monomer
domains, about 6 monomer domains, about 5 monomer domains, or about 4 monomer
domains. In some embodiments, the multimer comprises 3 or at least 3 monomer domains.
In some embodiments, the mutimers havé no more than 2, 3, 4, 5, 6, 7, or 8 monomer
domains. In view of the possible range of monomer domain sizes, the multimers of the
invention may be, e.g., less than 100 kD, less than 90kD, less than 80kD, less than 70kD, less
than 60kD, less than 50kd, less than 40kD, less than 30kD, less than 25kD, less than 20kD,
less than 15kD, less than 10kD or may be smaller or larger. In some cases, the monomer
domains have been pre-selected for binding to the target molecule of interest (e.g., Met).

[172] In some embodiments, each monomer domain specifically binds to one
target molecule (e.g., c-Met). In some of these embodiments, each monomer binds to a
different position (analogous to an epitope) on a target molecule. Multiple monomer domains
that bind to the same target molecule results in an avidity effect resulting in improved affinity
of the multimer for the target molecule compared to the affinity of each individual monomer.
In some embodiments, the multimer has an avidity of at least about 1.5, 2, 3, 4, 5, 10, 20, 50,
100, 200, 500, or 1000 times the avidity of a monomer domain alone. In some embodiments,
at least one, two, three, four or more (e.g., all) monomers of a multimer bind an ion such as
calcium or another ion. Multimers can comprise a variety of combinations of monomer
domains. For example, in a single multimer, the selected monomer domains can be identical
or different. In addition, the selected monomer domains can comprise various different
monomer domains from the same monomer domain family, or various monomer domains
from different domain families , or optionally, a combination of both. For example, the
monomer domains may be selected from Families 1-10 of c-Met binding monomer domains.
In some embodiments, at least one of the monomer domains is selected from from Family 10
of the c-Met binding monomer domains. Exemplary c-MET-binding dimers (comprised of

two c-MET-binding monomers) are listed in the examples.
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[173] Multimers that are generated in the practice of the present invention

may be any of the following:

1) A homo-multimer (a multimer of the same domain, i.e., A1-A1-A1-Al);

() A hetero-multimer of different domains of the same domain class, e.g., A1-A2-A3-
A4. For example, hetero-multimer include multimers where A1, A2, A3 and A4 are different
non-naturally occurring variants of a particular LDL-receptor class A domains, or where
some of A1, A2, A3, and A4 are naturally-occurring variants of a LDL-receptor class A
domain.

3) A hetero-multimer of domains from different monomer domain classes, e.g., Al-
B2-A2-B1. For example, where Al and A2 are two different monomer domains (either
naturally occurring or non-naturally-occurring) from LDL-receptor class A, and B1 and B2
are two different monomer domains (either naturally occurring or non-naturally occurring)
from class EGF-like domain).

[174] In another embodiment, the multimer comprises monomer domains
with specificities for different target molecules (e.g., a blood factor such as serum albumin,
immunoglobulin, or erythrocytes). For example, in some embodiments, the multimers of the
invention comprises 1, 2, 3, or more monomer domains that bind to Met and at least one
monomer domain that binds to a second target molecule. Exemplary target molecules
include, e.g., a serum molecule that extends the serum half-life of the multimer (e.g., an
immunoglobulin or serum albumin), EGFR gene family members, VEGF receptors, PDGF
receptor, other receptor tyrosine kinases, integrins, other molecules implicated in
tumorigenesis, or markers of tumor tissue. Exemplary molecule that extends the serum half-
life of a multimer include, e.g., red blood cells (i.e., erythrocytes), IgG, and serum albumin
such as HSA. An exemplary multimer will include a monomer domain from Family 10 of
the ¢c-MET binding monomer domains and monomer domain from Family 2 or 3 of the
immunoglobulin binding monomer domains.

[175] Multimer libraries employed in the practice of the present invention
may contain homo-multimers, hetero-multimers of different monomer domains (natural or
non-natural) of the same monomer class, or hetero-multimers of monomer domains (natural
or non-natural) from different monomer classes, or combinations thereof.

[176] Monomer domains, as described herein, are also readily employed in a
immuno-domain-containing heteromultimer (i.e., a multimer that has at least one immuno-
domain variant and one monomer domain variant). Thus, multimers of the present invention

may have at least one immuno-domain such as a minibody, a single-domain antibody, a
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single chain variable fragment (ScFv), or a Fab fragment; and at least one monomer domain,
such as, for example, an EGF-like domain, a Kringle-domain, a fibronectin type I domain, a
fibronectin type II domain, a fibronectin type III domain, a PAN domain, a Gla domain, a
SRCR domain, a Kunitz/Bovine pancreatic trypsin Inhibitor domain, a Kazal-type serine
protease inhibitor domain, a Trefoil (P-type) domain, a von Willebrand factor type C domain,
an Anaphylatoxin-like domain, a CUB domain, a thyroglobulin type I repeat, LDL-receptor
class A domain, a Sushi domain, a Link domain, a Thrombospondin type I domain, an
Immunoglobulin-like domain, a C-type lectin domain, a MAM domain, a von Willebrand
factor type A domain, a Somatomedin B domain, a WAP-type four disulfide core domain, a
F5/8 type C domain, a Hemopexin domain, an SH2 domain, an SH3 domain, a Laminin-type
EGF-like domain, a C2 domain, or variants thereof.

[177] Domains need not be selected before the domains are linked to form
multimers. On the other hand, the domains can be selected for the ability to bind to a target
molecule before being linked into multimers. Thus, for example, a multimer can comprise
two domains that bind to one target molecule and a third domain that binds to a second target
molecule.

[178] The multimers of the present invention may have the following
qualities: multivalent, multispecific, single chain, heat stable, extended serum and/or shelf
half-life. Moreover, at least one, more than one or all of the monomer domains may bind an
ion (e.g., a metal ion or a calcium ion), at least one, more than one or all monomer domains
may be derived from LDL receptor A domains and/or EGF-like domains, at least one, more
than one or all of the monomer domains may be non-naturally occurring, and/or at least one,
more than one or all of the monomer domains may comprise 1, 2, 3, or 4 disulfide bonds per
monomer domain. In some embodiments, the multimers comprise at least two (or at least
three) monomer domains, wherein at least one monomer domain is a non-naturally occurring
monomer domain and the monomer domains bind calcium. In some embodiments, the
multimers comprise at least 4 monomer domains, wherein at least one monomer domain is
non-naturally occurring, and wherein:

a. each monomer domain is between 30-100 amino acids and each of the monomer
domains comprise at least one disulfide linkage; or

b. each monomer domain is between 30-100 amino acids and is derived from an
extracellular protein; or

c. each monomer domain is between 30-100 amino acids and binds to a protein target.
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[179] In some embodiments, the multimers comprise at least 4 monomer
domains, wherein at least one monomer domain is non-naturally occurring, and wherein:
a. each monomer domain is between 35-100 amino acids; or
b. each domain comprises at least one disulfide bond and is derived from a human
protein and/or an extracellular protein.

[180] In some embodiments, the multimers comprise at least two monomer

domains, wherein at least one monomer domain is non-naturally occurring, and wherein each

domain is:

a. 25-50 amino acids long and comprises at least one disulfide bond; or
b. 25-50 amino acids long and is derived from an extracellular protein; or
c. 25-50 amino acids and binds to a protein target; or

o

35-50 amino acids long.
[181] In some embodiments, the multimers comprise at least two monomer

domains, wherein at least one monomer domain is non-naturally-occurring and:

a. each monomer domain comprises at least one disulfide bond; or
b. at least one monomer domain is derived from an extracellular protein; or
c. at least one monomer domain binds to a target protein.

[182] The monomer domains and/or multimers identified can have
biological activity, which is meant to include at least specific binding affinity for a selected or
desired ligand, and, in some instances, will further include the ability to block the binding of
other compounds, to stimulate or inhibit metabolic pathways, to act as a signal or messenger,
to stimulate or inhibit cellular activity, and the like. Monomer domains can be generated to
function as ligands for receptors where the natural ligand for the receptor has not yet been
identified (orphan receptors). These orphan ligands can be created to either block or activate
the receptor top which they bind.

[183] A single ligand can be used, or optionally a variety of ligands can be
used to select the monomer domains and/or multimers. A monomer domain of the present
invention can bind a single ligand or a variety of ligands. A multimer of the present
invention can have multiple discrete binding sites for a single ligand, or optionally, can have
multiple binding sites for a variety of ligands.

[184] In some embodiments, the multimer comprises monomer domains with
specificities for different proteins. The different proteins can be related or unrelated.
Examples of related proteins including members of a protein family or different serotypes of

avirus. Alternatively, the monomer domains of a multimer can target different molecules in
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a physiological pathway (e.g., different blood coagulation proteins). In yet other
embodiments, monomer domains bind to proteins in unrelated pathways (e.g., two domains
bind to blood factors, two other domains bind to inflammation-related proteins and a fifth
binds to serum albumin). In another embodiment, a multimer is comprised of monomer
domains that bind to different pathogens or contaminants of interest. Such multimers are
useful as a single detection agent capable of detecting for the possibility of any of a number
of pathogens or contaminants.

[185] In some embodiments, the multimers of the invention bind to the same
or other multimers to form aggregates. Aggregation can be mediated, for example, by the
presence of hydrophobic domains on two monomer domains, resulting in the formation of
non-covalent interactions between two monomer domains. Alternatively, aggregation may be
facilitated by one or more monomer domains in a multimer having binding specificity for a
monomer domain in another multimer. Aggregates can also form due to the presence of
affinity peptides on the monomer domains or multimers. Aggregates can contain more target
molecule binding domains than a single multimer.

[186] Multimers with affinity for both a cell surface target and a second
target may provide for increased avidity effects. In some cases, membrane fluidity can be
more flexible than protein linkers in optimizing (by self-assembly) the spacing and valency of
the interactions. In some cases, multimers will bind to two different targets, each on a
different cell or one on a cell and another on a molecule with multiple binding sites.

[187] In some embodiments, the monomers or multimers of the present
invention are linked to another polypeptide to form a fusion protein. Any polypeptide in the
art may be used as a fusion partner, though it can be useful if the fusion partner forms
multimers. For example, monomers or multimers of the invention may, for example, be
fused to the following locations or combinations of locations of an antibody:

1. At the N-terminus of the VH1 and/or VL1 domains, optionally just after the
leader peptide and before the domain starts (framework region 1);

2. At the N-terminus of the CH1 or CL1 domain, replacing the VH1 or VL1
domain;

3. At the N-terminus of the heavy chain, optionally after the CH1 domain and
before the cysteine residues in the hinge (Fc-fusion);

4, At the N-terminus of the CH3 domain;

5. At the C-terminus of the CH3 domain, optionally attached to the last amino

acid residue via a short linker;
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6. At the C-terminus of the CH2 domain, replacing the CH3 domain;

7. At the C-terminus of the CL1 or CH1 domain, optionally after the cysteine
that forms the interchain disulfide; or |

8. At the C-terminus of the VH1 or VL1 domain. See, e.g., Figure 7.

[188] In some embodiments, one or more monomer or multimer domains of
the invention is linked to a molecule (e.g., a protein, nucleic acid, organic small molecule,
etc.) useful as a pharmaceutical. Exemplary pharmaceutical proteins include, e.g., cytokines,
antibodies, chemokines, growth factors, interleukins, cell-surface proteins, extracellular
domains, cell surface receptors, cytotoxins, etc. Exemplary small molecule pharmaceuticals
include toxins or therapeutic agents. In some embodiments, a metal can be bound to the
polypeptides of the invention. This can be useful, e.g., as a contrast agent, e.g., for MRI.

[189] In some embodiments, the monomer or multimers are selected to bind
to a tissue- or disease-specific target protein. Tissue-specific proteins are proteins that are
expressed exclusively, or at a significantly higher level, in one or several particular tissue(s)
compared to other tissues in an animal. As c-MET is expressed at significant levels in the
liver, monomer domains that bind to Met may be used to target other molecules, including
other monomer domains, to the liver. This may be used to target liver-specific diseases, for
example, by targeting therapeutic or toxic molecules to the liver. An example of a liver
disease that can be treated is hepatocellular carcinoma. Similarly, disease-specific proteins
are proteins that are expressed exclusively, or at a significantly higher level, in one or several
diseased cells or tissues compared to other non-diseased cells or tissues in an animal.

[190] In some embodiments, the monomers or multimers that bind to the
target protein are linked to the pharmaceutical protein or small molecule such that the
resulting complex or fusion is targeted to the specific tissue or disease-related cell(s) where
the target protein (e.g., c-MET) is expressed. Monomers or multimers for use in such
complexes or fusions can be initially selected for binding to the target protein and may be
subsequently selected by negative selection against other cells or tissue (e.g., to avoid
targeting bone marrow or other tissues that set the lower limit of drug toxicity) where it is
desired that binding be reduced or eliminated in other non-target cells or tissues. By keeping
the pharmaceutical away from sensitive tissues, the therapeutic window is increased so that a
higher dose may be administered safely. In another alternative, in vivo panning can be
performed in animals by injecting a library of monomers or multimers into an animal and

then isolating the monomers or multimers that bind to a particular tissue or cell of interest.
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[191] The fusion proteins described above may also include a linker peptide
between the pharmaceutical protein and the monomer or multimers. A peptide linker
sequence may be employed to separate, for example, the polypeptide components by a
distance sufficient to ensure that each polypeptide folds into its secondary and tertiary
structures. Fusion proteins may generally be prepared using standard techniques, including
chemical conjugation. Fusion proteins can also be expressed as recombinant proteins in an
expression system by standard techniques.

[192] Multimers or monomer domains of the invention can be produced
according to any methods known in the art. In some embodiments, E. coli comprising a pET-
derived plasmid encoding the polypeptides are induced to express the protein. After
harvesting the bacteria, they may be lysed and clarified by centrifugation. The polypeptides
may be purified using Ni-NTA agarose elution and refolded by dialysis. Misfolded proteins
may be neutralized by capping free sulthydrils with iodoacetic acid. Q sepharose elution,
butyl sepharose flow-through, SP sepharose elution, DEAE sepharose elution, and/or CM
sepharose elution may be used to purify the polypeptides. Equivalent anion and/or cation
exchange purification steps may also be employed.

[193] In some embodiments, the polypeptide comprising a monomer or
multimer of the invention is linked to itself (C-terminus to N-terminus), e.g., for proteion

stability.

IV.  LINKERS

[194] Monomer domains can be joined by a linker to form a multimer. For
example, a linker may be positioned between each separate discrete monomer domain in a
multimer.

[195] Joining the selected monomer domains via a linker can be
accomplished using a variety of techniques known in the art. For example, combinatorial
assembly of polynucleotides encoding selected monomer domains can be achieved by
restriction digestion and re-ligation, by PCR-based, self-priming overlap reactions, or other
recombinant methods. The linker can be attached to a monomer before the monomer is
identified for its ability to bind to a target multimer or after the monomer has been selected
for the ability to bind to a target multimer.

[196] The linker can be naturally-occurring, synthetic or a combination of
both. For example, the synthetic linker can be a randomized linker, e.g., both in sequence

and size. In one aspect, the randomized linker can comprise a fully randomized sequence, or
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optionally, the randomized linker can be based on natural linker sequences. The linker can
comprise, €.g,. a non-polypeptide moiety, a polynucleotide, a polypeptide or the like.

[197] A linker can be rigid, or flexible, or a combination of both. Linker
flexibility can be a function of the composition of both the linker and the monomer domains
that the linker interacts with. The linker joins two selected monomer domain, and maintains
the monomer domains as separate discrete monomer domains. The linker can allow the
separate discrete monomer domains to cooperate yet maintain separate properties such as
multiple separate binding sites for the same ligand in a multimer, or e.g., multiple separate
binding sites for different ligands in a multimer.

[198] Choosing a suitable linker for a specific case where two or more
monomer domains (i.e. polypeptide chains) are to be connected may depend on a variety of
parameters including, e.g. the nature of the monomer domains, the structure and nature of the
target to which the polypeptide multimer should bind and/or the stability of the peptide linker
towards proteolysis and oxidation.

[199] The present invention provides methods for optimizing the choice of
linker once the desired monomer domains/variants have been identified. Generally, libraries
of multimers having a composition that is fixed with regard to monomer domain composition,
but variable in linker composition and length, can be readily prepared and screened as
described above.

[200] A more detailed discussion of linkers can be found in, e.g., U.S. Patent
Publication No. 2005/0048512.

V. IDENTIFYING MONOMERS OR MULTIMERS WITH AFFINITY FOR
A TARGET MOLECULE

[201] Those of skill in the art can readily identify monomer domains with a
desired property (e.g., binding affinity). For those embodiments, any method resulting in
selection of domains with a desired property (e.g., a specific binding property) can be used.
For example, the methods can comprise providing a plurality of different nucleic acids, each
nucleic acid encoding a monomer domain; translating the plurality of different nucleic acids,
thereby providing a plurality of different monomer domains; screening the plurality of
different monomer domains for binding of the desired ligand or a mixture of ligands; and,
identifying members of the plurality of different monomer domains that bind the desired

ligand or mixture of ligands.
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[202] In addition, any method of mutagenesis, such as site-directed
mutagenesis and random mutagenesis (e.g., chemical mutagenesis) can be used to produce
monomer domains, e.g., for a monomer domain library. In some embodiments, error-prone
PCR is employed to create variants. Additional methods include aligning a plurality of
naturally occurring monomer domains by aligning conserved amino acids in the plurality of
naturally occurring monomer domains; and, designing the non-naturally occurring monomer
domain by maintaining the conserved amino acids and inserting, deleting or altering amino
acids around the conserved amino acids to generate the non-naturally occurring monomer
domain. In one embodiment, the conserved amino acids comprise cysteines. In another
embodiment, the inserting step uses random amino acids, or optionally, the inserting step uses
portions of the naturally occurring monomer domains. The portions could ideally encode
loops from domains from the same family. Amino acids are inserted or exchanged using
synthetic oligonucleotides, or by shuffling, or by restriction enzyme based recombination.
Human chimeric domains of the present invention are useful for therapeutic applications
where minimal immunogenicity is desired. The present invention provides methods for
generating libraries of human chimeric domains. Human chimeric monomer domain
libraries can be constructed by combining loop sequences from different variants of a human
monomer domain, as described above. The loop sequences that are combined may be
sequence-defined loops, structure-defined loops, B-factor-defined loops, or a combination of
any two or more thereof.

[203] Alternatively, a human chimeric domain library can be generated by
modifying naturally-occurring human monomer domains at the amino acid level, as
compared to the loop level. In some embodiments, to minimize the potential for
immunogenicity, only those residues that naturally occur in protein sequences from the same
family of human monomer domains are utilized to create the chimeric sequences. This can
be achieved by providing a sequence alignment of at least two human monomer domains
from the same family of monomer domains, identifying amino acid residues in corresponding
positions in the human monomer domain sequences that differ between the human monomer
domains, generating two or more human chimeric monomer domains, wherein each human
chimeric monomer domain sequence consists of amino acid residues that correspond in type
and position to residues from two or more human monomer domains from the same family of
monomer domains. Libraries of human chimeric monomer domains can be employed to
identify human chimeric monomer domains that bind to a target of interest by: screening the

library of human chimeric monomer domains for binding to a target molecule, and
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identifying a human chimeric monomer domain that binds to the target molecule. Suitable
naturally-occurring human monomer domain sequences employed in the initial sequence
alignment step include those corresponding to any of the naturally-occurring monomer
domains described herein.

[204] Domains of human monomer variant libraries of the present invention
(whether generated by varying loops or single amino acid residues) can be prepared by
methods known to those having ordinary skill in the art. Methods particularly suitable for
generating these libraries are split-pool format and trinucleotide synthesis format as described
in WO01/23401.

[205] In some embodiments, monomer domains of the invention are screened
for potential immunogenicity by:

providing a candidate protein sequence;

comparing the candidate protein sequence to a database of human protein sequences;

identifying portions of the candidate protein sequence that correspond to portions of
human protein sequences from the database; and

determining the extent of correspondence between the candidate protein sequence and
the human protein sequences from the database.

[206] In general, the greater the extent of correspondence between the
candidate protein sequence and one or more of the human protein sequences from the
database, the lower the potential for immunogenicity is predicted as compared to a candidate
protein having little correspondence with any of the human protein sequences from the
database. A database of human protein sequences that is suitable for use in the practice of the
invention method for screening candidate proteins can be found at
ncbi.nlm.nih.gov/blast/Blast.cgi at the World Wide Web (in addition, the following web site
can be used to search short, nearly exact matches: cbi.nlm.nih.gov/blast/Blast.cgi?CMD
=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto& ALIGNMENTS=50&ALI
GNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&EN
TREZ_QUERY=(none)&EXPECT=1000&FORMAT OBJECT=Alignment&FORMAT TY
PE=HTML&NCBI_GI=on&PAGE=Nucleotides& PROGRAM=blastn&SER VICE=plain&S
ET_DEFAULTS.x=29&SET_DEFAULTS.y=6&SHOW_OVERVIEW=0on&WORD_SIZE=
7&END_OF_HTTPGET=Yes&SHOW _LINKOUT=yes at the World Wide Web). The
method is particularly useful in determining whether a crossover sequence in a chimeric
protein, such as, for example, a chimeric monomer domain, is likely to cause an

immunogenic event. If the crossover sequence corresponds to a portion of a sequence found
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in the database of human protein sequences, it is believed that the crossover sequence is less
likely to cause an immunogenic event.

[207] Information pertaining to portions of human protein sequences from
the database can be used to design a protein library of human-like chi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>