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Claims

We claim:

1. A fibronectin type 11 (FnllT) domain-based cradle polypeptide comprising one

more amino acid substitutions in at least a loop region and at least a non-loop region.

2. The cradle polypeptide of claim 1, wherein the non-loop region is selectgd from

the group consisting of a beta strand C, a beta strand D, a beta strand F, and a beta s

3. The cradle polypeptide according to claim 1 or 2, wherein the logp region is
selected from the group consisting of an AB loop, a BC loop, a CD loop, 2 DE loop, an EF loop

and an FG loop.

4. The cradle polypeptide according to any one of claimy’ (-3, comprising one or

more amino acid substitutions in two loop regions and/or two nonsloop regions.

5. The cradle polypeptide of claim 4, wherein thg non-loop regions are the beta

strands C and F, and the loop regions are the CID and FG lgops.

6. The cradle polypeptide according to afy one of claims 1-5, wherein the one or

more amino acid substitutions are introduced to cradle residues in the beta strands,

7. The cradle polypeptide accorging to any one of claims 1-6, further conprising an

insertion and/or deletion of at least one arpdno acid in at least one loop and/or non-loop region.

8. The cradle polypeptidé of claim 7, which comprises an insertion and/or deletion

of at least one amino acid in two lgop regions and/or two non-loop regions.

9. The cradle po}ypeptide of claim 8, wherein the non-loop regions are the beta

strands C and F, and the 1g0p regions are the CI} and FG loops.
10.  The cpadle polypeptide according to any one of claims 1-9, wherein the one or

more amino acid gAbstitutions in the non-loop region do not change the stracture of the Fnlll

domain scaffolg and/or the shape of the loop regions.
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11.  The cradle polypeptide according to any one of claims 1-10, wherein the one or

more amino acid substitutions in the non-loop region exclude the non-cradle residues.
12, The cradle polypeptide according to any one of claims 1-11, wherein the EAIII
domain is the 1%, 2, 3%, 4%, 5%, 6", 7%, 8™, 9™ 10", 11®, 12", 13", 14™, 15" or 16 BATII

domain of human fibronectin.

13.  The cradle polypeptide of claim 12, wherein the FnlIl domain ig’the 7%, 10% or

14" Fnlll domain of human fibronectin.

14.  The cradle polypeptide of claim 13, wherein the FnIll démain is the 7™ Fnlll

domain of human fibronectin (Fnl"™).

15.  The cradle polypeptide of claim 13, wherein th¢/FnlII domain is the 10® Fnlll

domain of human fibronectin (FnllI').

16.  The cradle polypeptide of claim 13, wheftein the Fnlll domain is the 14" Fnlll

domain of human fibronectin (Fnlli').

17.  The cradle polypeptide accordigg to any one of claims 1-16, wherein the CD
loop is about 3-11 residues in length,

18.  The cradle polypeptideSf claim 17, wherein the CD loop is about 4-9 residues in

length.
19.  The cradle polypeptide of claim 18, wherein the CD loop is 5 residues in length.

20.  The cradlg/polypeptide according to any one of claims 1-19, wherein the TG loop

is about 1-10 residues /n length.

21.  TRe cradle polypeptide of claim 20, wherein the FG loop is about 5 or 6 residues

in length.

The cradle polypeptide of claim 21, wherein the FG loop is 5 residues in length.

The cradle polypeptide of claim 21, wherein the FG loop is 6 residues in length.
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24, The cradle polypeptide of claim 23, wherein position 1 of the FG loop is a Gly
residue, position 2 of the FG loop is a Leu, Val or Ile residue, position 3 of the FG loop is a
charged or polar residue, position 4 of the FG loop is a Pro residue, position 5 of the FG 1gbp is

a Gly residue, and position 6 of the FG loop is a polar residue,

25.  The cradle polypeptide of claim 22, wherein positions 3 and/or 5 of'the FG loop

are a Gly residue.

26.  The cradle polypeptide according 10 any one of claims 1-2%, wherein the beta

strand C is about 6-14 residues in length and the beta strand F is about #-13 residues in length.

27.  The cradle polypeptide of claim 26, wherein the bega strand C is about 8-11

residues in length.

28.  The cradle polypeptide of claim 27, whereif the beta strand C is 9 residues in

length.

29.  The cradle polypeptide according t¢'any one of claims 26-28, wherein positions

2, 4, and 6 of the beta strand C are a hydrophobjt residue.

30.  The cradle polypeptide accfding to any one of claims 26-29, wherein positions

1, 3, 5 and 7-9 of the beta strand C are gltered relative to the wild type sequence.

31.  The cradle polypepjide according to any one of claims 26-30, wherein position 1
of the beta strand C is selected ffom the group consisting of Ala, Gly, Pro, Ser, Thr, Asp, Glu,
Asn, GIn, His, Lys and Arg.

32, The crad}€ polypeptide according to any one of claims 26-31, wherein position 3

of the beta strand C ig’a hydrophobic residue.

e cradle polypeptide according to any one of claims 26-32, wherein position 3
of the beta stjdnd C is selected from the group consisting of Tle, Val, Arg, Leu, Thr, Glu, Lys,
Ser, Gin agd His.
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34.  The cradle polypeptide according to any one of claims 26-33, wherein positions
5 and 7-9 of the beta strand C are selected from the group consisting of Ala, Gly, Pro, Ser, Thr,
Asp, Glu, Asn, Gln, His, Lys and Arg.

35.  The cradle polypeptide according to any one of claims 26-34, wherein t

strand F is about 9-11 residues in length.

36.  The cradle polypeptide of claim 35, wherein the beta strand F is/10 residues in

length.

37.  'The cradle polypeptide according to claim 35 or 36, whérein positions 1, 3, 5 and

10 of the beta strand F are altered relative to the wild type sequence/

38.  The cradle polypeptide according to any one of claims 35-37, wherein positions
1, 3, 5 and 10 of the beta strand F are selected [rom the gr
Thr, Asp, Glu, Asn, Gln, His, Lys and Arg.

p consisting of Ala, Gly, Pro, Ser,

39.  The cradle polypeptide according t# any one of claims 35-38, wherein positions

2, 4 and 6 of the beta strand F are a hydrophobj¢ residuc.

40.  The cradle polypeptide acgOrding to any one of claims 35-39, wherein position 7
of the beta strand F is a hydrophobic rg§idue.

41.  The cradle polypggtide according to any one of claims 35-40, wherein position 7
of the beta strand F is selected/from the group consisting of Arg, Tyr, Ala, Thr and Val.
42.  The crad}é polypeptide according to any one of claims 35-41, wherein position 8

of the beta strand F ig/Selected from the group consisting of Ala, Gly, Ser, Val and Pro.

43.
of the beta sirand I is selected from the group consisting of Val, Leu, Glu, Arg and Ile.

e cradle polypeptide according to any one of claims 35-42, wherein position 9

The cradle polypeptide of claim 15, wherein the amino acid substitutions
comyfrise positions 30, 31, 32, 33, 34, 35, 36, 37, 38 and/or 39 of SEQ ID NO:1.
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45.  The cradle polypeptide of claim 44, wherein the amino acid substitutions

comprise positions 31, 33, 35, 37, 38 andfor 39 of SEQ ID NO:1.

46.  The cradle polypeptide of claim 45, wherein the amino acid substitutions
comprise positions 31 and/or 33 of SEQ ID NO:1.

47.  The cradle polypeptide of claim 15, wherein the amino acid substj

comprise positions 44, 45, 46, 47, 48, 49, 50 and/or 51 of SEQ ID NO:1.

48.  The cradle polypeptide of claim 47, wherein the amino acid substitutions
comprise positions 44, 45, 47 and/or 49 of SEQ ID NO:1.

49.  The cradle polypeptide of claim 15, wherein the
comprise positions 40, 41, 42, 43, 44 and/or 45 of SEQ 1D N{J:1.

nino acid substitutions

50.  The cradle polypeptide of claim 15, whepéin the aminc acid substitutions

comprise positions 67, 68, 69, 70, 71, 72, 73, 74, 75 ahd/or 76 of SEQ ID NO:1.

51. The cradle polypeptide of claim 20, wherein the amino acid substitutions

comprise positions 67, 69,71, 73 and/or 76 of SEQ ID NO:1.

52.  The cradle polypeptide ¢f claim 50, wherein the amino acid substitutions

comprise positions 71, 73, 75 and/or/76 of SEQ ID NO:1.

53.  The cradle polygeptide of claim 15, wherein the amino acid substitutions

comprise positions 76, 77, 78, 79, 80, 81, 82, 83, 84, 85 and/or 86 of SEQ 1D NO:1.

e polypeptide of claim 53, wherein the amino acid substitutions

comprise positions 34 and/or 85 of SEQ ID NO:1.

55. he cradle polypeptide of claim 15, wherein the amino acid substitutions

comprise pgsitions 85, 86, 87, 88, 89, 90, 91, 92, 93 and/or 94 of SEQ ID NO:1.

56.  The cradle polypeptide of claim 15, wherein the amino acid substitutions

comprise positions 31, 33,47, 49, 73 and/or 75 of SEQ ID NO:1.
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56.  The cradle polypeptide of claim 14, wherein the amino acid substitutions
coniprise positions 33, 35, 37, 39, 40 and/or 41 of SEQ ID NO:97.

57.  The cradle polypeptide of claim 14, wherein the amino acid substimtiong
comprise positions 42, 43, 44, 45, 46, 47 and/or 48 of SEQ ID NO:97.

38 The cradle polypeptide of claim 14, wherein the amino acid subdtitutions
comprise positions 70, 72, 74, 76 and/or 79 of SEQ ID NO:97.

59.  The cradle polypeptide of claim 14, wherein the aming/cid substitutions
comprise positions 80, 81, 82, 83, 84 and/or 85 of SEQ ID NO:97.,

60.  The cradle polypeptide of claim 16, wherein the amino acid substitutions
comprise positions 31, 33, 35, 37 and/or 39 of SEQ ID NQ¥129.

61.  The cradle polypeptide of claim 16, wherein the amino acid substitutions
comprise positions 40, 41, 42, 43 and/or 44 of SEQ ID NO:129.

62.  The cradle polypeptide of clpfm 16, wherein the amino acid substitutions
comprise positions 66, 68, 70, 72 and/or 75 of SEQ ID NQ:129.

67, A chimeric cradle polypeptide according to any one of claims 1-66, wherein part

of the cradle polypeptide is replaced by a non-FnllI domain polypeptide that enhances the

binding affinity of the cradle polypeptide for a target molecule.
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68.  The chimeric cradle polypeptide of claim 67, wherein the non-Fnllf domain
polypeptide is all or part of a complementarity determining region (CDR) of an antibody or a

cell receptor.

69.  The chimeric cradle polypeptide of claim 68, wherein the CDR is a CD,
CDR2 or CDR3 of a single domain antibody.

1’

70.  'The chimeric cradle polypeptide of claim 69, wherein the singl¢’ domain antibody

is a nanobody.

71.  'The chimeric cradle polypeptide of claim 68, wherein e CDR replaces part or
all of the AB, BC, CD, DE, EF or FG loop. '

72. A multispecific cradle polypeptide comprising fultiple copies of one or more

monomer cradle polypeptides according to any one of claipfs 1-71.

73.  'The multispecific cradle polypeptide gf claim 72, wherein the monomer cradle

polypeptides are linked by a linker sequence.

74.  The multispecific cradle polypéptide of claim 73, wherein the linker sequence is
selected from the group consisting of GGEGSGGGGS (SEQ ID NO: 471), GSGSGSGSGS
(SEQ ID NO: 472), PSTSTST (SEQ IL¥NO: 473) and EIDKPSQ (SEQ ID NO: 474).

75. A cradle library copfiprising a plurality of cradle polypeptides according to any

one of claims 1-74.

76.  The cradledibrary of claim 75, wherein the cradle polypeptides comprise one or
more amino acid substjfutions corresponding to amino acid positions 30, 41, 42, 43, 44, 45,76,

717,738,79, 80, 81, 82, 83, 84 and/or 85 of SEQ ID NO:1.

77. e cradle library of claim 76, wherein the cradle polypeptides further comprise

one or morg/amino acid substitutions coiresponding to amino acid positions 15, 16, 17, 18, 19,
20,21, 22, 23,24, 25, 26,27, 28, 29, 32, 34, 35, 36, 37, 38, 39, 40, 46, 48, 50, 51, 52, 53, 54,
55, 56457, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 72, 74, 75, 86, §7, 88, 89. 90, 91,

92,93 and/or 94 of SEQ ID NO:1.
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78.  The cradle library of claims 75, wherein the cradle polypeptides are at least 50%,
60%, 70%, 80%. or 90% identical to SEQ ID NO:1.

79.  The cradle library according to any one of claims 75-78, wherein the cradjé

polypeptides further comprise an insertion of at least 1 amino acid in at least one loop/fegion.

80.  The cradle library of claim 79, wherein the cradle polypeptides cofprise an

insertion of at least 2 amino acids in at least one loop region.

81.  The cradie library of claim 80, wherein the cradle polypeptides comprise an

insertion of about 2-25 amino acids in at least one loop region.

82.  The cradle library according to any one of claimg’79-81, wherein the cradle

polypeptides comprise a deletion of at least 1 amino acid in gf least one loop region.

83.  The cradle library of claim 82, wherein ffie cradle polypeptides comprise a

deletion of at least 2 amino acids in at least one loop/region.

84.  The cradle library of claim 83, wherein the cradle polypeptides comprise a

deletion of about 2-10 amino acids in at leagt one loop region.

85.  The cradle library accoplling to any one of claims 79, 83 and 84, wherein the

cradle polypeptides comprise a delgfion of at least 2 amino acids in two loop regions.

86.  The cradle libigry according to any one of claims 79-85, wherein the cradle
polypeptides comprise at lgdst 1 amino acid insertion and 1 amino acid deletion in at least one

foop region.

87.  Thefcradle library of claim 86, wherein the cradle polypeptides comprise an

insertion and defetion of at least 1 amino acid in the same loop region.

The cradle library according to any one of claims 79-87, which is pre-selected to

bind a j : get molecule.

__ 89.  The cradle library of claim 75, wherein the cradle polypeptides comprise an
/amino acid sequence selected from the group consisting of SEQ 1D NOs: 3, 79, 86 and 468-470.
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a0. The cradle library of claim 75, wherein the cradle library contains at least 10,
100, 1000, 10, 10°, 10, 107, 108, 10°, 10*°, 10", 10", 10", 10™, 10" or more different cradle
polypeptides.

91. A polynucleotide encoding a cradle polypeptide according to any one of £laims
1-74.

92.  The polynucleotide of claim 91, wherein the polynucleotide is afexpression

constructl.

93.  The polynucleotide of claim 92, wherein the expression gonstruct is capable of

expressing the encoded polypepiide in a bacterium, yeast or mammaldan systen:.

94. A polynucleotide library encoding a cradle libragf according to any one of claims
75-90.

95. A method of producing a cradle polypepyde comprising:
a) expressing a polynucleotide encoding 4 cradle polypeptide according to any one
of claims 91-93 in a host cell; and

b) isolating and/or purifying the exgressed cradle polypeptide.
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96. A method of forming a cradle library of Falll domain polypeptides useful in
screening for the presence of one or more polypeptides having a selected binding or enzymatj
activity, comprising:

(i) aligning beta strands C and F amino acid sequences and loops CD and F@ amino
acid sequences in a collection of native Fnlll domain polypeptides,

(ii) segregating the aligned beta strand and loop sequences according

(iii)  for a selected beta strand or loop of the length from step (i), pepforming
positional amino acid frequency analysis to determine the frequencies of andno acids at each
beta strand or loop position,

(iv)  for each beta strand, loop, and length analyzed in step ff1i), identitying at each
position a conserved or selected semi-conserved consensus amino gid and other natural-variant
amino acids,

) for at least one selected beta strand, loop, and Yength, forming:

() a cradle library of mutagenesis sequénces expressed by a library of
cading sequences that encode, at each beta strapd or loop position, the consensus amino

acid, and, if the consensus amino acid has a gCcurrence frequency equal to or less than a
selected threshold frequency of at least 50%, a single common target amino acid and any
co-produced amino acids, or '

() a cradle library of nay ral-variant combinatorial sequences expressed by a
library of coding sequences that ghcode, at each beta strand or loop position, a consensus
amino acid and, if the consen, =i amino acid has a frequency of occurrence equal to or
less than a selected thresho; c frequency of at least 50%, other natural variant amino
acids, including semi-cofiserved amino acids and variable amino acids whose occurrence
rate is above a selectg@l minimum threshold occurrence at that position, or their chemical
equivalents,
(vi)  incorpoy ng the library of coding sequences into framework Fnlll coding
sequences to form a1 Fnlll expression library, and

(vi)  eypressing the Fnlll domain polypeptides of the expression library.
97./ The method of claim 96, wherein the selected threshold frequency is 100%.

98.  The method of claim 96, wherein the selected frequency is about 50-95%.

99.  The method according to any one of claims 96-98, wherein step (ii) segregates

the loops and loop lengths into the CD loop at about 3-11 residues in length.
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100.  The method of claim 99, wherein the CD loop is about 3-9 residues in length.
101.  The method of claim 99, wherein the CD loop is aboul 4-9 residues in len
102.  The method of claim 99, wherein the CD loop is 5 residues in length

103.  The method according to any one of claims 96-102, wherein steyf (ii) segregates

the loops and loop lengths into the FG loop at about 1-10 residues in length,
104.  The method of claim 103, wherein the FG loop is about/ or 6 residues in length.

105.  The method of claim 103, wherein the FG loop is ¥residues in length.

106. The method of claim 103, wherein the FG logp is 6 residues in length.

107.  The method of claim 106, wherein position 1 of the FG loop is a Gly residue,
position 2 the FG loop is a Len, Val or Ile residue, pésition 3 the FG loop is a charged or polar
residue, position 4 the FG loop is a Pro residue, pésition 5 the FG loop is a Gly residue, and

position 6 the FG loop is a polar residue.

[08.  The method according to gfaim 105, wherein positions 3 and/or 5 of the FG loop

are a (Gly residue.

109.  The method accoiding to any one of claims 96-108, wherein step (ii) segregates
the beta strands into the beta sffand C at about 6-14 residues in length and the beta strand F at

about 8-13 residues in lengjhi.

110. The mefhod of claim 109, wherein the beta strand C is about 8-11 residues in

length.
Fhe method of claim 109, wherein the beta strand C is 9 residues in length.

The method of claim 111, wherein positions 2, 4 and 6 of the beta strand C are a

hydrophobic residue.
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113.  The method of claim 111, wherein positions 1, 3, 5 and 7-9 of the beta strand C

are altered relative to the wild type sequence.

114, 'The method of claim 113, wherein position 1 of the beta strand C is selected

from the group consisting of Ala, Gly, Pro, Ser, Thr, Asp, Glu, Asn, Gln, His, Lys and Arg.

115.  The method of claim 113, wherein position 3 of the beta strand C €

hydrophobic residue.

frand C is selected
and His.

116.  The method of claim 113, wherein position 3 of the beta

from the group consisting of Ile, Val, Arg, Leu, Thr, Glu, Lys, Ser, GK

117.  The method of claim 113, wherein positions 5 agd 7-9 of the beta strand C are
selected from the group consisting of Ala, Gly, Pro, Ser, Thr/Asp, Glu, Asn, Gln, His, Lys and
Arg.

118. The method of claim 109, wherein thé beta strand F is about 9-11 residues in

length.
119.  The method of claim 109, wj erein the beta strand F is 10 residues in length.

120. The method of claim A , wherein positions 1, 3, 5 and 10 of the beta strand F

are altered relative to the wild typg/s

121.  The method of claim 120, wherein positions 1, 3, 5 and 10 of the beta strand T

hydrophobic pésidue.

The method of claim 119, wherein position 7 of the beta strand Fis a

hydrgphobic residue.

124.  The method of claim 119, wherein position 7 of the beta strand F is selected from

the group consisting of Arg, Tyr, Ala, Thr and Val.
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125. The method of elaim 119, wherein position 8 of the beta strand F is selected from

the group consisting of Ala, Gly, Ser, Val and Pro.

126.  The method of claim 119, wherein position 9 of the beta strand F is selected from

the group consisting of Val, Leu, Glu, Arg and Ile.

127.  The method according to any one of claims 96-126, wherein the ngtive Pnlll
domain polypeptides comprise the wild type amino acid sequences of the 1%, 29, 37, 41 5% gl

78 gt 9B 10® 119, 12%, 13®, 14®, 15" and/or 16™ Fnlil domain of humag/Tibronectin.

128.  The method of claim 127, wherein the native FnIIl dopfain polypeptides
comprise the wild type amino acid sequences of the 7™, 10" and/o/l 4™ FIll domain of human

fibronectin.

129. A cradle library useful in screening for the gresence of one or more cradle
polypeptides having a selected binding or enzymatic activity designed using a method of

forming a cradle library of Fnlll domain polypeptidg$ according to any one of claims 96-128.

130. A method of identifying a cradlg’polypeptide having a desired binding affinity to
a target molecule, comprising:
a) reacting a cradle library of

claims 75-90 and 129 with the target 1y

nIll domain polypeplides according to any one of
olecule, and
b) screening the cradleAibrary of PnlIll domain polypeptides to select those having a

desired binding affinity to the target molecule.

131.  The method/of claim 130, wherein the method further comprises the step of

identifying the polynucjéctides that encode the selected polypeptides.

132.  Thg¢method according to claim 130 or 131, wherein the target molecule is

selected from e group consisting of lysozyme, human Fe, human serum albumin (HSA),
human smalfubiquitin-like modifier 1 (SUMQ1), human ubiquitin, human Abl SH2 domain,
human Sg¢fn-like with four mbt domains 2 (SFMBT?Z), sex comb on midleg homolog 1

(SCMM1) domain and green fluorescent protein (GFP).

133. A cradle polypeptide selected using the methods according to any one of clainis
130-132.
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134.  The cradle polypeptide of claim 134 comprising an amino acid sequence selected
from the group consisting of SEQ ID NQs:4-78, 80-85, 87-96, 98, 99, 101-128, 130-141, 143,
145-147, 149-159, 161-199, 201-238 and 240-277.

135. Akit comprising, in a container, a cradle polypeptide according to any ghe of

claims 1-74, 133 and 134.

136. A kit comprising, in a container, a cradle library according to afy one of claims

75-90 and 129.

137. A kit comprising, in a container, a polynucleotide encgding a cradle polypeptide

according to any one of claims 91-93.

138. Akit comprising, in a container, a polynucleofde library encoding a cradie

library according 1o any one of claims 73-90 and 129.
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Claims

L. A fibronectin type III (FnIll) domain-based cradle polypeptide comprising i) a
non loop region comprising one or more amino acid modifications (e.g., substitutions} in each of a
beta strand C and 2 beta strand F; (ii) a top loop region comprising ene or more modifications (e.g.,
substitutions) in a BC, DE and/or FG loop; and (iii) 2 bottom loop region comprising one or more

modifications (e.g., substitutions) in an AB, CD andfor EF loop.

2. The cradle polypeptide of claim 1, further comprising one or more amino acid

substitotions in a befa strand D and a beta strand G.

3. The cradle polypeptide according to claim 1 or 2, wherein: i) the top loop region
comprises one or more substitutions in an FG loop; and ii) the bottom loop region comprises one

or more substitutions in a CD loop.

4, The cradle polypeptide according to any one of claims 1-3, wherein the one or

more amino acid substitutions are introduced to the cradle residues in the beta strands.

3. The cradle polypeptide according to any one of claims 1-4, further comprising an

insertion and/or deletion of at least one amino acid in the loop regions and the non-loop regions.

6. The cradle polypeptide of claim 5, wherein the non-loop regions with the
insertion and/or deletion of at least one amino are the beta strands C and F, and the loop regions

with the insertion and/or deletion of at least one amino are the CD and FG loops.

7. The cradle polypeptide according to any one of claims 1-6, wherein the Fnlll
domain is the 1%, 2™, 3%, 4%, 5% g 78 g% o' 10% 11% 12" 13%, 14, 15" or 16™ Fnlll

domain of human fibronectin.

8. The cradle polypeptide of claim 7, wherein the Fnlll domain is the 7" Falll
domain of human fibronectin (Fnill®), the 10™ Falll domain of human fibronectin (FnIll'), or
the 14™ BnlIl domain of human fibronectin (Falll'®.

9. The cradle polypeptide according to any one of claims 1-8, wherein the CD loop
is about 3-11 residues in length and the FG loop is about 1-10 residues in length.

10.  The cradle polypeptide according to any one of claims 1-9, wherein the beta
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strand C is about 6-14 residues in length and the beta strand F is about 8-13 residues in leagth.

_ 11.  The cradle polypeptide of claim 8, wherein the amino acid substitutions comprise
* positions 31, 33, 35, 37, 38, 39, 67, 69, 71, 73 and/or 76 of SEQ ID NO:1.

12.  The cradle polypeptide of claim 8, wherein the amino acid substituiions comprise
positions 33, 35, 37, 39, 40, 41, 70, 72, 74, 76 and/or 79 of SEQ ID NO:97.

13.  The cradle polypeptide of claim 8, wherein the amino acid substitutions comprise
positions 31, 33, 35, 37, 39, 66, 68, 70, 72 and/or 75 of SEQ ID NO:129.

14.  The cradle polypeptide of claim 8, comprising an amino acid sequence set forth in
SEQ 1D NQOs:468-470.

_ 15. A chimeric cradle polypeptide, wherein part of the cradle polypeptide according
to any one of claims 1-14 is replaced by a non-Fnlil domain polypeptide that enhances the

binding affinity of the cradle polypeptide for a target molecule.

16. A multispecific cradle polypeptide comprising multiple copies of one or more

monomer cradle polypeptides according to any one of claims 1-15.

17. A cradle library comprising a plurality of cradle polypeptides according to any
one of elaims 1-16.

18. A method of forming a cradle library of Fnlll domain polypeptides, wherein said
polypeptides comprise i) a non loop region comprising one or more amino acid modifications (e.g.,
substitutions} in each of a beta strand C and a beta strand F; (i) a top loop region comprising one or
more modifications (e.g., substitutians) in a BC, DE and/or FG loop; and (jii) a bottom loop region
comprising one or more modifications (e.g., substitutions) in an AB, CD and/or EF loop; and
wherein said method is useful in screening for the presence of one or more polypeptides having a
selected binding or enzymatic activity, comprising:

(i) aligning beta strands C and F amino acid sequences and loops CD and FG amino
acid sequences in a collection of native Falll domain polypeptides,

(iiy  segregafing the aligned beta strand and loop sequences according to length,

(iif) for a selected beta strand or loop of the length from step (ii), performing

positional amino acid frequency analysis to determine the fiequencies of amino acids at each

-131-



beta strand or loop position,

(iv)  for each beta strand, loop, and length analyzed in step (iii), identifying at each
position a conserved or selected semi-conserved consensus amino acid and other natural-variant
amino acids,

(v)  forat least one selected beta strand, loop, and length, forming:

(1) acradle library of mutagenesis sequences expressed by a library of coding
sequences that encode, at each beta strand or loop position, the consensus amino acid,

and, if the consensus amino acid has a occurrence frequency equal to or less than a

selected threshold frequency of at least 50%, a single common target amino acid and any

co-produced amino acids, or

(2)  acradle library of natural-variant combinatorial sequences expressed by a
library of coding sequences that encode, at each beta strand or loop position, a consensus
amino acid and, if the consensus amino acid has a frequency of occurence equal to or
less than a selected threshold frequency of at least 50%, other natural variant amino
acids, including semi-conserved amino acids and variable amino acids whose occurrence
rate is above a selected minimum threshold occurrence at that position, or their chemical
equivalents,

(vi)  incorporating the library of coding sequences into framework FnlIl coding
sequences to form an Fnlll expression library, and

(vi)  expressing the Fnlll domain polypeptides of the expression library.

19.  The Fnlll domain-based cradle polypeptide of any one of claims 1-17, wherein
the one or more amino acid substitution in the beta strand C correspond to position 30, 31, 32,
33, 34, 35, 36, 37, 38 and/or 39 of SEQ ID NO: 1; position 33, 35, 37, 39, 40 and/or 41 of SEQ
ID NO: 7; or position 31, 33, 35, 37 and/or 39 of SEQ ID NO: 125.

20.  The Fnlll domain-based cradle polypeptide of any one of claims 1-17, wherein
the one or more amino acid substitution in beta strand F coirespond to position 67, 68, 69, 70,
71, 752,73, 74, 75 andfor 76 of SEQ 1D WNO: 1; position 70, 72, 74, 76 and/or 79 of SEQ ID NO:
97; or position €6, 68, 70 and/or 75 of SEQ ID NO: 129.

21.  The FnIll domain-based cradle polypeptide of any one of claims 1-17, wherein
the one or more amino acid substitution in the CD loop correspond 1o position 40, 41, 42, 43, 44
and/or 45 of SEQ ID NO: 1; position 42, 43, 44, 45, 46, 47 andfor 48 of SEQ ID NO: 97; or
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position 40, 41, 42, 43 and/or 44 of SEQ ID NO: 129,

22.  The Fnlll domain-based cradle polypeptide of any one of claims 1-17, wherein
the one or more amino acid substitution in the FG loop correspond 1o position 76, 77, 78, 79, 80,
81, 82, 83, 84, 85 and/or 86 of SEQ ID NO: 1; position 80, 81, 82, §3, 84 and/or 85 of SEQ ID
NO: 97; or position 76, 77, 78, 79, 80 and/or 81 of SEQ ID NO: 129.
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