wo 2017/106728 A2 |11 N0F V000 OO 0 N A0 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

22 June 2017 (22.06.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/106728 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification: Not classified

International Application Number:
PCT/US2016/067295

International Filing Date:
16 December 2016 (16.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/268,320 16 December 2015 (16.12.2015) US
Applicant: UNIVERSITY OF WASHINGTON

[US/US]; 4545 Roosevelt Way NE, Suite 400, Seattle, WA
98105 (US).

Inventors: PARMEGGIANI, Fabio; c/o University of
Washington, 4545 Roosevelt Way NE, Suite 400, Seattle,
WA 98105 (US). BRUNETTE, TJ; c¢/o University of
Washington, 4545 Roosevelt Way NE, Suite 400, Seattle,
WA 98105 (US). HUANG, Po-Ssu; c/o University of
Washington, 4545 Roosevelt Way NE, Suite 400, Seattle,
WA 98105 (US). BAKER, David; c¢/o University of Wash-
ington, 4545 Roosevelt Way NE, Suite 400, Seattle, WA
98105 (US).

Agent: LOOS, Thomas, J.; McDonnell Boehnen Hulbert
& Berghoff LLP, 300 South Wacker Drive, Chicago, IL
60606 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

with sequence listing part of description (Rule 5.2(a))

(54) Title: REPEAT PROTEIN ARCHITECTURES

(57) Abstract: Methods and systems for designing proteins are disclosed, as well as proteins and protein assemblies designed. A
comparing device can determine a protein repeating unit that includes one or more protein helices and one or more protein loops.
The computing device can generate a protein backbone structure with a copy of the protein repeating unit. The computing device can
determine whether a distance between a pair of helices of the protein backbone structure is between lower and upper distance
thresholds. After determining that the distance between the pair of helices is between the lower and upper distance thresholds, the
computing device can generate a plurality of protein sequences based on the protein backbone structure, select a particular protein
sequence of the plurality of protein sequences based on an energy landscape that has information about energy and distance from a
target fold of the particular protein sequence, and generate an output based on the particular protein sequence.



WO 2017/106728 PCT/US2016/067295

10

15

20

NI
(8]

30

Repeat Protein Avchitectures

STATEMENT RECARDING FEBERALLY SPONSORED RESEARCH

This invention was made with U.S. govemment support under MCB-1445201 and
CHE-1332507, awarded by National Science Foundation, under N0O0024-10-D-6318/0024,
awarded by the Defense Threat Reduction Agency, and under FAS30-12-10112. awarded by
the Air Force Office of Scienufic Research. The US. Government has certain rights in the

mvention.

BACKGROUND

A central question in protein evolution is the extent to which naturally occurring
proteins sample the space of folded structures accessible to the polvpeptide chain. Repeat
proteins composed of multiple tandem copies of a modular structure wnit’ are widespread in
nature and play critical roles in molecular recognition, signaling, and other essential
biological processes”. Naturally occurring repeat proteins have been reengineered for

molecular recognition and modular scaffolding applications™.

SUMMARY OF THE INVENTION

Here we use computational protein design to investigate the space of folded structures
that can be generated by tandem repeating a stmple helix-loop-helix-loop structural motif 83
designs with sequences unrelated lo hnown repeal proleins were experimenially
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, and 43 have solution R~rav scattering
spectra closely consistent with the design models. Crystal structures of 135 designs spanming a
broad range of curvatures are in close agreement with the design models with RMSDs
ranging from 0.7 10 2.5 A. Our results show that existing repeat proteins occupy only a smali
fraction of the possible repeat protein sequence and structure space and that 1t 15 possible o
design novel repeat proteins with precisely specified geometries, opening up a wide array of

new possibilities for biomolecular engineering,
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In one aspect, the present ivention provides polypeptides comprising or consisting

of the amino acid sequence selected from the group consisting of the following multi-domain

proteins, as lurther defined m the detaled description:

(a)
b
©
(d)
(&)
Q)
(g
(h)
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(n)
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(bb)
{co)
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SEQ ID NO:1-[SEQ 1D NO: 2| g or2-19-SEQ 1D NO:3;

SEQ ID NO:7-[SEQ 1D NO:8} (g or2.15-SEQ 1D NO:9;

SEQ TDNO:13-[SEQ TD NO:14]g o 2.16-SEQ T NO:15:
SEQ 1D NO:19-[SEQ ID NO:20]( o1 2.19-SEQ ID NO:21:
SEQ ID NO:25-|SEQ ID NO:26 o1 2.19-SEQ ID NO:27,
SEQ 1D NO:31-[SEQ ID NO:32] or 2.19-SEQ 1D NO:33;
SEQ 1D NO:37-[SEQ 1D NO:38J0 r216-SEQ 1D NO:39;
SEQ 1D NO43-[SEQ 1D NO44 or 2.16-SEQ 1D NO:45;
SEQ ID NO:49-[SEQ 1D NO: 50} or 2.1-SEQ TD NO:51:
SEQ ID NO:55-[SEQ ID NO:56} 6 or 2.10-SEQ 1D NO:57.
SEQ ID NO:61-[SEQ 1D NO:62]6 o 2.19-SEQ 1D NO:63;
SEQ ID NO:67-[SEQ ID NO:68}g 4 2.16-SEQ ID NO:69;
SEQ 1D NO:73-[SEQ 1D NO 74} g 2.10-8EQ 1D NOTS,
SEQ ID NO:79-[SEQ ID NO:80] g or 2.16-SEQ ID NO:81;
SEQ 1D NO:85-[SEQ 1D NOE6] g o 216-SEQ 1D NO:RT;
SEQ ID NO:91-[SEQ ID NO92|0 or 2.19-SEQ 1D NO:93;
SEQ ID NO:97-[SEQ 1D NO:98] ¢ or 2.15-SEQ 1D NO:99;

SEQ 1D NO:103-[SEQ 1D NO:104]0 or 2.19,-SEQ 1D NO: 105
SEQ ID NO:109-{SEQ 1D NO:110]0 o1 2.10,-SEQ ID NO: 111
SEQ 1D NO:115-[SEQ ID NO: 116} or 2-19-SEQ ID NO: 117;
SEQ 1D NO:121-[SEQ 1D NO: 122} or2-19-SEQ 1D NO:123;
SEQ ID NO:127-|SEQ 1D NO: 128} or2-10-SEQ 1D NO:129;
SEQ ID NO:133-{SEQ 1D NO:134 )0 or 2.19-SEQ 1D NO:135;
SEQ ID NO:139-/SEQ 1D NO: 140 or 2-10,-SEQ 1D NO: 141
SEQ ID NO:145-[SEQ ID NO: 1461 oy 5.10-SEQ ID NO:147:
SEQ 1D NO:151-{SEQ 1D NO: 152} o1 2.10)-SEQ 1D NO:153;
SEQ ID NO:157-[SEQ 1D NO:158] or 2-16-SEQ ID NO: 159;
SEQ 1D NO:163-[SEQ 1D NO: 16410 o 2-16-SEQ 1D NO:165;
SEQ 1D NO:169-|SEQ 1D NO: 170} or 2.10-SEQ 1D NO:171;
SEQ ID NO:175-{8EQ 1D NO:1 760 or 2.19-SEQ [D NO:177;
SEQ ID NO:181-{SEQ 1D NO:182] g or 2.10,-SEQ [D NO: 1 83;
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(o) SEQ 1D NO:385-[SEQ 1D NO:386)m 0r0.10-SEQ 1D NO:387,;

SEQ ID NO:187-{SEQ 1D NO: 188 o1 2.15-SEQ ID NO:189;
SEQ 1D NO:193-[SEQ ID NO: 194)q o1 2.16,-SEQ ID NO:195;
SEQ ID NO:199-|SEQ 1D NO: 2000 or 2-10-SEQ 1D NO:201;
SEQ ID NO:205-[SEQ 1D NO:206]0 o 2.1 -SEQ 1D NO:207:
SEQ ID NO:211-{5EQ 1D NO:212}0 o 2-19-SEQ [D NO:213;
SEQ TDNO:217-{SEQ TD NO:218] or 2.15-SEQ TH NO:219:
SEQ 1D NO:223-[SEQ ID NO:224]¢ o1 2.19-SEQ ID NO:225;
SEQ ID NO:229-|SEQ ID NO:2301g o1 2.19-SEQ ID NO:231;
SEQ ID NO:235-[SEQ 1D NO: 236} or 2-16-SEQ ID NO:237;
SEQ 1D NO:24 1-[SEQ 1D NO:2420 or2-16-SEQ 113 NO:243:;
SEQ 1D NO:247-[SEQ 1D NO:248 ] or 2.10-SEQ 1D NO:249;
SEQ ID N0O:253-{5EQ 1D NO:254 )0 or 2.19-SEQ 1D NO:255:
SEQ ID NO:259-[SEG 1D NO:260]0 or 2.19,-SEQ 1D NO.261:
SEQ 1D NO:265-{SEG 1D NO:2661 o1 2.19-SEQ 1D NO:267:
SEQ ID NO:271-{SEQ ID NO:272 )0 o1 2.19-SEQ ID NO:273;
SEQ 1D NO277-[SEQ 1D NO:278]0 or 2-10-SEQ 1D NO:278,
SEQ ID NO:283-[SEQ 1D NO: 28470 or 2-16-S BQ 1D NO:285:
SEQ 1D NO:289-[SEQ 1D NO:290Yg or 010-SEQ 1D NO:291;
SEQ ID N0O:295-18EQ 1D NO:296 g or 2.19-SEQ [D NO:297;
SEQ ID NO:301-{SEQ 1D NO:302}g or 2-19-SEQ 1D NO:303:
SEQ 1D NO:307-[SEQ 1D NO:308 ] or 2.19,-SEQ 1D NO:309;
SEQ ID NO:313-{SEQ 1D NO:314]g o1 2.10,-SEQ ID NO:315;
SEQ 1D NO:319-[SEQ 1D NO:320}g or 2-19-SEQ 1D NO:321
SEQ 1D NO:325-[SEQ 1D NO:326]0 or2-19-SEQ 1D NO:327;
SEQ ID NO:331-[SEQ 1D NO:332 0 or2-10-SEQ 1D NO:333;
SEQ ID NO:337-{SEQ 1D NO:338 )0 or 2.19-SEQ [D NO:339;
SEQ ID NO:343-|SEQ 1D NO:344 ) or 2.10,-SEQ 1D NO:345;
SEQ ID NO:349-[SEQ ID NO:350]g oy 5.10-SEQ ID NO:351:
SEQ 1D NO355-{SEQ 1D NO:356}0 o1 2.10-SEQ 1D NO:357;
SEQ ID NO:361-[SEQ ID NO:362] or 2-19-SEQ 1D NO:363;
SEQ 1D NO:367-[SEQ 1D NO:368 10 o 2-16-SEQ 1D NO:369;
SEQ 1D NO:373-I1SEQ 1D NO:374 )0 or 2-10-SEQ 1D NO:375;
SEQ ID NO:379-{SEQ 1D NO:380 10 or 2.19-SEQ [D NO:38L:
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SEQ ID NO:391-{SEQ 1D NO:392 ] o1 2.15-SEQ ID NO:393;
SEQ ID NO:397-[SEQ ID NO:398} o1 216,-SEQ ID NO:399;
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SEQ 1D NO:4G3-[SEQ 1D NO:404 | or210-SEQ 1D NO:405; and

SEQ ID NO:409-[SEQ 1D NO:410]0 or2.1-SEQ [D NO:411:

wherein the domain in brackets is an optional internal domain.
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15

20

In one embodiment, polypeptide comprises or consists of the amino acid sequence

selected from the group consisting of:
SEQ [D NO:4-{SEQ ID NO:5 i er2.10-5EQ 1D NO6;

(A)
®B)
(©
D)
(E)
(F)
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(H}
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(&)
®)

SEQ ID NO:0-[SEQ ID NO: o a2
SEQID NO:16-[SEQID NO: 1 T g ors

SEQ 1D NO:22-[SEQ 1D NO23 0 or a0
SEQ ID NO:28-[SEQ 1D NO:29 0 or 2.1
SEQ ID NO:34-[SEQ ID NO35] 0 er21
SEQ ID NO40-[SEQ 1D NO:41 g or2-
SEQ ID NO:46-[SEQ ID NO:dT} g 2
SEQ 1D NO:32-[SEQ 1D NO:53]g 2
SEQ ID NO:38-[SEQ 1D NO: 59} o1 2
SEQ ID NO:64-[SEQ 1D NO:65 0 or-

SEQ ID NO:70-[SEQ ID NO: 71 0 or2
SEQ ID NO76-[SEQ TD NO: 7T} or 2
SEQ 1D NO:82-[SEQ 1D NO:83 ¢ or2
SEQ ID NO:88-[SEQ ID NO:89] g 42
SEQ ID NO:94-[SEQ ID NO:95] g o1 2

o-SEQ ID NO:12;
16-SEQ 1D NO:I8;
o-SEQ 1D NO:24;
o-SEQ 10 NO:30:
o-SEQ 1D NO:36:
10-SEQ 1D NO:42;
5-SEQ 1D NO:48;
10-SEQ 1D NO:54,
10,-SEQ 1D NO:60:
1o-SEQ 1D NO:66,
19-SEQ 1D NO:72;
1y-SEQ 1D NO:78;
10-SEQ 1D NO:84;
16-SEQ ID NO-90;
19-SEQ 1D NO:96;

)

25 (®)
©)
(T)
L)
)

30 CW)
X)
(¥)
@)
{AA)

SEQ 1D NO:T00-[SEQ 1D NO: 101 ] or2-19-SEQ 1D NO:102;
SEQ 1D NO:106-|SEQ 1D NO: 107} or2-10-SEQ 1D NO:108:
SEQ ID NO:112-{8EQ 1D NO: 1130 or 2-19-SEQ [D NO:114;
SEQ ID NO:118-SEQ TD NO 119} or 2-10,-SEQ 1D NOG:120;
SEQ 1D NO:124-[SEQ 1D NO:125]g 51 .19,-SEQ 1D NO: 126
SEQ 1D NO:130-{SEQ 1D NO: 131} o1 2.10-SEQ 1D NO:132;
SEQ 1D NO:136-{SEQ ID NO: 137} or 2-16-SEQ 1D NO: 138;
SEQ 1D NO:142-[SEQ 1D NO: 14310 or 2-16-SEQ 1D NO: 144;
SEQ 1D NO:148-|SEQ 1D NO: 149} or 2.10-SEQ 1D NO:150;
SEQ ID NO:154-/SEQ 1D NO:155 0 o 2.19-SEQ [D NO:156;
SEQ ID NO:160-{SEQ 1D NO: 161 Jg or2.10,-SEQ ID NO: 162;
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SEQ ID NO:166-{SEQ 1D NO:167 ) o1 2.15-SEQ ID NO:168;
SEQ 1D NO:172-[SEQ ID NO: 173} o1 2-16,-SEQ ID NO:174;
SEQ 1D NO:178-1SEQ 1D NO: 1790 or 2-10-SEQ 1D NO: 180;
SEQ 1D NO:184-[SEQ 1D NO: 1850 or 2.1 -SEQ 1D NO: 186
SEQ ID NO:190-{5EQ 1D NO:191 | o 2.10-SEQ [D NO:192;
SEQ 1D NO:196-[8EQ TD NO: 197} or 2.15-SEQ T NO: [ 98:
SEQ 1D NO:202-{SEQ 1D NO:203] or 2.19-SEQ ID NO:204:
SEQ ID NO:208-|SEQ ID NO:209{g o1 2.19-SEQ ID NO:210;
SEQ ID NO:214-[SEQ 1D NO: 215} or 2-16-SEQ ID NO:216;
SEQ 1D NO:220-[SEQ 1D NO:221 g or 2-19-SEQ 113 NO:222;
SEQ 1D NO:226-[SEQ 1D NO:227 | or 2-10-SEQ 1D NO:228:
SEQ ID NO:232-{5EQ 1D NO:233 )0 or 2.19-SEQ 1D NO:234:
SEQ ID NO:238-[SEG 1D NO:239]0 or 2.19,-SEQ 1D NO.240;
SEQ 1D NO:244-{SEG 1D NO:245)g o1 2.19-SEQ 1D NO:246:
SEQ ID NO:250-{SEQ ID NO:251 J o1 2.19,-SEQ ID NO:252;
SEQ 1D NO256-[SEQ 1D NO: 257} or 2-10-SEQ 1D NO:258,
SEQ ID NO:262-[SEQ D NO:263]0 or 2-16-S BQ 1D NO:264:
SEQ ID NO:268-[SEQ 1D NO:269Yg or 10-SEQ 1D NO:270;
SEQ ID NO:274-[SEQ 1D NO:275 )0 or 2.19-SEQ 1D NO:276;
SEQ ID NO:280-[SEQ 1D NO:281 g or 2-19-SEQ 1D NO:282:
SEQ 1D NO:286-[SEQ 1D NO:2871 or 2.19-SEQ 1D NO:288:
SEQ ID NO:292-{SEQ 1D NO:293 g o1 2.10,-SEQ ID NO:294;
SEQ 1D NO:298-[SEQ 1D NO:299)g or 2-10-SEQ 1D NO:300;
SEQ 1D NO:304-[SEQ 1D NO:305]0 or 2-19-SEQ 1D NO:306;
SEQ 1D NO:310-[SEQ 1D NO:311 ] or2.19-SEQ 1D NO:312;
SEQ ID NO:316-{8EQ 1D NO:317 g o 2.19-SEQ [D NO:318;

(BBBj SEQ ID NO:322-SEQ 1D NO:323 | or 2.10-SEQ 1D NO:324;
(CCCy SEQ ID NO:328-[SEQ 1D NO:329g oy 2.15,-SEQ 1D NO:330;
(DDD) SEQ 1D NO334-[SEQ 1D NO:335]g o1 219,-SEQ 1D NO:336;

(EEE)
(FFF)

(GGG)
(HHH)

(D)

SEQ 1D NO:340-[SEQ 1D NO:341 g or 2-19-SEQ ID NO:342;
SEQ 1D NO:346-[SEQ 1D NO: 347} o 2-16-SEQ 1D NO:348;
SEQ 1D NO:352-SEQ 1D NO:353 0 or2.10-SEQ 1D NO:354;
SEQ ID NO:338-{SEQ 1D NO:35%g or 2.19-SEQ 1D NO:360;
SEQ TD NO:364-[SEQ 1D NO:365 0 or 2.10)-SEQ 1D NO:366;
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(31} SEQ ID NO:A70-[SEQ ID NO:371 ] o 2.19-SEQ ID NO:372;

(KKK) SEQ ID NO:376-[SEQ ID NO:377J o1 216,-SEQ 1D NO:378;

(LLL) SEQ D NO382-|SEQ 1D NO:383 g 0r210-SEQ D NO:384;

(MMM) SEQ 1D NO:388-{SEQ ID NO:389] g o 2-195-SEQ 1D NO:390;

(NNN) SEQ ID NO:394-[SEQ 1D NO:395 g or 2.10-SEQ [D NO:396;

(000) SEQ TD NOAN0-[SEG TD NO:A01 | or 2.15,-SEQ 1D NO402:

(PPP) SEQ ID NO:4U6-[SEQ ID NOG:40T | or 2.19-SEQ ID NO:408; and

(QQQ) SEQ ID NO:412-{SEQ ID NO:413 ] o 2.19-SEQ ID NO:414;

wherein the domain 1 brackets is an optional internal domain,

In one embodiment, the optional infernal domain may be absent. In another
embodiment, the optional mternal domain is present in 2-19 copies, such as in 2-3 copies.

In another aspect, the invention provides polypeptides comprising or consisting of a
polypeplide having at least 50% identity over its length with the amuno acid sequence
selected from the group consisting of SEQ 1T NO: 415-497. In various further embodiments,
the polypeptides comprise of consist of a polypeptide having at least 75% identity, 90%
dentity, or 100% dentity over its length with the amino acid sequence selected from the
group consisting of SEQ 1D NQ: 415-497.

In another embodiment, the invention provides a protein assembly comprising a
plurality of polypeptides of the invention having the same amino acid sequence. In various
further embodiments, the invention provides recombinant mucleic acids encoding a
polypeptides of the invention, recombinant expression vectors comprising the nucleic acid
of the invention operatively linked to a promoter, and recombinant host cells comprising
the recombinant expression vectors of the invention.

In one aspect, a method 15 provided. A computing device deternunes a protein
repeating unit. The protein repeating unit tncludes one or more protein helices and one or
miore protein loops. The computing device generates a protein backbone structure that
includes at least one copy of the protein repeating wrnt. The computing device determunes
whether a distance between a pair of helices of the protein backbone structure is between a
lower distance threshold and an upper distance threshold. After deterrmning that the
distance beiween the pair of helices of the protein backbone structure is between the lower
distance threshold and the upper distance threshold, the computing device is used for,
generating a plurality of protein sequences based on the protein backbone structure,
selecting a particular protein sequence of the phurality of protein sequences based on an

energy landscape for the particalar protein sequence, where the energy landscape includes

6
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information about energy and distance from a target fold of the particular protein sequence,
and generating an output based on the particular protein sequence.

I another aspect, a computing device 1s provided. The computing device includes
ane o1 more data processors and a computer-readable medium, configured to store at least
computer-readable instructions that, when executed, canse the computing device to perform
functions. The functions include: determining a protein repeating wnit, where the protein
repeating unit includes one or more protein helices and one or more protein loops,
generating a protein backbone structure that inchudes at least one copy of the protein
repeating unit; determining whether a distance between a pair of helices of the protem
backbone structure is between a lower distance threshold and an upper distance threshold;
and after deternuning that the distance between the pair of helices of the protein backbone
structure 1s between the lower distance threshold and the upper distance threshold, using the
computing device for: generating a plurality of protein sequences based on the profein
backbone structure, selecting a particular protein sequence of the plurality of protein
sequences based on an energy landscape for the particelar protein sequence, where the
energy landscape includes information about energy and disiance [rom a target fold of the
particular protein sequence, and generating an output based on the particutar protein
sequence.

In another aspect, a computer-readable medium s provided. The computer-readable
medium is configured to store at least computer-readable mstructions that, when executed
by one or more processors of a computing device, cause the computing device to perform
functions. The functions include: determining a protein repeating umit, where the protein
repeating unit includes one or more protein helices and one or more protein loops,
generating a protein backbone structure that includes at least one copy of the proten
repeating unit; determining whether a distance between a pair of helices of the protein
backbone structure is between a lower distance threshold and an upper distance threshold;
and after determming that the distance between the pawr of helices of the protein backbone
structure is between the lower distance threshold and the upper distance threshold, using the
computing device for: generating a plurality of protein sequences based on the protein
backbone structore, seleciing a particular protein sequence of the phurality of protein
sequences based on an energy landscape for the particular protein sequence, where the
energy landscape includes information about energy and distance from a target fold of the
particular protein sequence, and generating an output based on the particular proteir

sequence.

7
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In another aspect, a device is provided. The device comprises: means for
determining a protem repeating unit, where the protemn repeating unit mcludes one or more
protein helices and one or more protem loops; means for generaling a protern backbone
structure that includes at feast one copy of the protein repeating unit; means for determining
whether a distance between a pair of helices of the protein backbone siniciure is between a
lower distance threshold and an upper distance threshold; and means for, after determining
that the distance between the pair of helices of the protein backbone structure is between the
lower distance threshold and the upper distance threshold; generating a plurality of protein
sequences based on the protein backbone stracture, selecting a particular profein sequence
of the plurality of protein sequences based on an energy landscape for the particular protein
sequence, where the energy landscape includes information about energy and distance from
a target fold of the particular protein sequence, and generating an ouiput based on the

particular profein sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 Schematic overview of the computational design method. The lengths of
each helix and loop were systematically enumerated. For each choice of {a) helix and loop
lengths, individual repeat wuts {red boxes on right} were built up from fragiments of proteins
of known structure, and then propagated to generate extended (h) repeating structures {gray)
with right-handed or left-handed twist.

Figure 2: Characterization ol designed repeat proteins. (a), overall suomary. Values
for subset with disulfide bonds are in parantheses. (b), resulis on six representative designs.

Top row{e) : design models. Second row (d): computed energy landscapes. Energy ison v

are strongly funneled into the designed energy mimmurn. Third row (e} CB spectra collected
25°C (red), 95°C (biue} and back to 25°C (black). The proteins do not denature within this
temperature range (MRE, mean residus elipticity; degeem’sdmol ' sresidue™). Bottom row
£y, SEC elution profile directly after affinily chromatography purification. The designs are
mostly monodisperse. The maximum absorbance at 280 nm was normalized lo 1.
Figure 3: Crystal structures of fifieen designs are in close agreement with the design

models. Crystal structures are in yellow, and the design models in grey. fnsets in circles show

the overall shape of the repeat pmtein. The RMSD values across ali backbone heavy atoms
are: (231 50 A (DHR4AY (B 1 73 AMDHERA) fed 1 230 A (DHR7Y (dY 2 2% A (DHRY {o)
. \EH! ,L AV ANa N \Ulil\ ',"’ \V} .12 On JJJI ll\‘/jﬂ &k’ S APV "\ulll\l ".* \u; s s 2 LA \Ul ll\i!jj T“LF
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1.79 A (DHR10), () 2.38 A (DHR14). (g) 1.21 A (DHRIS), (h) 0.87 A (DHR49), 1} 1.33 A
(DHRS3), (§) 0.93 A (DHR34), (k) 1.54 A (DHR64), (1) 0.67 A (BHRT1), {my 1 73 £
(DHR76), () 1.04 A (DHR79), (8} 0.65 A (DHRR1}. Hydrophobic side chains i the crvsial
structures {(in red) are largelv captured by the designs (Fig. 6}.

Figure 4: Computational protocol for designing de nove repeat proteins. {a),
flowchart of the design protocol. The green hox indicates user-controlled nputs, the grey
boxes represent steps where protein structure is created or modified, and the white boxes
indicate where structures are filtered. (b), low resolution backbone build. (¢}, quick fuli-atom
design {grev) improves the backbone rodel (red). The saperposition in the middie highlights
the structural changes mtroduced. (d), structural profile: a Y-residue fragment is matched
against the PDB repository for structures within 0.5 A RMSD. The sequences from these
structures are used to generate a sequence profile that influences design. e packing filters
were used to discard designs with cavities i the core, lustrated as grey spheres.

Figure 5: Model validation by in silico folding. To assess folding robusiness seven
sequence variants were made for each design. {a-g} illustrate the energy landscape explored
by Rosetta ab-initio. In red are the protemn models produced by ab imtio search, i green by
side chain repacking and minimization (refax). Models in deep global energy minima near
the relaxed structures are considered folded. The variant with highest densitv of ab initio
models near the relax region was chosen for experimental characterieation (blue box). (h),
Jalview sequence alignment of the first 100 residues of the vanants (from top o bottom: SEQ
I3 NQOs: 581-388). The vellow bar height indicates sequence conservation, while the black
bar how often the consansus Sequence occurs.

Figure 6. Superposilion between single infernal repeats (second repeat} of designs
{grev) and crystal siructures (vellow). (&) 1.50 A (DHR4), (b} 1.73 A (DHRS)Y. (¢) 130 A
(DHRY), (d) 2.28 A (DHRS), {e) 1.79 A (DHRI0), (f) 2.38 A (DHR14), (g) 121 A
(DHR18), (h) 0.87 A (DHR49), (3) 1.33 A (DHRS3), (§) 0.93 A (DHRS4), iy 1.54 A
(DHRG4), (1) 0.67 A (DHR7L), (m) 1.73 A (DHR76), (n) 1.04 A (DHRTO), {63065 A
{DHR81). Aliphatic and aromatic side chains are in red and cysteines are in orange. DHRY
angd 18 show intra repeat disulphide bonds while DHRA and 81 form inter-repeat cvetines,
DHRS does not form the expected S-S bond. Core side chains in design recapiiuiate the
conformation observed in the crystal structures. Even when the backbone is shifted (e g
DHRS, 8, 15), rotamers are by large correctly predicted.

Figure 7. Designs are stable to chemical denaturation by guanidine HCl {GuHCl),

Circular dichroism momttored GoHCI denatorant experiments were carried for two designs
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for which crystal structures were solved (DHR4 and DHR 14}, two with overall shapes
confirmed by SAXS (DHRZ1 and DHRO2), and two with overall shapes inconsistent with
SAXS (DHR17 and DHRGT). In contrast to almost all native protewns, four of the six proteins
do not denature at GuHCI concentrations up to 7.5 M. Both designs not confirmed by SAXS
were extremely stable to GuH{] denaturation and hence are very well folded proteins; the
discrepancies between the computed and experimental SAXS profiles may be due to small
amounts of oligomeric species or variation in overall twist.

Figure 8 1s a block diagram of an example computing network.

Figure 9A is a block diagram of an example computing device.

Figure 9B depicts an example cloud-based server svstem.

Figure 10 1s a flow chart of an example method.

DETAILED DESCRIPTION

All references cited are herein incorporated by reference in thewr entirety. Within this
application, unless otherwise stated, the techniques utilized may be found 10 any of several
well-known references such as: Molecular Cloning: A Laboratory Manual (Sambrook, et al
1989, Cold Spring Harbor Laboratory Press), Gene Ixpression Technology (Methods in
Eozymology, Vol. 185, edited by D. Goeddel, 1991, Acadenuc Press, San Diego, CA),
“Cruide to Protein Purification” in Methods in Enzymology (MLP. Deutsheer, ed.. (1990}
Academic Press, Inc.), PCR Protocols. A Gude to Methods and Applications {Innis, et al.
1990 Academic Press, San Diego, CA), Culiure of dnimal Cells: A Manuad of Basic
Technique, 2% Fid (RL Freshney. 1987, Liss, Inc. New York, NY), Gene Transfer and
kxpression Protocols, pp. 109-128, ed. E.J. Murray, The Humana Press Inc., Clifton, N.1),
and the Ambion 1998 Catalog (Ambion, Austin, TX).

As used herein, the singular forms "a", "an" and "the" mclude plural referents unless
the context clearly dictates otherwise “And” as used herein s inlerchangeably used with "or”
unless expressly stated otherwise

As used herein, the amino acid residues are abbreviated as follows: alanmine (Ala; A},
asparagine {Asn; N), aspartic acid (Asp; D), arginine {(Arg; R). cysteine (Cys: €}, glutamic
acid {Glu; E), glutamine (Gin; ), ghveing (Gly; G), histidine (His; H), isoleucine (Te; I,
fencine (Lew; L), Jvsine (Lvs; K}, methionime (Met; M), phemvialanme (Phe; F), proline
{Pro; P}, sering (Ser; 8), threonine (Thr; T, tryptophan (Trp, W), tvrosine (Tyr; Y), and
valine {(Val; V).
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All exnbodiments of anv aspect of the invention can be used in combination, unless
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the contexi clearly dictates otherwise

In a first aspect, the present disclosure provides polypeplides compnising or consisting

of the armino acid sequence selected from the group consisting of!

{a)
(b)
{c)
{d)
{e)
H
(g
()
{t)

{u)

SEQ ID NO:1-{SEQ ID NO: 2} or2.10-SEQ ID NO:3:

SEQ 1D NO-7-[SEQ 1D NO8}gor2.10-SEQ TD NO:O:

SEQ 1D NO:13-[SEQ ID NO: 14} o0 219-SEQ 1D NO:15;
SEQ 1D NO:19-|SEQ ID NO:20}0 o 215-SEQ 1D NO:21;
SEQ ID NO:25-[SEQ 1D NO: 26} or 2.15-SEQ 1D NG:27;
SEQ 1D NO:31-[SEQ 1D NO:32}0 or2.19-SEQ 13 NO:33:
SEQ 1D NO37-[SEQ ID NO:38} 0 or 2.19-SEQ 10 NO:39;
SEQ ID NO43-[SEQ ID NG440 o 2-19-SEQ 1D NG4S,
SEQ 1D NOA49-[SEQ ID NO:50}0 or2.19-SEQ 1D NO:5 1
SEQ 1D NO-55-[SEQ 1D NO-36 o7 2.19-SEQ 1D NO:5T:
SEQ ID NO:61-[SEQ ID NO:62} o1 2.15-SEQ 1D NO:63:
SEQ 1D NOGT-[SEQ 1D NO:68l0 or2.15-SEQ 10 NO:69:
SEQ 1D NO:73-[SEQ ID NO: 7410 or2.19-SEQ 1D NO:75;
SEQ ID NO:79-[SEQ ID NO:80} g or 2.10-SEQ 1D NO:81;
SEQ ID NO:BS-[SEQ ID NGORG] w or2.10-SEQ 1D NO:ET,
SEQ ID NO9I-[SEQ ID NO:92w ar2-19-5EQ 1D NOG193;
SEQ ID NO97-[SEQ 1D NO-98]0 or 2.19-SEQ 1D NO:99:
SEQ 1D NO:103-[SEQ 1D NO: 1040 o0 2.19-SEQ 1D NG: 105,
SEQ ID NO:109-[SEG ID NO: 110} 0 2-19-SEQ TD NO: 111
SEQ 1D NO:115-[SEQ 1D NO: 116} or2.19-SEQ 10 NO:117;
SEQ ID NO:121-[SEQ 1D NO: 122}y or 15,-SEQ 1D NO:123:
SEQID NO:127-[SEQ ID NO: 128} or 130-5EQ 1D NG 129,
SEQ ID NO:133-[SEQ ID NO: 134 e 210-3EQ 1D NO: 135,
SEQ 1D NO:139-[SEQ 1D NO:140] g 5 2.30-SEQ 1D NO: 141;
SEQ 1D NO:145-[SEQ 1D N0, 1460 o 2.10-SEQ 1D NO: 147,
SEQ 1D NO:151-[SEQ 1D NO: 15210 or2.15,-SEQ D NO: 133
SEQ ID NO:157-[SEQ ID NO: 1580 or 2-19-SEQ 1D NO: 159;
SEQ ID NO:163-[SEQ ID NO: 164} g 61 2.10-SEQ 1D NO: 165;
SEQ ID NO:169+[SEQ ID NO: 170} 0. 1.19)-SEQ ID NO:171;
SEQ ID NO: 1 75-[SEQ ID NO: 1 76} 0 2.10-SEQ 1D NO: 177;
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SEQ ID NO:181-[SEQ 1D NO:182]0 00 5-10-SEQ 1D NO:183;
SEQ ID NO:187-[SEQ 1D NO:188]or2-15-SEQ 11 NO: 189;
SEQ 1D NO:193-{SEQ TD NO: 1940 or 2.10-SEQ 1D NO: 195;
SEQ ID NO:199-[SEQ ID NO:200] g or 2.15-SEQ 1D NO:201:
SEQ ID NO:205-[SEQ ID NO:206] g o1 2-19-SEQ 1D NG:207;
SEQ D NO21-[SEQ IDNO 21 2} o0 2.10-SEQ 1D NO:213;
SEQ 1D NO:217-[SEQ 1D NO:218]0 o0 219-SEQ 1D NO:219;
SEQ ID NO:223-[SEQ 1D NO:224} 0 or215-SEQ 1D NO:225;
SEQ ID NO:229-[SEQ 1D NO:230} or 2-19-SEQ 1D NO:231:
SEQ ID NO:235-[SEQ ID NO:236] g o 2.19-SEQ 1D NO:237:
SEQ ID NO:241-[SEQ ID NO:242} 0 o1 1.19-SEQ 1D NO:243;
SEQ ID NO:247-[SEQ ID NO:248] g 1 1.19-5EQ 1D NO:249;
SEQ ID NO:253-[SEQ 1D NO:254}0 or 2.19-SE€Q 1D NO:255;
SEQ 1D NO259-[SEQ 1D NO 260] 1 or 210-SEQ 1D NO:261:
SEQ 1D NO:265-[SEQ 1D NO:266 5 or 2.15,-SEQ 1D NO:267:
SEQ 1D NO271-[SEQ 1D NO 2720 or2-15-SEQ 10 NO:273;
SEQ ID NO:277-[SEQ 1D NO:278]5 o 2-15-SEQ 1D NO:278:
SEQ 1D NO:283-[SEQ ID NO:284 g o1 2-10-SEQ ID NO:285;
SEQ ID NO:289-{SEQ ID NO: 290} o1 2.19-SEQ ID NO:291;
SEQ ID NO:295-[SEQ ID NO:296} o¢ 2.00-SEQ 1D NO:297;
SEQ 1D NO:301-[SEQ 1D NO:302}0 or 210-SEQ 1D NO:303;
SEQ 1D NO:307-[SEQ 1D NO:308 | o 2.15-SFQ 10 NO:309:
SEQ ID NO:313-[SEQ ID NO:3 1411 or2-19-SEQ 1D NO:315:
SEQ 1D NOB19-[SEQ 1D NO:3200 0 or2-10-SEQ 1D NO321:
SEQ ID NO:325-[SEQ ID NO:326] g or 2.19-SEQ 1D NO:327;
SEQ ID NO:331-[SEQ ID NO:332) 5 01 2.19-SEQ 1D NO:333;
SEQ ID NO:337-|SEQ ID NO:338 o0 2.00-SFQ 1D NO:339;
SEQ 1D NO:343-[SEQ 1D NO:344} g 4 2.16-SEQ 1D NO:345;
SEQ 1D NO:349-[SEQ 1D NO:350] 1 r215-SEQ 1D NO:351;
SEQ ID NO:355-[SEQ 1D NO:356} 0 o 2-15-SEQ 1D NO:I35T:
SEQ 1D NO:361-[SEQ 1D NO:362] or 2-19-SEQ 1D NO:363:
SEQ ID NO:367-{SEQ ID NO:368} 0 o1 2.10-SEQ ID NO:369;
SEQ ID NO:373-[SEQ ID NO:374} g 1 1.19-SEQ 1D NO:375;
SEQ ID NO:379-[SEQ ID NO:380] 0 2.10-SEQ 1D NO:381
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(mmm} SEQ ID NO:385-[SE} ID NO:386} 5 o 2.10-SEQ ID NG:387,
(nnny SEQ ID NO391-[SEQ ID NO:392 6 or0-30-SEQ 10 NG 393:
{ooo} SEQ D NG:397-[SEQ 1D NO:398} 6 or2.19-SEQ 1D NO:39Y;
(ppp} SEQ ID NO:403-[SEQ ID NO:40d}y o1 1-19)-SEQ 1D NO:405; a
SEQ ID NO:409-{SEQ ID NO:410 4 2-10-SEQ ID NO:1411,

{aqq)
whercin the domain in hrackets is an optional internal domain.

The polypeptides of the invention represent novel repeat proteins with precisely
specified geometnies wlentified using the methods of the mvention, opening up a wide array
of new possibilities for biomolecular engineering. The polvpeptides of this aspect inchude 2
or 3 domains, and are represenied in Table 1 below, reflected m1 each row showmg histed as
“DHRx variants” (where x 1s replaced by a specific nuraber in the table). As shown in the
table, the residues in brackets are possible variant posttions of the residue immediately
preceding it The domains noted as “Neap” and “Ceap” are always present, while the domain

listed as “mternal” 1s optional. When present, the “internal™ domain 15 present in 2-19 copies

PCT/US2016/067295

TABLE |

Module

Ncap

[nternal

Ceap

DHR1

G|SDNICISDTIDIEIQIDE|VH

CIAKN[D|OS|CIAIVIIAK]A

Rgm 3 IDIEK|CIA |V RIKED

BQIKIFRIAE[RINKEIK[LE]A
R{ENIKRE[R[NKQINICIDIN]
D|ES|E{DNS|AAJQIK K IERIA
VKIEILIK]IKIQF]E[R TIAIE[K
TIRIEQIAK [EIK [ER R [QKN]
GIE[SDIS{DR] (SEQ ID NO: 73

variants | ETIAKIREID[KER]JAS|AYRIS | DRIAAS[ARYISIAIHVIRIKE | IKIANJAASIKRIS[AJILEIR]
[KED|TIRDE|I[VIRIKEIEING | AJAVIJAL |E{TIKIQEIN[LAF] I(Em AVQIKER[EIDKQIKIQE
RIVIAJALIEIKQIKENNY | PNIGIYINDIS[PAEEDOIVIA | INFLAFIPIEN[GIY[NDSIP
RAJPNIGIYNDIS[PAIEIDRT] | [VIAJAD[TEIVAAAIVIR] | NIBIDENIVIAIVIKIAJEKR?
K[TQRIV[IAJADIKER]VIEL] | AFL]AI[VI[ALVIEKDIGISQ | IDIKTIVK{EHRIR[KDEJATE]
AAK[ERIVITKIALIK[ERJTV | IN[ASIPNIGIGISD] (SEQ D i\}’j}({DEQAHR]M ROBIK
MALVIEIK|GERSIN[SRDP | NO: 23 DR]GISADINIAD|PN[G] (SEQ
N[G]G[SEN] SEQID NO: 1) D NO: 3

DHR2 | SDADFAAKEANKAENKAR | DAVEAAKEAAKALNKALN | DAVEKAKEAAKNLNKALN

design | NRNDDEAAKAVKLIKEAIER | RNDDEAAKAVALIAFAIIRA | RNDDEQAKHVAKQAENIR
AKKRNES (SEQID NO: 10) | LKRNES (SEQ ID NO: 1) ALKENES (SEQID NO: 12)

DHR2 | SIDETID[TSIA[SID[EIEIDKR] | DITEIAVLIEIKQIAAKJAE] | DIESIAVIILIEJKRDIK[RNIA

varimts | AAKREJKIREIE[LARJAN[D | E[LRAJAAKIERQJALN]IKQ] | K[RAQIEIKQRIAAKIERINIK

KLJALNEODIRESQIN[HCE]
DINDIERIE[RDIAAKIER|AV
AJK|LIKRIAB|KR |ALIRJEAL
JALK[QERIRIGK NI GIEISD]5
DER] (SEQ ID NO: §)

ETIL 'N{TK%?KEE ORIALNIQKD
K NGNFGHDISNI DR E]
HQIEK A JAK|R [HIKEN|VA]
KIK[EIQETR]AERKINIQK]T
R{EKGIAID LK [ORIRIKDE]
NIGIEIDOIS{DET (SEQ D
NG 9)
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DHR3 | SSEDTVRKIAQKCSEAIRESN | SELAVRIIAQVCSEAIRESND | SELAKRIKOVUSEAKRESN

design DCEEAARKCAKTISEAIRES CECAARICAKIISEAIRESNS DTECAKRICTKIKSEAKRES
NS (SEQ ID NO: 16) (SEQ ID NO: T NS (3R ID NG 18)

DHRI | SIDSITIE[DIDEQITIADE|V] | SITEIE[DILAILTIVIORIKN | SIDEPIEILIKIATLRK{FRD

variants | TRIRQIK[FRDJJAVIAISIGK | AVIASIQIARIVIAICIAVIS] | IR[KGIAVIKIDENIQIEAIV]
EIK[DQRICIAVIS|ARIEIKD | ARJE[AJAIRIKEQIE[TISIAIN | AIC|EAKS|IREKIE[AJAKIR|R
NIAJDRIKEQIEIK TISIENGQ] | DINICITIBIDK | CIASIAARIK WISTAINIK | DINTT
NEDINICITIEIDRTIEKRIA | EHHCIAJAKIETRIIVIS{RAE DRICIASJAK(TDINIR|
ARIKQEIKIDERJCIAJAKIET | |JE[AKQJAILHIAVIRIEKIEICQ ICIASTITIKEQIK[QRE K
DIT[IEKJIVIS[RAEE[KDNIA | RIS[AQINIG]S{D] (SEQ ID [REJS[ERKIE[AQR]A[LIK[RE
ILTHATIRIKETIEIKQISIAL] | NO: 1) ';R[FK’NF‘{Q] [NOIN[GIR D]
NIGISIN](SEQ D NG: 13 & ‘i)

DHRé | SEEKEEALKKVREAAKKLG AYEAAFALFKVIEAAYKLG

design SSDEEARKCFEEAREWATER. SSAFEACECFNQAAEWAER
TGSS (SEQ ID NO: 223 TGSG (SEG ID NO: 233

DHR6 | SIDIE[DIEKDKIBDERIE[JKN | AY[AWIEILOR]JAAEHKIALD | AY[AKEDQ] AAE{HKR]R{

variaits | QIE[TKRIAL[EKRIK[EQNIK] | AJFIAJK[EQNIVLIAIEKIAA | KILIAJFIAJEIQKRIE[VQIL[A]
BLQIVRIEIE[DRTIAAKKIEQ! | YIHAWIKRIL[NIGSIAISAR] | ERIEENIAY[WAHIE[KERN
LINGIGSIA]S[NIDIESQIED] | DRIE[QIACIARLIEIROICIA | QGSIKLEISIDIAERDKIEC
B[QDHIAR[EDKIK[ERQICIA | WIFNIDESIQ[ERJAAR[QOKR] | RJACIARTIEKRIE[OFIYING
NWIF[TW]ERK]ERQIAR[A | WABKOSIRIEK]TINIGS[AY] | DSIK|RE)K[ERDIE[AQIEKR]
KSJE[KNQIWIAJAEKNSIRIE | GINT] (SEG ID NO: 21) E[KRIAIKORIRIKEIK[END]
QIT| A|GSIAV|SINDT] (SEQ GIJQTIK | NDT} (SEQ ID NG
ID NQ: 19 213

DHR7 | STEEDARSTCEKAARKAAE TKEAARSFCEAAARAAAES TKEAARSFCEAAKKAAKES

design SNDEEVAKQAAKDCLEVAK | NDEEVAKIAAKACLEVAKQ | NDEEVEKIAKKACKEVAKD
QAGMP (SEQ ID NO: 28 AGMP (REQ ID NO: 2% AGMP (SEQ ID NO: 303

DHR7 | STISPIK[QEIE[DRIDIKIARIK | TIRAEK[RIEIKRJAARIKEG] | TIRKPK{QRIE[KIAAR[KE]S]

variants | ETIS{EKR)TIEQICERKQIK[ | S[EDKIFCEKQRIAAAR[EK] | ERAJFCEKRIAAK[EIRIKEQ]
RQIAAREQIKIREHIAAEIN | AAARIR|ISIIEHINIKRIDISIE] | AAKIRDEIBIK|SIOKNINIGK]
R]SIQKDIN[KRID[NSIE[PKIE | PKTIE[TKD|VIAJAK[ERI[V | DISE[PDSIE[KOQT]VIAJEIKR
[DNKIV[EDQIAKIERHIGIKR | AJAAKIRYT) AKRIE[AQ | IKIERTIVAJAKIREDIK{ER(]
FJAAKIREQIDIERKJCLIAKR | RIVIAJAKIDEG) AGM] KIVIAJA[EL
TEIRKIVIAJAK[DOEIQKRE] | ALIP[DT] (SEQ 1D NC: 263 RIK{ERD|GIE]AGMIALPEDT
AGM[ALPIDTN] (SEQ D HEEQID NG 2T
NG 28

DHRZ SDEMKKVMEALKKAVELA DEMAKVMLALAKAVELAA | DEMAKKMLELAKRVLDAA

design KENNDDEVAREIERAAKENY | KKNDDEVAREIARAAAEIVE | KNNDDRETAREIARQAAEEY
FALRENNS (SEQ ID Nk 343 ALRENNS (SEQ D NG 35) EADRENNS (SEQ 1 NG 36)

DHRE | SIDTID[STNIEIKDTIMIAIQ] | DIESKIE[DKLIMIAVIAIWIL] | DIERE[DKOMIAVIA[WILIK

variants | K[FORIK[EQRIVIAIMIKLRIE | KEER|VIAIM{ALILIAEYIAIL] | IDERIK[TEDIMIAL I LIRAE]E]
KIA[LILIWIKI[ERDK[REJAV | LIWIAK[ELQIAVIATILIARIL] | KRILIERWIAK[EQIRIKESIV]
[AIE[ODKIL{QUAKISRIK[N | IQEJAAK[QERINSDINIGID | AIJLIAR]D[RKQJA[LIAKIOR]
QDIN[SDIN[GIDIN|D[EPKIR] | NID[ATE[DK]VIAQJARJAIQ | N[SDE[N[GID|N[DJAJEIKDIT
DKIVIAQIARIKEIEIRKATE] | BIRQIIARKEHIAAARKIED | [KESJARIAIKE iixRil{Qr\E}A
KORJRIKEH]AAKIDEGIER]L | ROUIJAIVIAJE[RDEJALIAIR] | RIEKDIQIKEN]AA[EVIEIRK]
[A|VIKAEIEIKDRIALIAIRIK | ABK|EIKQTINIVALINITGK]S | EJADK|VIAIEIRKD|ALKNED
ENIEIKNQIN[VANIDPTIS] [T} (SEQ (D NO: 32) {LAER[AKDJEKRQINIGIN]
DOQT] (SEQ D NG 3D QOTESIDT] (SEQ ID NO: 33)
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DHRY | SYEDEABEKARRVAEKVER | YEVIAEIVARIVAEIVEALKR | YEVIKEIVORIVEEIVEALKR
design LEKRSGTSEDEIAEEVAREISE | SGTSEDEIAEIVARVISEVIRT | SGTSEDEINEIVRRVKSEVER
VIRTLEKESGSS (SEQ ID NO: LKESGSES (SEGQ D NO: 41 TLKESGSS (REQ ID NG 42)
403

DHRS | SIDIYISTDIEDTIDIEEDT| YESDIEIDKS|VIAEDAEK | Y[SDEE[DR]VIEQT]IKIRDG]

varants | ABJKRIEIRKIKIRDE{ARIEK] | HRIE[VIVIILIARIQEATAVIV | E[KHIIVIVILIORETIR[EQA
RIKTIVHJAEINEDIKIDET|V] | HAEJAKRIVIVIAIEIKQRIA | HIAVIVHAKJE[RENIEJAKR]L
AJE[KRIRIKEILKIYWAIRIKE | LKIGWHIR[EDQISINEIGTIV] | [V] rEIK‘E{KR}ALK{QER]RE
DiSINKDIGTIVISIDIEIPNTIE | S[DIEPTID{EQTIELQ)AL]K J DIEFS]
[ETIEKQHAERDOIEKRTIV | RDUNVIVIAJAREHOVEIIVL | E ; FIERRUIVIY
[AJAR[EKDIE[QDNY i‘v’L_.S[ }5[/151&] [RVIVIHILIR[EKQ] it‘bﬂ]R RQEREIHQ} /KIOR
REIEKRIVITDKIALIRIKEQ | TIAEQILKIEQTIE[NKRISIDQ E A LJLEDK]EEKRV VIATIEIKR
JTIEDKILKEQIEKRDISIRD | NJGSIKQS SEQ D NO: 38) R{KETTIABQILIOKNIK]REN
KIGSIKQISID] (SEQ TR NG D NIGRIKQE]S
37 D NG 39)

DHR1O | SSEKEELRERLVKIVVENAK | 3SEVLELAIRLIKEVVENAGQ : _,KRI\H FIRKRVEEADR

_design | RKGDDTEEAREAAREAFEL | REGYDISEAARAAAEAFKR | EGNDISEAARQAAEEFRKK
YREAABRAGID (SEG ID NO: | VAEAAKRAGIT (SEQ IDNO: | AEELKRRGD (SEQ 1D NO:
46} 473 48)

DHRIO | SITISIDEJEDKTIK{ASEIKIE | S[TISIKNTIEDTIVIALIIA | SITISTKWIEDKSTIADR]L]

Cvariant | {KNRILITTIRIARQIEIKRNIR] | VIEIKQIL[ ﬂ AVITAIRIKEIL | TAVIKIERIRIEKDA[VITIATE]

S KELIIVHIKIBKTIVV]AKIE] IHUVIKEK |[VVIAEN]ALIA | KDIBJHK D VIRIKIK|EQRIR
KINFALJAKJQERIRIKEIKIQN | QIAWIRE[QKNIGY[EQIDINII | [E ]\'{L‘x E[k(}] {KRTIAQ[AL]
RIGDEQWINITIEKDIESD | [VISIATIEIKDIAARIGEK]AL | RIKDEIEEQIGNIERQIDINT]
JEKDTIARJAKEIEIKRDIAID | DIAAEDRIAFIVAWIKIEAQ] | [IVISIATIEDCK]AAR[EKD
JAR[KEIE[KJAFIVWAIEER! | ROEQIVIAJAE[ORIAAILIE[E | QIERDIAAEKRIE[KROFIYV
LERNVIAIR[EKQERDK]AA | HIR[EHK]AGILD|TIVDK] AWIR[KEAK[REIKIEDR]AE]
{LIEIKREIRIEKDIA[SIGOLID | (SEG D NO: 44) ORIBIKRNILIRAKHERIRIK
{(SEQ I NG 43) EQIRKEIGDINGK] (SEG D

NO: 453

DHR12 | BDEEQCREIAEBEARKQIYTD | DEEICRCIAFPAAKGIYTDDE | DEEIERCIEEAAKQTYTDDE

_design | DEEIARITAEAARQTYTD EIARHAYAARGTTTD (SEQ EIERIKEYARROTTTD (5EQ
(SEQID NG; 52 IDNG: 53 1D NG 3

DHR12 | DINIDISTIE[TDGIEDIQIKET | DIPKIE[TDIEIRICIAIRIKEIC | DIPESIE{DENIEIEIRKDIRIK]

vanant | JCJARIKIEKBAEKRIKIQE | ILIHAERJAAKIRQIQIERIT | CILEIKIE[ICIAAKIRIQIKE

] NIAKIROQUKRITIKDRIY[SA | YIASRITIDESIDINTSIDIPKE] | ITY[SAR|TISDIDITNSDIPEG
R|TISD|D{TNDIPKEJEIDKQ] | E[ODTIEDKNIARIAKHILY] | IE[DN]E[DKN]IEJKRDIRIKE
EKQATARKAEHTLY TAE] | IAY[AEJAAR[KHGIGIKRIT] | GHILVIK[EKD]Y{IEAJAR]
KRIAEIARKHOIQIKR|TIEQ | QITTD{N] (SEQ ID NG: 503 EXDIRIKEFHEKR|TIQS|TTD
RITTDN] (SEQ ID NO: 49) INT(SEQ D I\O 51

DHRI3 | NAEDKAREVLKELKDEGSP | AEDAARAVEKALKDEGEPE FFD ASRAVEKALKDEGSVEE

_design | BECAARQVLKDLNREGSEN EEAARAVLEALNREGSN '\ RRAV }B,K l”\I \R}*(JS\
(SEQ ID NG; 58) (SEQID '\'O' W) (SEQIL

DHRI3 | N{SDJA[SDTE[TASIDIEKIK] | ARRTEIE[TISIDEOQOK]AARIA

variant | EDNJARJALY[EIK]VIEKGIL LY]AUL]VLK[ERV]MJK{QR

s K[EQRIEITKQILKIEQIDIKR | NID[OQRKJEIQSRIGS[TVHIP]

NIEIKQDIGSIEVLIPISDEPT | DSIEIPTIEIKSTIE[QJAARIAL ZEPR H BIHE\}?MRi

Rﬁ" {TR3JEXJAARJAELIQIK | JAIILQIVILILKIEQRIALNIEK | KN} Ri EKIATLOIVIAIEIKDR]
ENJVILILKIEQRID[EKQILN] | [RINEQIE{TNQIGS[VINIES] KIREDJAL[QEINIKER|R[KN
BKIRINKEIE[KRQIGSIVINIS | (SEGQ I NO: 56) OIEITNH|GSIKOHINIDR]
D] (SEQ 1D NO: 553 (SEQ I NO: 57y

DHR14 | DSEEVNERVKOLAFKAKEA | SELYNEIVKQLAEVAKEATD | SELVNEIVKQLEFEVAKEATD

Cdesign | TDKEEVIEIVEELABLAKQS | KELVIYIVKILAELAKQSID | KELVEHIEKILEELKKGSTD
TD (SEQ 1D NO: o4) (5EQ 1D NG 65) (SEQ ID NOQ: 66)

DHRI4 | DINSTIS[DINIEDIEDIVIE] | SIDENEDKNILIAIVIINIKR | SIDEPIEIDERILIAIVIIQINIK

_variant | N[RKEJE[KDNJR[KENIVIIK] | LIEIKQITAIVIK[REQIQILA | QEIE[RDHIHAIVIEK[EQIQ]

8 ERD]Q{I\MR} JERJAEIKIKIE | [LIVIAEVAKIRIEIQIATDINS | LAFLIVIEIOKRIE[KRIVA[K

RIAK{QIE[KRIAT F)[]\‘}l}([}{l IKIREFIEIDRS|ILVITIREHTY | QRIK[DEIEIQ] A"‘D[\"’:{]K{f{)q

PIE[DSKIEKLIVIGHKREE] IERKLIVIALIKIRDEALY | PIEIDKNILVIGIRIEIKRIBIEQ
KRINLIVIALIKIEER EIKTILIL | LIOAERIEKONILAKERIQ | RIJLIENGIKERI[ALILIR]
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A[RQIE[ENR LIERIARJOQSE]
QIKRISIAJT[SNQID[NST]
(SEQ D NC: 61}

KDEISIA]T{ONSID{NST]
(SEQID NG: 62)

KRIEENOQILEJCIKIRIOR
ALRT[NOIDIKNS]
(SEC [D KO, 63)

DHRIS
desiga

NDERQKOREEVRKLAEELA
SKATDEBLIKEKKCAQLAE
BLASRSTN (SE 1D NO: 7

DELIKOIEEVARLAFELASK
ATDEELIKEILKLCCOQLAFELA
SRSTN (SEQ I NO: 71

DEEIKGILETAKEAFERASK
ATDEEEIKEILKKCQEKFEK
KSRSTN (SEQ ID NO: 72y

DHR15
_variant
5

NIDSIDISIEID IRIETN]QIKED
IKIREIQILIR [EKQIBIKQRIE]
KIRJVIAJRIEJKDEILA[W E]
KRJE[KRDILASIKNGIE [NGR
JA[LITENID[NSIE[RSPIEDC
ILIAJIRAIKIEQIE[QLR]I[A
JKIQK{ERICIAJAQIKEILIRK
EJA[W]E[KNQ]E[KDOILASIK
NERJKODIS[ATTNIDS] (SEQ
1D NO: 673

DIPEITRILITIKIRN|QILEAT
[AILELK]VIAIARLILAF{A
NIEIKJLASJQRIK[NERJAL]T
DE[PIE[NRILIAJAIKIEIELL
OTATLKIER|CIAICIAIQIKS]
LIBIAPWIPIA EIKILASRIK]S]
AJTN[D} (SEQ ID NO: 68)

DIPIEIDKNIEDKIKRALIO]
REK[AILBKORITIEK JAKL
LIE[RKJAF[ANIE{K QIR [KDE]
ASEKGIK[NRDIALI T{DE]
DISTIEIDPSIEINKDIEK]I[A
RIK{ESIEKRIGAILK(ERIK(E

RICAJOIEERKOIKREN]F]
AJE[KRIK[DER]JK[DNS]S[NR
TKOQDIS[KN]TNDS] (SEQ
NO;69)

DHR 16
_design

NDKAKEAFELLREALEKAE
KENDETAIRCVELLKEALER
AKEKNNN (SEQ ID NQ: 76)

DKAIFAVELLAK ALEK ALK
ENDETAIRCVCLLAEALLRA
LENNN (SEQ ID NG: 77)

DEAIEEVERLAKELEKALKE
NDETKIREVCERABELLRRL
KNKNN (8EQ ID NO: 783

DHRIG
varant
S

N[DID[TIK[T]A[SE[DEEIRD
K|AEJKQIE]KDIL|EKNILR]K
DEK[EDR]AL{EK]BIRKQIK]
TER] ABJORIKIER JEJOERN|
GIDISIEDKSITIKDOJ ALY
RIXKEICIA|VEIK|LIKILK{ROE
JEKQIALBKRIRIEL] AKFER
[K[ERINIORDINIGINID]
(SEQ ID NO: 73}

DIERKIETIAIEAVE[YKRIL]
RK|LAKJED|ALEJRLKKIIR]
ALK[ERNIEJGRINDE[KS]TK
DA VIR[EK]CIA]VCIALILL
AFRJALLIEK]RIELIALK[R]
NIQERINIGINID] (SEQ ID
NGO 74

DIEIRIDSEAIE[RIE[TNE VE
{RALIRIKEIL|WIAK|ERD E|
KDNILE[AKL]K[RED]ALK[E
RNJEIKNGINIGIDINJE{S]T{D
KIKJAQSH[VIR[EKEVCIAL
RIEJKRJRAEKR]E[KOQRILL]
AEKIREDIRIADILKREIN{K
QINIGINIOR] (SEQ ID N
75)

==t

DHR17
_design

SSEDAREKIEQLCREAKEIAE
RAKOQONSQEEARFAIFKILR
TAKRIAELAKQANG (SEG D
NG 82)

SEVAREAIBCLORIAKLIARL
AKQANSQEVAREAIEALLRI
AKLIAELAKQANG (SEG ID
NG 833

SEVARFAIECLSRIAKLIEEL
AKQANSQEVEKREAQEALDE
TORLIEELOKOANQ (SEQ T
NO: 84)

DHR 17
variant

SINDISE[DTIDIEQIAINIRIKE
UIEKRIRINDRE[KDIQIKE]
LCILRAJR[KEQIEKOR]AK[E
QIE[KRIEV]AE[RNIR[EKT)]
AKINOIRKEQISEN|NICK IS
IN|KR|E|DIEIDOSIAR]IKL
[EIRKIAIVIEIKRS|K[ERQIL
LIARIRIKEH[VIAKIEQRIR[K
NOHAEKRLIEJAKORE]Q]
KREJANJGEJO[TS] (SEQ ID
NO: 79)

RJAPJE[DR[VIAJARJALQIE[R
DEJATEERICIALCILAERIE
EH|I[VJAK{RE|LIAELAKIOE
RIQENJAN[GIS[DQIKIE[DK
TIVIAJARIBIEIRVE AL VIE;
KDOQJALLIARIRIKET V] AK
[EQILIAE[RKILAKIQIQIDER
JAN[GKIQ{TS] (SEQ [D NO;
80)

SIPARIEIDKSIVIAJARIKTE]
EJQKIAIK IBIKRICIAILSIKG
NIRJEKTHVIAIKEKJOREILI
E[KQRIE[RDILAK[FRN]Q{E]
ANJGKSID[QIDEEIDKTIV]
AIKIRAIRITKEBIKIQIAK
EIE[KJAL{AKN|DIEKOQIRIKE
QUIVIQIDERIKIQILIQIEIKR
IEIKQILOIKER K [RIQDEN]
ANJGK JQIETS] (SEQ 1D NO:
1381

DHRIS
_design

DIFKELCKKAFSEAREARSK A
EELRQRHPDSQAARDAGKL
ASQAFEAVKLACELAGQEHP
NA (SEQ 12 NO. 88)

DIAKLCIKAASEAAFAASKA
AFLAQRHPDSQAARDAIKL
ASQAAEAVKLACELAGERP
N {SEQ ID NO: $9)

DIAKKCIKAASFAAFEASKA
AEFAQRHPDSQKARDEIKE
ASQKAEEVKERCERAQEHP
NA (SEQ ID N 90}

DHRIS
variang

DISTNHAW|E[DK{DILIER]
CK[EQRIK[ETHJAE[QKR]SIK
ENIE[LAJAR[DKQIE[KROIA

RIKEISIKED]KILREJAR[QDK
EIKRS|LIATRIYKEJQ[KIN]
RIODEJH[RAKIPD|NG]S|NT]
Q|DE|A]VIAR|KNQ|DILET{A
Q[ERIK[EIL{AVIA[VISIEKR]
Q[AFLIARIKQIBRKOJAVE]
BRILIEK GIACE{KNRILAQIK
NIE[KOR HIY [PIKING]ALS]

SO T W
‘\31:\,{ LB lVU OJI

DIEGIIAAKILORILIRKICH
LIKJETIAASJAIQIFILAR|AA
BIKRIJAAS[AKIIK[LAQIAA[L
JEKDSILIAIALIOIRLRIRID
QEH[RALJPDINISINTIQED

KJA[VIAR[KAB|DLEK AL}
KIERQILIAVIA]V[SIAIR|QJA
LEJAAE[KQR]AVK[YLQILIE
KQIACEIKROLAQEIEKOR
H]YIPN|GIAIS] (SEQ ID NG
86)

DIEKQIAEQIAK [RUKIRED]
CHLIKIERIAIDKEIASAE]E]
KR|AAEJKRIE[ANG|ASIAIE]
K[REJAA[TEIODRIE[ILK]AL
JOIKRSIRIKDERY [PDHNG
ISIDTIOEDSIKIDERJARIKE
(IBJKER|EJAKD{|L |K|EDR]
E[KRGIA mSRAI}Q;EKmK'
DLTIAERDK]R[KRD]VK LA

1BIRKQRIKDEICEKRIRIK]
AQ[EDIEIKOQHINY IPNIGIAL

QAT QDO T WM QT
SUT (R 1L NG &/
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DHRIS | DEIEKVREEAEKLKKKTDRE | DEILKVIKEALKLAKKTTDK | EELKEEEALEKAKETIOT
_design | DVLEVAREAIRAAKEATS | DVLEVAREAIRAAEEATD | EELEKAREQIRKAEESTD
(SEQ 1D NC: 94) (SEQ ID N0 95 (SEQ IB KO 96)

DHRI9 | D[TSE[DKN|I[KQIE[KQDIK] | BISEQIE[DKN]IL K{FRT’V{A’ F{DSKE[DSHLKEQIE[RKLY

varant | BHOIVIARRIKE[KDNIE[PR] | IK[EQRJE[QIALKIRILIIVIAK | KJQENERKN]ALKK[IREIA

s AB[KQNIK ERILITVIKISRA] EQSE;},{,[%LFH};IM TEDID | KIQSIEITKQITTD|TITIEKSIE
KIRDEKIQTITD{NTIDITIEIQ | [ENIV[AILEKR]VARIFLQIE[ | [DIEIVDILEIKRNIK[ER]JAR[E
DIDIENIVIAILIQKR|E[RKD] | QKL]AIR[FKIAAERTIEIND | KLIEK]QITEDIRIEKQIKD
VARJEDEIE[LAK]AIKIRIEK. | KJATD{S] (SEQ D NO; 92) QRJAE|R T}E[K NQIS[EKQ|TD
JAAKIED|E[NDKATS (SECQ [N] {SEQ D NC: 93)
D NO: 91)

DHR20 | SDIEEIRQLABFLRKKSDNEE | SDVLEIVKDALBLAKQSTNE | EEVLEEVKEALRRARESTDE

_design | VRKLAQEAAELAKRSTD EVIKLALKAAVLAAKSTD | EEIKEELRKAVEEAESTD
(SEQ ID NO: 100) (SEQ ID NO: 101) (SEQ ID NO: 102)

DHR20 | SITDN|DITQJI[VARIEIKDIE[ | SIKEPIDITKQIVIAILIWIEIK | EIKPSIEIDKTIVIAILIWIEK

variant | KRJIR[EIQIQIEKRILITEK]AE | RIIVK[EQRDILKRIALE[KR] | NIE[TIRIVK[ERAJE[KR]ALR]

¢ [RKQIERODILIVIRIASKIK{ | LIVOAK[EQIQIKRDISIATIT | EQIRIKDEIAKIEQR]E[KR)S]
NRTIK{EDNIS{ALTIDTIND] | NIDIB[DPNEIDE]VIAIIKE | AKNJTDINIE[DNPIF[DOR B}
E{DPKIE[TDQIVIAIR{IGIK] | AJLALK[ELRIAAVLAAKIOR | KDNIK{RAE|E[RKQIE[ADL
REDJLAQIERKIERTLIAAE] | IS[AEN|TIRIDJTS] (SEQ M | NQRIAVE[RDIFID
KILAKJHQIR{KISIANTITIR] | NO: 98) QAIAEKQISIKRTITINR|DT
D|TS| (SEQ 1D NO: 47) N (SEQ 1B NO: 993

DHR21 | SEKBKVEELAQRIREQLPDT | SEALKVVYLALRIVOOLPDT | OEALKSVYEALORVODKPN

_design | ELARBAQELADEARKSDD | ELAREALELAKEAVESTD | TEEARESLERAKEDVKSTD(
(SEQ ID NO: 106) (SEQ ID NO: 107) SEQ ID NO: 108)

DAR21 | SIDTNIEKDLKIAQSIE[KIK] | S[ECDIE[KNOJALIWIKIE]VY | QIEDKEIDKR|AL[WIKIEDIS

variant | EDR]VE[R|E[KGS]LAQ[REK] [AJVIKAELALRIGAEVIV] | [KD]VIA]V[KAE[EKORIAL

5 RIKDEF[VIRIAKIEIKNIQINT | AIQEELIQIRTILPDINITED | QIEKRIRIITDVIAJQIEKLID]
ILP{KDIN[FBIDRS[LIARIE | QILIARIKE|EIKLD|ALEIKR | KQR|K|YHR{PNTE|DIE{DK |
K]E[LKQJAQIEKLIEIKRQIL] | DJLIVIAK[EQRIE[KDNIAV[I} | ARKEQIE[KQR]S[AILE[DOR
V]AD[EKRIF[KDGIARKED] | KIERISTIOIDISN] (SFQ 1D TRIKEQIAK [EORJE[K IDIEK A
K[ERT|SDINTRIDISN] (SEQ | NO: 104) IVHAIKETISIRITINOIDINST
D NO: 165) 1 (SEQ 1D NO: 105)

DHR22 | DDAEELRERARDLLRENGS | DDAVKUAVEAAAULAENGS | FEEVKDAVREAAELAERGS
_design | SEEEIKKVDEFLEKIVREAD | SAFEIVKVLEFLLKIVEEAD | SAEEIRKQLKDRLREVEESD
S (SEQ 1D NO: £12) 8 (SEQ ID NO: 113) S (SEQ 1D NG: 114)

DHR22? | D[S|D[TKJAE[DIE[KTILRIA] | DISWID[KETIAVIAIK[ITAIL | E[SWIE[DKSIE[QT]VIAIK]IT
variant | EJOKIRIKL]ARIATDIKOEILL | AVIAJK[LJAAALLAE[OKRIN | AJD[REKIAVIARIKELIE[TD
$ RIKQIK[DEQINGSIAQISIDIE | GS{AQISAEIDOSIEIQNVIRA | KIAARIDOILIQERIARIOKR]

DKPIEDSIEIOSIKINIKIRG] | YIKRIVLEHIBALWILIGL SiRE}SAE{DRS]I-E{R]
VRETEIKEIADLILIERQ | AJKIRITAIVIHEIQKIK[Q]AD KIEJO[TES]LKIEHR]D
RIK[RQIIA]VIRKIR[DEKIK[ | [QIS(SEQ ID NO: 10) .AQ} [ARIRIKEQIK]
QDNJADIQKS (SEQ I NO: IVILTIE[OKR] L,mwga A}
109) D;_{g TISD] (SEQ 1D NO: |
DHR23 | SDSEKLAKRVLKELKRRGTS | SDAMRLALRVVLELVRRGT DDQMRE—.ALRQVLEEVRM;?’
design | DEELERMKRELEKIKSATS( | SSBILEKMMRMLIEIIQSATS | SSEQLERSMRKLIKEIKERTS
SEQ ID NO: 118 (SEQ 1D NO: 119} {SEQ ID NO; 120)
DHR23 | SITDNID[TR]SIAQEIDKIKIE | SIDEIDITEKIAMIAIRIKEAIL | DIESIDETIEALIMIAIRIE
variant | QRILAKJQRDR{EKTIV[AIIL | ALR[EK]V[ATJVILILE[ROQIL] | AEJE[RKQIALR[KEJQ[ETDIV
s [VRIK[ENRIE[QDLIL[AK[R] | AJVIAIR[KE[R[KNJGT[EROQ] | [LILE[DRK|E[ADRIVIAIR]
RIKNIRINKSIGT{OE]S[DIDS | SSIAIQEIDRTHEANILINEL | KEQKIETD)CTKORISIHS]
PIE[DTIE[DATLIEIEKNRIR D}Q\&[RIlM[ALIJ’\ﬂAAR{LK AIQIE[DOR|QEDSILIEKD
[KIMJALIK|ERIRIEQKIEILA | IMILAQILH[JORIKIERQIGY | RIRIKEQ|SITLEIMAIRIEGIK
QILIEIKQRIKIRDEIVLIIR | LIQIEK|SIEQAIATIQKIS(T! | (EQILUTKQIKIREEK IKIQ
KOR[DERIS[EQTIATIOISIT] | (SEQ ID NO: 116) RIK{NDOR[S]TIO] 50T
(SEQ ID NO: 115) {SEQ ID NO: 117)
DHR24 | SEABELARRAAKEAKELCE | SEAAKLALKAALEAIFLCKQ | SEEAKRALKEAKFLIEQCKE
_design | RSTDEELCKELKKLAFLLKE | STDEFLCEELVKLAQKLIEL | STDEDECRELVKRAEELIRE
LAFRYPD (SEQIDNO: i24) | AKRYPD (SEQID NO: 125) | AKENPD (SEQ ID NO: 126)
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DHR24 | SE[DORJAEIKOQIEIKORILIE] | SEIRTDIAAK[EROILALKIRE | SEIDIEJANCIAKIERQIRIEK]
variant | AR[EJR{FKIAAIEKJKIEEIRK. | SIAALJAKJEJAKRJAILIE[KR | ALK|ERJE[NRKJAK[AELIEIK
5 AJAKIREQIEIKQSILIAVICK | HILIAVICK[REQIQIEEDISIC | RNJLIAIILIEIRKIOQIEKR]CK]
RIDKEISIKTQITINRIDINIEID | TITINIDINJEIDNSEIDENLC | ROEIFIKORSIDK]TIDD{NIE
IEDERIL{TICKIEEIDKLILE | EfRQIE{KLILVIAJK[ERILAQ] | [DTS|D[EKOIE[KR]CRIEKO]
[EQIKJER|LAE[KOQR]L{EKQ] | KESIK[ELQILI[VAJEIKRILA | E[KRILV[AJK [ER|RIKEQ]AF|
]K{EW}E{KGF]] AFKRDIR{ | KIEQDIR[EKIYILIPISID (SEQ | KQIE[KRILIEDK]VAJRIKE]
KENJYIL|PD (SEG [D NO: IDNG: 127) EIKRIAKIEQREIKDINIDH|P
121 DIK] (SEQ ID NO: 123)

DHR25 | DERDEVRELIDRVEKELERE | DEAIKYAKEIVRVILELVRE EEAIKKAKFIVRRILELTREG

_design | GTSEELIEEIRKVLEKAKFA | GTSSELIEEILKVLSLAAEAA TSEE:JREELKELRK_KAQKA
ADSDD (SEQ ID NO: 130 KSTD (SEQID NO: 13D KSPE (SEQIDNG: 132y

DHRZ> | D[TIE[DKJR[AID[EEJK[E]V] | DIL|GIKDJAIKIE[VIAJAK|QY | CIDRIE[DSIAIK [RE[JEO]A

variant | AJR[EKS|EIK|LIDIEKQIR[EK | EJE[LIIVIAJR[EKDIVIAJILIA | KIRYEE[KRIIV{AJR[EKDIR|

s QIVIAEKRIK[E[E[QLILKIY | KRIE[LRILVIAT[RIEKIEISQ | THLIAKRIE[RILT{VAS]RIQK
EIRIKIE[RSQGTIEGK|S[DIE | RJGTIEKO[SIDISIPIEIKRSILI | BIEIRKDIGTIEQR]S[DNTIE]S
{SPDIEIDNR]JLIE[KTNIE[QA | E[OKRIE[OKDILK[ER|VLS] | PIE[DNIERDOIIR[SEKIEIK]
DIRJQOKIERIVLEK[PRTIKILE | AEK|L{EKIAAEIKLRIAAKIN | E[TORILK[EIE[KQILR{AEK]
NIAKIOQDEIEKQEIAADINKR | RAIS{AITISPIDIN] (SEQ D KIEIKREGIAQGIKERIKIEIAK
ISD{SIDINI (SEQ ID NO: 127y | NO: 128) [ANRISIKIPISIEID] (SEQ 12

NG: 129)

DHRZ6 | DECERLRQEVEKAEKELEK DECLRLASEVVKAVQOELVE | EECLREASEVVEEVQELVK

design | LAKQSTDEEVROIAREVAK LAEQATDEEVIRVALEVARE | EAEKSTDEEEIRELLORAEE
GLRRLAFEACRENS (SEQ D | LIRLAQEACRSND (SEQ 1D RIREAQERCREGD (SEQ ID
NG 136) NG 137) NO; 138)

DHR26 | DINTIE[DKICEIKDIRKEILR] | DIKPEIE[DNKICLIRIKEILA | E[DKPIEINSDICLIIRIKENIE

variant | NQIQIEKTIE[ADKIVEIKDY | S[EKRIEIORIVVIAIRIEGRIA | [TIASEAY EIKQIVVIAIKE

s K[RSJAEJQKIKIEDRIEIALK] | VIAJO[KERIE[LKAJLVIAK] | ORJE[RKS]VIAIOIKER]E[EIL
LE[NKQIK[ERDIL{VAJA[KIK | EDQIL[VAJAEKRAIQIKNE] | VIAJKIEQIE[KOR]AEKLRIK
RDQIQIKNEISIAJTINIDINIE | A[SITDE[PIEIKNOQIVIAILIR] | [RISIADITDIN]E '}F;"\IDQ} )
[FIEINDR]VIALIRIOIKNR] | KEJVILIKJALJAJEIRDK VAR | KRSHR[KJEKRILIADILIAICH
I|LEK|ARIKOIEIKTD[VAKIE | |AELIEILARILIRIEKNILAQ] | KER|R[EKOJAE]ALOIEIKRD
DIQIEALILRIEKQIR[EKQILA | YAL|E[LIKJACRIEKISIONE] | IRIEQTHRIKEN]E[KIAQEA
E[RDKJEILDHIACRIKNISIN | NIGRID{N| (SEQ ID NG: 134} | YIEIKRIKNGICR[KEQIEKN
QEIN|G|S{D] (SEQ ID NO: RJCDIO] (SEQ ID NO: 135)
133)

DHR27 | TROKFQLDEVLEEIQRLAEE | NEVIEKLLEVVKEIRLAFFA | KERIEQLLEEVEEEIRRAFFE

design ARKL\/ETDEEEAKKIQEEAE MEKMTDEEEAAKIAKEALE | SRKETDDEEAAKRAREALR
RAKEMLRRAVEKVTD (5EQ | AIKMLARAVEEVTD (SEQ RIRERAREVEEDKS (SEQ D
1D NG 14D 1 NO: 143) NO; 144)

DHR27 | TISDIRIEDK [OIATVIK[EDIE] | NIVAD[EDON|VIALILVIE] | K[NDEEDMRIKOD I VIE]

vt | KRIQREKJLIAIDIKRIELQT] | KORIKIFRQILIATLIATBIKH | KRIQIKRELIATILIATRIED

S VIAILOVEERERPGIKRIR] | RIVIA]VIAIK[ERGIE[RLIIR 1 i
KEIL[A] AE{DB] AR[AIKIRQ | [FILIAJAEIQKIE[RKIAMIAIK | E[IIR {YE]R[EK JAE{ROP] i
ILIRKIMIARTTISDIDISNTIE] | [ERIRILRIMIATTIESIDINTIE] | QRKJEIRKDISIAIR[KEDIKIR
DPSIEINDEJEKORIAKING] | KDPIEIOK|EIDORIAAKIER]] DS DINSTIDIKPRIE]
K[ERJIO[TEKDN]E[ODKIA | ATIKIAREIEIKOIALE[KOR] | ONJEIKDRIAAK [ERNIR] ,JA
BKRIEEQ|AK[IQEKGRIM | ATK[AIMIADLILIIQIARIAE] | [[IRIKAL|EKORIALRQEK
[ADLILOTIRIKEDIRIDOEIA | AVIAJEIKIECDIVINTIOD] | RIKDGHRIAKIEIKONIRIET H
V[SAHIEIKRIKIQEIVH|TIDE} | N] (SEQ ID NO: 140) JAR[KNDE[KRDV]AEIEIRQ
DIN](SEG D NO: 139) KIEERIDIEKRIK]TDOISIDN

GISEQID WO, 144y

DHR28 | DEEVQRIREEVRRAIFEVRE | DLAIFAIRALVRLAIFIVRLA | ELAKEAIRALRRLAFFEIRRL

design SLERNDSEEAEELAREALER | LEONDRELAREVAEEALRA AEEGNDDELAREVEELARE
VAEEVKESIKERPDR (SEQ VAEVVEEAIRQRGDR (SEQ ATEEVRKELERQRPGR (SEQ
1D NG 148) D NG 149 D NG 150y

DHR28 | DITNIEIDIE[DNQIVIIRKIQIE | DIEQILIVEIAIBROIEIKOQIA | E[DSILIVE|AKIEDIEIKRD]A

_varant | KRIRIKNJJALIR[EEJE[NKQ] | JALIR[KEJAJVILVIA ]R[EK]L HLEARIKQJA[LVILRIEKIIR]

§ BITQIVIARFEEREKGEAIA | [ATIAIVAEIERGIHALIVHA | ElLJATIAEREKIERTIHALIR]
VKIEIRKOEDKOIVIARIK | RIEEGILIEIALEIKDOIONIG | IVAIRIEN|LIEIAEIEQIEIKO
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EQIEIKDRIS{AJLEIDERIRIE | (DINISIPIEIDRQILIVIARIEL | DIGIHIN[GIDINIDIPSOIEDK
KNIN[GIDIN[S[PTIE[DIEIKIA | AJEIRKN]VIIAJAEKORIEE | RILIVIAR[EKQIEIRKN]V]IA]
FALKIEIKIL[TRIAR[EKQIE] | TJALRIKE]AV[TAE[OQSIVIA] TEIRKL[EQN]AR[EDK]
KNQIALE[RDRIRIKTOIVIA | VEAIKIQIEATIRIKIORIAJGE IAHVIEIKNRIE[RT EA
ERQKIEQAVIAJKIRIEIRE | PIDINJRIT] (SEQID NO: 146) IRIQEDIKEFRN|EIQTVILIRE
STATITK[RQIE[KNOR[HAK KIE[K]RIKEN|QIEIRIAJPGIN
\PDINGIR[TS] (SFQ ID NO: IR[T} (SEQ IB IO 147)
145}
DHR29 | SEVEESAQEVEKRAQEVREE | SEVAESALOVVREALKVVL | SETARRALEKVRESLKEVLE
design | ABRRGTSQEVLDEIKRVVDE | SALERGTSEEVLEFHILRVVS QLERGTSEEELRESLREVSE
ARQLAQRAKESDD (SEQ D | EAIKLALEAIKSSD (8EQ D NIRKALEEIKSPD (SEQ 1D
NGO 154) NO: 155) \IO’ 136)
DHR29 | SITD|E[DKR|VIALTIEIKRIE] | S|QEK E[DER|VIAJALILALS] | SIQTRICIDK[TIEDG]AR[ERL
variant | KQTJS|ALQJAQIRED|EIKRQ | AEKJALGIEKR]VIAIVIALIR | RIKEDJALEKRIK]ED]V{IA
5 IVIAJEFKQIK[DEIR[ELAA] | [AFKIEIALKIAJLILIWIKIOL | L1 KR]SJALIL[WIK]
1 }Q[K}:D}*h KRN[VIALIRIEL | RIVIAL]VIALILIOR S{OFA] | ENQIEKDOIVIALILIIOAE]
JE[KQJE[ORDJAEIKRQIRIK | ALEJKQRIRJQET|GT]VISED | KORIQIADRILIGIE[KRNIRIK
DEJR[QTEJGT[V}SQ{SDP}E{D RWIEIDKIVIAILIIVIKIRAD] | DOJGTIKER | SE[DPRIE{DKIE
IVIATILIQVIDERNIEIQGDA] | E[LKDILIRIEKTIVIAIVIIA] {QEJK]L{] YIRJAKNIEKIS{IQ
K[QEHRIKEQIVIAIVIIAIDIE. | SIKQAERLNA]VILIKIRE] IKEIE[KRIVIIAISIEK
ERJE[DKLIA[VLIR[KQEIQ[E | LIAV]A[ILVILEKQJE{OIK]A RIVILIRIKENIK
RILIAVIA[ILVIQIKEJRIELO} | HLIK[NRDIS|AL|S[TID{NS] LYV]LIEIK |E|KR|E[D
AK[RNEJE[KJS|ALID[STOD] | (SEQ ID NO- 152) NKHLIKIRNGISRIPISTIDIS]
NS| (SEQ ID NO: 151) { NG 5%
DHR30 | STVKELLDRARELMRELAE | SEVIRLIAKAIMEMAELALR | KEEIRKVAEEIMRRAKTALD
_design | RASEQGSDEFEARKILEDLE | AAEQGSDAEEAMKLLKDLL | EARQGSDAEEAMKRLEEQL
QLVOEIRRELEETGTS (8EQ RLVLEILRELRETGTD (8EG RRILERLREEREKGTD (SEQ
1D NO: L6 NGO b6 h) D NG 162)
DHR36 | S[NT|T|DEKV[AITI[EDIE] | S[NKDIEIKNR|VIA|KAGIR] | KIDPQIE[DOTIEIOTIHIKAQ]
variant | KRNJLJAILIEIDIKNERIKE| | KIEJLIAJVIAKJEJAIMIAJL | RIKETIKREN]VITDN]AE[KR
g AR[KELJEELRMIALR[E | MIALJAEKORIL{AJALIAVIR | (E[KRTIIMA[RITER{ALK]A
KIEIKOILIAJAEIKRDIR|OEL | |EKLIAAE[KDRIOIEDIC KIREQITIEQD|AL|VKN|DIE
TAS[AKRIEIKRIQEDIGSIAQ | QIDINTIAEAKIEIKR] REXIEROKIARIKEDIQIKDR]
NID[TN]E[FSK]E[DKNIERE] | LIK[QILLKRIDEKILIVILR | GS[EQDIDINT]AE[KARIEK
ARIKNOIKIEQILLE[KDIDIE | [EILJAIVITLIATEIRKIILIIR] | DOIAMIALJK[EQIR[EKNILE
KIL[IVIEJQKRIQIERKILIATV | EQDIE[ALILRIKETIEIKRIT] RLIE[KDIOIEKRILR[EKIR]
[EIQKEDIERDKIIRIQRNIE | ASIGTDST] (SEQ D NO: TILIATERKIRIEKILI]
[EK E[ALQILE[DK|E[DKRIT] | 158) REEKQIE NRIEIRKL IR [K]E]
SAJGT[AIS[TD] (SEQ ID NO: KDNIKIGEN|GTD{T] (SEQ ID
157) NO: 159)
DHR31 | DSYTERARKAVKRYVKEEG | SYLIQAAAAVVAYVIEEGGS | RELIRRAAFRVAEVIERGGS
_design | GSEEEAEREAFKVREEIRKK | PEEAVKIAEEVVRRIKEKAD | PEEAVKEAEKEVKKQKEES
ASD (SEQ ID NO: 166) D (SEQ ID NO: 167 D NG 168}
DHR31 | DSIDIYIAITEIEIKRIR]GEK] | S[DQIYIAJLI[LIQERIAAAA | RIDIE[DSILILIR[EKQIRIKQ
Cvariant | AR[ANJKIERDJAILIVIAIKIAT | VIAIVIAIAYIWIVIAJILIEIK | SIAAB[KORIRIOEK]VIATIAE
s FJRIKDE]Y[WVIATIK[ERQ] | NJEJKQIGGIQY]SIDTIPEIDIE | [RDK[VIAEQILIEIKRRIKO
FIKIEKQIGGIQYISITIEPIE] | [DRIAVIAJK[RERIEROJAER | NIGO[ S IDIEIOKR]
DIE[QRIAEKRIR[KEJEDIN] | SIEKOQRIVIL]VRIEKRIKE] LWEAiK{}{O] SINIAEIK]K[RE]
AEBKNKERIVILIRIVERIE! | ALIK[EGIEEIRNTIKINQIADIN | E[LORIVEK[R K {ERJOEDIKIE
KORIEKRIFALIR[EKIKIDN | RIP(SEQ 1D KO; 164) Q IEJKNGE[KDN|S|RIDITN]
QIKJQEJASINDE|D (SEQ D {SEQ ID WO, 163
NG 163)
DHR32 | SIQEKAKQSVIRKVKFEEGGS | STLVRAAAAVVLYVLEKGG | EELIREAAKEVIKVLEEGGE
design | EEFARERAKEVEERLKKEA STEEAVORAREVIERLKKEA | VEEAVERARERIEELGQKRSD
DD(SEQ I3 KO: 172) a3 (SEQ D NO: 173) D (SEC D NO: 174
DHR32 | SIDTITAGQIGIEIEDKQIK[R | S[DITIAQILVIIKAIRKLIAA | EDIE{DSKILEQIIVKARIKI
Cvariant | DOQIAK[AJQINREISIAIVIIRIR | AAVVLIYAWIY [WAIVIAILE | NIBIKSTIAAKINQRE[VOR]
S l EIK| {\W]\'{ HK {QERTE[ IORIKIEQ|GGIY ISINDITIVIE | VLIYAW]K[EQ]VI[ATILE[DN
OQNEICERIGGIKYSINDIEID | [DIE[TIAVIILIOIKRER[IKQ] | QIERKDIGG]Y S[NDIVITIE]
EID[E[KOIARIKQIEKRNIR] | AR[EKIE[OR]VIATHEKRIR] | DOIEIQ|AV]ILIE[KTDIRIELA
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EKLIAKIEIEREQIVIATIER | DKNJLOIRIEQGIKINTIEIKODR] | RIEKIEKORIR{QEAIERE]E
QIE[RKQRIDENL{IIKIRQIK] | ASINDKIDIS] (8EQ ID NO: [KRILIERDIQEKSKJTENIR]
RTDIE[KNSIADIKNEID{ST] F70% KENIS{ARIDITNID (BEQ D
(SEQID NG: 169 NO: 17 i)
DHR33 | SETEEVEKKLVEEKVKKEGG LLKYAALVASAVLKEGG | EELLKEAARQAEESLRGGKS
design | SPEEAKETAKEVTEELKEES | SPEEAAETAKEVVKELRESA | PEEAAEEARKEVKELKEKS
D (SEQ D NGO 178) sD (SEQ ID NO: 178 OD (SEG ID NO: 180)
DHR33 | SIDTNIEJALITIELSIEKIEE | S|IDETILABILLIARIKIEGR] | E{DEKONLLIARJE[EQIEE
Cvariant | DIVEJANIK[ERILIRIVIAIE[A | VAALVIAJAS[AKJA[WELIVI RD]A{R{KEQ}Q[VRE'AE[ j
S KIE[KRQIKIWOQAIVIATIKIQ | ALK [DEIE[QDK]GGQ]SNT
RIKINDQIEIQRDIGGIKQISIN | DIPEIDIEICIAAIVIEKRITIK
DiPIDIEIDEIRQIAKIGEIEIK | OEJAKIERAEIRIVIAIVERD
QRITEKLIAK[DRIERK]V[A | EIE[RKD|LE[TEK]DERIS[Q E
JTIVERIE[KDIE[REDILKIRT] | ATIAS[QHID (SEQ ID NO: i ,WQ EJKNR] I\{RE IS
BRKTIE[AQNISIAIQDHRID | 176 TIDK](SEQ D NO: 177
{ST] (SEQ I NG: 175}
DHR35 | SEEDEVAKQASRYAKEQGE | SEALQVALEAARYASEEGE | CEDLKEALDRAREARSERGO
_design | DPEKSREEAEKALEEVEKG | DPAEALKFAARALEEVRRS | NPAESUKEAAFFLKKKKEE
ATS(SEQID NO: 184y ATS (SEQ ID NO: 185) S8D (SEQ ID NO: 186)
DHR3S | SINTIEDTIE{QKRIDEKQIEL | S|DIED]ADILIELQIERV] | ERIEDDIALEKIK{QEIE]
vadant | KOQIVIAJAKIREQIQIELWIAS | AJALEILWIAARIKE|Y|W]AS KRQ|ALD§KER'REEEL\RM&DE
S JAIR[EKDIY{WIAK[SQRIE[K | [YHRIE[KNQIEIQ|GE[QID{N] | IE[RKIAS[YAQIE[KNGIR{ED
NRIQGGIOH|DIKIPENIKIED | PAEDKIALKIEGRIEIRIAAR] | CIGOIEINBPAEDQIS{AIL
QIS{AIRILKIE[KIEIKDRIAE] | KEJALEKIEIQKIVIAIRIKN] | K[EHOIE[KROJAAE[KRIE[K
KRNIKIERJALEIKIEILGIVIA | RIK]SIAJATIEIS[TI(SEQ ID RILK[EIK[EQRIKIERQIKISN]
JKIRENIK[RIOIAJATIQRIS{T] | NO 182} EfXRIKIEISSTQIBIRT] (SEQ
(SEQ D NG I8D 1D NG 1833
DHR36 | SDLEKALKRFVKEEKKKGR | SDLLTALAKFVLEEVRKGR | SEQLEELATEVLEEVKECGR
design | NPEEAKKEAKKLKKKLKKS | NPEFAVKEAIKLAEKLKESA | NPKRAVEEAIKQAKEDRKER
AGS (SE(} ID NO: 150y G5 (SEQ ID NO: 191) SNS (SEQ ID NO: 1592)
DHRE36 | SITIDIENILEIDKIKALKINEQ | S[DIDJAKNILETIKEGALAK. | SIDIEDOSICIEILERKTIK|E]
_vanant | [RICENIFIYIVIIIKIREDEID | [TDRIFIYIVLEIQODIE[Q]VRIK | LATIKREK {EQH VLE[K]E[R
§ (K"FEQ]K]’F“I‘}KEDREIK( RIQ | EQJKGRIKQINITDIPEEIKIA | ALIVEIOEIKIRIGR{EQTINIT
KINIDTSIPERIEIPRQIEIKD | VERIB[SIAIK[EILARIQIKIN | DIPKFIR[EDKIAVERE]EK
QJAKIRIK[RED|E[SDIAKIER | RILK[RQIRIKN]S[AIAGS DRIAIK[ERIQEENIAKIEQIE
IK[FJLKIERIK[ERKIRIDIEK] | (SEQ D NO: 188) [KRID[RKER[KNJK[RENIR|
RE|K|RNT[SIAJAGS (SEQ ID KIRISINIQTISID] (SEQ (D
NG 18T NO; 18%)
DHR37 | SSTERAAQSVKKYLOQOGK | SSVIRAAAAVVFYLLEGGY | DDVIKEAAKVVYYKRLEEGO
_design | DPDOQAGKKACEVKENIERKE | DPDOALKKAQEVARNIENE | DPDKALEEARKRAQKTEKK
ANS (SEQ ID NO: 196) ANS (SEQ ID NO: 197) TTS (SEQ ID NO: 198y
DHR37 | S|TD]SIAQITISA|E[KCDRIK | S|DEIS[AEIVIAJIR[EES|AAA | DIEIDIESQIVIAIKIREIERT
Cvariant | EJAAQIRDK S[AE]VE]IRYIK A{ VVEEKYLLERNQIQG | AJAAKFRSIVVY[EIK KRR
s [ER|YLOIK [OJREK |QGKIYG | YIQIDISIPIAIDE[QIKER|AL | |LEJLE{KOR|EJRK [GO] YKR|
RIDISNIPISIBIEIQIEIAQED | KIERIKJOQVEAQIRHEIKR]Y | DISIPJAIDIEIKIQDEIALEIKG
KIKIRIKIVOIAGQIREDIEIQIV | AR[ENQINIADHIENIKDEIE] | IEKORIARIOQIKIERRIEHY
KIAQEIKTINIGADIE[TIKIE | OTJANS[T] (SEQ ID NO: 194) | AQIKERIKIENR]TIEKTIEKIR
JE[QOTIAN[TIS{TI (SEQ 1D ENIKIETQITIERR]TSDT]
NO: 193) (SEQ ID KO 195}
DHR39 | SDLOEVADRIVEQLKREGHRS | SELIEVAVRIVKELEEQGRSP | SDRIKKAVELVRELEERGRA
design | PEEARKEARRLIEEIRGSAG | SEAAKEAVELIBRIRRAAGG | PSEAARRAVEEIQRSVEEDC
GD (3EQ ID NG 202) D (SEQ ID NO: 203 GN (SEQ 1D NO: 2043
DHR39 | SINDIDIEKN]L{ITEDIQIEDIEL | S{EDQIE[DONILHRIEIRDOIV | SIDPIDIKEIRILEKIEQRIKIR
_vanant | KNRIVIJADIKEIR[KENIIVIL | TJAVIAUR[OEWIVIHKIEQ!T | EJAVIATEK]LIET]VIIRIKE
§ RIE[KRJQIAPILIAIKIEQRIR] | EfQADILIAIE[QTHEIKNOIO] | DIEKOQILIAE[E[QANE[KRN
ENIEfDENIGRICHKISIPNIF] | DREJGRIQYISIDNIPIAISIAR] | IRIKEDIGRIQKN|S[DNIPIAIS
ERIE[DNIEISIARIEKIKIREIE | BIRIAAK[ERIBITRIAVIAIER | [ARJE[EDNJAARIEKIR|ERD]
[TRQIARIDEKIR[EK[LIIVIE] | ILIVIE[KQRIRIK]IR[VIR[DE | AVIAJEIRQE[RDKH[VIQ[EK
KRNEERQIKROIQDKE]S | QJAAGLDN] (SEQ 1D NG AR[KNEISDERVEIRKDIE]
JAJAGGDINT (SEQ ID NO: 2003 KNRIDINQIGGN (SEQ (D

20

SUBSTITUTE SHEET (RULE 26)




WO 2017/106728 PCT/US2016/067295

199) NOL 20D

DHRI0 | SESDEVAKRISKEARKEGRS | SBEARVAVEIADEALREGLSP | EDEIQKAVETAQEQLEEGRS

_design | EEEVKELVERFREAIFKLKE | EEVVELVERFVOQAIQOKLOEN | PKEVVETVEEQVKEVEEKQ
QGD (SEQ ID NO: 208) GE (SEQ ID NO: 20%) QKGE (SEQ ID NO: 216}

DHR40 | S[TD]E[DKQ]S[AIDEKIEIK] | S|EDKIE[DER]ANEKVIE[EQ | E[DKSIDIEIESARJIERVIQ]

_variant | V[AJAK[OEIR[KNJISIAEKIK] | KIV[AJAVEIRKGIADEIEIQ | EKIKIRQIAVE[RKQ|TIIED]A

s BRIF[QLIAKKIRIEIDKQICR] | LIALIGIRIK E[DKICLIKRAIS | QEENEEKNQIQIAILIQIERDK
KAES[DIEPEIDEIEORIVE | [DPIAIERGEQRTIVVIAIE] | [BIDTR]GRIKAEISIINPAIE
INQIEIK [LVIA[EIKRRIDIF] | RILVE[IKQIRIEIFIY IVIAIQ] | |ER|EJOKS{VVIAJEIRK|T]DR
YIR[KEQIEIKQD]AILIBIKQ | KRDIAILIQENKIKIDQILO] | NIVEIQIERKIQHESIVIAK
DIKERILKIOREIEKRDION | REE[KORIN[EQIGEIND] [ETTRRNR]VIEINIE[DOKIE
EDIGDIN] (SEQ ID NG: 205) | (SEQ ID NO: 206} KRJK|{FLIQIDEK]QIKRDIKE

QR]GEQKN] (SEQ ID NO:
207

DHR4l | SDIEKAKRIADRAIDVVREA | SDVREAARVALEAVRVVVR | ENVRESARRALEKVLKTVQ

design | ABKEGOSPEKIREALQOAKR | AAFFKGGSPEEVVEAVCRA | QARFECKSPEEVVEQVORS
CAEKLIRLVKEAQESNS VRCAEKLIRLVKRAEESNS | VRKAFEQIRETQERERSTS
{SEQ ID NO: 2143 (SEQ ID NO: 215) (SEQ ID NO: 216)

DHR41 | SIDTDINLRAREEKDRIK | SIDEQIDINAIVIARIOKIE[K | EIDOTINIRDE|V{AREXR]S

variant | [ERJAK{ERRIKEH{VIADIKE | ROIAARIEKOQIVIIJALIIBIRD | ARJARIKGERIKEIALIIEK]

. QIR[EKIAIVED[EKRIVIAL | QIAVRIEKIVIAIVIAIVRIEK] | KIHDEIVLIERIK[ER|TIVIVQ
V[AIRJQED]KIER]AAEIKDR] | AAE[QIE[ERIKIRETIGGS[D | [REKIQ[KEN]AB[QKS]EKR]
K[NRIE[KQRIGGSIDIPISEIE] | NJPIAJE[DKRIEDCRIVIGV] | EIDKRIGKIGISDIPIAE[DR
DNQIK[ERIIRIKDOJE[OKRIA | AJERJAVIIC[BAIR[EIAVIA | KIBIKD]VIIVIAJBIRICIRND]
LIEIR]QIKDEJQ[ERD]AK[RE] | IRIEK]CIAVIAERKIK[ERLIL | VIIICIEKQIRIEK]SIAIVIATR]
RIEKICIAVIARBIKRIEIRLILL | JAUIVLIRIBKDILHAVIVIA] | EKIKIORIAFBIAKQEIKRQIQ!
AIIKLRIRIKEILHAVIVIAIK | K{EAQIRIEDKIAE[QIE[RDK] | EDRJIVLIRIKEQIEKTDITIO
[EQE[KRQJAQIEDKIEIRDK] | S[DIN[PSQIS[N] (SEQID KO: | VAIQEAKJE[KNTIRKEIEIQ
SILAKN[PSIS[N] (SEQ ID 212 K DEISRE]TINPSISN]
NO: 21D (SEQ I NO: 213)

DHR42 | SDAFEVKKQAEEIANRAYEK | SDALEVARQALEIARRAFET | OKALEIARKALOKAKENFE

design | TAQKQGESDSRAKKAFKLY | AKRQGHSATEAAKAFVDY | FAQKRCESATQAAKREVDT
RKAAFKLARLIERAQKECD | VEAAISLAELISAKROQGD | VEKEIKKAQEQIKRERKOD
(SEQ 1D NO: 220) (SEQ ID NO: 221) (SEQ 1D NQ: 222)

DHR42 | SIDTIDITICJAISIEIKQIEIKE | S|DEQID{TELALIAFKIE[KG | OIDERIK|EDT]ALIEK EJKQR

variani | QIVIK[EROK[EDIQIEDKIA | RIVIAR[EIQ[EIALIAIEKIN | THVIAR[ESIKIEQIAL[AJQ[EK

5 BIKRIE[EJLTIAN[EQKIR]C | LTJARIKENRIKDEJAFEKR] | RIK{RD]AK[ELREIRK NJAE
KEJAY{EKR]JE[EDR|TIQFR] | TIEQJAKIRNTIK[RIQIDERIG | [FEIKQRJE[QKN]AQIREN]K]
AQKREJK[EQRIGIDEIGEIQ | HIQLEJSATIGRIBIQRIAAKIE | NRJRIDKQIGE[KLR]S[DIAT]
UKIS[DID[EPS|SIDKR[EQLA | JAF[YIVIAEQIDITALIVVER | FORJQIER]AAKIQER[EATF]
K[ODEIK[QIAE[YFRIK[EDR] | KD]AAI[K)SIKEQILAEJQRT] | YIVIAEKD[ER]T[VRVEKD
LITDAJVR|EKLIKIRE|AAFIR | LA EL[SIKEQIAK|QREIR] | RIKIE{EJA]REK KIBIKIEIA
KDIKIEQRILAR[EKQILI[AJE | KQIQIED]IGDINS] (SEQ ID QIERKJE[KRIQIASE]IRLN]K
[KRIRKEJAQIERKKIDER[E | NO 218) IEJODK [RIKEGIK]
[ONIGDINS] (SEQ 1D NO: ER|GDIOKT] {SEQ ID NO:
217) 219

DHR4: | SKEEELIEKARRVAKEAIEE | SELABLISEAIQVAVEAVEE | SELAKRINDTIREAVREVOU

_dosign | AKRQGKDPSEAKKAAEKLI | AVRQGKDPFKAAEAAAFLI | AVEDGKDPFEAAREAAEKI
KAVEEAVKEAKRLKEEGN | RAVVEAVKEAERLKREGN | RESVERVREEEEKKRRGN
(SEQ 1D NO: 226) (SEG D NO: 2273 EQ D NO: 228)

DHR43 | SITDJKIETDIEILIE[KDJEIKN | S|EQTIEIDKJLAERKDILISIE ETE{DK}LAK[RDE}M“

Cvariant | QILIE[KRIK|ERJAR[EJRIEED | KRIEIKRIAIGIRFK IVIATIAV | IINIKRE[D{EKOITIASIR[EK

$ IVIATIAK[ERIE[KRNIALIN | HIE[RDOIAILIVEIDKQIEIQT | OIEJOK]AVIILIRIKEQIE[DN
VIE[KDR]EIKOT])AKJOREIR] | RIAVIORAJR[EEQ[DEICK[Q K}VEI}Q{E}Q{Eh@jAV{QAN}E
KEDIQIDKIGK[QLIDINS|PIE | LIDINIP[AIFIWAIKIRED]AA | [KRIDIOKE|GKIQIDINTIPIAL
SISIDNT|BKRLIAK[REQIK] | EIKRJAAAERKILIRIKEIAV | FIWATIE[DK]AAR [EKH]
FR]AAF[KDRIK[ERJLIK{ENR | VIAJE[KRDJAV[AJK[FROIE] | KDIAAFKORJK[FRHJIR[EK
JAVERIEIKQRIAVIAKIEIE! | VRIAERHIRIKQILKJESIRIE | QIEKNQIS[VETIVIAIEIKRD
TVKIAK[ERIRIKEILKIERIE] | KIEINDKIGN (SEQ ID NO: IR{QEDIVIAIRIQKEIEKRIES
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REDIEINQRIGN (SEQ 1D NO!
223

224)

DEQIEIASIEIKRIEIRAIK DR
IRIKENIR[NEK]GNIKEQ]
(SEQ ID NO: 225)

DHR44
desiga

SNEQEKKDLEKAFEAAKSE
DPELIREAIERAEESGS (SEQ
1D NO: 2323

NKAKEILRAAEEAAKSPED
ELIRLATEAAERSGS (SEQ ID
NO: 233)

FKAKEIKRAAEEAQRKSPDP
TLOKLAKEARERLG (SEQ D
NG: 234)

DHR44
_variant
5

SITINIDTIEIDQIQIDEIEKBN
IK[EQRK[ERIDIRIKILEJER
DIKIRDEJAE[KQRIEIKQIAA
K[ENRISP[ST|D[N]PE[DNSIL
RNDIL] RE'KD'F']E{RK' TATL
VIE[EDRR[ELOJAEIQKDIE]
KRQIS[QETIGS[T] (SEQ ID
NO: 229)

NIEDIKIREQIAKIE IR R ILR]
DEIAAEIKREfVIAAK[DER]
S[AIP[STID{N|PE[DNGILIL]
RIKDEJL {T}’Q}AT« {KR A]
W]AEIKOQRIR[EIS]
(SEQ ID NG 230)

E[DIKIDEGAKR EKRIIK]
RELIRJILTIAAEDKRIEIVO]
AQIKEIKIRN]S[AE[P[SQIDIN
IPIEJE[DN|LQILIK[ERILIKET
TAK[EORIEKRIAIWIR[AEK]
EIKRNIRIEKQILIOSEIG
{(SEQ D NG 231)

DHR 45
_design

SSEEEELEKDAREASESGAD
PEWLREIVDLARESGD (SEQ
1D NO: 238)

SEVIELAKRALFAAKSGADP
EWLLRIVROAEESGS (SEQ
12 NO: 239)

EEVIELAKRALEEAKKCGKDP
KELLEEVRKREESG (SEQ ID
NO: 240)

DHR4S5
variant

SIDNISIDTIEDIE[TSDIEKD]
BKRILE[QK K RID[LEAIAR
[KDIES]ASIAENKIS{TICA
D|TN|PISIE|NT{WJALY ILRIK
EJE[KRIIVD[RENILIQTDIAR|
KTS{EIKNR]SIQIGDINTY
(SEQ ID NO: 235}

SIDPIE[QIVIATTKIERILAK]
ESIRILAK]ALEJQD]AAK[E]S
T GADINTIPIAJE[REOWIA
LY JLLIWRIKQ{IVRIQDEIQ)
TEJABJRSTIE[KDN]S[EIGSID
N](SEQ 1D NO: 136)

E[PDKIEIQND]VIAJIKIE[KR
TL[EAJAKRIEKQALE[DRKE
[FDIAK[RIK[E|GK]OHDINT]
PIAIKIREHIEIQDRLLIWE]
KRIEK]VRQKATKIETIRIKN
SIEITIEIKDRIS[REFIG (SEQ
1D NO: 23 7

DHR46
_design

STEEEKER[ERTEKEVRSPDP
ENREAVRKAEELLRENPS
(SEQ ID NQ: 244)

TEARELLERATEAAVRAPDP
EAIREAVRAAEELLRENPS
(SEQ ID NO: 245)

EEAKFLLRRAIESAKKAPDP
‘EAQRE AKRAF?FI RKEDP

Is

DHR 46
_variant
<

SID|TIDIKIDEQIEIDKTIEIKL
QIK{REDIEIKDRR{TDK]IE

AKIE[KRIR[EKD|E[RDKJK]

RIEIATVIAIRIEED|SAIP[SID
[N]PJADSIE[DKNIN|[EAD]IR}
BKE{KQR]JAVRIEKK{EAD]

ABJARK]EISRILLIVAIRIKE

QIE[KENIN{DIPIDIS (SEQ D
NG: 241)

TIDEIE|D]AE{KQR|EIKRIL|A
IILR{EASRIKEIAIEIRKGIA]
ROTAV]AJRIEKDIAPDINIPIA
DIEISDK[ARKEE[ALRJAV
RIED|AABRSIEJOHILLIYIR]
EK|E[NRDIN[DIPIBIS (SEQ
D NO: 247

E|DOIEIDK mcm;mmp
[ATILREK]RIETK] AIEIRKQ]
SIAERJAKIQEIKIERNIAPDN
IPISEKEIDK NJAQIRIR[KDE]
E[AKLIAK[FIR[EQKIAEOK
RIE[KR]E[QDRILR[DKEIK[E
RIEINQDIDINIPID] (SEQ 1D

NO: 243)

DHRA8
_design

NSREEEEAKRIVEKEAKKSGF
DPEEVEKALREVIRVAEETG
N (SEQ 1D NO: 250)

SEALKFALKIVEEAAKSGYD
PAEVAKALAEVIRVAEETG
N{SEQID NO: 25H)

PEELKEALKRVLEAAKRCE
DPAQVAKELAEEIRRNQEEG
(SEQ D NG, 2579

DHR48
variant

N[DJ3DIRIEDH]E{ASIE[KR]
B{K|E[KDLIAKIERIR[EK V]
V[AJKIEE[ORK] ARIQIKIE]S
GF[Y]DIN]P[SIEINTK [E[KQT
[VE|KQIK|REJALRIDEK (EIR
KOIVILITQRIRIEK [YAEIQR]
B{RQITIKHIGNID] (SEQ ID

NO. 247

SIPRIE{DIAL{AIK[ERJEIDKQ
JALK [REDJI[V|VIAIEIKRIE]
QJAAKJER|SGYDINIP[AAE]
ODJVAK[RDALABKR]VIL]E
RIKE|VAEQIEIDRITIHKSIG
NID| (SEQ 1 NO: 248)

PIRQIE{DIE[SADILIAJKIENR
JE[KRIALK[ERIR[E|VIA|LIE
KRIAAKERRIEEQIGE
NIF[AJAQIPKE]VAK
|EDIEIK LABIKRIBIQIR|EK
OIRIEDKINJARD [QIETIEIRD
KIEIKRIG (SEQ ID NO: 249)

DHR49
design

DSEEEQERIRRILKEARKSGT
EESLRQAIEDVAQLAKKSQD
(SEQ ID NO: 256)

SEVLEFAIRVILRIAKESGSE
EALRQAIRAVAFIAKEAQD
(SEQ ID NO: 257)

PRVLEEAIRVIRQIAEESGSE
EARRQAERAEEEIRRRAQ
(SEQ ID NO: 258)

DHR49
vanant
5

D[TS|SITIEID]EDQIE[WSIQ]
KAEJERNRIREDNJAIRIK
BQIRIKEN [ TILIAVWIK[EN
RIE[KND]ARJOTDIKINR]S[D
Q]GTISDNE[DKNIEDSISIA
DQILITRIKIQIQIKER |AIEIK
DNIDIKREVIJAQIRKEL](E
V]AK[ERSJK[EDQ]S|AIQITN
RID{TS] (SEQ ID NO: 233)

%H [DS]VL[W]E[KARJE[RH

LIATAIR[EDKVIERL]ILIAE
VIRIEK[IJALIAK{DEQIEIQD
RiS|AIGSIDNIE[DNPIE{DR A
[VILIRKATIQIERK]AIRED
QIAVITAERDK JAKJERS|E]
ODRJAQITNDID{NST] (SEQ
1D NO: 254)

PRINEDIVLIWIEKR]E[TAH
AIEK/\Q]R[\H\/! TROIRJOE
KIQIERKIALIAFIKDRIBIO
NDIS[A]GS[DN]E[DPSIE[DK]
A[VIR[KEIRIKE]QIKEL]AE]
KORIR[EKAE[KQIE[RDK]E
(ROTHRKDERKDRIODK]
AQITND] (SEQ ID NO: 255)
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DHR3¢
_design

DPEEVRREVERATEEYREND
GSDEAREQLKEAVERAEEA
ARSPD(SEQ ID NO: 262)

PEAVOQVAVEAATQIYENTP
GSEEAKKALEIAVRAAENA
ARLPD (SEQ 1D NO: 2633

PEAVRVAEEAARQIRKNTP
GSELAKFADEIKKRARFELLE
RLP (SEQ 1D NO: 264

DHRS0
variant
5

DISNTIP [ST‘P[DS’F{DR}V{L\
BLIRJKELIRJKDEJE[TKIVEA
[EIRKDIRIKEDIATIEKQIEK
RIE[RTIY [WIRKOQDIKIEN]
HRD[PGSD{ER |E[DK|ARIKE
HIE[KRIQ[ASILKREIEIKRQ)]
AVEJKIRIAD]AE[KQRJE[EJA
[LIAR[KDE|S|LENP[SID[SN
Ti (SEQ ID NO: 259)

PIWAEEIKDIAVIAL JO[EDK |
VIATIAVIAJERENIA[ATIK

QEIQIKRI[VIY[WIEJQDKIN
(DTITIEIPGSEIDOIE[LAN]A
KIERJKIERTJALEIKRILAJA

VRDEJAAER]N[AER]ALIA

RIENL{SNIP[S]DISNT] (SEQ
1D NO: 260)

PISTIR[KDOQIAVIALIRIKED]
VITAKJAE[QKRIERKTIAL]
KEQPRTIVIRIWYIK]
N {E‘DGSF{ ILIAEN]
ADJOKRIE[KN
KIEJRIEKQIAR
VAJL[EAR]
L{SANIP{S]

E[KDNIRIKE

(SEQID NO: 261

DHRS51
design

(SEDRKEKIRELERKARENT
GSDEARQAVKEIARIAKEAL
EEGN (SEQ ID NGO 268)

ADTAKEAIQRLEDLAERDYS
GSDVASLAVKAIAKIAETAL
RNGY (SEQ 1D NO: 269)

KETAEEAIKRLRELAEDYKG
SEVAKLABEATERIEKVSRER
G (SEQ 1D N 270)

DHRS1
_varant
5

QHRK]SDNTIEIDIDEQTIR
JQADIK [IOIEKR K [DRJIR[K
QEIF[RILEIAOK [RIKE[K|TI]
AR[FKQIEKRTINYEH|TIS]
GSITID[EIEKR |AR[KIQ[KE
NJAVIATKIQER [E[DKRJIAR]
KED{IAK|ER [E{KQIALIAE]
KROIEJRKIGN[S] (SEQ ID
NO: 265)

AJSRK|DIE|TIVIAKIEIQIEHR
T)AIQ[EKR R[ELE[AQK D
KJLIVIARIEDSIDIKTE| Y {F]
S|TIGS{TIDIESIVIAIASIRKIL
[F]AVIATK [ERQIALJAKIE
HRIAB{KQITIVERJALIAIR]
KEQ|NJQIGYIND| (SEQ ID
NO: 266)

K[RSTJE {D]T[V}AE{KUE[HT
TAJIK R{QK
JLIVIARE I_%R;s By
TEDIGS{TIE[DQ
LIFDQ)ARIKRF]
KQJAl] JIBJKQRIREHK]EK
NIKJEDT|VIEI}[SIA|RIK|E]K
RIRIGENIG (SEQ ID NO: 267)

DHR33
design

SNDEKEKLKELLKRAFELA
KSPDPEDLKEAVRLAEEVV
RERPGS (SEQ 1D NO: 274)

NLAKKALENLRAAFELAKL
POPEALKEAVEAAEKYVRE
QPGS (SEQID NG: 275

ELAKKALFIERAAEELKKSP
DPEAQKEAKKABQK VREER
(SEG D NG 276)

DHRS3
variant
3

SNIDSTDIEIEDTRIKEDE]
KIKIB|LK{ERIE| K LIRK LK
DREJRIK|AE[RIEIKQILAK[R
ENJSILIPD[NIPEIRINDK]D]
AJLKIEROIE[KRIAVRIDEK]

L{TAEJAEIKQIEIKRIVVI R/
EQKIE[QR{QIPISIGS (SEQ
ID NO: 271)

NIEDSILINAK] AKDIK[ERT]
ALEJKR|LULRITKDIAAEIKR]
E[AN|LAK[EQR|LPDINS|P[E]
E[NRT]ALK[EQNIE[KRAJAV
KIERJAABIKIKIDEQIVVIIRY
NDK[E[TORHRTIPGS (SEQ
1D NO: 272)

NOIAKFJEJER]AL
BIOKIRJELTIAAEK
NAILKJOERIKIR]|S[LIP

DINSIPIDEEIOKN]AQ[KRIK
(BIFIKRDIAK[EIKIRE]ABK
NCHHEKNIKIERD [VRIKIE(D
RKE[TQIRION]PG (SEQ ID
NO: 273)

DHRS
design

TTEDERRELEK VARKAIBAA
REGNTDEVREQLORALEIAR
ESGT (SEQ 1D NO: 280y

TEAVKLALEVVARVAIEAA
RROGNTDAVREALEVALEIA
RESGT (SEQ 1D NO: 281)

FEAVRLALEVVKRVSDEAK
KOGNEDAVKEAEEVRKKIE
EESG (SEQ 1D NO: 282)

DHR34
_variant
$

T{S|TIDNS|E[BODE]WAD(R
(KENIRIEK [EIKQNILIGEKR
QIREIVIAIAIKRIEKQIKIR
EJAIKA]JE[KQRIAAR[QEK]E
KRIDIGNID|T]ANR|DIEKE]
ROJVRIEKQIEREAILOE
RD|RIKEN]A[L{ARTEGR
HIAET]ARINKEIEKDQ]S|A
QTIGTIS] (SEQ ID NO: 277)

TIDER]EKDIAVIWFIKIEDR]
LIRKIALIBIRDIVIAIVIADA
KIRIEKQIVIAJAKAQIE[A
ORIAARJQIRIQKIGNTIANR]
DIEJAVRIEKIEAIKJALE[RK.
IVIAIAILIAIQIE[ORK HIA]A
RIKND]E{DNK]S[AIGT]S]
(SEQ ID NO: 278)

E[DKPIERDKIAVIWFRIKD

EIL{WERIALIEICIE[ERIVIA!
\f{m (DEH]R[EKN]VIAIS|A
IDIEKRIEIAKQ]AKIQEDIK[E
NRJQIRKIGNE[SRD|DHES A
VIAESIK[EDQIBLRAJAE]OR
KIE[KQ]VIATIR[ABKK|ER]
K[REHII[AJE[KQRIE[KRNIE]
NDKISIAKIG (BEQ ID NGy

AR
L)

DHRSS
_design

SSVAEBEIEKRAKKISKELKK
EGKNPEWIEELQRAADKLY
EVARRATS (SEQ 1D NO: 286)

SDALEIAKRAVEIAEELAKG
GSNPKWIAELLKAAAKIVE
VAARATS (SEQ 1D ND: 287)

PKALKQAKEAVKEAEELAK
KGRNPKEIAFELKERAKEVE
KLARST (SEQ D NO: 288)

DHRS5
variant
§

SIDN]SINT]VIK]JAEDKIEKT
HEIRKAIKIEIRITIK|AKIEIK]
EJISJAIK{ER[E{H]LKK[RIEIQ
JGKIASIN[DPEI TN W AKJE
[QNKIE{RNRLO[LIR[DEK]A

AD[ENK]K[ERILV[AJE[RK|V
[AJARJQKIRKENLATIOISIN

QRN TEY NIy OMY
FIROKA/ 17 N 205}

S[PEIDIVK]ALIR|E[KIAKIE
QLIRIKLTIAVIAKIEQRIAE
KLRIE(RDK |LAKIERQIQIER
|GS[AN|DIPK[ESWIAKO] (A
BIKILLK[EQJAAAK[EDQILY
[AJEIRQIVIA]AAIDIR[EK]AT
N]SIN| (SEQ [D NO: 284)

PISEIKIEDALRWIKIRE]Q
TEIAKIEQ|EIKRDIAV]A[KIE
RIE(KQSAE[KIEIKRILIRKD]
"sKi DREK [REIGRIODKIN{D]
CIAETKRRHKILK
{"‘F’}K{E}R AJAK[ERIRIKTR]

VIAIBIRE 1]1\15h.!J50A|/\{I)]
i‘\il\i IL') i "\H‘ij l i‘\

OSED D
NO: "'M)

]

3 (SEQ D

a4
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STEELKKVYLERVRELSERAK
ESTDPEEALKIAKEVIELALK
AVKEDPS (SEQ [ NO: 292

TBALRAVLEAVRLASEVAR
RVTDPDEALKIAKLVIELAL
EAVKEDPS (REQ ID NO: 2933

EEAKRAVEEAKRLAEEVSK.
RVTDPELSEKIRQLVEELEE
EAGKEDP (SEQ ID NO: 294

DHRS7
varant
5

S{D|T[DNJE[DIE[DK]LK]ER]
KIQ)VLIKIYIE[RK[RIDTR]Y
RIEKQIEHRILIADIS[AEKR

DIR[EQIAKIRENE[KISIVIE]

T{DSID{NIP{TIEIDTNIEIKDN

IAL[EARKIEDLVIAKEIE]

KR]VIAJ[VIEIKRILIE]AL[AB

KKIEQJAVIAIKIRDEIE[K D]

NKIPS (SEQ ID NO: 289)

TIDEIDLNT]ALRIEKQ]AVL |

Y AE|E[RKLIAVRIEKGILAS]
AJERIVIAIAKIQER IRIK VT
LITINID[N|PDIEK[ALIAL{A
KRIKIEILVIAKIE
[AJIVIEIKRILALEAK [EIKD
LIAVIAIK[ENRIEIONRDN]
P8 (SEQ ID NO: 29¢)

RILIKW]V

FIDKOQIFILDTIAKILAIREK]
AVEKBLRK)AKEARIED
KILAEKQRIEIRKGIVIAIS] A

IRIQERIR[NOKIVILIT{DIDE
D‘%l INDKJLIKNS|S[ARIE[K
RNJKJERJILVIRIKE[QIERK)
L{BEW|VIAK K {ERE ERRD}L

iRKQ E[XRIE[LRD] AQIKE
NIK[ERIE[QRH|D{NYIP {SEQ
D NO: Mf

DHR39
design

KTEVEKKAKEVIKEAKELA
KELDSEEAKKVVERIKEAAE
AAKRAAEQGK (SEQID NGO
298)

TEVAKLALKVLEEAIELAKE
NRSEEALKVVLEIARAALAA
AGAAEECK (550 ID NG
299)

SDEARDALRELEEAIEEAKE
NRSKESLEKVREEAKEAE(Q
QAEDAREG (8EQ 1D NO:
300) )]

DHR 5
variant

K[NITISIEIKT]VEIKDR K[ED
K[QET]AK[ERIE[KRIVIA]T
KRIKJEIFIKRN]AKIEDIEKR
NJL[V]A[REVIK[REJE[DK N
L{IA|DIKPR|SE{DKQ[E{TVL]
AK[EIKIDOR|VVIAJE[KIRIE
AQUIVIKIRIFIKRIAAE[KIA]L
FJAKIRIE[R[EKQIAABKDR]
Q[SNIGK[N] (SEQ ID NO:
295)

TISIEIRIVAR]E[LIRKJALK(E
IVIAILEIKTIERQIAIERKIL]
VIAK[EQRIE[ENINLAIR[D
KPSE[KDIE[TKQ)ALKIE] VY
[AJLJAJE]AQU| VIARIKE|AA
LIKAF]JA[EIAAG[ERJAAE[K
RQIEIQSDIGK N (SEQ M
NO: 796)

S{T|D{ER [E|V]AR[KE|DIKER
1ALRIFKDIR|KEILEKQTIE]
KORJAIB[RKIEHTIAK[FG
RIE[KQRN[DHRIR DK PISK]
DE{ED|S|AILEIKNOIKIE |V
AR[LKYEDKERIW]AK[R
EIEKON]AEIKRAJQIEKQE

' DIDREN|ARIKQS]
} (SEQ ID NO: 297)

DHR&G
design

TDIKKKAFEIKEAKKQGSE
DAIRLAGEAKKQGT (SEQ 1D
NO; 304)

DILVRAAEIVVRAQEQGSED
ATRLAKEASREGT (SEQ ID
NO: 305)

PTLVKAAEE VVRAQOKGSQ
DTIEK AKEESREG (SEQ ID
NG 306)

DHReO
_vanant
5

TINDID[TSHTIKISORIK[DE]
K [EDJAEIKDNIE[RK VAT
KIKERD]AKIQEJKOQ[TEN|G
SE[DRSID[TEKJAIKIR[EKIL
[AT]AQIERK|EIRK]AKIAKY
ERNJQKREJGTIND] (SEQ D
NO: 361)

DIEKPITILIA]VIATR[KDE]A
AE[RKOIVAIVILIVIATRIE]
AQE[OKR]Q[ESTIGSEIDRS]
DITAJAIR[EKILIATIAK[REA
[EIKOQRJASIAIRIBIEIORKICT
NI (SEQ [ NO: 302)

PEEORTTIRIKJLIAIVIAIK[ER]
AABIORKIKIREIVIOVIATR]
EDKIAQ[ETIOQKREIKIEIGSQ
[DERIDIE|TISKIKIEIKRIK]
RQJAKJRENEIKRIE}ADKS]
ARKEIEKROIG (SEQ ID
NO: 303)

—

DHRO2
design

DNDEKRERAEKALRAQEA
EKKGDVEEAVRAAQEAVR
AAKESGD (SEG ID NO: 310)

NDVLRKVAEQALRIAKEAE
KQUGNVEVAVKAARVAVEA
AKQAGD (SEQ ID NG: 311)

ODVLREVSEQAERISKEA
KQGNSEVSEEARKVADEAK
KOTG (SEQ ID NO: 312)

DHR&2
_variant
]

D[SNIN[TID[ER|E[DIKILIRIK
EJK[EQIRIEK]AEKRQIK[ER
D]ALITIQIKERRIEKNJAQIK
FINE[KQ)ARROOKIRIK{ED

R]GDIN]VIAJE [hDR E[RSK]
AV[AJR[KE]AA[LIQIEK]E[R]
AVIAIR[EKQIAAK|TRIEIKR]
S{AJGDISN] (SEQ ID NO:
307)

N{QKTIP|E[VILAILR[KEJLIE
OR}VIAJAE[RIQ[VEAJALIE]

RIKQIJAVIAK [EODIE[OL]A
E[RQIEIREJQIEDIGNID] ViA]
E[KROIVIAL]AVIAJK[EDR]A
AL IRIBEIVIAVIAEIRD|A

AK{SREICQIEN | AGD{5] (5EQ

D NO: 308)

OIKTIDIES| VILASLR[EHK]
KIER]VIA]S[AE[RQIQ[VA
ABROQRIRKEQHAVIS[AK]
EIE[UDL]AK{ERIK[RIQIED]
GN[P|S[EKD|E[DGIVIAL]S]
AEIKRDIFIKQIARIKQEIKE
OIVEHADIKNRIEIKRHIAK{A
L:([RT g[m:J [A]G (SEQ ID
NG 30

DHR63
_design

DPDEDRERIKEFLEKIREAL
REAKEKPDPEEIKRALREVL
FAIRRILKLAERAGD (SEQ
ID NG: 316)

PDLAREALKEINKVIREALEL
AXRVPDPEVIKEALRVVLEA
TRAILKLAEQAGD (SEQ I
NG 317)

PDLAREALEEIDEWDEAQEI
SERVPDEEVOREAQEVIKEA
DRARKKLSEQSG (REQ D
NG 318)

DHR&3
_variamnt
s

DINIPISNTIDIEIE[DKIDIAIRL
BAKIEIKRIRIDEKILIAIKIER
QIEIKRQIE[AVIL[AIVIK[ER]
K[DILIAIRIEKIEIKQR] AL
ASIRIKEIEKDIAK [RhN]b[K
TIKIVTIPDINIP[STIE[NDGIE

[QTDIKIALRIRIEK]ALR[FK

PDINEKLAR[KEAJEIKHR]A
[VILIAIK ERD)E[AKI{AVIN
[ALEJK[REJV[AL]AJRKEQ]
E[DIN]ALIAIQIRIKRITTAAK]
ETQIRIKTE[VPDENPITIENT
KIVIKJAER JBJART]ALR{EK

NIVVIIAJLIAKGIEITAQIAIL

PDIENKILARIKEIEIKRIA{V
LIARIEIKREJAOK J[AVID(E
EiK[ER|VIAL]JARIDIKER]E]
IVNIAGIEKS]E[RKN]I[A]S[A

KEEIKNR[RIEKTIVPDIN]E]
PEIEINKTIVORIKEQIEQA]A
QIEREE[KRIVIJAVIKIEDR]
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QIEIKIVIAILIKAQIEKRIATL | VIRIQEKIATAILIARIKIEQD] | E{OIKJADIKOQEIRIKEQ]AR{A
[LVIRJEKD | RIKD][JAJLIRA] ABIKIQIHIAGDINI (SEQ ID | KIKIETIKIERILSJAEKIEEQ
KIEQILABIKORIRIKDQIAGD | NO: 314} IQHHISIAIG (SEQ 3 NO: 315
INJ(SEQ (D NO: 313
DHR64 | DPERELKRVEKLVKEAEELL | PEVALRAVELYVRVAELLL | PEVARRAVELVRRVAELLE
design | ROAKERKGSEEDLEKALRTA | RIAKESGSEEALERALRVAE | RIARESGSEEAKERAERVRE
FEAAREAKKVLEQAEKEGD | EAARLAKRVLELAEKOQGD EARFLQERVKELREREG
(SEQID NOQ; 3223 (SEQ ID NO; 323) (SEQ ID NG 324)
DHR64 [S] [SIEIDKIDE[KTILIVIK] | PIAIEIQIVIAJAL[VIRIKEJAY | PIAJE[KRDIVIAJARIKEHIR]
_variant | ERIRIK]VIAJEIKRIKIEIL[ITE [A] [RILVVR[EIVIAJAE[KR] EY AVIAIEIRRILVKIOQRIR]
& IVEIREDIERQT]AE[DKOE] | LINLLREKI[AJAKJGENIE[Q GVIAJAEKDRILTILEKR]
KQILIKADILIRIRIKQEIQIEK. | DSIS[KRE]GSEIDRIEIDIALE] | RIKEQHTAJARIKENIEIQDS|S
DIAKIONIEKRIKIE]GSEIDK | KOTRIEKJAL[AERIEKG)Y | [ERQGSEEDEJAKE[KRIK]
JIE[PIDIAEILE[KDRIKIREJAL | AE[SIEIKJAARIKILIQIAKIE | AEIKQIRIKQIVRIEKQIEIKD
[AERIRJEKQITIRV]AR[AHN] | QIR[DEIVIAILTAIEIDKILAE | RIE[KQRIARIKEIEIKRILIEIQ
EJORKIAARJKENIEIRIAKIE | [OKRIKIRQOIRIGD (SEQ 1D | (EXKRIEENRIEGIVIAK[ED]
RIK[EIVIAILIAJEIKBDH|(HE | NO: 320} EKRIERIAEIKRIRIKIEICIG
KSJAEKQIKIERIE[QNDGDY| (SEQ ID NG 321
ST(SEQID NG 31
DHR66 | TSDDDKVREAFFRVREAIER | SDAIKVAFAAARVAFAIARY | TEALKVAEKAARVAEKIARI
Cdesign | IQRALKKRIDTPDARKALEA LEALNERDTPDARKALRAAY | LEKENERDTPEARKKLR{AL
AKKLEKVYVEKAKKRGT KLAEVVYKAABESGT (BEQ KEAEKVYKESEQG (SEQ 1D
(SEQ ID NO: 328 D NG 329 N0 330y
DHR&G | TSIDNTIDINERIDIEQIDIKE] | S[DTEID{NREJATALIKIRIV] | TIDERJE[DRSJALIAIKIECQR]
_variant | K[RIVILIR[KED|EAEIKRIE] | LIAFAAARVIAJAE[QJAT[A]A | VILS]ABIKIK{EQIAARJKEIV
§ KBQIRVIARIEDEIKQRIAN | REKJATLEALIINIEKDEN AJAEKTESTIHATAR[DEH]AY
EQIEIRRIERITAKRIRIE | KRIRINK] D'T{}?N‘Fr DS LEIDERIERILIINIEKEREK
KOIALHKKIEDNRINKSID] | ALIRKJEDRIAL[VIR[K]JAAIT | DRIR[NDHIDIN]T[S|FIDEIE]
PIT[SDIPIDES|DIESIAILIRIC | [VIK[ELILAE[DK|VV[I[Y[A | DIA[ELIRILIK[QIKIENIL[V]R
KIKIRENTALEIK]AA[KIQE | IK[EQR]JAABIORDISIRODIG !hKOIO!DH{IH{ HVIKRIE]
RIK[RLILLIAKRIKIERIVVIL | THSEQID NG: 326) R JABIRIKIEIVIHYIVIKE
EIKDIKIERDJAK|ESOQIKIRE] QER!EQAB;I\E;&E!E}}X(&* 18}]
RIEGKIGT (SEQ ID NO; 325 KERJG (SEQ ID NG 327)
DHR67 | TSEIDKLIKKLRQTAKEVKR | SEVAKLVWELARTAIEVIRE | EEVAKKVWKEAYR [‘JEEIR
design | EAEERKRRSTDPTVREVIER | ATERAERSTDPEVIRVILELA | KAIEKAERSTDPNEIKKILER
LAGLALDVAEEAARLIKKA | RLAAEVAKE f\AR LIVKATT | ARKEAEBAIERAKEIVKST
TT (SEQ 1D NO: 334 (SEQIDKOG:3 {SEQ ID NG 3363
DHRSGT | TIKDS|TRHEDRTIHLE DI | B|KETIEID’ EK EVM HAKIERHL | BIKRTIEIDBN{VILIAKIREQ]
variant | BIK[EJLIIVKIKIERIK[RDEIL] | VIITWIAJKIREGILIVIARIAK | KIRIVHWIAKERQIE[LKT]
S VIR[GEKIQIKNRITIEKGIAK] | N|TIEKRJAILIE[KRDIVIALL '%Y IKAQIREKDIAHLIEKD]
DIE[KORIVIAKHAEIRIKEN] | VIRIAEKIE[DRIABAE[RKO] HVIR[AELIKIEQR]AT
{RDQEAE'[ }L{KR]REAI]KE RIALIAIVEE[LOA ER{} K i} fs{ [AIEH ?EK{DW JIA{VIEIRAK
QRIR[KIR[KEN|SAJTDINSIP | AJTD[NS[PIDS T LIR] IDINSIPIT
[SDIT[RDNIVILIRIAIE [I\‘\T [AIR[KEIVIIL] {W}E{BR L{ ? 1E {I\D\]I{LX}KQETR
VIILPTEKHOIRIEKILIATAG] | ATARKELAAEKRSIVIIIA | IKIEJJEIL{WIE[KRIE[KNR]A
EKRILINALIKREIMKERIVI] | KHQEEIRHKIAARIEKILIV] | RIKEIKIE|RHEAJAEIKRIEIK
ABKDRIE[RNIAARIKEQILL | AJKATIKP]T{DN] (SEQ ID RIAIKEIEKRIRIKETIAK[ER
KJQREJKATEPGITINDG] NO: 332 HEERQIOTIVIAKINISIBK]
(SEQID NO: 23h) TP (SEQ ID NO: 333
DHR6S | TPRERLEEAKERVEEIRELID | PELALRAAELLVRLIKLLIEL | PELAKRAAELLKRLIELLKEI
_design | KARKLQEQGNKEEAEKVLR | AKLLOBEQUNKEEAEKVLRE | AKLLEEEGNEDEATEVEKEE
EAREQIREVTRELEEIARNS | ATELIKRVTELLEKIAKNSD | AKELEERVREELEERIRKNSD
DT (SEQ ID NO: 340) T(EQIDNG: 341 (SEQ ID NO: 3423
DHR68 | TPISTN{R|IEK{EID|RIKDQIL] | PJAVN|EL|LIAL|VIRAAEJK(L | PIATY [EL|i|AK|QE[RAAE(D
_variant | VIE[RKIEJKRJAK[EREIKQE | LIGVRIKDEILUVIKIER|LLY] | KRILLIOKIEQR|REKLIVIE
& IRIKIVEIKDQIEIKIVIR[EK] | VIE[RJTAK[EILLO[ALEREN {KR]EU\ TEQRIFIRKTHAKIE]
EKRILIDKTI{VIDIRKEIKA | JOISIGNKISTIEDIED[AEK LEIKIERGIEISON|GNE|SK
RIE ]KLQ[AEL] KR ]0[5}3«1] RDTK[RDM [AJLRJEDKIEIK P"){DE{D] AEKNQIK [RDE]
ONE[WPSIE[DETIEIKIAER | RTIATEREBIKILICAEIK[ER | VIAIKIEQIEIKRDIEKRDIAK
KIKIEJVIAEQILREDIEIKOR }R{FK\J!V{A]} [AERIEKROL | [ENDIBKQILIADGIE[KIEK]
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IAR[EIER]CIDE L REKDIE]
KR]VIA]T[AEQIR[EKDIE[IIL

B[R NS|E[KR]I[L]AK[ENS]A]
PIKEIT (SEQ ID NG 337

TILEKNR K [EORHILIAKIR
QINS[A|DE]T (SEQ ID NO:
338)

DIVIAJR[EQEIEIKOILD
{JE[KDOQR[KDEJILIR
KIKDIN[H]SDIEK] (SEQ 1D
NO: 2399

DHR69
design

NPQEDLERAEK VVRSVEEV
LORAKEAQREGDKEK VERL
IKEAENQIEKARELLERVVR
QNPDD{(SEQ ID NO: 346)

PEVLLRVAELIVRLVEVVLE
LAKLABKNGDEEQVERLID
TAEELIREARELLERYSREP
DN {SEQ ID NG: 347)

PESLKRVAELIKRLVKVVDE
LSKLAERNGDRRDOQVERLRQ
LAFELREEAEELEERVRRER
PP (SEG ID NG; 348)

DHR6%
variant

N[DIP[S]O[EDE]E[DK|D{ELK
ILIAJE[KRIR[KEIAR[KRIK[E
QIVILIVIAR[KE]S[KE]VIAIL]
BIKHQIEKR]VIADILIAIVIO
[ERK|R[KDE]AK [ER]JE[KCR]
AQ[TSIRIKEJE[KD]GDINIK]
BIEDTIKETRVIAERKIR
[KEILRIITKEEKRIAED
RSIN[EKQIQLEAI[VIRIKE
QIKIREIARIKTEIEIKTILIAE
KILE[RDOQIRIKEIV[ATVIAKR
IRIKNJQ[KDNIN[RADPDT]
DIN] (SEQ ID NO: 343)

PIWAJE[KDOVIALILLIATR]
EKQ]VITJAE[KRQILI[LIVIA]
R{EDK; VIAT|EIRKN]V]AIN]
VIAGLIAIVIEIRK [LAR]EILIE
JAFOATK [NEQIN[EDTIGD{N
IK{EJE[DKJQIKETIVIAIERH
QIRIEKQILIDIQMEKRITIEQ
DJABIKQSIEIRK LIDAIIY]
RIKEQ|E[KD]AR[EK TIE[KR]
LIAJLE[DRKRKOE]VIAISIA
ERIRJKNDIE[NDOH{RAD|PD
ITIN[D] (SEQ ID NC: 344)

PIWAJEIDEH|S[ALILKJQRIR
[KEVIIAEDKGILIL]KIED
RIRIEEJLVIARTKIE]VIAIN]
VIAID{EK BKRILIOISAIK]
EIL[SIAE[EQRIKN[ESTICD
[NIR[ESTIDIEIQIKTDIVIAJEf
KRNRKETLR[KENIQIKEL
(BOTIARKR]E]KROIL{DAIR
[EKIRIKE|E[KDOIARIKRIE]
KOILIAJEKQIEIKRRIILD]Y
[ARIKER[ENDIENGTIRIA
DQIPDIT] (SEQ 1D NO: 345)

DHR70
_design

STEEKIEFEARQSIKEAFRSLE

EGNPEKAREDVRRALELVR

ELH&I ARKTGS (SEQ 1D NO:
52

TEVLIEAARLAIEVARVALK
VGSPETAREAVRTALELVQE
LERQARKTGS (SEQ D NO:

353y

DEVLKRAAE] AKFVARVAK
EVGSPETARQARETAERLRE
ELRRNREKKG (SEQ D NO:
354}

3DHRT
0 vanian

&

SEDN ITISDNIE[DEJEDGK L
RTIALWIEKGIEIDKS]AR]
EKQIQKRD|SIAIVIKIERIE
[KQRIAB[QKRIKEJS[ADNIL
[AHRTR [KEDIEKQR]ON{SD]

PIDKSIE[DKOIKISTEIAREK
[E[KRQID|AIV]ALIRIKEQIR
[KE|ALIEQIEKDNIL[AIV[A
IRIKEQIEIKRILIATE[SATK]
ERQIL[ERD]ARKEQIK[ERT]
TIQRKIG[D]S{DN] (SEQ ID
NG 349)

THDVIERDK VIALIALVIE
BADJAARIEKILIGAIVIE[R
EQ]VIAJAR[EKD]VIAJAL{A
QIK[ERN]V[T]GS[DPSTIE]
DOITLVIARIEBIK]AVIALT
REKQITHOLEIALEKNG LA
1|VIAIQIRKE[E{RDILIA|E]A
KRIR[KEIQIEAR]ARIEKIKIR
EITISEH]GS[DN] (SEQ 1D
NO: 350)

DITIRIE[DKQIVIATILKIEGR
IRIEKTIAAE[RKDILIAKIER
E[KCR]VIAIAR[EK]VIA]AK]
QFRIFIKQRIVITIGSIDIPISD)
E[DITILSVIARIKEOQJQIKED]
ARIEKQJETKOR] FLOAJ AL
KRQIRIKDNLIALRIEKDIE]
AILIAK RIKEIRIK
QAIRIADNIE[KRIK [R
IKIQENIG (SEQ ID NO: 351)

DHR71
design

DPEEILERAKESLER AREASE
RODEEEFRKAABKALELAK
RLVEQAKKEGD (SEQ D
NO: 358)

PELVLEAAKVALRYAELAA
KNGDKEVFKKAAESALEVA
KRLVEVASEEGD (SEQ 1D
NO: 359)

PELVEEAAKVAEEVREKLAK
KQGDEEVYEK ARETAREVE
EELKRVREEBKG (SEQ D NG:
360)

DHRE71
_vaniant
]

D[N|P[SDIEID[EIDR[TVDIL
[AETIEKIR[KN]AKIREQIE]
KR]S[AEILE[RDKIRIKET]AR
[EIEIKQIASJAHK]EKNIR[K
DOICDE[DSUIEDOR E[TR]P
RIKQIK[EDRIAAF[RKOE R
TNIALE[KDRILIITVIAKIQRE
IRIKILIA]VIATETKDIQIERK]
AK[ERSIKIENQIEIQODK |GD]
N] (SEQ ID NO: 355)

PIAEIKQILIAVIOLIAJEDK]
AAKIREQIV[TJALR[EK]VIL]
AFIRILAAJKIKIERINIKQEIG
DK [DSQIEIDQIVFRIORIK[E
DOJAAEKRDIS{TAVIALE[K
TIVIILIAKJQE|RIEDILIA] V]
AJEIKRIVEQIASKERIKINE]
BIQIGDIN] (SBQ 1D NO: 356)

=y

PIALT]E[DNILIA]V{I{B]RKQ]
E{OKLJAAK[ERQIVTJAE[KR
IE[RKIVILIR[AIK[ERILAK[E

RIK[EIKREJGDEDRS BT
VIL]YIFRIE[K|KERQIARED
B[R T{VA]AREIEKRTTY
LK ETRIBKIEIR]L[AKIE

TRIEK I VIBOIRIAEIK TIRK
NRJK[GE|G (SEQ ID NO: 357)

DHR72
design

DSTKEKARQLAEEAKETAE
KVGDPELIKLAEQASQEGD
(SEQ D NO: 3643

SEKAKAILLAAEAARVAKE
VGDPELIKLALEAARRGD
(SEQ ID NO: 36%)

SEKARAILEAAFRAREAKER
GDPEQIKKARELAKRG (SEQ
1D NO: 366)

DHR72
variant
5

DIN|S{TD|TIDEIK[ETSIEDK
QIK[ERDIAR[K]OEDEILIRK
IAR[END|E[KJAK{AGQHEKH]
TIIVS]AE[K]K[ER]VITAIGD|
NSIPEDHNLIKKERILIT]

AEIKQDIQEKRIASIAIQIKD

S[RIEKDIKIWIAKIER]ATV
AJLEKILIRIAAEK]AAR[KEL
IVITIAKEIKOQIVITIGDINSP
E[DjL]K[REAL[REQ] [KO]
ARJKEIR[EDN|GD (SEQ ID

NO: 362)

SAKRIEIDKRK[OW]AR[ED
TATVAJLIKRIERKIAAFKR]
RIKETIAR|KLEIE[K]AKEBKO
IR[EKJGDISNIP[SIE[DNOQIO]

KRTIK[EQK[ER]ARIEKQIE]

KRILEKIAKREQIR[EK]G
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RIE[DORIGDIN] (SEQ (D NO:
361)

(3EQ D NG 363)

DHR73
design

DAFEFAKEAIKRAQEAIELA
REGNPEEARKVAEEARERA
ERYVREEAEKRGD (SEQ ID
NO: 370)

AEVLALVAIALALVAIALAE
VONPEEAREVAERAKFIAER
VRELABKRGD (SEQ ID NO:
371

ARVLELVAKALELVAEALK
KVGNPEEAREVEERAREINE
RVRRLLEEKG (SEQ ID NO:

372

DHR7T3
_variant
5

DINSJAISDIERIEIDIEIKR]A
KERJAIKIERDK|AGIKIER
K]AISIEKILKDE]AR[KQE]
K[R]GN[DIPEDKIE[SRTIAR|
KEKEV[TKEJAE[DRE[DQ
RIAR[EY [EIKRR{ILDIARO
DKIR[EK|VIAIR[EALEIKRIE
[RENJAERKQIKIERIR[KQIG
DINS] (SEQ ID NO: 367)

AEIRK|VIAILALVAIALALY
AIALAE[QKIVGN{DIPEIDIE]
S|ARJEYKE[RK]VAEIRDIR|
EDT]AK[RYEIE[KRQIILV]A
Ei’ YORIR[E]VIARIEYEIKR]

LIEQJABIRQIKIBRIIODN|C
DIN] (SEQ ID NO: 368)

ADTWRIDEKIVIALKIEGR.

LVAKIFRIALEIK [LVAE[K]A
LK [RQIK[JEN]VGNID]PE[D]

E[S]AR[EKTIE[KRS]VEKQIE
[REQIR[QODEIAR[EOKIEIKR]
HVLTIKIOFR E[KHDIRIEDK ]
VIAR{KDE|R[KEQILIEIN]L]
AKIE[KRTIE[KRIKIRQN]G
(SEQ ID KO: 369)

DHR74
design

DSEADRIKKLOQKEIKEVEQE
ARDINDDEERELLKRLAEA
LERAABAVERAQESGD
(SEQ ID NG: 376)

SEAIRIIKKLVKEITEVVREA
RKSTDREEIELLIRLAEALAR
AAEAVADAAKSGD (SEQ ID
NO: 377

QEAIKRIKKLVKKIIEVVRK
ARESTNKKEIEKLIREABKL
ARKAEQIAEDAKRG (SEG
D NG 378)

DHR74
varant
S

DIN|S[TDN|E[DOT]AD[KEN]
RIKEHL AR KIED|K|RQIL
QIKEJK{RE|E[ALQ]IK[EDE]
KR]VILIFIOK JOIEERIEIKN
QJARIKENIDIKRE]S[EARIN]
TIR[NID{SPQIE[TDEKLGIR
JIQIEKDILLK{QIR[KLILARA
L{AIRIQER|RIAAEIDERIA
VIAJE[QDEIR{IEK]AC| AER]
BIKDQISITQA|GD(SEQ D
NO: 373

S[ODEJE[QRJAILIRIKEB]IL
IKIRIKIEQSILVIA[K|EHR|Ef
ADL]ITILIE[KRIVIL]VIAIR
EOKJERIAR[DETIKIR|S(AE
Q|TDK{EPQ]E[DNIERKE[K
HRILLIVIRIKDLILAEAL{A]
ARAAEAV{A|ADIKREIAAK
EQISITAKIGDIN] (SEQ 1D
NO: 374)

QIEDIFIDSAIL K [EDRRIE.
TIKIEIK[EQRILV]AIK]ERIK]
RNJILSIEKQIVIILK]VIAIR
(BEOIKIEOR)AR[EKNIKIRE
NS{AEK|TIN]N[DJK[EFQIK]
ETDIEKQRIIEIKRIKIEILIKR
HIVIRIEKQIKIEIABKQKIE
DILIA|ARIDK K REIAEQIEN
RJIJAEL]AE[KR|DIRK]AK[E
QRJRIKEDIG (SEQ ID NO:
375)

DHR75
design

DSEKERATELAERAQDVAS
RVEEEARREGSRELIEIAREL
RERAEEASQEGD (REQ D
NO: 382)

SERKAKATLLLAAKAVLVAVE
VYERAKROGSDELREIAREL
AREALRAAQEGD (SEQ ID
NO: 383}

SEKARAILLEAAREVLRAVEQ
YERAKRRGDDDERERAREE
AREALERAREG (SEQ 1D NG:
384

DHR7S
variant
5

DN]SIDNTE[DKTIKIESED
KJK[ERTIATKREJKRHILIK
BRIAEIKN [RIKEJAQIK | DIK
EIVILTUASIKEQIRIEKQIVIA
IEILKRIEIKR E[LRIAR[DKQ)]
RIKEQIEITDQIGSR|DSE|E[D
KILI[EKAE[KQN]TAREK G
{K()R JLR{ABIE|KR R[LEQ]

AF[KIE[KOR]ASJAJQIKERIE]

RK]GDN (SEQID NO: 379)

S|APE|E[KDSIK[ARIAK[FLD
JAIVIL]AKR|LIKRE]AAK[E
DL{AVLIKRAJVILT|AVHA]
BIQR|VIAIYBIRK [R{LEK JAK.
[RHIR[EKQIOIENIGSD{ES]E]
DTK]LRIKQIEIKNGIAR[EK
QERKQILAKIRE]E[LIALR]
KEQJAAQIKRIBIRIGD (SEQ
D NO; 380)

S{APE{EIDKS|K{R|AR[EDR]
AI[VILIAKR]E[RKGIAARIKE
QIEIKARIVLIKAR RIEKGIA
VHAIEIORK [QIEK N| YE{SKA
IRIKETIAK[RDSIR[KEIRKE]
GD[SID[ESID[EIEKDRIR[QA

: Kﬂ{k;E\E AR{PK\JMR

KRIR] AR} mg IERIG xsxu
1D NG: 3813

DHR76
design

NPELEEWIRRAKEVAKEVE
KVAQRAEEEGNPDLRDSAK
FLRRAVEEAIEEAKKQGN
{SEQ ID NG: 3883

PELVEWVARAAKVA: AE‘V i
VAIQAEKEGNRDLFRAALEL
VRAVIEAIEEAVKQGN (SEC
D NG 389

PELVERVARLAKKAAFLIKR
Al RA}" }‘(f (N RDERRF L\i FR\/

m »y@)

DHRT76
_variant
8

N[DS]PINDSE[K DRILIRT]E
KOQIE[K]W[AJI[DK [R[KD]R{E
K]AKIQENE[KROQIVIAJAKIE
NDIEJKD]VIATEIKQRIKIE]V]
LOAJAQ[KEIR[KIAILJEKOR
IE[K RNIENSQIGN|DP{DE{D
[EK]LR[ATID[RNE]S[ALT]AK
;EI\REhH\RIR[VE}{]R{EKDJ

AVI]EJQRKIEIRATEIKRE]
QRIAK[QRS]KRENIQER|G

WNIMQT /4’
INTLAS| ‘DD‘.,( lU \l‘\j .)')JJ

PIWAS]E[KRDILVIAJEKR]

WIAIVARJEK]AAKIEQR]VIA

JAA[VIEIKLR[VIAJHLIKIEQ
RIVILOAJAIEL]QKER]ALL]
BIOKAJKN]E[DSN]ONR[PE
K|D|KETILF|ARTIR|KED{A]
LV]AL[ATR]JE[KRILVR]EK]A
VIDIERKJATEKRIBIK
AKDEJOIKIGN|DS] (SEQ
NO: 386)

PEW A EIKD]LVIATEIKQRIR]
EKTIVAR[EKD]LIREE]AK(E
RIKIEQIAA[VIEIKQILIVAE]
[LIK[EQIRIKEH]AILLEIR[EK]
AIDLIFIOKHIKINROIEINRE]
GN|D|R|PEK {D{EK [E{KRD|R
[ATIR[EKD]EKR]A[NILIAE

KIEKRIRIKETIVRIEKDIEK
NIVIGEIKRORITEK JEK B
KILIASIVIAIR[KDS|QIEKR]

CTM T
(3 (SEQ D NG 387
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DHR77 | NSDEEEAREWAERAEEAAK | SEEATAVYWAARAVLAALE | PEEARAVYEAARDVLEALQ

_design | BALEQAKREGDEDARRVAE | ALEQAKREGDEDARRVAEE | RLEEAKRRGDEEERREAEER
BLEKQAFEARRKKD (SEQ LERQAEEAARKKN (SEQ D | LROAEERARKK (REQID
1D NO: 3%4) N 395) NG; 396y

DHR77 | N[DIS[TIDIER]E[DKIE[KDG | SARQIEDKSIELTIAE[AKQ | PIKAFIEKDSIE[TOD]AR[ED

variant | BKNJARIOK|EIKOR|WIAIA] | JAVYJATWATAIVIAR[LEK]A | NJAVYIAJE[KRDIA[VIARIK

s VIE[DRKIR[EKIAEKRIERE | VIATILIAJA[LIALEIKORIALE | EIDJIAEKIVIATILIYAKIE[KR]
JA[LJAK[ORDIEIKRIAL[EK] | [LICILIAKJQIRIEIEICIGDE] | ALQIERKIRIEKILIY]E[HIKIE
BIX|CIEKLIAKIQREIRIKIE] | BID[QK] AR{YOI:]R"EK’;V;L]A IKQRIAK[ERIRKIR[KEDIGD
QRIGDEDDIQREIAR[ILEIR | BIRKOQIFIRKLLRIKEIQLIA | (NBDEQIEIDEIEADE RIK
KEJVILIAE[KOD|E[RQILE[R E{R EIK|AAJLIR {E"]M‘N}K[ QIRIKEQIE[KRS] nE{hR}Eih
LIK[ERIQIELRIAE[KEDIE{K] | NIN{D] (SEQ ID NG: 392) DRIRIEKNILRKEJQIKERIAE
ARJEKATR[EKIK [NIK[NHG) (KRIE[ERIRJAKNIA{QIREED
DINS} (SBQ 1D NO: 391) KIKINRIKINEH] (SEQ 1D N

393}

DHR79 | SSDEEEARELIERAKEAAER | SDVNEALKLIVEAIEAAVRA | EEVNEALKKIVKAIQEAVES

_design | AQEAAERTGDPRVEELARE | LEAAERTGDPEVREELARELY | LREAEESGDPEKREKARERY
LKRLAQEAAEEVKRDPSS RLAVEAAEEVORNPSS (SEQ | REAVERAEEVOQRDPS (SEQ
{SEQ ID NO: 4063 i NO: 401 1D NQ: 4623

DHR79 | SINDSIDTN|DIERDKIEKD | S[DEFIDINIVIAINRVIERK] | EDKQIEIIS]VIASIN[VAIEIR

variant | [BfKRT]AR[EKIFIKR|LIRAE] | ALIATK[EDILRIVIVITLIFK | DKJALIATK[EKERTVIVITL

s ITK|BIRER|KE|AK|EQ|EIK | RIAIEIKJAAVRIEAKJALEIK| | IKIRQIAJLHIQIEKDEIDK]AY
RIAA[SIEKRDIR{EKLIAQIE | AAE[IKNRIKQITIVIGDPEK | E[RKQISIAJLR[EKQIEIKNE]
KNIEIQRIAAEKNRIRIEKN] | RNJVIARRJDEKJLARIAVIE] | AEINKQJERDK]SIKTEIGD]
TIAJGDPRIENTIVIAIRIIKIE!D | KRILVRIEQILAVEIRK]AAE] | NIPEINGIKIEQIRITKQIEK K
KILARIKEIEKRILE[SRVIR] | KIE[RKN]JVOIWLDRIEKIN] | [REJARIAVIE[XRIRJEKQ]VR
EDILAQIEKRIEIRKNJAAE[K | DIPSIRK]SIDN] (SEQID NO: | [EEKRIAVE[RKIRIKET]AE]
RIEIORDIVKIQEIRIKIDPSIR | 39%) GRIEIKVIGIHLARENDP
TISIND} (SEQ ID NG: 397) SINRT (SEQ 1D NO: 399)

DHR8} | NSEELERESEEAERRLOQEAR | SEEAERASEKAQRVLEEAR KEEAERAYEDARRVEEEAR

design | KRSEEARFRGDLKELACALD | KVSEEAREQGDDEVLALALL | KVKESAEEQGDSEVERLAE
EEARAVQELARVASERGN AIALAVLALAEVASSRGN EAEQLAREARRHVQETRG
{SEQ ID NG: 406} (SEQ ID NO: 407) (SEQ ID KNO: 4083

DHRE&G | N[SDISITDIEIDKIEIDKOILIA | SIRDKIE[DEKQIEITLAJAEDK | KJQSRIE[DKSIE[KTAJAEKD

variant | DIE[KRQIRIKERRNIS[EAH] | QIR[EKQ|ASIAEKIEIKRIK[R | RIR[EKJAY[AEKIE[KRQIDIK

s BIKRIE[KD|AEKCQRIRIKEIR | EWJAQIEKRIR[KQEIVLIYAE | FRIAR[BEQIRIEKQIVEIKYA
[FKDIL[YAF]QIREKIE[KR]A | [E[KROIE[QDK]AR[EKQIKIE | B[KRIE[RKS|AR[FESIEEY
RIKEIK[ER[EK]S[AJEKIEIK | IVIISIAJEKRD|EKRQIARIE | [IK[AR|E[RK]S[EQRIAEKD
RIARIKEQIEKRIRIKQTIGD | KIEIKIMKENIGDINIDILYE] | QIE[KRIQIKN]GDNISIDEY)
LKIREQIE[TAKILIABKJAEIK | BFROKIVIAILIAJALALI f\,;A E{KIvi A}K;i YAIRIKNDILAE
JALIE[KRIJE[RIAJAR[QKD]A | RQJAL[QJAVIAIL[AV] {@\m ; RIAE[IARIOIEEN
V[AIQIKAEIE[KIRILIAK]AR | AJAE[ILVIV[AJAS[AE %{ 11 E[RKJAR[IKA]
{EKIVIAJAS[KAEIERKDIR] | RIEKSIGNIDS] (SEQ TD WO, QVIAJOIKADIE]
KEAIGNISD] (SEQ I NO: 404 KRDTISAIRIEOQSIG (SEQ ID
403y NG 405

DHRE2 | NDEEVQEAVERAEELREEA | DEAVETAVRLARELKKVAE | EEAVETAKRLAEFLRKVAE

_design | BEELIKKARKTCGDPELLEKAL | ELOERAKKTGDPELLKLAL LLEERAKETGDPELOELAKR
EALEEAVRAVEEAIKENPDN | RALEVAVRAVELAIKSNPD AKEVADRARELAKKSNPN
(SEQID NG 412 N (SEQ YD NO: 413y {(3EQ D NG 414

DHRE2 | N[D|D{TSIEIDRIEIDRIVIAD] | DIEKSIEIDKIAVIAJEKNR|T | EKQRIE[DRKIAVIAJEK )R

Cvariant | QIKEIEIKROJAIKLIVIANGIE | IAILIAILIVIANQIR{EDKILID | TIAILJAJLIRIOEA[RIEK

S {RKIRIKDEJAEIQRDIE[RQK] | AVIARIFEQIE[LDRILIAIK{A | AV QORIE[LRAIL[AIRIK
LIARJAFIEKRIEKD]AER | QIK[ER]VIATJAE[KQRIE[DK | EQIK[RES]VIAIAEKRILIDE
I{QiE{K]IMW]’I{AFO}K{'DF}'{ LILIAIQITABIEIKQRIRILETA | TTLIATE[KR[KRDIRILIQIAK]
IK[EJARIKEQIKIEIT{EK|GIN | KIREQIK[RD|T{EIGDINTSIP 0}:}{13“5<R|";E{Q}Giﬁh’}l}[{‘NS}
IDITNSIPITIE [D}TQ] JAKILR] | TIE[ORTIL{AILLK[RDELITK ERSE[TDRILIAJQEKIEK
KDEKIBIALHVAIE|RIAIKR | WIALEVAIRIEKIALIVIEIKE | NILIAKIHAKIEQIRIBKDAK]
Wit ME[’KR"F[KR]AWAI]}'{[ V[A JAVIATRIKEQIAVIAJE] | ERJEIKR]VIALIADIEN ]Ri'
E{;]tf"kﬁl Jvlt‘\il EIRKR}E{QKRE \|j it'\}: H/A\}{} ‘IK{R}&C"{‘Z\Q‘ \Vil) K f/\\RE F%\Q E{rKQJLA{fil 1!1 il\i
AI[LIKIRDIRIDQEINIDERIP | REIPDINSEINID] (SEQ ID RQIKRDE]SIAINIDRSIEN[D
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DIRGNINID] (3EQ ID NO»- NG 410) STI(SEQ D NG: 411
406}

In another embodiment, the polypeptide comprises or consists of the anuno acid

10

15

20

25

30

sequence selected from the group consisting of)

(A)
(B)

L
(M)

(8)

()
(Q)

SEQ ID NO:4-[SEQ 1D NO:5 )01 2.19-SEQ 1D NO6;

SEQ ID NO:10-[SEQ 1D NO:E g or2.19-SEQ 1D NO: 12
SEQ 1D NO:16-[SEQ 1D NO:1 7} o1 219-SEQ 1D NO:18;
SEQ ID NO:22-[SEQ ID NO:23}g0 01 219-SEQ 1D NO:24:
SEQ ID NO:28-[SEQ ID NO:29)0 01 2.19-SEQ 1D NO:30;
SEQ ID NO34-|SEQ 1D NO:35 001 2.19-SEQ 1D NO:36;
SEQ ID NO40-[SEQ 1D NO:41 g o1 2.15-SEQ 1D NO:42:
SEQ ID NO46-[SEQ 1D NO:4 7} o1 2.15-SEQ 1D NO:48:
SEQ ID NO:32-[SEQ 1D NO:53 1 or 2.15-SEQ 113 NO:34:
SEQ ID NO:38-[SEQ 1D NO: 59} o0 2.19-SEQ 1D NO:60;
SEQ 1D NO:64-[SEQ 1D NO:65 ] 0 2-19-5EQ 1D NG:66;
SEQ ID NO:70-[SEQ ID NO:7 1 e 2.00-SEQ 1D NO:72;
SEQ 1D NO:76-[SEQ ID NO: 77} 01 2.19-SEQ 1D NO:78:
SEQ [D NO:82-[SEQ 1D NO:83 0 or 2.19-SEQ 1D NO:84:
SEQ ID NO:88-[SEQ 1D NO:§% o1 2.19-SEQ 1D NOG:90:
SEQ ID NO94-[SEQ 1D NO:95 o1 2.19-SEQ 153 NG:96:
SEQ 1D NO:100-[SEQ TD NO: 1015 o 2.15-SEQ 1D NO:102;
SEQ ID NO:106-[SEQ ID NO: 107} 41 2.19-SEQ 1D NO:108;
SEQ ID NO: 11 2-[SEQ ID NO: 3] 2.19-5EQ 1D NO: 1 14;
SEQ 1D NOT18-[SEQ 1D NO 119 0 2.10-SEQ 1D NO:120;
SEQ 1D NO:124-[SEQ ID NO:125 g o0 5.15,-SEQ 1D NO: 126
SEQ ID NO:130-[SEQ D NO: 131 0 or2-15-SEQ TD NO: 132
SEQ ID NO:136-[SEQ 1D NO: 137} or 2.19-SEQ 1D NO: 138
SEQ 1D NO:142-[SEQ ID NO: 143} o1 2.10-SEQ 1D NO: 144;
SEQ 1D NO:148-[SEQ 1D NO: 1490 41 2-10-SEQ 1D NO:150;
SEQ ID NO:154-[SEQ ID NO: 155} o1 2.19-SEQ ID NO: 156
SEQ 1D NO160-[SEQ 1D NO 1610 0 2.0-SEQ 1D NO:162;
SEQ ID NO:166-|SEQ 1D NO:167 {0 o1 5-10-SEQ 10 NO: 168;

‘T “\ ‘.r <,-.‘

{0 or2-19)=SEQ T NG 174;

(.49

SEQ D NOUTZSEQG ID NG 7
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(DD} SEQ ID NO:178-[SEQ 1D NO: 170} 00-
(EE) SEQID NO:184-[SEQ ID NO:185] 4,

(FF) SEQID NO:190-|SEQ ID NO:191 e,

(GG) SEQID NO:196-[SEQ ID NO:197 }\Um
(HH) SEQ ID NO:202-{SEQ ID NO:203] 6,

(1) SEQTD NO208-[SEQ 1D NO- 209 or 2.
(1) SEQID NO:214-[SEQ ID NO:215 g 002
(KK) SEQID NO:220-|SEQ ID NO:221|p or2-
(LL) SEQID NO226-[SEQ IDNO:227} 0 or2
(MM) SEQ ID NO:232-[SEQ ID NO:233 5012

(NN)  SEQ ID NO:238-[SEQ 1D NO: 239} o1 1.
-19-BEQ 1D NG: 246,
(PP)  SEQID NO250-[SEQ 1D NO:25 i or 2
(GQ) SEQID NO256-[SEQ IDNO257|por 2
(RR} SEQ ID NO262-[SEQ 1D NO:263 ] o 11
an-SEQ 1D NO:2T0;
sy~SEQ ID NG:276;
(UU) SEQ D NO:Z80-[SEQ 1D NO:28 | or 1

(00) SEQ ID NO:244-|SEQ ID NO: 24504 2

{SS)  SEQID NO268-[SEQ 1D NO26Y% 0 or2
(TTy SEQIDNO274-[SEQ IDNO:275 5 or2

(VV) SEQID NO:236-[SEQ IDNO:287 ] 02
(WW) SEQID NO:292-[SEQIDNO: 293} 12

(BBB) SEQ ID NO:322-[SEQ ID NO:323}p or-2
(CCC) SEQ ID NO:328-{SEQ ID NO:32% 5. 2
(DDD) SEQ 1D NO:334-[SEQ ID NO:335 6.

(GGG) SEQ ID NO:352-[SEQ TD NO:353 g or2

(KKK)SEQ ID NO:376-[SEQ IDNO:377 02
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10-SEQ 1D NOG:180;
5-SEQ 10 NG 186
19-SEQ 1D NO:192;
98B0 1D NO: 198;
10-8EQ ID NO:204;
10-8EQ D NO:210;
19-SEQ 1D NO:216;
19-SEQ 1D NO:222;
19-SEQ 1D NO:228;
9-SEQ 1D NO:234:
5-SEQ 1D NO:240;

o-SEQ 1D NO:252;
oSO 1D NO258;

>

5-SEQ 1D NO:264;

o-SEQ 1D NO:282;
.19-SEQ ID NO:288;

49-8EQ 1D NO:1294;
(XX) SEQ ID NO:298-[SEQ ID NO 2990 o 2a
(YY) SEQ ID NO304-[SEQ 1D NO:305] 0 0024
(ZZ) SEQID NO310-[SEQ IDNO:31 joeros
(AAA) SEQ 1D NOB16-[SEQ ID NO:31 Tl or s
L19-SEQ 1D NO:324;

o-SEQ 1D NO:300;
5-SEQ 1D NG:306;
5-SEQ D NO:312:
5-SEQ 1D NO:3 18

46-3EQ ID NO:330;

s« 200-SEQ 1D NO:336;
(EEE) SEQ ID NO:340-[SEQ ID NO341 g o5
(FFF) SEQ ID NO346-[SEQ 1D NO:347} 0124
15-SEQ 1D NO:354;
(HHH) SEQ ID NO:358-[SEQ ID NO:359] g or2.
(L1} SEQ ID NO:364-[SEQ ID NO:365 | 6 14
(1J5)  SEQID NO:370-{SEQ IDNO:37 w0 2.
19-8EQ 1D NO:378;

10-SEQ 1D NO:342;
o-SEQ 1D NQ:348;

10-SEQ 1D NO:360:
o-SEQ 1D NO:366;
io-SEQ ID NO:372;
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(LLL) SEQ ID NO:382-[SEQ 1D NO:383 5 o0 2-10,-SEQ 1D NO:384
(MMM) SEQ ID NO:388-[SEQ ID NO:389] oy 2.10,-SEQ 1D NO:390;
(NNN) SEQ ID NO:394-|SEQ ID NO:395 |6 or 2.15-SEQ 1D NO:396;
(000) SEQ ID NOAO0-[SEQ ID NO:401 | or 1-15-SEQ 1D NO:402;
(PPP) SEQ ID NO406-|SEQ ID NO:407} o 1.19-SEQ ID NO:408; and
(QOOQ) SEQ ID NO4 1 2-[SEQ 1D NO 41 3] o0 2.10-8FQ 1D NO1414;

wherein the domain in brackets is an optional internal domain.

The polvpeptides of this embodiment include 2 or 3 domains {as described above),
and are represented in Table 1 above, reflected in each row showing listed as
“DHRx_design” (where x is replaced by a specific number in the table).

In one embodiment of any aspect or embodiment of the polvpeptides, the internal
domain is absent. In certain alterpative embodiments, the polypeptides according to this
aspect further comprise at least one of an Neyp domain coupled to the N-termunus of the at
least two Internal domains and a Cgyy domain coupled to the C-terminus of the at least two
Internal domains. In certain embodiments, the optional internal domam is present in 2-19
copies. n certain specific embodiments, the optional miternal domain is present in 2-3

copies.

In another aspect, the invention provides poly peptides comprising or consisting of g
polypeptide having at least 30% identity over its length with a polypeptide having the amino
acid sequence selected from the group consisting of SEQ ID NO: 415-497 (see Table 2). The
polypeptides of this aspect of the invention represent novel repeat proteins with precisely
specified geometries identified using the methods of the invention, opening up a wide array
of new possibilities for biomolecular engineering. In various embodiments, the poly peptides
comprise or consist of a polypeptide having at least 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identity over iis length with a polvpeptide having

the amino acid sequence selecled rom the group consisting of SE(Q 1D NO: 415-497.

TABLE 2.
Name Sequence
DHRI GCBOVARDASSTIREVIEENPRYSEKVABVAAKIVKKIEGNPRNGC
DCVAKAASSHRAVIEKNPNYSEVVADVAAAIVKAIIEGNPNGCDCVA
KAASSIIRAVIEKNPNYSEVVADVAAAIVKAIEGNPNGRDBUVREAAS
SHRAVQEKNPRYSEVVEDVKRAIEKAIKEGNPN (SEQ D NG 415)
DHR2 SDADEAAKEANKAENKARNRNDDBEAAKAVELIKEAIERAKKRNESD
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AVEAAKEAAKALNKALNRNDDEAAKAVALIAEATRALERNESDAVE
AAKEAAKALNKAUNRNDDEAAKAVALIABAHRALKRNESDAVEKAK
EAAKNLNK ALNRNDDEQAKHVAKQAENTR ALKRNES (3EQ [D NO:
416)

DHR3 SSEDTVREIAQKCSEAIRESNDCEEAARKCAKTISEAIRESNSSELAVERI
TAQVCSEAIRESNDCECAARICAK ISEAIRESNSSELAVRIIAGVE
ESNDCECAARICAKIISEAIRESNSSELAKRIKQVCSEAKRESNDTECA
KRICTKIKSEAKRESNS (SEQ ID NO: 417)

DHR® SYEDECEEKARRVATK VERLKRSGTSEDEIAEEVARTISEVIRTLKESG
SSYEVICEC VARIVAEIVEALKRSGTSEDEIAEIVARVISEVIR TLEESGS
SYEVICECYARIVAEIVEALKRSGTSEDEIAEIVARVISEVIRTLK ESGSS
YEVIKECVOQRIVEEIVEALKRSGTSEDEINEIVRRVKSEVERTLKESGSS
(SEQ ID NGy 418)

DHRS SSPKERLRERLVKICVENAKRKGDDTEEAREAARFAFEL VREAARR A
GIDSSEVLELAIRLIKECVENAQREGYDISFACRAAABAFKRVAEAAK
RAGITSSEVLELAIRLIKECVENAQREGYDISEACRAAAEAFKRVAEAA
KRAGITSSETLKRAIEEIRKRVEEAQREGNDISEACRQAAEEFRKK AER
LERRGE (SEQ D NO: 419)

DHR6 SEEREEALKKVREAAKKLGSSDEEARKCFEEAREWAERTGSSAYEAA
EALFKVLEAAYKLGSSAEEACECFNQAAEWAERTGSGAYEAAEALFK
VLEAAYKLGSSAEEACECFNQAAEWAERTGSGAYEA AERLFEELERA
YEEGSSABEACEEFNKKEEEAHRKGKK.(SEQ 1D NG 420)

DHR7 STKEDARSTCEKAARKAAESNDEEVAKQAAKDCLEVAKOQAGMPTKE
AARSFCEAAARAAAESNDEEVAKIAAKACLEVAKQAGMPTEEAARS
FCEAAARAAAESNDEEVAKIAAKACLFVAKQAGMPTKFAARSFCEA
AKRAAKESNDEEVEKIAKKACKEVAKQAGMP (SEQ iD NO: 421)
DHR3 SDEMKK VMEALKK AVELAKKNNDDEVARFIER AAKEIVEALRENNS
DEMAKVMLALAKAVLLAAKNNDDEVAREIARAAAEIVEALEENNSD
EMAKVMLALAKAVLLAAKNNDDEVAREIARA AAFIVEALRENNSDE
MAKKMLELAKRVLDAAKNNDDETAREIARQAAFEVEADRENNS
(SEQ ID NO: 422)

DHRY SYEDEAEFK ARRVAEKVERLKRSGTSEDEIAEEVAREIREVIRTLKESG
SEYEVIAEIVARIVAEIVEALKRSGTSEDEIAEIVARVISEVIRTLEESGSS
YEVIAEIVARIVAFIVEAL KR SGTSEDEIAERIVARVISEVIRTLKESGSSY
EVIKEIVQRIVEEIVEALKRSGTSEDEINEIVRRVKSEVERTLKESGSS
(SEQ I NOG: 423)

DHRI10 SSEKEELRERLVKIVVENAKREKGDDTEEAREAAREAFEL VREAAERA
GIDSSEVLELAIRLIKEVVENAQREGYDISEAARAAAEAFKRVAEAAK
RAGITSSEVLELAIRLIKEVVENAQREGYDISEAARAAAEAFKRVAEA
AKRAGITSSETLKRAIEEIRKRVEEAQREGRNDISEAARCAAFEFRKEAE
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ELKRRGD (SEQID NO: 424)

DHRI1 SDADEAAKEANKAENK ARNRNDDEAAK AVKLCKEATERAKKRNESD
AVEAAKEAAKALNKALNENDDEAAKAVALCCEAIIRALKRNESDAY
EAAKEAAKALNKALNRNDDEAAKAVALCCEAHIRALKRNESDAVEK
AKEAAKNLNE ALNRNDPDEQAKHYAKQCENIRALKRNES (SEQ ID
NO: 425)

DHRI2 DDEEQCREIAEKAKQTYTDDEEIARTIAEAARQTTTDDEEICRCIAEAA
KQTYTDDEEIARIAY AARQTTIDDERICRCIAEAAKQTYTDDEEIARN
AYAARQTTTDDEEIERCIEEA AKQTY TODEEIERIKEY ARRGTTTD
(SEQ 1Y NO: 426)

DHRI3 NAEDKAREVLKELKDEGSPEEEAARGQVLKDLNREGSNAEDAARAVL
KALKDEGSPEEEAARAVLKALNREGSNAEDAARAVLKALKDEGSPEE
EAARAVLKALNREGSNEEDASRAVLKALKDEGSPEEEARRAVEKALN
REGSN (SEQ TH NO: 4273

DHR 14 DSEEYNERVKOQLAEKAKEATDREEVIEIVKEL AELAKQS TDSELVNE]
VKQLAEVAKEATDKELVIYIVKILAELAKQSTDSELVNEIVKQLAEVA
KEATDKELVIYIVKILAELAKQSTDSELYNEIVKQLEEVAKEATDKEL
VEHIEKILEELKKQSTD (SEQ ID NO; 428)

DHR 1= NDERQKQREEVRKL AEFLASK A TDERLIKEIKKCAQLAFELASRETND
ELIKQILEVAKLAFELASK ATDEELIKEILKCCQLAFELASRSTNDELIK.
QILEVAKLAFELASKATDEELIKEILKCCOLAFELASRSTNDEEIKOILE
TAKEAFER ASKATDEEEIKEILKKCOEKFEKK SRSTN (SEQ ID NO: 429)
DHRI6 NDK AK EAEPLLRKALEKAEKENDETAIRCVELUKEALERARKNNNDK
ATEAVELLAKALEKALKENDETAIRCVCLLARALLRALENNNDK ATEA
VELLAKALEK ALK ENDETARCVCLLABALLRALKNNNDK AIBEVER
LAKELEKALKENDETKIREVCERAEELLRRLENNN (SEQ ID NO: 430)
DHRI7 SSEDARFKIEQLCREAKEIAERAK QONSOEEAREAIEKLLRIAKRIAEL
AKOANQSEVARFAIECLCRIAKLIAFLAKQANSQEVAREAIEALLRIAK
LIAFLAKQANQSEVAREAIECLCRIAKLIAELAKQANSQEVAREATEAL
LRIAKLIAFLAKQANQSEVARFATECLSRIAKLJEFLAKGANSQEVERE
AQEALDRIQKLIEELQKQANG (SEQ ID NO: 431)

DHRI% DIFKLCKK AESEARFARSK ABELRORHPDIQAARDAQELASOAREAV
KLACELAQEHPNADIAKLCIKAASEAAEAASKAAFL AQRHPDSQAAR
DAKLASQAAEAVKLACELAQEHPNADIAKLCIKAASEAAEAASKAA
BLAQRIPDSQAARDAIKLASQAAEA VKL ACELAQBHPNADIAKK (1K
AASFAAFFASK AAFFAQRIPDSQK ARDEIKEASQK AEEVKERCERAQ
EHPNA (SEQ ID NO: 432)

DHR19 DEIFKVREEAEKLKKKTDDEDVLEVAREAIRAAKEATSDEILKVIEEA
LKLAKKTTDKDVLEVAREAIRAAEEATEDEILK VIKEALKLAKKTTD
KDVLEVARBAIRAAEEATDEEILKEIK EALKK AKETTDTEELEK AREQI
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RKAEESTD (SEQ [D NO: 433}

DHR20 SDIEEIRGLAEELRKKSDNEEVRKLAGQEAAELAKRSTDSDVLEIVRDA
LELAKQSTNEEVIKLALK AAVLAAKSTDSDVLEIVKD AT
EVIKLALKAAVLAAKSTDEEVLEEYKEALRRAKESTDEEEIK EELRKA
VEEAESTD (SEQ ID NO: 434)

DHR?1 SEKFKVEELAQRIREQLPDTELAREAQEL ADEARKSDDSEALKVVYL
ALRIVQQLPDTELAREALELAKEAVESTDSEALKVVYLALRIVQQLPD
TELAREALFLAKFAVKSTDOEALKSVYEALORVODKPNTEEARESLE
RAKEDVKSTD (SEQ IR NO: 435)

DHRI2 DDAEELRERARDLLEKNGSSEEEIKK VDEELEKIVRK ADSDDAVKLA
VKAAALLAENGSSAFEIVK VLEELLKIVEKADSDDAVKLAVKAAALL
AENGSSAEEIVKVLEELLKIVEKADSEFEVKDAVREAAFLAERGSSAE
EIRKQLKDRLRE VEESDS (SEG ID NO: 436)

DHRZ3 SDSEKLAKR VLKELKRROTSDEELERMKRELEKIIKSA TSSDAMRLAL
RYVLELVRRGTSSEILEKMMRMLIKHGSATSSDAMRLALRVVLELVR
RGTSSEILEKMMRMLIKIIQSATSDDOMREALRQVLEEVRKGTSSEGL
ERSMRKLIKEIKKRTS (SEQ ID NO: 437)

DHRZ4 SEARFLARRAAKEAKELCKRSTDRELCKELKKLAELLEELABR YPDSE
AAKLALKAALEATRLCKQSTDEELCERL VELAQKLIELAKRYPISEAA
KLALKAALEAIELCKQSTDEELCEELVKLAQKLIELAKRYPDSEEAKR
ALKEAKELIEQCKESTDEDECRELVKRAFELIREAKENPD (SEQ D
NO: 438)

DHR25 DERDKVRELIDRVEKELKRECTSEELIEEIRKVLKRAKEA ADSDDDEAI
KVAKEIVRVILEL VREGTSSELIFEILK VLSLAAFAAKSTDDEAIK VAK
EIVRVILELVREGTSSELIEEILK VESLAAEAAK S TDEBAIKK AK EIVRRL
LELTREGTSEEEIREELKELRKK AGQKAKSPE (SEQ ID NO: 439)

DHR26 DECERLROEVEKAEKELEK LAKQSTDEEVROIAREVAKQLRRLABEA
CRSNSDECLRLASEYVKAVOELYK LABQATDEEVIR VALEVARFLIRL

LAKQSTNE

ELIRLAQEACRSKNDEECLREASEVVEEVOELVEKEATKSTDEEEIRELLO
RAFERIREAQERCREGD (SEG ID NO: 440)

DHR27 TROKEQLDEVLEEIORLATEARE LMTDEEEAEKIQBEEAERAKEMERR
AVEKVIDNEVIEKLLEVVKENRLAEEAMEKMTDEEEAAKIAKEALEA
IEMLARAVEEVIDNEVIEKLLEVVEEHRLABEAMKEMTDEEEAAKIA
KEALEAIKMLARAVEEVTDKERIEQLLREVKEEIRRAEEESRKETDDE
EAAKRAREALRRIRERAREVEEDKS (SEQ ID NO: 441)

DHR28 DEEVORIREEVRERAEEVRESLERNDSEEARELAREALERVABEVEESI
KERPDRILAIEAIRALVRLAIEIVRLALEQNDSELAREVAEEALRAVAE
VVEEAIRQRGDORDLAIEAIRRALVRLAIEIVRLALEQNDSELAREVAEEA
LRAVAEVVKEAIRGRGDRELAKEATRALRRLAEEIRRLAEEGNDDELA
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REVEELAREAIEEVREELERQRPGR (SEQ I3 NO: 440

DHR29 SEVEESAQEVEKRAQEVREEAERRGTSQEVLDEIKRVVDEARGQLAGR
AKESDDSEVAESALQVVREALKVYLSALERGTSEEVIKEILRVVSEAL
KLALEAIKSSDSEVAESALQVVEEALKVYVLSALERGTSEEVLEEILRY
VSEAIKKLALEAIKSSDSETARFALEKVRESLKEVEEQLERGTSEEELRE
SLREVSENIRKALEEIKSPD (SEQ 1D NO: 443)

DHR30 STVKELLDRARELMRELAERASEQGSDEEEARKLLEDLEQLVQEIRRE
LEETGTSSEVIRLIAKAIMEMAEL ALRAABQGEDAEEAMKLLKDLLRL
VLEILRELRETGTDSEVIRLIAKAIMLMAELAL RAATOQGSDATEAMKL
LKDLLRLVLEILRELRETGTDKEEIRKVAEEIMRRAK TALDEARQGSD
ABEAMKRLKEQLRRLERLREEREKGTE (3EGQ ID NO: 444)

DHR31 DSYTERARKAVERYVKEEGGSEEEAEREAEKVREEIRKKASDSYLIQA
AAAVVAYVIEEGGSPEEAVKIAEEVVRRIKEKADDSYLIQAAAAVVA
YVIEEGGSPEEAVETABEVVRRETKEKADDRELIRRAATRVAEVIERGGS
PEEAVEEAFKEVKKQKEESD (SEQ 1D KO: 445)

DHR32 SIQEKAKQSVIREVKEEGGSEEEARERAKEVEERLEKEADDSTLVEAA
AAVVLYVLEKGGSTEEAVORAREVIERLKKEASDSTLVRAAAAVVLY
VEEKGGSTEEAVORAREVIERLKKEASDEELIREAAKEVLKVLEEGGS
VEEAVERARERIEELGKRSDD (SE(Q ID NO: 4463

7

DHR33 SETEEYKKLVEEK VKK EGGSPEEAKETAKEV TEELKEESQUSTLLK VA
ALVASAVLKEGGSPEEAAETAKEVVKELRKSASDSTLLEVAALVASA
VLKEGGSPEEAAETAKEVVKELRK SASDEELLKEAARQAEESLROGK
SPEEAAEEAKKEVEKLEEKSOD (SEQ ID NO: 447)

DHR34 SETEEVKKI.CEPK VKKEGGSPEFAKFTAKEVTEELKEESODSTLLK VY
ALCASAVEKEGGSCEEAARTAKEVVKELRKSASDSTLLK VAALTASA
VLKEGGSCEEAAETAKEVVKELRKSASDEELLKEAARQAEESLRQGK
SCEEAAEEAKKEVKKLKEKSQD (SEQ ID NO: 448)

DHR35 SEEDEYVAKQASRYAKEQGGDPEKSREEARK ALEEVKKOATSSEALOV
ALEAARYASEEGEDPAEALKEAARALEEVRRSATSSEALQVALEAAR
Y ASPEGEDPAEALKEAARALEEVRRSATSEEDLKEALDRARFASERG
QNPAESLKEAAEELKKKKEKSSD (SEQ ID NO: 449)

DHR36 SDLEKALKRFVKEEKK KGRNPEEAKKFARKLEKELKESAGSSDLLTA
LAKFVLEEVRKGRNPEEAVKEATKLAEKLKRSAGSSDLLTALAKFVLE
EVRKGRNPEEAVEEAIKLAEKLEKRSAGSSEQLEKLATK VLEEVKKGR.
NPKRAVEEAIKQAKFDRKRSNS (SEQ I NO: 450}

DHR37 SSTERAAQSVKKYLQQQGKDPDQAQKK AQEVKENIEKEANSSSVIRA
AAAVVFYLLEQGYDPDOALKK AQEVARNIENEANSSSVIRAAAAVVE
YLLEQGYDPDGALKK AQEVARNIENEANSDD VIKEAAK VY YKRLEE
GQDPDKALEEARKRAQKTEKKTTS (SEG (D NO: 451

DHR3% SSTERAAQSCKK YLQUQGKDPDQAQKKAQEVEENIEKEDANSSSYIRA
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AAACVFYLLEQGYDCDOALKKAQEVARNIENEANSSSVIRAAAACYF
YLLEQGYDECDQALKK AQEYVARNIENE ANSPDVIKEAAKVYYKRLER
GODCDKALFEARKRAQKTERKTTS (SEQ D NG 452

DHR3Y SDLQEVADRIVEQLKREGRSPEEARKEARRLIFEIKQSAGGDSELIEVA
VRIVKELEEQGR SPSEAAKEAVELIERIRR AAGGDSELIEVAVRIVEEL
EEQGRSPSEAAKEA VELIFRIRRAAGGDSDRIK K AVELYRELEERGRSP
SEAARRAVEEIQRSVEEDGGN (SEQ 1D NO: 453)

DHR10 SESDEVAKRISEEAKKEGRSEEEVKEL VERFREAIEKLEEQGDSEAIRY
AVEIADEALREGLSPEEV VEL VERFVQAIQKLOENGESEAIRVAVEIAD
BALREGLSPEEVVEL VERFVQAIQKLOUENGEEDEIQK AVETAQEQLEE
GRSPKEVVETYEEQVKEVEEKQOKGE (SBQ ID NO: 454)

DHR#1 SDIEKAKRIADRAIDVVRKAAFKEGGSPEKIREALQQAKRCAEKLIRL
VKEAQESNSSDVREAARVALEAVRVVVRAAFFKGGSPEEVVEAVCR
AVRCAFKLIRLVKRAFESNSSDVREAARVALEAVRVVVRAAEEK GG
PEEVYEAVCRAVRCAEKLIRLVKRAEESNSENVRESARRALEK VLKT
VQQAEEEGKSPEEVVEVCRSVRK ABEQIRETQERER STS (SEQ ID
NO: 455)

DHR#2 SDAFEVEKQAFFEIANRAYKTAQKQGESDSRAKKAEKLVRKAAEKLA
RLIFRAQKECGDSDALEVARQALFIARRAFETAKKQGHSATEAAKAFV
DVVEAAISLAELISAKRGCDSDALEVARQALEIARRAFETAEKQGHS
ATEAAEAFVDVVEAAISLAELIISAKRQGDOR ALFIARK ALOK AKENF
BEAQKRGESATOAAKRFVDTVEKEIKKAQEQIKRERK GI (SEQ ID
NO: 456)

DHR#3 SKEEFLIEK ARRVAKEAIEEAKRQGKDPSEAKK AAEKLIKAVEEAVKE
AKRLKFEGNSELAELISEAIQVAVEAVEFAVROGKDPFK AAEAAAFLI
RAVVEAVKEAFRLEKREGNSELAFLISEAIQVAVEA VEFAVRQGKDEF
KAAEAAAFLIRAVVEAVEEAFRLKEEGNSELAKKINDTIREAVREVQ
QAVEDGKDPFEAAREAAEKIRESVER VREEEEKKRRGN (SEQ (D NO:
457

DHR#4 SNEQEKKDLEKAEEAAK SPDPELIREAIFR AFESGSNKAKEILR AAEE
AAKSPDPELIRLAIEAAERSGSNKAKEILRAAFEAAKSPDPELIRLAIE
AABRSGSEEAKEIKRAABEAUK SPDPELOK LAKE ARERLEG (SEG D
NO: 458)

DHR#5 SSEEFELFKDAREASESGADPEWLREIVDLARESGDSEVIELAKLRALEA
AKSGADPEWLLRIVRQAFEESGSSEVIELAKRALEAAKSGADPEWLLRI
VROARESGSEREVIELAKRALEEAKK (K DPK EULEEVRK REESG (SEQ
D NO: 459)

DHR16 STKEEKERIERIEKEVR SPDPENIREA VRK AEELLEENPSTEAEELLRRA
IEAAVRAPDPEAIREAVRAAFELLRENPSTEAEELLRRAIEAAVRAPDP
EAIREAVRAAFELLRENPSEEAKELLRRAIESAKKAPDPEAQREAKRA
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EEELRKEDP (SEQ 1D NO: 460y

DHR47 STKEEKERIERIEKEVRSPDCENIREAVRKAEELLRENPSTEAEELLRRA
IEAAVRCPDCEAIREAVRAAEEL L RENPSTEABELLRRAIFAAVRCPDC
EAIREAVRAAFE] L RENPSEEAKELL BRAIESAKKCPDPEAGREAKRA
EEELRKEDP (SEQ 1D NO: 461

DHR48 NSREEFFAKRIVKEAKK SGFDPEEVEKALREVIRVAEETGNSEALKEA
LEKIVEEAAKSGYDPAEVAKALAEVIRVAEETGNSEALKEALKIVEEAA
KSGYDPAEVAKALAEVIRVAEETGNPEELKEALKRVLEAAKRGEDPA
QVAKELAEEIRRNQEEG (SEQ ID KOG: 462)

DHR49 DSEEEQERIRRILKEARKRGTEESLRGAIEDVAQLAKKSODSEVLEEAL
RVILRIAKESGSEEALRQAIRAVAEIAKEAQDSEVLEEAIRVILRIAKES
GSEFALRQAIRAVAEIAKFAQDPRVLEEAIRVIRQIAEESGSEEARRQA
ERAFEEIRRERAQ (SEQ ID NO: 463)

DHR50 DPEEVRREVERATEEYRKNPGRSDEAREQLK EAVERABEAARSPDPEA
VOVAVEAATQIYENTPGSEEAKK ALFIAVRAAENAARLFDPEAVQVA
VEAATQIYENTPGSEEAXKALEIAVRAAENAARLPDPEAVRVAEEAA
DOQIRENTPGSELAKRADEIKKRARELLERLP (SEQ ID NO: 464)

DHRS QREDRKEK IRELERKARENTGRDEARQAVKEIARIAKEALEEGNADTA
KEAQRLEDLARDYSCSDVASLAVREAIAKIAETALRNCY ADTAKEAIY
RLEDLARDYSGSDVASLAVKAIAKIAETALRNGYKETABEAIKRLREL
AFEDYRGEEVAKLAEEAIERIEKVSRERG (SEQ 1D NO: 465)

PHRS2 QCEDREEKIRELERKARENTGSDEARQAVEEIARIAKEALEECGCCDTA
KEAIQRLEDLARDYSGRDVASLAVEAIAKTAETALRNGCEDTAKEAIQ
RLEDLARDYSGESDVASLAVKAIAKIAETALRNGCKETAFEAIKRLREL
AEDYKGSEVAKLAEEAIERIEKVSRERG (SEQ 10 NO: 466)

DHR353 SNDEKEKLKELLKRAFELAKSPDPEDLKEAVRLAEEVVRERPGSNLA
KEALEHLRAAFELAKLPDPEALKEAVEAAEK VVREQPGSNLAKKALE
MLRAAFELAKLPDPEALKEAVEAAEKVVREQPGSELAKEALENERAA
EELKKSPOPEAQKEAKKAEQE VREERPG (SEQ (12 NO: 467)

DHR54 TTEDEREELEKVARKAIEAAREGNTDEVREGLORALEIARESGTTEAV
KLALEVVARVAIEAARRGNTDAVREALEVALEIARESGTTEAVKLAL
EVVARVAIEAARROGNTDAVREALEVALEIARESGTEEAVRLALEVVK
RYSDEAKKQGNEDA VKEAEEVRKKIEEESG (SEQ ID WNO: 468)

DHRSS SEVAFEIFKRAKKISKELKKEGKNPEWIFELORAADKL VEVARRATSS
DALETAKRAVKIAEEL AKGGSKPKWIAELLEAAAKLVEVAARATSSD
ALFIARRAVEIALEL AROGSNPKWIACLLE AAAKLVEVAARATSPREA
LEKQAKEAVEEABELAKKGRNPKEIAEELKERAKEVEKLARST (SEQ
ID NG: 469

DHRS56 SSVAEEIERKRCEKISKELKKEGKNPEWIEELOR ACDKLVEVARRATSS
DALEIAKRCVKIAEELAKQGSNPRWIAPLLKACAKLVEVAARATSSD
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ALETAKRCVK IAEELAKQGSNPKWIAELLK ACAKLVEVAARATSPKA
LEQAKECVKFAEELAKK GRINPKEIABELEK C AKEVERLARST (8BQ
D NG: 4703

DHR57 STEELKK VLERYRELSERAKES TDPEEALKIAKEVIELALKAVKEDPST
DALRAVLEAVRLASEVAKRVTDPBKALKIAKLVIELALEAVKEDPST
DALRAVLEAVRLASEVAKRVTDPDEALKIAKLVIELALEA VEEDPSEE
AKRAVEEAKRLAEEVSKRVIDPELSEKIROL VK ELEEEAQKEDP (SEQ
I NO: 471)

DHR5S STELLEKVLERVRELCERAKESTDPECALKIAKEVIELALK AVKEDPST
DALEAVLEAVRCACEVAKRVIDPDK ALKIAKLYIFLALEAVK EDPST
DALRAVLEAVRCACEVAKRVTDPDKALKIAKL VIELALEAVKEDPSE
EAKRAVEEAKRCAEEVSKRYTDPELSEXIRGL VKELEEEAQKEDP
(SEQ ID NQ; 472)

DHRS" KTEVEKK AKEVIE BARELAKELDSEEAKK VVERIKEAARA AKR AATC)
GKTEVAKLALKVLEEAIEL AKENRSEEALKVVLEIARAALAAAQAAE
EGKTEVAKLALEVLEEAIFLAK ENRSEEALKVVLEIARAALAAAQAA
EEGKSDEARDALRRLEEAIEEAK ENRSKESLEK VREEAKEABQOQAED
AREG (SEQ ID NO: 473

DHR60 TDIKKKAFEIKEAKKQGSEDAIRL AQEAKKQGIDIL VEAAEIVVEAC
EQGSEDAIRLAKEASREGTDIL VRAATIVVRAQEGUSEDAIRLAKEAS
REGTPTLVKAABK Y VRAQQOKGSQDTIEE AKFESRE (310 D NO:
474)

DHR61 TDIKKKAEEIKEAKKQGSEDAIRLAQECKKQGTDIC VRAAEIVVRAQ
EQGSEDAIRLAKECSREGTDICVRAAFIVVRAQEQGSEDAIRLAKECSR
EGTPTCVKAAEK VVRAQOKCGSODTIEK AKEESREG (SEQ ID NO: 475)
DHRG2 DNDEKRK.RAEK ALGRAQEAFKKGDVEEAVRAAQEAVRAAKESGDN
DVLRKVAEQALRIAKEARKQGNVEVAVEAARVAVEAAKQAGDNDY
LREKVAEQALRIAKEAFKQGNVEVAVK AARVAVEAAKQAGDODVLR
KVSEQAFRISKEAKKOGNSEVSEEARKVADEAKKGTG (SEQ ID NO:
476)

DHRO3 DEDEDRERLK EELKKIREALREAKEKPOPEEISRALREVLEAIRRILKL
AFRAGDPDLAREALKEINK VIREALEIAKRVPDPEVIKEALRVVLFAIR
ALKLAEGAGDPDLAREALKEINK VIREALEIAKR VPDPEVIKEALRVV
LEAIRAILKLAEQAGDPDLAREALEFIDK VIDEAQEISER VPDEEVQRE
AQEVIKEADRARKKLSEQSG (SEQ ID NO: 477)

DHR64 DPEDFLKRVEKLVKEAEELLRQAKEKGSEEDLEK ALRTAEEAAREAK
KVLEQAFKEGDPEVALRAVELVVRVAELLLRIAKESGSEEALERALR
VAFEAARLAKRVLEL AEKQGDPEVALRAVELVVRVAELLLRIAKESG
SEEALERALRVAEEAARLAKRVLELAFKQGDPEVARRAVELVKRVAE
LLERIARESGSEEAKERAFRYREEARFLOER VKELREREG (SEQ ID

]

"
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NO: 478)

DHRBS DPEDELKRVEKLVKEAEELLRQCKEKGSEECLEKALRTAEEAAREAK
KVLEQAEKEGDPEVALRAVELVVRVAELLI RICKESGSEECLERALRY
AFFAARLAKRVLELAFKQGDPEVALRAVELVVRVAELLL RICKESGS
EECLERALRVAEEAARLAKRVLELAFKQOGDPEVARRAVELVKEVAEL
LERICRESGSEECKERAERVREEARELOQERVEELREREG (SEC 1 NO:
479)

DHR66 TSDDDEVREAEER VREAIERIQRALKKRDTPDARKALEAAKKLLKVVY
EKAKKROTSDAIKVAEAAARVATATARILEALNERDTPDARKALRAAI
KLAEVYYKAAESGTSDAKVAEAAARYAEATARILEALNERDTPIIAR
KALRAAIKLAEVVYKAAESGCTTEALKVAEK AARVAEKIARILEKLNE
RDTPEARKKLROAIKEABKVYKESEQG (5EQ 1D NO: 480)

PHR67 TSEIDKLIKKLRGTAKEVKREAEERKRRSTDPTVREVIERLAQLALDY
AFEAARLIKKATTSEVAKLVWKLARTATEVIREATERAERSTDPEVIRY
ILELARLAABVAKFEAARLIVKATTSEVAKL VWKL ARTAIEVIEEAIFRA
ERSTDPEVIRVILELARLAAEVAKEAARLIVKATTEEVAKKVWEEAYR
AIEERKAIEKACRSTDPNEIKEILEEAREKAEEAERAKEIVKST (SEQ
1D KO 485

DHR68 TPEERLEFEAKERVEEIRELIDKARKLQEQGNKEEAEKVLREAREQIRE
VIRELELEIAKNSDTPELALRAABLLVRLIKLLIEIAKI LOQEQGRNKEEATR
KVLREATELIKRVTELLEKIAKKSDTPELALRAAELLVRLIKLLIEIAKL
LOEQGNKEEABK VLREATELIKRVTELLEKIAKNSDTPELAKRAAELL
KRLIELLXEIAKLLEEEGNEDEAEKVKEEAKELEERVRELEERIRENSD
(SEG D NO: 482)

DHR69 NPOEDLERAFKVVESVEEVLORAKFAQRECDKEK VERLIKEAENQIR

KARFLLERVVRONPDDPEVLLRVAELIVRLVEVVLELAKL AFKNGDK
EQVERLIQTAEELIREARELLER VEREIPDNPEVLLRVAELIVELVEVVL
ELAKLAEKNGDKEQVERLIOTAEELIREARELLERVSREIPDNPESLKR
VAELIKRLVKVVDELSKLAERNGDRDOVERLROLAEELRREAEELEE
RVRRERFD (SEQ D NO: 483)

DHR70 STEEKIETARQSIKEAERSLREGNPER AREDVRRALEL VRELEKLARKT
GSTEVLIDAARLAEVARVALEVOSPETAREAVRTALELVOELERQAR
KTGSTEVLIEAARLAEVARVALREVGSPETAREAVRTALELVOELERG
ARKTGSDEVLKRAAELAKEVARVAKEVGSPETARQARETAERLREEL
RRNREKEG (SEQ TB N 484}

DHR71 DPEEILERAKESLERAREASERGDFEFFRKAARKALFLAKRLVEQAKK
ECDPELVLEAAKVALRVABLAAKNGDEEVFKKAAESALEVARKRLVE
VASKEGDPELVLEAAKVALRVAELAAKNGDKEVFKE AAESALEVAE.
RLYEVASKEGDPELVEEAAKVAEEVRELAKKQGDEEVYEEARETAR
EVKEELKRVREEKG (SEQ ID NO: 483)
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DHR72 DSTKERARQLAEEARETAERVGDPELIKLAEQASCGEGDSEK AKAILLA
AEAARVAKEVGEPELIKLALEAARRGDSEKAK ATLLAAEAARVAREY
CDPELIKLALEAARRCGDSEKARAILEAAERAREAKERGDPEQIKKARE
LAKRG (SEQ D NO: 486)

3 DAEEEAKEAIKEAQEAIEL ARKGNPEEARKVAEFARERAFERVREEAE
KRGDAEVLALVAIALALVAIALAEVONPEEAREVAER AKEIAERVREL
ABKRGDAEVLALVAIALALVATALAEVONPEEAREVAERAKEIAERY
RELAEKRGDARVLELVAKALELVAEALKKVONPEEAREVEERAREIK
ERVRRLLEEKG (SEQ 1T} NO: 487y

DHR74 DSEADRIKKLOKEIKEVEQEARDSNDDEERELLKRLATALKRAAEAY
KRAGESGDSEAIRIKKLVEEITOEVVREARKSTDRKEEIELLIRLAEALAR
AABAVADAARKSGDSEAIRIIKKLVKEITEVYREARKSTDKEEIELLIRL
AEALARAAFBAVADAAKSGDQEAIKRIKKLVKKIEVVREARKSTNKK
FIEKLIREAEELARKAEGIAEDAKRG (SEQ I NO: 488)

DHR75 DSEKERATEFLAERAQDVASRVEEEARREGSRELIFIAREL RERAEEAS
QECDSEEAKARLAAKAVLVAVEVYERAKRQGSDELREIARELAKEA
LRAAQEGDSERKAKALLLAAKAVLVAVEVYERAKROGSDELREIAREL
AKEALRAAQECDSEKARATLEAAREVLRAVEQYERAKRRGDDDERE
RAREEAREALERAREG (SEQ 1D NO: 48%)

DHR76 NPELEEWIRRAKEVAKEVEKVAQRATCEEGNFDLRDSAKELREAVEEA
[EEAKEKOGNPELVEWVARAAKVAALVIKVAIQABKEGNRDLFRAALE
LVRAVIEAIEEAVKOQGRPELVEWYARAAKVAAEVIKVAIQAEKEGNR
DLFRAALELVRAVIEAIEEAVKQGNPELVERVARLAKKAAELIKRAIR
AEKEGMNRDERREALERVREVIERIEELVRQG (SECQ [ NO; 490}

DHR77 NSDEEEAREWAFRAFFAAKEALEQAKREGDEDARRVAFELEKQAFE
ARRKKDSEFAFAVYWAARAVEAALFAL EQAKREGDEDARRVADRELL
ROAEEAAREKNSEEAEAVY WAARAVLAALEALFQAKREGDEDARR
VAEELLROAEEAARKENFEEARAVYFAARDVLEALORLEEAKRRGD
EEERREAEERLROAEERARKK (SEQ D NG 4913

DHR78 NSDEEEAREWAERAEEAAKEALEQAKREGDEDARRCAEELEKQAEE
ARRKKDSEEATAVYWAARAVLAALEALEQAKREGDEDARRCAEELL
ROACEAARKKNSEEAEAVYWAARAVLAALEALEQAKREGDEDARR
CATEBLLROACEAAREKNPEEARAVYEAARDVLEALORLEEAKRRGD
EEERREAEERLROQACERARKK (SEQ D NQG: 492)

DHR79 SEDEEEARFLIERAKEAAFRAQGEAAERTGDPRVRELARFLKRLAQEAA
BEVKRDPSSSDVNEALKLUIVEATEAAVRALBAABRTGDPEVRELAREL
VRLAVEAAEEVORNPSSSDVNEALKLIVEAIEAAVRALEAAERTGDPE
VRELARELVRLAVEAACEVQRNPSSEEVNEALKKIVKAIQEAVESLRE
AFESGDPEKREKARERVREAVERAEEVQRDPS (SEG D NO: 493)
DHRRO NSEELERESEFEAFRRLOEARKRSEEARERGDLKELAFALIEEARAVOE

~3

DHR
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LARVASERGNSEEAERASEK AQRVLEEARKVSEEAREQGDDEVLALA
LIAIALAVLALAEVASSRGNSEEAFRASEE AQRVLEEARK VSEEARED
GDDEVLALALIAJALAVLALAEVASSRGNKFEAERAYEDARRVEEEA
RKVKESAFEQGDSEVKRLABEAEQLAREARREVOETRG (SEQ 1D NO:
494)

DHRE1 NSEELERESEEAFRRLOFARKRSEEARERGDLEEL AFALIFEARAVOE
LARVACERGNSEEABRASEKAQRVLEEARK VSEEARFEQGDDEVLALA
LIAIALAVLALAEVACCRGNSEEAERASEK AQRVLEEARKVSEEAREQ
GDDEVLALALIATALAVL ALAEVACCRGNKEEAERAYEDARRVEEEA
REVKESAFEQGDSEVKRLABEAEQLARBARREVOECRG (SEQ D NO:
495)

DHRS2 NDEEVUEAVERAEELREEAFELIKK ARKTGDPELLRKALEALEEAVR
AVEFAIKRNPDNDEAVETAVRLARELKK VAEELQERAKK TGEPELLK
LALRALEVAVRAVELAIKSNPDNDEAVETAVRLARFLKK VAFELQER
AKKTGDPELLKLALRALEVAVRAVELAIKSNPDNEBAVETAKRLABE
LRKVAFLLEFRAKETGDPELOELAKRAKEVADRARELAKKSNPI
(SEQ 1D NO: 496)

NDEEVOEACERAFELREEAFFLIKK ARKTGDPELLRKALEALEEAVRA
VEEAIKRNPDNDECVETACRLARELKK VAEELQPRAKKTGDPELLKL
ALRALEVAVRAVELAIK SNPDNDECVETACRLARELKK VAEELOERA
KKTGDPELLKLALRALEVAVRAVELATKSNPDNEECVETAKRLAFEL
RKVAELLEERAKETGDPELQELAKRAKEVADRARFLAKKSNPN (SEQ
ID NO: 497)

=
¥

DHRE

As used throughout the present application, the term "polypeptide” 15 used in its
broadest sense to refer to a sequence of subunit amino acids. The polvpeptides of the
invention may comprise L-amino acids, D-amino actds {which are resistant to L-amino acid-
specific proteases in vivo), or a combimation of D- and L-amino acids. The polypepides
described herein may be chemically synthesized or recombimantly expressed. The
polypeplides may be linked lo other compounds (o promote an increased hatl-life m vivo,
such as by PEGylation, HESylation, PASylation, glvcosviation, or may be produced as an
Fe-fuston or 1n deinwnunized variants. Such linkage can be covalent or non-covalent as is
undersiood by those of skill in the art.

As will be understood by those of skill in the art, the poly peptides of the invention
may melude additional residues at the N-termunus, C-termunus, or both that are not present mn
the polypeptides of Tables 1-2; these additional residues are not ncluded in determining the

percent identity of the polvpeptides of the invention relative to the reference polvpeptide.
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In one embodiment, the polypeptide comprises at least one conservative aming
acid substitution. As used herein, “conservalive amino acid substitution” means amimo acid
or nucleic acid substitutions that do not alier or substanhally alter polvpeptide or
polynucleotide function or other characteristics. A given amino acid can be replaced by a
residue having similar physiochemical characteristics, e.g., substituting one aliphatic residue
for another {such as Hle, Val, Leu, or Ala for one another), or substitution of one polar residue
for another {such as between Lvs and Arg; Glu and Asp; or Gln and Asn). Other such
conservative substitutions, e.g., substitutions of entire regions having sinular hydrophobicity
characteristics, are well known, Polypeptides comprising conservative amino acid
substitutions can be tested in any one of the assays described herein to confirm that a desired
activity, e.g. antigen-binding activity and spectficity of a native or reference polypeptide is
retained.

Amino acids can be grouped according to sinularities m the properties of their side
chams (in A L. Lehninger, in Biochemistry, second ed. pp. 73-75, Worth Publishers, New
York (1975)): (1) non-polar: Ala (A), Val (V}, Leu (L}, lte (I}, Pro (P}, Phe {F), Trp (W}, Met
{M); {2} uncharged polar: Gly (G), Ser (8), Thr (1), Cys (C), Tyr (), Asn Ny, Gl (G, (3)
acidic: Asp (D), Glu (E); (4) basic: Lys (K), Arg (R), His (H). Altematively, naturally
occurring residues can be divided into groups based on common side-chain properties; (1)
hydrophobic: Norleucine, Met, Ala, Val, Leu, le; {2) neutral hydrophilic: Cys, Ser, Thr, Asn,
Gln; (3) acidic: Asp, Glu; (4) basic: His, Lvs, Arg, (8) residues that influence chain
orientation: Gly, Pro; (6) aromatic: Trp, Tvr, Phe. Non-conservative substitutions will entail
exchanging a member of ong of these classes for another class. Particular conservative
substitutions include, for example; Alainto Gly orinfo Ser; Arg info Lys; Asninto Gl or
info H 1s; Asp indo Glu; Cys inlo Ser; Gl udo Asn; Glu into Asp; Gly inlo Ala or mio Pro;
His mto Asn or into Gln; He into Leu or imto Val; Leu into He or inte Val; Lys into Arg, into
Gin or imto Glu; Met nio Ley, mto Tyvr or mto He; Phe inio Met, into Leu or mto Tyr; Ser
nto Thr; Thr into Ser; Trp mio Tyr; Ty into Trp; and/or Phe into Val, into He or mto Leu.
As noted above. the polypeptides of the invention may include additional residues at the N-
terminys, C-terminus, or both, Such residues may be any residues switable for an intended
use, including but not limited to detection tags (1.e.: fluorescent proteins, antibody epitope
tags. etc.), linkers, ligands suitable for purposes of purification (His tags, stc.), and peptide
domains that add functionality to the polypeptides.

In another embodiment, the invention provides protein assemblics, comprising a

plorality of polypeptides of the present invention having the same anunoe acid sequence. As
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disclosed herein, the polypeptides of the invention represent novel repeat proteins with
precisely specified geometries, and thus self-assemble into the protein assemblies of the
invention,

In a further aspect, the present invention provides 1solated nucleic acids encoding a
polypeptide of the present invention. The isolated nucleic acid sequence may comprise RNA
or DNA. As used herein, "isolated nucleic acids” are those that have been removed from
their normal surrounding nucleic acid sequences in the genome or in ¢DNA sequences. Such
isolated nucletc acid sequences may comprise additional sequences usefid for promoting
expression and/or parification of the encoded protein, including but not limited to poly A
sequences, modified Kozak sequences, and sequences encoding epitope tags, export signals,
and secretory signals, nuclear localization signals, and plasma membrane localization signals.
it will be apparent 1o those of skill in the art, based on the teachings herein, what nucleic acid
sequences will encode the polypeptides of the mvention.

In another aspect, the present invention provides recombinant expression vectors
comprising the isolated nucleic acid of any aspect of the invention operatively linked to &
suitable control sequence. "Recombinant expression vecior” includes vectors that operatively
link a nucleic acid coding region or gene to any control sequences capable of effecting
expression of the gene product. “Control sequences™ operably linked to the nucleic acid
sequences of the invention are nucleic acid sequences capable of effecling the exprassion of
the nucleic acid molecules. The control sequences need not be contiguous with the nucleic
acid sequences, so long as they function to direct the expression thereof Thus, for example,
intervening untranslated vet transcribed sequences can be prasent betwaen a promoter
sequence and the nucleic acid sequences and the promoter sequence can still be considered
"operably linked" (o the coding sequence. Other such conirol sequences include, but are not
{imited to, polvadenviation signals, termination signals, and ribosome binding stics. Such
expression vectors can be of any type known in the art, including buf not limited plasmid and
viral~based expression vectors. The controf sequence used {o drive expression of the
disclosed nucleic acid sequences in a mammalian system may be constitutive {(driven by any
of a variety of promoters, including but not limited to, CMV, $V40, RSV, actin, EFY or
inducible (driven by any of a mumber of inducible promoters including, but not limited o,
tetracycline, ecdysone, steroid-responsive). The construction of expression vectors for use in
transfecting host cells 1s well known in the art, and thus can be accomplished via standard
techniques. {See, for example, Sambrook, Fritsch, and Maniatis, in: Molecular Cloning, A

Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989; Gene Transfer and
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Expression Protocols, pp. 109-128, ed. E.J. Murray, The Humana Press Inc., Chifton, K1),
and the Armbion 1998 Catalog {Ambion, Austin, TX). The expression vector maust be
replicable m the host orgamisms either as an episeme or by miegration mto host chromosomal
DNA. In various embodiments, the expression vector may comprise a plasmid, viral-based
vector, or any other suitable expression vector.

Tn a further aspect, the present invention provides host cells that comprise the
recombinant expression vectors disclosed herein, wherein the host cells can be either
prokarvotic or eukarvotic. The cells can be transienily or stably engineered to Incorporate
the expression vector of the invention, using standard technigues in the art, meluding but not
limited to standard bacierial transformations, calcium phosphate co-precipitation,
electroporation, or liposome mediated- DEAE dextran mediated-, polvcationic mediated-, or
viral mediated transfection. {See, for example, Molecuiar Cloning: 4 Laboratory Manual
{Sambrook, ef al., 1989, Cold Spring Harbor Laboratory Press; Culture of Animal Cells: 4
Maral of Basic Technigue, 2" d (R1 Freshney. 1987 Lisg, Inc New York, NY} A
method of producing a polypeptide according to the invention is an additional part of the
invention. The method comprises the steps of (a) culturing a host according io this aspect of
the mvention under conditions conducive to the expression of the polypeptide, and (b)
optionally, recovering the expressed polypeptide. The expressed polvpeptide can be
recovered from the cell free extract, buf preferably they are secovered from the culture
medium. Methods to recover polypeptide from cell free extracts or culture medium are well
known to the person skilled in the art.

The particulars shown herein are by way of exampie and for purposes of illustrative
discussion of the preferred embodiments of the present invention only and are presented in
the cause of providing what 1s believed to be the most useful and readily understond
description of the principles and conceptual aspects of various embodiments of the invention.
In this regard, no attempt is made 1o show structural details of the invention in more detail
than 1s necessary for the fundamental understanding of the invention, the description taken
with the drawings and/or examples making apparent to those skilled in the art how the

several forms of the imvention may be embodied in practice,

EXAMPLES

In repeat proteins, the interactions between adjacent units define the shape and
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families” ! and, for leucine rich repeats, customized designed units aflow control of
curvature” and new architectures’ . All designed repeat siructures io date have been based on
naturally occurring repeat protein {amilies. These famulies may cover all siable repeat protein
structures that can be built from the 20 amino acids or, alternatively, natural evolution may
only have sampled a subset of what is possible.

To explore the range of possible repeat protein structures, we generated new repeat
protein backbone arrangements and designed sequences predicted to fold into these structures
{(Fig. 1). Our designs are entirely o novo; they are not based on naturally oceurring repeat
proteins. We focused on helix-loop-helix-loop as the basic repeating unit, as this is the
simplest unit from which a wide diversity of curvatures can be generated {the simpler single
helix-foop unit generates only straight rod-like models). The lengths of the two helices were
varted between 10 and 28 residues, and the lengths of the two tumms, from 1 to 4 residues.
Starting conformations for four tandem repeats of each of the 5776 (19x19x4x4)
combinations of helix and loop lengths were generated by setting the backbone torsion angles
to ideal helix values for helices and extended chain values for foops. Rosetta Monte Carlo

3

, _ ‘ ;
fragment assembly™ was carried oul o generate compact structures; each Monte Carlo move
. i S . a0 3
was made at the equivalent position in each repeat to preserve symmetry” . Rosetta design
' . 74 . . . C g .4
calculations™ were then used to identify low energy amino acid sequences with good core

25

packing™. At each step in the Monte Carlo - simulated annealing design process, a posilion is
picked at random, and the current residue 18 replaced by a randomly selected amimo acid and
side chain conformation (rotamer); a detailed all-atom energy function 1s then evaluated.
Identical substitutions were carried out in each copy at each mave to maintain sequence
identity belween the four repeals; exposed hydrophobic residues in the N- and C-~terminal
repeats were switched to polar residues tn a second round of sequence design, generaling
specialized capping repeats. All steps in the design process were completely automated, and
the calculations were carried out without manual intervention. Designs with low energies and
complementary core side chain packing were identified, and for the amino acid sequence of
each of these designs. multiple independent Rosetta de novo folding trajectories’™ were
carried out starfing from an extended chatn, The structures and energies of the sampled
conformations map out an energy landscape for each protein (Fig. 5.

Designed helical repeat proteins (IDHRSs), for which the design model had much lower
energy than any other conformations sampled i the de nove folding trajectories, were
selected and found to span a wide array of architectures. As the rigid body transform relating

adjacent repeat unils 15 wdentical throughout each design by construction, and since the
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repeated application 1o an object of an identical rigid body transformation produces a helical
array, the designs all have an overall helical structure”. Tt is thus convenient to classify these
architectares based on three parameters defiming a helix’”: the radius (), the twist between
adjacent repeats around the helical axis (o) and the translation between adjacent repeats
along the helical axis (z). Because the repeat units are connected and form well packed
structures, the three parameters are coupled. The arc length in the x-v plane spanned by 2
repeat wunit is ~# 0, and the total length of a unit is ~ sqri{ (rwY + ), hence the radius()-
twist{ew} distribution has a hyperbolic shape with highly twisted structures having a smaller
radiug. Models with high » and high @ do not formn a continuous protein core and are
discarded during the backbone generation. Similarly, low energy structures do not have high
{>16 A) z values as helices in adjacent repeats cannot then closely pack. Despite these
geomgetric constraints, the wide range of helical parameters observed in the design models
highlights the high level of complexity that can be generated even for a pair of helices. Tn
contrast, native helical repeat proteins span a much narrower range of helical parameters with
very few straight (high r, low w} or highly twisted (fow r, high ) geometries.

We selected for experimental characterization 83 designs spanning the range of a-
helix and loop lengths and overall helical architectures; 26 of these contarn disulphide bonds.
For each of the designs, we obtained a synthetic gene encoding an N-terminal capping repeat,
two internal repeats, and a C-terminal capping repeal including a 6-histidine tag. The profeins
were expressed in Ascherichiv coli and punfied by alfinuly chromatography. 74 of the 83
desions were expressed solubly and had the expecied alpha helical CD spectrum at 25 °C,
and 72 were stably folded at 95 °C. 55 of these (66% of the original experimental set) were
predominantly monoreric by analyvtical size exclusion chromatography coupled to muln-
angle light scattering (SEC-MALS); DHR49 and BHR76 were dimeric inn solution. This
group had the same fraction of proteins with disulphide bonds as the initial set (Fig. 2a},
indicating that disulphide bonds did not provide anv particular advaniage in expression,
sofubility, or folding efficiency by further stabilizing the fold. Representative data on six of
the designg are shown in Fig, 2b.

We solved the orystal structures of 15 of the designs (Fig. 3} with resolutions between
1.20 A and 3.35 A The design models closely match the crystal structures with Co RMSDs
from 0.7 A 10 2.5 A and recapitulate the side chain orientations within the hydrophobic core
{Figs. 3 and 6}. The designed disulfide bonds are all formed in the straciures of DHR4 and
DHR7 but not in the structures of DHRS and DHR 18 due to shight structural shifts relative to
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the design models. The accuracy of the desien models was sufficiently high that all of the
crystal structures bui DHRS could be solved by molecudar replacement. These repeat profeins
are among the largest erystallographically validated protein structures designed completely
de novo, ranging in size from 171 residues for DHR49 to 238 residues for DHRE4. The
crvstal structures iHustrate both the wide range of twist and curvature sampled by our repeat
protein generation process and the accuracy with which these can he designed.

To characterize the structures for proteins that were reticent to crystallization and
anatyze all 55 proteins in solution, we used small angle X-ray scattering (SAXS)* We
collected SAXS profiles for each design, and compared them to seattering profiles calculated
from the design models and from crystal structures. For 43 of the designs, the radius of
gyration, molecular weight, and distance distributions computed from the SAXS data
corresponded to those computed from the models. For DHR49 and DHR76, we used the
dimer ortentation m the crystal for the fiting; the crvstallographically confirmed DHRS was
unsuitable for SAXS as it formed higher order species. To further assess the fit between
models and experimental data, we emploved the volatility ratio (Vr), which is more robust 1o
experimenial noise than the traditional y° comparison used in SAXS”. We used the Vr
values of the design models confirmed by cryvstallography for calibration; designs for which
the Vr value between model and experimental data was less than 2.5 were considerad
successtul. All 43 designs with radit, molecudar weights, and distances consistent with the
SAXS dala are below the Vr threshold. Fusthermore, lor almost all of the designs, the
theoretical scattering profife computed from the design mode! more closely matches its own
experimental scattering profile than the experimental scattering profiles of structurally
dissinular designs.

The crvstallographic and SAXS data together structurally validaie 44 of the 33
designs that were folded and monodisperse -- more than half of the 83 that were
experimertally characterized. We randomly selected two designs confirmed by
crvstalfography, two confirmed by SAXS, and two not confirmed by SAXS, and examined
their guanidine hyvdrochioride (GuHCE undfolding profiles. In contrast t¢ alimost all native
proteins, four of the 3ix designs do not denature at GuBHCl concentrations up 10 7.5 M the
other two, which were confirmed by SAXS but did not yield crystals, have denaturation
midpotnts above 3 M (Fig. 7). Hence, even the apparent faiiures are weli folded proteins;
small amounts of association may be responsible for the discrepancies between computed

and ohserved SAXS spectra rather than deviations from the design modelis.
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We show here that a wide range of novel repeat proteins can be generated by tandem
repeating a simple belix-loop-helix-loop building block. As llustrated by the comparnison of
15 design models to the corresponding crystal structures (Fig. 3). our approach allows precise
control aver structural detatls throughout a broad range of geometries and curvatures. The
occurting repeat proteins, without any significant sequence or structural homology to known
proteins. This work achieves key milestones in computational protein design: the design
protocol is completely automatic, the folds are unlike those in nature, more than haif of the
experimentally tested designs have the correct overall struciure as assessed by SAXS, and the
crystal structures demonstrate precise control over backbone conformation for proteins over
200 amino acids. The observed level of control over the repeating helix-loop-helix-loop
architecture shows that computationat protein design has matured to the point of providing
alternatives to naturally ocowrring scaffolds, ncluding graded and tunable variation difficuli
to achieve starting from existing proteins. We anticipate that the 44 successful designs
described in this worlk, and sets generated using similar protocols for other repeat umits, will
be widely uselul starting points for the design of new protein functions and assemblies.

Naturally occurring repeat protein families, such as ankvrins, lencine rich repeats,
TAL effectors and many others, play central roles in biological systems and in current
molecular engineering elforts. Our resulls sugpgest that these families are only the tip of the
iceberg of what 15 possible for polypeptide chaing: there are clearly large regions of repeat
protein space that are not sampled by currently known repeat protain structures. Repeat
protein structures similar to our dasigns may not have been characterized vet, or perhaps may
strtply not exist in nature.

Metheds
Similarity search.

BLAST™! and HHSEARCH™ sequence similarity searches were performed with
default settings. HHSEARCH was ron on Pfam’ . Sequence alignments were depicted using
Jalview™. The structural similarity between designs and known helical repeat proteins was
assessed by TM-align™ on RepeatsDB *° representative structuses.

Protein expression and chavacterization,

(enes were synthesized and cloned in vector pET21 by GenScript (Piscataway., NJ).
Proteins were expressed 1n £ cofi BL2ZI(DES), induced with 250 uM isopropyi-p-D-
thicgalactopyransoide PTG) overnight at 22°C and purificd by metal ion aflmity

chromatography (JMACY and size exclusion chromatography (SEC) as described by
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Parmeggiani ef o/ > Cells were lysed by sonication and the elarified lysate was loaded on a
NINTA superflow cohmmmn (Qiagen). Lysis and washing buffer was Tns 50mM, pH &, NaCl
500mM, imidazole 30mM, glycerol 5% v/v. Lysozvime (2 my/mi), DN Ase! (0.2 mg/mi) and
protease inhibitor cocktail (Roche) were added 1o the lysis buffer before sonication. Proteins
were eluted in Tris 30 mM, pH 8, NaCl 500mM, imidazole 250mM, glycercl 5% v/v and
dialy7zed avemight either in tris 20mM, pH § NaCl 150mM  Protein concentrations were
determined using a NanoDrop spectrophotometer (Therme Scientific). Except as indicated
above, enzymes and chemicals were purchased from Sigma-Aldrich, Secondary structure
content, thermal stability and denaturation in presence of guanidine hydrochloride (GuHCH
were monitored by Circular Dichroism using an AVIV 420 spectrometer (Aviv Biomedical,
Lakeweood, NI} Thermal denaturation was followed at 220nm 1n Tris Z0mM, 50mM NaCl,
pH 8. Proteins were considered folded if they had the expected alpha helical CD spectrum at
25°C and had either a sharp transition in thermal denaturation or a loss of less than 20% of
220 nm CD signal at 95°C. Chemical denaturation was monitored in g Tom path-length
cuvette at 222nm with protein concentration of 0.05mg/mi in phosphate buffer 25mM Nal(l
50mM pH 7. The GuHCI concentration was automatically controlled by a Microlab titrator
{Hamilton). Oligomeric state was assessed by Analvtical Gel Filiration coupled to Multiple
Angle Light Scattering (AFG-MALS}. A Superdex 75 10/300 GL column {or superdex200
mncrease [or DHRSO, 84, 93) (GE Healthcare} equulibrated i Teis 20mM, NaCl 150mM, pH
8 was used on a HPLC LC 1200 Senes (Agilent Technologies) connected to a miniDAWN
TREOS (Wyatt Technologies). Protein molecular weights were confirmed by mass
spectromatry on a LEQ Fleet Ton Trap Mass Spectrometer {Thermo Scientific) 74 of the 83
designs were expressed solubly and had the expected alpha helical CD spectrum at 25°C. 72
were stably folded at 93°C. DHR36 has Tm=73"C and DHRI3 has a broad transiion with
Tr=62°C. Fifty-five of these were predominantly monodisperse. DHR49 and 76 were
dimeric in sohution.

Crystallization.

Proteins were purified using NINTA resin and 8EC on a superdex 73 colunm (GE
healthcare). Pure {ractions m the gel filtration buffer (20 mM Tris pH 8.0, 150 mM NaCl)
were pooled and concentrated for crvstallography. Tnitial ervstallization trials were
performed using the JCSG core I-1V screens at 22 °C, and crystals were optimized of
necessary. Drops were set up with the Mosquito HT'S using 100 oL protein and 100 nl of the
well solation. Crystals were cryoprotected in the reservoir solution supplemented with

ethyvlene glveol, then flash cooled and stored in hiquid nitrogen uniif daia collection. All
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diffraction data were collected at the Advanced Light Scurce (ALS) at beamling 8.3.1 or
beamline 8.2.1. Data reduction was carried out using XDS™ and HKL2000 (HKL Research).
Maost of the structures reporied here were solved by molecular replacement using Phaser.
Search models were generated by ab initio folding of the designed sequences in Rosetia and
a set of the lowest energy 10-100 models was selected for molecular replacement trials.
DHRS was the only structure which could not he readily solved by molecular replacement.
However, due to the presence of 6 ¢ysteine residues in the native protein, the DHRS siructure
was solved by sulfir single wavelength anomalous dispersion (5-SAD} using a dataset
collected at 7235 oV, Rigid body, restrained refinement with TLS and simulated annealing
were carried out in Phenix™. Manual adjustment of the model was carried outin Coot™. The
structures were validated using the Quality Control Check vZ.8 developed by JCSG, which
included Molprobity® (publicly available at the smb.slac.stanford web site).
SAXS.

SAXS data on SEC-punfiad protein were collected at the SIBYLS 1231 beambine ot
the Advanced Light Source, LBNL™'¥ Scattering measurements were performed on 20
mucroliter samples and loaded o a helium-purged sample chamber, 1.5 m from the Marl 65
detector. Data were collected on both the original gel filtration fractions and samples
concentrated ~2x-8x from individual fractions. Fractions prior 1o the void volume and
concentrator eluates were used for bufler subtraction. Sequential exposures (0.5, 1, 2, and 55)
were taken at 12 keV to maximize signal to noise with visual checks for radiation-induced
damage to the protein. The data used for fitting were selected for having higher signal to
noise ratio and lack of radiation-induced aggregation. In case of concentration dependency,
the lowest concentration was used. Models for SAXS comparison were oblained by adding
the flexible C-termunal lag present i the constructs to the ongmal designs and the crysial
structures, generating 100 trajectories for each starting model by Monte Carlo fragment
insertion™. The results were clustered in Rosetta with a cluster radius of 2 A and the cluster
centers were used for comparison to the experimental data. We used FOXSY* 10 calculate
scattering profiles from cluster centers and {it them to the experiroental data. The quality of
fit between models and experimental SAXS data is usually assessed by the y value . which,
however, suffers from over-fitting in case of noisy datasets and domination of the low region
of the scattering vector (q) on the value *'. To avoid artificially low values that represent
false positives, we instead used Volatility Ratio (V)™ as primary metric for fit in the range

of 0.015 A< q <025 A Vr values of models with available crystal structares range from
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0.710 2.3 Vr=2 5 was selected as upper threshold to consider a desien as validated by
SAXS.

Maodel profiles for Vr stmlanty maps were obtained with a standardized fit procedure
by averaging the scattering profile of the cluster centers from the five largest clusters and
fitting the solvent hvdration layver with parameters C1=1.015 and C2=2.0 for all the models.
Vr was caleuated in the range 0.04 A-1 < ¢ < 0.3 A-1. The order of display was derived by
shape similarity of original computational models using the program damsup™ for
superposition.

Computatienal protecsl

We have developed a method for construction of Designed Helical Repeats (DHRs)
depicted in Fig. 4 and described below. We designed proteins based on repeating units
formed by two helices and two loops. For all proteins this design process was completely
automated and no manual refinement was mvolved. Using this protocol 69 proteins with
diverse architectures were selected from the in sifico candidates. For 14 models. an additional
version that included disulphide bonds was selected, for a final list of 83 proteins that were
expernnentally tested. This design method has progressed over the daration of this research
and only the final design method is described below. The database described in section | of
the supplementary corresponds to the technique used to make DHR56-83, {a) For DHRI-
4.9 11-18 the repeat backbone at the centroid level was symmetric, with [irsi and second
helices and first and second loops having the same length and conformation. The design
stage was not restricted, introducing structural and sequence variability between the two
halves of the repeat. (b} A higher disulfide score threshold of 1.5 was iitially usad which
resulted m many disullide-containing structures being non-functional. {¢) We initially used
arnbiguous constraimis belween the helices. Ambiguous constramis gave a score bonus Lo

entroid models when a helix was within 10 A to a helix in adjacent repeat. These constraints
were found to disrupt loops and result in many structures that would not fold during
simulations. (d) DHR31-35 contamned a displacement between helices, which resulied n
highly twisted structures. This displacement was observed when the ABFEGO loop types
(BB and BAB were coupled with specific helix lengths. An umproved sampling strategy

with increased number of Monte Carlo steps was also used in these cages.

In some examples, compuier software such as the Rosetia software suite {or, briefly,

Rosetta), can be used to carry out at least part of the herein-described methods, protocols,
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to use of Rosetta or any other specific software package. For example, other software
programs could be used in conpunction with this method to model mulii-component
symmetric protein nanostructures. As will be understood by those of skill m the art, the
implementation of the design methods described herein is non-limiting, and the methods are
i no way Hmited to the implementation disclosed herein.

Fach of the following sections describes one step in Roseita examples and
corresponds 1o the flow chart in Fig. 4.

I Backbone Design

The backbone design stage emplovs a simplified stde chan representation
{centroid)™’. The backbone assembly procedure begins by picking fragments harvested
directly from a non-redundant set of structures from PDBY. The fragments contain only
residues that falf into the space of phi-psi backbone angles of either helices or foops
depending on the desired secondary structure. Loop fragmenis could be further specified to
fall within desired ABEGO bins’ as described by Kogaef ol ¥,

The fragments were assembled using a Monte-Carlo sampling procedure that was
inttialized with 1deal-helices and extended loops. After every fragment sampling step, which
was allowed onlv in the first repeat unit and at the junction between the first and the second
units, the change was propagated to all downstream repeats and scored. The score function
we used considered van der Waals interactions, packing, values of backbone dihedsal angles,
and radius of gyration (RG) that was applied to only the first and second repeat-unit (RG-
local). The RG term promotes the formation of globular proteins so applving R{G to the
whole madel produced only highly curved structures. The sampling procedurs in the
database used 1500 Monte Carlo fragment msertions and was further improved to 3200 steps
ordered as followmg: 100 Monte Carle moves with 9 residue fragments then 100 moves with
3 residue fragments, both allowed only in loops. The loop sampling was followed by 1300
mioves with @ residue fragments and 1500 moves with 3 residue fragments, both i helices

and loops Gmproved samphing). The improvements resutied 1o 8 3.3 fimes mereage of

acceptance at the centroid stage. The backbone was represented as poly-tvrosine during the
ceniroid building, maintaining enough space withie the core to accommodate both small and
large side chains i the design step.

Using this procedure we designed 2,88 million backbones by making 300 structures
for each of 5776 different secondary structurs combination.

2 Backbone quality filter: RMSD loop threshsld and metif seore
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Designed backbones were screened for native-like features. First, loops were checkad
so that there was at least one 9-residue fragment from the PDIB database within & 4A RMSD

on every posiion n the structure (RMAD Joop threshold). To do this we used the worstmer

filter in Rosetta *'. Second, the design-ability of cach residue was measured by the number of
pairwise side chain interactions observed w the PDB database, considering the backbone
posttion of the two residues involved (motif score, unpublished results). Backbones with
fewer than 1.5 interactions per residue were filtered out. Of the 2.88 million initial backbones
66,776 structures passed these filters.
3 Sequence design - Fast

Starting from the filtered backbone conformations, we used one pass of Rosetta
design” fo generate repeated sequences.
4 Packing filters - Low threshold

Afler completing sequence design the models were filtered out if the helices were
either too far apart, creating cavities m the core {poor Rosetia holes™ score, > 1 53, or too
close together with an alanine-rich unspecific core packing {%alanine residues > 25%). Of
the 66,7776 stractures that passed centroid 11,243 pass this filter.
5 Structure Profile

The structure profile biases the sequence composition towards the sequences in native
proteins with similar local structure. To construct the structural profile, the sequences from
the closest 100 9-residue [ragroents within 0.5A RMSD to the designed structure were used.
The code to construct the structural profile is ncluded with Rosetta as
gengrate_struct profilerb i tools/fragment tools/pdb2vall. The structure profile was used in
the same way as the sequence profile described by Parmeggiani et al®’
6 Sequence design — multipass

Starting from the filtered backbone conformations, we used Rosetta design to

458 increasing core

generate repeated sequences while minimizing the overall energy
packing as measured by Rosetta holes ** and improving the psipred secondary struchure
prediction **. After the first round of sequence refinement the N and C terminal repeats
{capping repeats) display exposed hydrophobic residues. The sequence design procedure was
rerun for these repeats without a symmetric sequence to introduce polar amino acids.
7 Packing filters —High threshold

After completing sequence design the models were filtered out for poor packing.
(holes score, < (.5}, After this stage we obtained 1980 structures.

8 Exploration of the energy landscape
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The designs were validated using Rosetta ab inifio structure prediction using
Rosetta@Home SI08L T Rosetta ab initio prediction the energy landscape
independent simulations starting from an extended structure. The distnbution of the
simulation results 1s expressed in terms of energy and distance from the target fold as root
mean square deviation (RMSD). A successful design produces 2 distnibution in the shape of a
funnel with the mimmum corresponding to low energy and low RMSD models and no
alternative minima.

For each structure, seven famuly members were made from the same topology, some
with increased hydrogen bond potential. Proteins where mudtiple family members had
successtul simulations were selected. The member of the family with the tightest folding
fimnel was chosen by visnal inspection and the corresponding gene was ordered for
experimental testing. Extended data Fig. 3 ilustrates the folding funnel and sequence
diversily for one topology.

For the database we have 761 structures that have at least one fanily member <3.0
RMSD from the design.

% Add disuiphides

Additional, versions with stabilizing inter-repeat disulphide bonds were also

generated. Potential disulphides were scored using RosettaRemodel™ and if the disulphide

seore was < O they were considerad.

TFime estimates

Backbone design: on a singls core of a Xeon E5-2650 took 104.5 seconds to build a
structure with a 19H-2L-20H-3L topology, the median {opology in the database. With an
average design ime of 104.5 seconds per model, 1 would take 3493 compute days on a
single core to generate the 2.8 miliion structures.

Sequence design — multipass: the multipass design of sequence and capping residuss takes
2.1V hours for a model with 17 length helices and 3 length loops on a simgle core of a Xeon
E5-2650.

Exploration of the energy landscape: on a single core of a Xeon E7-2850 (@ 200 GHZ a
model with 17 residues helices and 3 residues loops is produced in 19.7 minuates. Where the
computation was run on Rosettai@Home, the average was 26.7 nunutes. With 7 sequences
per family and a minimum of 1000 models to suitably explore the landscape 1t would take
130 compute days per structare.

Geometrical parameters of Designed Helical Repeat proteins
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1} Global parameters
2}y Extracling parametiers fromnaturally oceurring repeais

3y Local parameters

5 13 Gisbal parameters
Class 3 repeal proleins, as described by Kajava ASY, form solenoid siructures that
can be described in term of plobal helical parameters that relate the position of one repeat to
the next one: radius (), twist or angle between adjacent repeats around the helical axis (twist,
©} and transiation between adjacent repeats along the helical axis (7).

10 Parameters for Designed Helical Repeat protemns (BHKs) and crvetal stroctures,
together with the Co RMSD values were measured on the two ceniral repeats using the
RepeatParameter filter available in Rosetia.

Radius and twist are mvearsely correlated and their distribution of whole set describes
a hyperbolic shape, which can be represented as two symmetric ones, when considering the

15 handedness of the superhelix in the @ value. Handedness refers to the superhelix described
by the center of mass of the repeats. 7 is broadly distributed, with maxinnum values around 16
A
1) Extracting parameters from naturally occurring repeats

A set of alpha-helical solenoid proteins were curated from the repeatsDB (category

20 L3 3 to remove both proteins that had above 90% sequence identity **°

and previousty
designed repeat proteins. After curation, 238 proteins rematned out of 923, We then
aulomatically extracled repeat unils, which consisted of 3 subsequent repeats, that diflered by
less than 3 residues n length and had a high degree of structural similaritv as measured by
having a TM score *'7 of greater than 0.75. The requirement of high structural similarity cut

25 down the number of repeat proteins to 81, Repeat units were identified by the method
described by RAPHAEL ™ implemented in Rosetta and improved. This method measures
the distance from residues in the protein to random pomnts placed arcund the protein. Equally
spaced inflection points, where a residue was furthest or closest to these random points
indicated the start of a repeat.

30 We found that inflection poinis occurred at random ia repeat protein loops. To ensure
gach repeat was cut at the same location, the first residue i each repeat was chosen 1o be the
loop-helix transition closest to the transition point. The code for this is available as
extraciNativeRepeals in Rosetta after git branch c8763538. After locaiing repeats we assigned
the class name of each repeat baszd on the PDB assignment in the Pfam database™’. The

35 Rise/Omega/Twist parameters were calculated by superimposing the first repeat-unit ento the

. qc {19 'y 5 o
second using TM-align®"” then calling the parameter calculators and averaging the values
g
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within the same protein. This approach does not provide an extensive coverage of all the
possible curvatures for each family bul an mdication of the prolein average values.
3) Local parameters

Local parameters describe the helix-helix interactions and, due to the repeating
structures, only two interactions arg needed to capture the local geometry: helixl 1-helix1.2
wilhin a repeat and helix1. 1-helix2.1 between firsi and second repeal. Angle between helices
and distance between helix centers of mass were used as parameters, extracted with a
modified version of the publicly available script that can be found at the web site pyvmolwiki.,
Secondary structure definition were assigned using DSSP™. For the two central repeats, ail
atoms BRMSDs between crvstal stractures and design are reporied. Repeat handedness, as
defined by Kobe and Kajava®™', indicates the rotation of the main chain going from the N- to

the C-terminal around the axis connecting the repeat centers of mass.

Structure and sequence comparison

Structural comparison of experimentally validated designs with representative repeat
proteins {rom 1‘epea€DBSH revealed that DHRs cluster in different fanmulies than the existing
repeat proteins. Additionally| designs are equally distributed hetween right-handed and lefi-
handed architeciure, as referred to the repeat handedness (see ocal parameters abovel, in
contrast to known aipha helical repeat proteins, which are mostly nghi-handed. This resull
indicates that the handedness observed is not an intringic limitation of repeat proteing

structures buf the result of a bias duning evolution.

Structure determination remarks

Due o the presence ol 6 cysteine residues m the native prolein, the DHRS structure
was solved by sulfur single wavelength anomalous dispersion (8-8AD) nsing a dataset
collected at 7235 V. A search for ¢ individual sulfur atoms in SHELXD gave many clear
solutions that led to near complete autobmiding of a poly-alanine backbone in SHELXE,
which was further elaborated using the Autobuild module of Phenix. Ultimatelv, the final
model for BHRS was in good agreement with the design target siructure, despite our mitial
difficulties in phasing by molecular replacement. While the SAD data set was linuted 10 1.83
A, the final model was refined against the original data set (1.25A). Both data sets were
depostted in the Protein Data Bank,

The asymmetnic unit for DHRE was found to contain 4 copies of DHRS, Although the

overall structure of the 4 conies 1s sinular, the electron d

Struciu 12 4 i THiar, i o densitv 1060 e N-ternunai neiix mon
T
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two of these monomers is weak, suggesting that these helices are partially disordered in the
crystal. Indeed, crvstal packing of these helices in the designed conformation would have led
to sigmficant stenic overlap with one another. As the corresponding helices 1 the remaining
two DHRE monomers were well-ordered and essentially as designed, these fully ordered
models were used for further analysis,

The dataset collected for DHR 14 had a large non-origin Patterson peak at fractional
coordinates (0.000, 0.217, 0.000), suggesting the presence of translational NCS. However,
consideration of the apparent space group, unit cell parameters, and plausible solvent content
strongly indicated the presence of a single copy of DHR14 in the asymmetric unit. Given the
relatively low pitch of this helical design and the translational pseudosymmetry between the
N- and C-terminal halves of the protein, we suspected that intramolecular pseudotranslational
NCS might account for the observed Patterson peak. Uliimately, a molecular replacement
solulion was obtained using 4 of the 8 designed helices of BHR 14, and this was sufficient 10
bootstrap autohuilding of the remaining backbone using SHELXE. In the final model, the
helical axis of DHR14 13 closely aligned with the cryvstaliographic b axis, and
pseudotranslational NCS between the N- and C-terminal repeats with a translation of ~21 A

is in good agreement with the observed fractional Patterson peak at ~0.22 along b,

Soaall Angle X-ray Scatfering (SAXS) analysis

Guinier and P(r) analysis were done using using ATSAS 2. The Porod exponent was
determined from: a linear regression analvsis €} vs q} of the top of the first peak in the Porod-
Debye plot (q™*1(q) vs ¢*) of the scattering data, implemented in SCATTER, available at
beamiine 12.3.1 %™ The molecular mass in solution was calculated using SCATTER >

25% of the designs had molecular weights 1o selution that were sigmificanily greater
than the predicted molecular weight (1.2-4 fold}, suggesting that these designs formed
multimeric assemblies or a small portion of aggregates™. All 55 designs had Porod
exponents (Pg) greater than 2.9, indicating significant levels of folded profemn; 67% of the
designs had a Py of 3 4-4, mdicating a well-folded core™™® Of the 15 proteins that
crystallized, the magority (66%) had Pg of 3.9-4, consistent with more well-packed proteins
being easier to crystallize.

Radius of gyration (Rg) and maximum of distance distribution {dmax) were
calculated from real space distance distribution P(r). Among the models confirmed by
crystallography, DHR 49 and 76 formed dimers in solution. The experimental data were {it

using models based on the dimer configuration observed in the crvstal structure. DHR 3
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o

tendency to aggregation (see SEC i supporting experimental data pdf) affected the SAXS
profile resulting in a high Molecular weight and Vr above our acceptance threshold.

It molecular mass and Rg of models were within a 25% error from experimental data
and V1 was below 2.5, the models were considered able fo recapture the SAXS data Dmax
errors are generally within 25%.

43 designs satisfied our requirements: DHR 123478901014 1531820212324 26
2731323639464749523354535575839626468707172767778798081 82

8]

Table 3 | Protein Sequences (incleding optional His-tage at C-terminus)

name sCquence

DHR | MGCDOVAKDASSTIREV . ERNENYSERVADVAAK TVKKT T RGNPNGCDOVAKARSST IRAVIERNPRYEEY

1 VADVAAATVKAT ITEGNPNGODOVAKY TIRAVIEKNENYSEVVADVAARIVKAT T EGNPNGRDCVREKAA

QST IRAVOEKNENYSEVVEDVKRATIEKAIKECGNENGWLENEHEEE {(SEQ NO: 438)

DHE | MSDADEAAKEANKAENKARNRMNDDEAAKAVKLIKEAI ERAXKRNESDAVEAAKERAAKATI NKALNRNDDEAR

3 KAVALTARAT TRALKRNESDAVEAAKEAARALNKALNRNDDEAAKAVALTABAT TRATKENESDAVERAKE

AAKNLNKALNRENDDEQAKHVAKDAENTIRALKRNESWLENHEEY (SEQ ID NO: 493%)

DHR | MSSEDTVRKIAQKCSEARESNDCERAARKCAKTISEATRESNSSELAVRI IAQVCSEATRESNDCECAAR

3 ICAKITISEATRESNSSELAVRITAQVCSEATRESNDCRCAAR TCAK T ISEATRESNSSELAKR IIROVCSE
AKRESNDTECAKRIC TEHHHHHH (& D NO: 500)

DHR | MSYEDECEREKARRVAERKVERLKRSCTSE ;

4 KRSGTSEDEIAETVARVISEVIRTLKESGISYEVICECVARIVAETIVEALK

IRTLKESGSSYEVIKECVORIVEEIVEALKRSCTSEDEINEIVRRVESEVERT

(SEQ ID NO: 501)

DHR | MSSEKEELRERLVETCVENAKRKGDDTEEAREAAREAFRLVREAAERACTDSSEVLELATRLIKECVENAD

5 RECGYDISEACRARAARAFKRVAEAAKRAGITSSEVLELATIRLIXECVENAQREGYD I SEACRAAAEAFKRVA
EAAKRAGITSSETLKRATEEIRKRVEEAQREGND I SEACROAAEEFRKKAREL KRRGDCWLERHHEHH

(SEQ ID RQ: 502)

DHR | MSEEKEEALXKVREAAKKI.GSSDEEARKCFEEAREWAERTGSSAYEAARALFKVLEAAYKLCSSAEEACED

6 FNCAAEWARRTCSCAYEAARALFKVLEAAYK LGS SAEBACECFNQARRWARRTGSCAYEAARRLFEELERA

YEECGSSABEACEEFNKKEEEAHRKCOKEWLEHEHHEE (SEQ ID NO: 303)

DHR | MSTKEDARSTCEKAARKAAESNDEEVARCAAKDCLEVARDAGME TREAARS FCEAAARAAARSNDEREVAKT
AAKACLEVAKQACGMPTKEAARSFUEAAARAAAESNDEEVAKI AAKACLEVAKGAGMPTKEAARSFCEAAKR

AAKESNDEEVEXKTAKKACKEVAKQAGMPWLEEHHHEAE (SEQ ID NO: 504)

DHR | MSDEMEXVMEALKKAVELAKKNNDDEVAREIERAAKEIVEALRENNSDEMAKV KAVLLAAKNNDDE

3 VARETARAAAE IVEALRENNSDEMARKVMLALAKAVLLAAKNNDDEVARE TARAAAR T VEALRENNSDEMAK

KMLELAKRVLDAAKNNDDETAREIARQAAEEVEADRENNSWLES EQ ID NO: 503}

DHR | MSYEDEAEEKARRVAEKVERLERSOTSEDETAEEVARETS BIVARTVA

EIAEIVARVISEV

WLEFLHIHT

SEDEIAETIVARVISEV
ESCESSWLEHHHEHHE

-5
2 Fr
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]
H
71

IRTLKESGSSYEVIKEIVORIVEEIVEALKRSGTSEDEINEIVRRVKSEVERTLE
(SEC ID NO: 506)

DHR | MSSEKEELRERLVKIVVENAEKRKGDDTEEAREAAREAFELVREAARRAGTIDSSEVLELATIRLIKEVVENAD
10 REGYDISEAARAAAEAFKRVAEAAKRAGITSSEVLELATIRLI ENAQREGYDISEAARAAAEAFKRVA
EAAKRAGITSSETLXKRAZEEIRKEVEEAQREGND I SEAARQAAREFRKKAEEL KR RCDGWLEHHHEHH
(SEQ ID NO: 507)
MEDADEAAKEANKAENKARNENDDEAAKAVKLCKEATER

AXKRNESDAVEAAKEAAKALNKALNRNDDEAA
RALKRNESDAVEKAKE
0: 508)

DDE YAARQT
1

DEELERIKEYARRD

DHE
it

I

ALKRNESWL: [ {SEQ ID N

DHE | MDDEEQCRE ABAARQTTTDDEEICRCIABAARKQTYTL

12 TTDDEET ] YAARDTTTDDEEIERCIEEAA YT

TTTDGWLEHHHHE (S J 509)

DHR | MNAEDKAREVLXELXDEGSPEEEAARQVLKDLNREGSNAEDAARAVLKALKDEGS
13 GSNAEDAAF LKL PEERAS EDASRAVLKALF

EGSNGWL

DHR | MDSEEVN

14 ILAELAKQSTDSELVE

KELVEHIEKILEELIK

P

AXEATDKELVIYIVK
EIVXOLEEVAKE!?

LAKQSTDARLY

Q ID NO: 511)

LARRLASRSTNDELIROT LEVAKLAFELASKATD
TT ASKATOERET, TK CONT ARETLAGRGTNDE
ELASKATDEELTK COQLAFELASRETHDE

(SEQ ID NO: 51i2)

- LAEVAKEA N
STDGWLEHHHH

LIKEIE

iz EELIKETLKOCOLAFELACRSTNDE
15 EELIKETLKCCQLAFELASRSTNDE

EIKCILE TAXEAFERASKATDEEEIKEILKKC CEXFEKKSRSTNGWLEHHE

ez}
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PDHE | MNDKAKEAEELLRKALEXAEVENDETATIRCVELLKEALERAKKNNNDKATEAVELLI
16 TRCVCLLAEALLRALKNNNDEATEAVELLAKALE CVCLLAEALLRAL
RIAKELEKALKENDETKIREVCERAEELLRRLXNNNGWLEHHHE (SEQ TD NO:
DHE | MSSEDAREKTEQLCREAX NSOREAREATEKLLRTAKRT (
m KLIAELAKQANSCEVAREAIEALLRIAKLIAELAKQANQSEVAREAT
EATEALLRIAKLIAETARCANQSEVAREATECLSRIAKLIEELAKQAN
KOANQGWLEHHHHEE (SEQ ID NO: 514)

DHE | MDIEKLCKKAESEAREARSKAEELRORHPDSOAARDAQKLASQAREAVKLACELAQERENADIAXLCTIKAR
18 SEAAEAASKAARELAQRHPDSQAARDAT
ELACRHPDSQAARDA SOAAEAN
ARDEIKEASQOKAEEVKE H
DHE | MDEIEKV BEKLK
19 AEEATDDEILKVIKEALKL
EQIRKAE GWLEHHAHAH

EKALKENDETA
WNDKATEEVE

TRCLORTIA
AKQANSQEVAR
CREAQEALDRIQKLIEELD

2
&5
<

h

; ) ID NO:
AREATRAAKEATSDEILEVIKEA TTDKDVLEVAREATIRA
ERATDEEILKETKEALKKAKETTDTEELEKAR

IVEDALEL!? TKLALKARVL
EEVLEEVEEALRRAKESTREEEIREEL

DHE | M 1] / \OEAAELARRSTDSDVLE
30 AAKSTDSDVLEIVEDALELAKOS TNEEVIKLALKAAVLAAKSTD
RXAVEEAESTDGWLEHHHHHE (SEQ ID NO: 517)
DHR | MSEKEKVEELAQRIREQLPDTELAREACELADEARKSDDSEALKVVYLALE TELAREALELAKE
71 AVKSTDSEALKVVYLALRIVOOLPDTELAREALELAKEAVKSTOUEALKSY QUKPNTEEARESL
ERAKEDVKSTDGWLEHHHHHH {(SEQ ID NO: 518)
DHR | MDDAEELRERARDLLREKNGSSEEETKKVDEELEKIVRKADSDDAVKLAVE
32 LIKIVEKADSDDAVELAVKAAALLAENGSSAEEIVKYLEELLKIVEKADSEER
EETRKCLXKDRLEKVEESDSCGWLEHHHHNMY (SEQ ID NO: 519)
DHR | MSDSEKLAKRVLEKELKRRGTSDEELERMKRELEKIIKSATSSDAMRLALRVVLELVRRETSSETLEKMMRM
73 LIKIIQSATSSDAMRLIALRVVLELVRRGTSSEILEKMMRMLIKI IQSATSDDOMREALROQVLEEVREGTSS
EQLERSMRKLIKETXXRTSGWLERIHIIN (SEQ ID NO: 520)
PDHR | MSEAEELARRAAKEAXELCKRSTDEELCKELXXLAELLKELAERYPDSEAAKTALKAALEAIELCEQSTDE
14 LCEELVKLAQKLIELAKRYPDSEAAKLALKAAL EATELCKOSTDERLCEELVKLAQKLIELAKRYFDS EE
AXRALKEAKELIRQCKESTDEDECRELVKRAREL T H 0 ID NO: 521)
DHR | MDERDKVRELIDRVEXELKREGTSEELIEEIRFKVLKKAKEAADSDDDEATY RVILELVREGTSSE
75 LIEETLKVLSLAAFAAKSTODEATKVAKEIVRVILELVRECTSSELIBEILKVLSLAREAAKSTDEEATKK
AKEIVRRILELTREGTSEEEIREELKELRKKACKAKSPEGWLEHHHEHE (SEQ ID NO: 522}
DHR | MDECERLROEVEKAEKELEKLAKQSTDEEVRQIAREVAKQTIRRLAEEACRSNSDECLRLASEVVEAVQELY
96 KLAEQATDEEVIRVALEVARELIRLAQEACRSNDDECLRLASEVVKAVOELVKLARQATDEEVIRVALEVA
RELIRLAQEACRENDEECLREASEVVREVQELVKEAEKSTDEEEIRELLORARER IREAQERCRECDGULE
HHHHEE (SEQ ID NO: 523)
DHR | MTRQKEQLDEVLEEIQRIAEEARKLMTDEREEA
7 LAEEAMKIMTDEEEAAK AKEALEATE RAVEEVTDNEVI :
IAKEALEATEMLARAVEEVIDEERIEQLLREVKEEIRRAEEESRKETDDEEAA
EDKSGWLEHHHHHE (SEC ID NO: 524)
PDHR | MDEEVQRIREEVRRAIEEVRESLERNDSERARRLAREALERVAEREVKES IKERPIRDLATEATIRALVRLAL
18 EIVRLALEQNDSELAREVAEEALRAVAEVVKEAIRCRGDRDLAIE VIEIVRLALEQNDSELAR
EVAEEALRAVAEVVKEATRQRGDEELAKEATRALRRLAEEIRRLABEQNDDELAREVEELAREATEEVRKE
LERCREGRGWLEHHHNIIN {SEQ ID NO: 525)
PDHE | MSEVEESAQEVEKRAQEVREEEAERRGTSQEVLDEIKRVVDEARQLAQRAKESDDSEVAESALOVVREALEY
29 VLSALEREGTSEEVLKEILRVVSEATKLALEAT RS SDSEVAESALOVVREALRVVLSALERGTSEEVLKEIL
) RVVSEATKLALEATKSSDSETARRALEKVRESLRKEVLEQLERGTSEEELRESLREVSENIRKALEETKSPD
GWLEHHHEHE (SEQ ID NO: 526}

PDHR | MSTVKELLDRARELMRELAER? LLEDLEQLVQOE
30 ELALRAAEQGSDAEEAMKLLEDLLELVLEILRELRETGTDSEVIR
MKLLKDLLELVLETLRELRETGTDKEEIRK TIM

EEREKGTDCWLEHHHEHE (SED ID NC: 527)

DHR | MDSYTERARKAVERYVEEEGGSERERAEREAEXVREEIRKRASDSYLIQARAAAVVAYVIEEGGSPEEAVEIA

31 EEVVRRIKEKADDSYLIQ AVVAYVIERGCSPEEAVKIAEEVVERTKERADDRELIRRAAERVAEVIER
GGSPEEAVKEAEKEVXKOKEESDGWLE? [SEQ ID NC: 528}

DHR | MSIQEKAKQSVIREY SEER RLKKEADD VRARAAY FKGGSTEEAVQRAR

DAENGSSAEETIVEKVLEER
KDAVREAAELARRGSSA

<
=

KKICEEAERAKED

IEKLLEVVKEIIR
3 KKMTDEEEAAK
ALRRIRERAREVE

ITRLIAKATIMILMA
AARQGSDAEEA
LXECLERILERLR

32 EVIERLKKEASDSTLVRAAAAVVLYVLEKGGST KEASDEELIREAAKEVLIVLEEG
GSVEEAVERARERIEELOKRSDDOWLEHHHEHEH 9}

DHR | MSETEEVKKLVEEKVIKEGGSPEEAKETAKEVTEELKEESQDSTLLEVAALV? KEGGSPEEAAETAK

13 EVVKELRKSASDSTLLEKVAALVASAVLKEGGS PEEAAETAKEVVEELRKSASD LXEAARQARESLROG
KSPEEAABEARKEVEKLKBEKSODOWLEIIINIHE (SEQ ID NO: 530)

DHR | MSETEEVKKLCEENVIKEGGSPEEAKETAKEVTEELKEESQDET V SAVLKECGSCEEAAETAK

34 EVVEKELRKSASDSTLIKVAALCASAVLRKEGGSCEEAARTAKEVVRKELRKSASDE KEAARQARESLROG
KSCEEAREERAKKEVKKLKEKSODGWLEHHHT (SEQ ID NO: 531)

DHR | MSEEDEVAKQASRYAKEQGGDPEXKSREEAEKALEEVKKOATSSEALOVALERS
35 RALEEVRRSATSSEATQVATL EAARYASEEGEDPAEAL KEAARALEEVRES
ONPAESLKEAAEELXKKKKEKSSDGWLEHHEEHH (SEQ ID

DHR | MSDLEKALKRFVKEEKKKGRNPEEAKKEAKKLXKKIKKSAGSSDLLTALZ

EECEDPAEALKEAR
KEALDRAREASERG

NO: 5

}
AKFVLEEVRKGRNPEEAVKEAT
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36 TABKLERSAGSSDLILTAL A?’F’\ T,F L’VRK( Rl\ P’FF‘AVF’F‘KT AR ATKVLEEVKKS
RI\JFFnA\fnr‘. !

DHR | MSSTERAEANSY DPDQAS '. OB ‘CA._T. SVTRAALA YDPDOATLKKAS

37 F\/’AP‘\J B CVARNTRENRANSGY ARVVYKELERG

QDPDKA LEEZ\RKQAOK EXKT 1<:"’E iji :q' '” ) I b WO: 5345
MSSTERAAD YL.QQQ { QQS”TQ‘\AZ&\? CVEYLLEQG
EVAENTENE L] S\,\ VARNIENEANE

QDLEI\ALEEI\RIRA';)K muu 1‘2 E;_Jf_"'i TH (QEQ I0: B533)

MSDLQEVADRIVEQLXKREGESPEEARKE JTEETKQSAGS QPI TEVAVE
VELIERIRRAAGGDSELIEVAVRIVKELEEQGRSPSEAAKEAV!
ERGRSPSEAARRAVEETQRSVEEDGENGWLENHHHUE (SEQ ID NO:

MSESDEVAKRISKEAKKEGRSEEEVKELVERFREAIENLEEQGDSEATRVAVE
VERFVQAIQKL.QENCESEAIRVAVEIADEALRECLSPEEVVELVERFVOATY ‘;Q

LREGLSPEEVVEL

DHRE
41

TEAT
E ICEEDEIQKAVETAD
EQLEEGESPXEVVETVEEQVEEVEEKQOKCECWLEHHHENE (SEQ ID NO: 537)
MSDIEKAKRIADRAIDVVREKAAEKEGGSPEKIREALQOAKRCAEKLIRLVKEAQ AS NG
VRVVVRAAREKGGSPEEVVEAVCRAVRCAEKLIRLY I\”?"EESI\SSDVRZ:’J""” AT
PEEVVEAVCRAVRCAERLIRLVKRAEE "\f‘:h CVRESARRATLEXVLKTVOQAE
AEEQIRETQERERSTSGWLEHHHEEY (SEQ ID HC: 538}

DVREAARVALEA
JVVRAREEKGGS
X ,';\./"\./E(NAKTR.SVRK

DHR

MSDAEEVKKQARBETANRAYKTADKOGESDSRAK ‘EI\LV RKKAE I"LAR; I B “{." QK

42 ARRAFETAKKQGHSATEAAKAFVDVVEAATSLA
ATEAAKAFVDVVEAATSLAELITSAKRQGRQKAL
ETIKKAQEQIKRERKGDGWLEHHHHEEH {3EQ ID T\TO
PDHR | MSKEEELIE VAQR'\/A?’EAT BAXKEQGKDPSEAKKAAEKLIXAVEEAVEKEAKRLKEEL
43 AVEAVEEAVRQGKDPFEAARAAARLIRAVVEAVKEAERLKREGNSELAELISE LTPV: VF‘AVFF XVR’Y‘ D

PFKARERARELIR ?J\T VEAVKEAERLKREGNSELAKKINDTIREAVREVQQAVEDGKD PFEAAREAARKIRE
SVERVREEEEKKRRGMGWLEHHHHHE {SEQ ID NC: 540}

PHR
44

MSNEQEKKDLRKAREAAKSEDPELIREAT ERARE SCONKAKE T 1 LNAREEARKSPODEL TRLATEARERSS
SNKAKETILRAAEEAAKSPDPELIRLAIEARERSGSEKAKE IKRAABEAQKS PEPELOKLAKEARERLG
WLEHHHHHH (SEQ ID NO: 541)

DHR
45

MSSEEEELEKDAREASESGADPEWLREIVDL
SSEVIELAKRALEAAKSCADPEWLLRIVRQE
WLEHFHHEH {(SEQ ID NO: 542)

LLRIVRQAEESG
LEEVREREESGS

DHR

MSTKEEKERIERIEKEVRSPDPENTIREAVRKAEELL.RENPSTEAEELLRRATEAAY ZSPEPEAIRERVRT\A
EELLRENPSTEAEELTRRATEAAVRAPDPEATREAVRAAEELLRENPSEEAKELLRRATESAKKAPDPEA

6 REAKRAEEELRKEDPGWL H (SEQ ID NC: 543)

PDHR | MSTKREKERIERIEXEVRSPDCENIREAVREKAE 'LL}QE“UPST‘E%LLLLf RATHEAAVRCPDUCEATREAVRAA

47 EELLRENPSTEAERLLERATEAAVRCPDCEATIREAVRAAEELLRENPSEEAKELLRRATESAKKCPDPEAR
EEAKRAEEELRKEDPGWLEH] T {SEQ ID NC: 544}

PDHR | MNSREEEEAKRIVKEAKKSCFDPEEVEKALREVIRVABETGNSEALKEALKIVEEARKSCYDPARVAKALA

48 EVIRVAEETGNSEALKE ALYI\/’t'b'?lKJ\O(‘"Y DPAEVAKALAEVIRVAEETGNPEELKEALKRVLEAAKEGED
PAQVAKELAEE IRRNOQEEGGWLEHHEHHHH 3 NO: 545)

DHR | MDSEEEQERIRRILKEARKSGTEESLRO! KSODSEVLEEAT

49 A AETAKEAQDSEVLEEATRVILRIAKESGEERALRCATRAVAETAKEAQDRE
EEARRQAERAEEEIRRRACQGWLEHHE {(SEQ ID NO: 546)

DHR | MDPEEVRREVERATEEYREKD LKEAVERAEEAARSPDRPEAVOVAVE

30 ALETAVRAL ARLPDPEAVQVZ QIYENTPGSEEARKALETAVRAL

DQIRKNTPGS LAKRADEIKEFARELLERT. POWL EHHHNEK {SEQ ID NO 547)
DHRE | MOSEDRKERIRELERKARENTGSDEARQAVKETA EALEEGNADTAKEA LARDYSGEDVASL
51 AVKATAKIZ LRNGYAUTAKEATQRLEDLARDYSGSDVA 7KZ-\IAKIAE'I'ALRJ.‘ TYKETAREATKEL

RELAEDYKGSEVAKLAEEATERTEXVSRERGEGWLEHININE [SEQC ID NO: 548}

MQCEDRKEKIRELERKARENTGSDEARQAVKETARTAKEALEEGCCDTAKEATQRLEDLARDY SGEDVASL
AVKATAKIAETALRNGCCDTAKEATQRLEDLA mDYSGSDVASLKVKAIAKuxETALRN CRETAEEAIKRL
RELAEDYKGSEVAKLAEEATERTIEXKVSRERGCWLEHHHEENE (SEQ ID NO: £49)

MSNDEKEKLEELLKRAEELAESPDPEDLKEAVRI \AFFVVRERL GSNLAKKALEI TLRAAEELAKLPDPEAL
KEAVKAREKVVREQPCENLAKKALEI ILRAAEEL AKLPDPEALKEAVKAAEKVVREQPCGSELAKKALEI IR
RAAERLKKSPDPEAQKEAKKARDKVREERPGOWLEHHHENE (SEQ ID NO: 550

DHE

}
MITEDERRELEXVARKAZEAAREG uDEVQEQLQRALEIAPE“GTTEAVKLALE‘T” \RVATEAARRGNTDA

VOV IS
54 VREALEVALEIARESGITEAVRKLALEVVARVATIEAARRGN TDA‘\/‘PEALPV" IARESGTEEAVRLALEVV
KRVSDEAKKOGNEDAVKEAEEVE YTQEEE.J(J\JV LEH IIA EL,{ ID ND: 551)
PHE I"ISSVA uI"'VRAKKI .JKELI\I\ GIZ C[" [AFRAVKIAEELAKQGSEN
55 (AAAK /EVAA'"’ATS PK
{SEQ ID NO: &
DHE B EIAKRCVKIABBELAKQGC ‘-’\T
56 PEC/\TIAELLKACAYLVPV}ARATSSDA' 2 AK_ CV"“’ ELLKACAKIVEVAARATSPK
ALKOQAKECVKEAEELARKKGRNPKETAEELKKCAKEVEKLAERS {SEQ ID NO: BE3)
DHR | MSTEELKKVLERVRELSERAKESTDPEEALKIAKEY IELADKA‘\/YE"PSTDALRAV’ EAVRLASEVAKRVT
57 DPDKALKIAKLVIELALEAVEEDPSTDALRAVLEAVRLASEVAY ‘-".\”" DPDKALKIA ELALEAVKEDD

SEEAKRAVEEAKRLAEEVSKRVTIDREL
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554)
DHR MSTEELKKVLERV‘:{"’."L;("ERAKES’I'DEF‘P BJ Kl [—\"('E \/'J ELF*'L KAVEEDPSTDALL
58 DPDKALKIARLVIEL STDALRAVLEAVRCACEVAKRVTDPDK
SEBEAKRAVEEAKRC AQREDPEWLEY
EBR )
DHR | MKTEVEKKAK AXRAN F”GK’“‘F‘VZ‘ FLALXKVLEEATELAKEN
39 ESEBALKVY T‘JE I &AA’ AAA(J&KUU ALKVLEEAT : Rm".x AADAA

EEGKSDEARDALRRLEEATEEAKENRSKESLEXVREEAKEAEQQAE!

{8EQ ID
NO: 556)
DHE MIDIKKKABEI IKEAKKQGSEDATIRLAQEAKKQCTDILVRAAEIVVRADEQGSEDATI RLAKEASREGTDIL
6} VRAAR IVVTU-\QE(‘GSFDATT’LZ‘;KEA(‘ REGTPTLVRAAEKVVRARQKGSODTIEXKAKEESREGGWLEHHHHYT

T
i

0 {8EQ ID NO: 557)
PDHE | MIDIKKKAEEIIKEAKKQCSEDAIRLAQECKKQCTDICVRAAET ‘FfR/\D#Q EDATIRLAKECSRECTD
a1 VRAAEIVVRAQEQGSEDATRLARKECSREGTPTCVRAAEKVVRAQC QJT*D AREESREGGWLEHHHHT
H {(SEQ 1D NO: 558)
DHR | MDNDEKRXRA EVAL\J\}\QEZ&EK'{GD'\’E AVRARDEAVRAAKESCONDVLRRKVARCAT RTA
&2 AVKAARVAVEAAKQAGDNDVLRKVARDALRTAKEAERQG) AVKAARVAVEALK:
ERISKEAKKOGN DEVQFFKRI’VAD"’.AVKQT SCWLEHHEHEE (SEQ ID NO:
DHE | MDPDEDRERLKEELXXIREALREAKEKPDPEEIKRALREVIEATRRILY ¥
&3 REALETAKREVPDPEVIKEALRVVLEATRAILKLAECAGDPDLAREALKEINRVIREALETAKRVPDPEVIK
EALRVVLEAIRATLXLA CDPDLAREALEEIDKVIDEAQEISERVPDEEVOREAQEVIKEADRARKKLS
EQSGOWLEHHHHEE (SEQ ID NO: )
PDHR | MDPEDELKEVEXLVKEAEELL = 2 D LERALRTAEEAAREAKKVLEQAEKEGDPEVALRAVELVV
64 RVAELLLRIAKESGSE JFRZ\\J.IRT\.??XFFA‘V RL]‘\KR"I FLAEKQCDPEVALR VELVVRVAELLLRIAKESG
SEEALERALRVAEEAARLAKRVLELAEKQGDPEVARRAVELVAREVAELLER IARESGSEEAKERAERVRER
ARELQERVKELREREGGWLEHHHHENH (SEQ ID NC: 561)
PDHR | MDPEDELKRVEXKLVKXEAEELLRDCKEKGEEECLEXALRTAEEAAREAKKVLEQAEKEGDPEVALRAVELVY
55 RVAELLLRICKESGSEECLERALRVAEEAART AKRVLELABKQCDPEVALRAVELVVRVAELLLRICKESG
SEECLER VAEEAARTAKRVLELA EI\LGWPE\/ARRAVF'L VARVAELLERICRESGSEECKERARERVREE
ABELQERVKELREREGGWL {SEQ T NG 2}
DHR | MTSDDDKVREARERVEEATERIDRALKKR

KEAEKQENVEV
SDQUVIRKVSEQA

DLAREATKEINKVI

DTPDARKALEAAKKLLEVVEKAKKRCTSDAIKVAEAAARVAE

66 ATARILEALNERDT PDARKAT RAATKLAREVVYKAARSGTSDATIRVAEAAARVAEATARILEALNERDTPDA

PKALRAH IKLAEVVYKAAESCTTEALKVAERKAARVAEKTARTILERKLNERDTPEARKKLRQAIKEAEKVYKE
SECGGWLEHHHHHE (SEQ ID NO: 563)

DHR | MTSEIDKL LROTAKEVEKE RRETDPTVREVIERLAQLATLDVA TSEVAKLVWK

67 LARTAIEVIREATERAERSTDPEVIRVILELARLAAEVANEAARLIVKATTSEVAK. TATEVIEE
IERAERSTDPEVIRVILELARLAAEVAKEAARL IV’K}‘&TL EEVAKKVWKEAYRAIEEIRXAIEKAERSTDP

NEIKKILEEARKKAEEATERAKEIVKSTCWLERNIHME (SEQ ID ND: 554)

PDHE | MTPRERLEEAKERVEEIRELI L‘E*CstIILf‘FﬂJNKFFAFV’\/’LRF AREQIREVIRELEETAKNSDTPELALEAA

68 ELLVRLIKLLIEIAKLLOECGNKEEAEKVLREATELIKRVTELLEKIAKN SDTPELALRT\J\ELL\/’KLJ_LRLL

IEIAKLLOEQGNKEEAEKVLREATEL 'I’R\/TJJJEI\LAK}' SDTPELAKRA?
CNEDEAEKVKEEAKELEERVRELE KNSDGWLE H {(SEQ ID

DHE | MNPCEDLERAEKVVRSVERVLOEAKEAQRBGDKERVERLT KEAENDTRKAR

59 AELIVRLVEVVLELAKLAERNGDKEQVERLIQTAEELIREARELLERVER

IPDN Pb%.ur\m‘v’,hﬂ an
JHHHHE (SEQ ID NO: 566)
VRELEKLARKTGSTEVLI F.MPT AT L‘VZ-‘\R"’M;

VVLELAKLAEKNGDKEQVERLIQTARELIREARELLERVS /DLJI_;E:E\L.
ERNCDRDOVERLROQLAEELRREARELEERVRRERPDGWL

DHRE | MSTEEKIEEARQSTKEAERSLREGNPEKAREDVRRAL

70 KVGSPETAREAVRTALELVOELERDARKTGSTEVLIEAARLATEVARVA
LERQARKTGEDE R] \ARLAKEVAREVAKEVGSE QARETAERL

(SEQ ID NO: 587
DHR I‘VIT)PEFTTKTJRAKF\J‘[JJ\.JR]\RFI.;JF’(.\J[) EEFRFKAAEKALELAKELVEQAKKEGDPELVLEA
71 KNGDKEVEKKAAESATEVAKRLVEVASKEGDPELVLEAAKXVALEVAELAAKNGDK
LVEVASKEGDPELVEEAAKVABEVRKLARKQGDEEVYEKARETAREVKERL XRVREI

(SEQ ID KQ: 5£3)
DHR | MDSTKEKARQLAEEAKETAEKVGDPELIKLAEQASCEGDSEXAKATLLAAEAARY.
7 ARRGDSEKAKAILLAARAARVAKEVGDPELIXLAI EAARRGDSERARATLEAAE
RELAKRGCWLEHBHEEY (SEQ ID NO: 363}

AKEVCDPELIXLALEA

PDHR | MDAEEEAKEAIKRAQ ERAERVREEEAEKRGDAEVLAL
73 EVONPEEAREVAERAK . z LGL ATALALVATALA E
VREELAEKRGDARVLKLVAKALELVAE? PEEAREVEERAREIKERVERLLEE :{"""U FﬂPPH’H"—f

(SE¢ ID NO: 5786)

DHR | MDSEADRIIKKLCKETIKEVEQEARDSNDDEERELLKRLAEALKXRAAEAVKRAQESCGDSEATIRI IXKKLVKET
74 ""FV\/ EARKSTDKEETELLIRLAEALARAABAVADAAYSGDSEATRI IKKLVKEI TEVVREARKSTDKEET
ELLIRLRE T\LT\TZAA:AV’XBZ& AKSCDOEATIKRIKKLVKK I TEVVRKARKS TNKKEI EXLIRKAEKLARKAED

TAEDAKRGGWLEHHHIIIH (SEDQ ID NC: 571)
DHE MDSEKEKATELAERAQDVASRVEEEARREGSRELIETARE TLLAAKAVLVAYV
75 EVYERAKRQGSDELREIARELAKEALRAAQEGDSEKAKATL DELREIARE
LAKEALEAAQEGDSEKARATILEAAREVLRAVEQYERAKRE! GWLEHHHH
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HH (SEQ ID NG: 572)

DHR | MNPELEEWIRRAKEVAKEVEKVADRAEREEGNPDLE
o7 AEVIKVAIQAEKEGN RAALELVRAVIE TKQGNPELVEWVAR
DLFRAALELVRAVIRATEEAVEQGNPELVERVARLAKKAAERLTKRATRARKE
IEELVRQGGWLEHHHIIE (SEQ ID NO: 573)

DHE | MNSDEEEAREWAERAREAAKEALEQAK DEDARRVAEELEXQAREARRKKDSEEAEAVYWAARAVLAAL
ol EALEQAKREGDEDARRVAEELLRQAEEAARKKNSEEAEAVYWAARAVLAALEALEQAKREGDEDAREVAEE
LLRCAEEAARKKNPEEARAVYEAARDVL.EALORLEEAXRRGDEEERREAEERLEQARERARKKGWLEHHHI
HH {8EQ ID NC: 574)

DHE | MNSDEEEAREWAERAEEAAKEALEQAKRECDEDARRCAEELEXQAREARRKKDSEEAEAVYWAARAVLAAL
78 EALEQAKREGDEDARRCAEELLEQACEAARKXNSEEAEAVYWAARAVLAALEALEQAKREGDEDARRCAER
LLRCACEAARKKNPEEARAVYEAARDVLEALORLEEAKREGDEEERREAEERLROACERARKKGWLEHHHH
HH (SEQ ID NC: B75)

DHRE | MSSDEEEARELIERAKEAARRADEAARRTGDPRVRELAREIKRLAQEAZEEVRKRDPSSSDVNEATLKLIVEA
79 IEAAVRALEAAERTGDPEVRELARELVRLAVEAREEVORNDPSSSDVNEALKLIVEATEAAVREALEAAERTG
DEEVRELARELVRLAVEAAEEVORNPSSEEVNEALKKIVRKATQEAVESLREAEESGDPEXREKARERVREA
VERAEEVORDPSGWLEHHHHHE (SEQ ID NQO: 576)

DHR | MNSEELERESEEAERRLOEARKRSEEARERGDLKELAEALTEEARAVOELARVASERCGNSEEAERASERKAD
80 RVLEEARKVSEEAREQGDDEVLALALIAIALAVLALAEVASSRGNSEEAERASEXADRVLEEARKVSEEAR
EQGDDEVLALALIATALAVLALAEVASSROGNKEEAERAYEDARRVEEEARKVKESAEEQCDSEVERLAEEA
EQLAREARRHVOETRGGWLEHHHHIT (SEQ ID NC: 377)

DHR | MNSEELERESEEAERRLOEARKRSEEARERGDLXELARALTEEARAVOELARVA

DSARELRRAVEEAT EEAKKQONPELVEWVARAAKVA
JATQARKECGNR

SGNEDERREALERVREVIER

o)

RGNSEEAERASEK

A Q

21 RVLEEARKVSEEAREQCDDEVLALALIAIALAVLALAEVACCRCNSEEAERASEKAQRVLEEARKVSEEAR
EQGDDEVLALALIATALAVIALAEVACCRGNXEEAERAYEDARRVEEEARKVEESAEEQGDSEVEKRLAEEA

EQLAREARREVOECRGGWLEHHHHEHEE {(SEQ TD NC: 578)

DHR | MNDEEVQEAVERAEEIRFEABELIKKARKTGDPELLRKALEALEEAVEAY
23 EELQERARKKTGDPELLKLALRALEVAVREAVELATKSNFDNDE
AKKTGDPELLKLALRALEVAVRAVELAIKENPDNEEAVETAKRLARELRKVAELL?
KRAKEVADRARELAKXKSNPNGWLEEHHHHE (SEQ ID NO: 573)
DHR | MNDEEVQEACERAEERL ABELTKKARKTGDPELLEKALEALERAVRAV
23 RELEEVAEELQERAKKTGDPELLELALRALEVAVRAVELATKSNPDNDECVETACRLARELKKVARELOER
AKKTGDPELLKLALRALEVAVRAVELATKSNPDNEECVETAKRLAEELRKVAELLEERAKETGDPELOELA
KRAKEVADRARELAKKSNPNGWLEHHHHNE (SEQ ID NO: 580)

NPDNDEAVETAVRLA
TRRKVAEELGER

RARKETGDPELOELA

3 -
4

EXAMPLE COMPUTING ERVIRONMENT
Figure 8 is a block diagram of an example computing network. Some or all of the
above-mentioned lechniques disclosed herein, such as but not limited 1o technigques
5 disclosed as part of and/or being performed by software, the Rosetta software swite,
RosettaDesign, Rosetia applications, and/or other herein-described computer software and
computer hardware, can be part of and/or performed by a computing device. For example,
Figure 8 shows protein design svstem 802 configured 10 communicate, via network 806,
with client devices $04a, 804b, and 804¢ and protein database 808, In some embodiments,
10 protein design svstem %02 and/or protein database 808 can be a computing device
configured to perform some or all of the herein described methods and techniques, such as
but not hmited to, method 1000 and functionality described as being part ot or related to
Rosetta. Protem database 808 can, in some embodiments, store information related to and/or
used by Rosetta.
15 Network 806 may correspond to a LAN, a wide area network (WAN), a corporate miranet,

the public Internet, or any other type of network configured to provide a communications
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path between networked computing devices. Network 806 may also correspond to a
combination of one or more LANs, WANSs, corporate infranets, and/or the public Internet.
Although Figure 8§ only shows three client devices 804a, 804b, 804c, disinbuied application
architectures may serve tens, hundreds, or thousands of client devices. Moreover, client
devices 804a, 804b, 80dc (or any additional client devices) mayv be any sort of computing
device, such as an ordinary laptop computer, desktop computer, network terminal, wireless
conununication device {e.g., a cell phone or smart phone}, and so on. In some embodiments,
client devices 804a, 804b, 804¢ can be dedicated o problem solving / using the Rosetta
software suite. In other embodiments, client devices 804a, 804b, 804¢ can be used as
general purpose computers that are configured to perform a number of tasks and need not be
dedicated to problem solving / using Rosetta. In still other embodiments, part or all of the
functionality of protein design svstem 802 and/or protein database 808 can be incorporated
m a client device, such as client device 804a, 804b, and/or 804¢.

COMPUTING DEVICE ARCHITECTURFE

Figure 9A is a block diagram of an example computing device {e.g., system) In particular,
computing device 900 shown in Figure YA can be configured to: include components of
and/or perform one or more functions of protein design system 802, client device 804a,
804b, 804c, network 806, and/or protein database 808 and/or carry out part or all of any
herein-described methods and techniques, such as bul not limited {o method 1000,
Computing device 900 may inclade a user interface module 901, a network-communication
interface module 902, one or more processors 903, and data storage 904, all of which may
be linked together via a system bus, network, or other connection machanism 905.

User interface module 901 can be operable to send data 1o and/or receive data from external
user mput/oulpul devices. For example, user interface module 901 can be conligured lo
send and/or receive data to and/or from user input devices such as a kevhoard, a keypad, a
touch screen, a computer mouse, a frack ball, a jovstick, a camera, a voice recognition
module, and/or other sinelar devices. User imterface module 901 can also be configured to
provide output 1o user display devices, such as one or more cathode ray tubes (CRT), Hquid
crystal displays (LCD), fight emitting diodes (LEDs), displays using digital light processing
{DLP) technology, printers, light bulbs, and/or other similar devices, cither now known or
later developed. User interface module 901 can also be configured to generate audible
output(s}, such as a speaker, speaker jack, audio output port, audio output device,

earphones, and/or other similar devices.
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Network-communications interface module 902 can include one or more wireless
mterfaces 907 and/or one or more wireling interfaces 908 that are configurable to
comnunicate via a network, such as network 806 shown in Figure 8. Wireless imterfaces
907 can include one or more wireless transmitters, recetvers, and/or transceivers, such as a
Bluetooth transceiver, a Zigbee transceiver, a Wi-Fi transceiver, a WiMAX transceiver,
and/or other similar type of wireless transcetver configurable to communicate via a wireless
network. Wireline interfaces 908 can include one or more wireline transmitters, receivers,
and/or transceivers, such as an Ethernet transcetver, 3 Universal Serial Bus (USB)
transceiver, or similar franscetver configurable 1o communicate via a twisted pair, one ot
more wires, a coaxial cable, a fiber-optic link, or a sinular phvsical connection fo a wireline
network.

In some embodiments, network communications interface module 902 can be
configured to provide reliable, secured, and/or authenticated communications. For each
communication described herein, information for ensuring reliable communications (J.e.
guaranteed message delivery) can be provided, perhaps as part of a message header and/or
footer (e.g., packet/message sequencing information, encapsulation header(s) and/or
footer(s), size/time information, and transnussion verification information such ag CRC
and/or parity check values), Communications can be made secure {e.g, be encoded or
encrypled) and/or decrypted/decoded using one or more cry plographic protocols and/or
algorithms, such as, but not lumtted to, DES, AES, RSA, Diffie-Hellman, and/or DS A
Other cryvptographic protocols and/or algorithms can be used as well or in addition to those
listed herein to secure (and then decrypt/decode) commumications.

Processors 903 can include one or more general purpose processors and/or one or
more special purpose processors {e.g., digilal signal processors, apphication specific
integrated circuits, etc.}). Processors 903 can be configured 1o execute computer-readable
program instructions 906 contained in data storage 904 and/or other instructions as
described herein. Data storage 904 can imclude one or more computer-readable storage
media that can be read and/or accessed by at least one of processors 903, The one or more
computer-readable storage media can include volatite and/or non-volatile storage
components, such as optical, magnetic, organic or other memory or disc storage, which can
be integrated in whole or in part with at least one of processors 903, In some embodiments,
data storage 904 can be implemented using a single physical device {e.g., one optical,
magnetic, organic of other memory or disc storage unit), while in other embodiments, data

storage 904 can be implemented using two or more physical devices.
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Data storage 904 can include computer-readable program instructions 906 and
perhaps additional data. For example, in some embodiments, data storage 904 can store part
or all of data utilized by a protein design system and/or a protein database; e.g.. protein
designs system 802, protein database 808, In some embodiments, data storage 904 can
additionally include siorage required 10 perform at least part of the herein-described
methods and technigques and/or at least part of the functionality of the herein-described
devices and networks.

Figure 9B depicts a network 806 of computing clusters 909z, 909b, 909¢ arranged as
a cloud-based server system in accordance with an example embodiment. Data and/or
software for protein design syvstem 802 can be stored on one or more cloud-based devices
that store program logic and/or data of cloud-based applications and/or services. In some
embodiments, protein design system 802 can be a single computing device residing m a
single computing center. In other embodiments, protein design system 802 can include
multiple computing devices in a single computing center, or even mulliple computing
devices located in multiple computing centers located in diverse geographic locations.

In some embodiments, data and/or software for protein design system 802 can be
encoded as computer readable mformation stored in tangible computer readable media {or
compuier readable storage media) and accessible by client devices 804a, #04b, and 804c,
and/or other computing devices. In some embodiments, daia and/or soltware for protein
design system 802 can be stored on a single disk drive or other tangible storage media, or
car be noplementad on muliple disk drives or other tangible storage media located at one
or more diverse geographic locations.

Figure 9B depicts a cloud-based server sysiem in accordance with an example
ernbodiment. In Figure 9B, the functions of protein design sysiem 802 can be distnbuted
armong three computing clusters 20%a, 909b, and 90%¢. Computing clusier 909%a can include
one of more computing devices 900a, cluster storage arrays 910a, and cluster routers 911a
connected by a local cluster network 912a Similarly, computing cluster 909b can mclude
one or more computing devices 900b, cluster storage arrays 910b, and cluster routers 911b
connected by a local cluster network 9126, Likewise, computing cluster 909¢ can include
one or more computing devices 900¢, cluster storage arrays 910c, and clusier routers 91 lc
connected by a local cluster network 912¢.

In some embodiments, each of the computing clusters 909a, 909b, and 909¢ can have an
equal number of computing devices, an equal number of cluster storage arravs, and an equal

number of cluster rouiers. In other embodiments, however, each computing cluster can have
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different numbers of computing devices, different numbers of claster storage arrays, and
different numbers of cluster routers. The mumber of computing devices, clusier siorage
arrays, and cluster routers in each computing cluster can depend on the computing task or
tasks assigned to each computing cluster.

In computing cluster 90%9a, for example, computing devices 90a can be configured
to perform various computing tasks of protein design systern 802 Tn one embodiment, the
various functionalities of protein design system 802 can be distributed among one or more
of computing devices 900a, 900b, and 900¢. Computing devices 900b and S00¢ 1n
computing clusters 909b and 909¢ can be configured similarly 10 computing devices 900a in
computing cluster 90Y%a. On the other hand. in some embodiments, compuiing devices Y00a,
900b, and 900c¢ can be configured to perform different functions.

In some embodiments, computing tasks and stored data associated with protein
design system 802 can be distributed across computing devices 900a, 900b, and 900c¢ based
at feast i part on the processing requirements of protein design system 802, the processing
capabilities of computing devices 900a, 900b, and 900c, the latency of the network links
between the computing devices in each computing cluster and between the computing
clusters themselves, and/or other factors that can contribute 1o the cost, speed, fault-
tolerance, resiliency, efficiency, and/or other design goals of the overall system architecturs.

The clusier storage arrays 910a, 910b, and 910¢ of the computing clusiers 909,
9096, and 209¢ can be data storage arrays that include disk array controliers configured to
manage read and write access to groups of hard disk drives. The disk array controllers,
alone or in conjunciion with their respective computing devices, can also be configured 1o
manage backup or redundant copies of the data stored in the cluster storage arrays to protect
agamst disk drive or other cluster slorage array fmlures and/or network lalures that prevent
ane o1 more computing devices from accessing one or more cluster sicrage arrays.

Similar 1o the manner in which the functions of protein design system 802 can be
disiributed across computing devices 900a, 900b, and 900¢ of computing clusters 909,
909b, and 909¢, various active portions and/or backup portions of these components can be
distributed across cluster storage arrays 910a, 910h, and 910¢, For example, some cluster
storage arrays can be configured to store one portion of the data and/or sofiware of protein
design system 802, while other cluster storage arrays can $tor¢ a separate portion of the data
and/or software of protein design svstem 802, Addittonally, some cluster storage arrays can

be configured to store backup versions of data stored in other cluster storage arravs.
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The cluster routers 911a, 911h, and 911¢ in computing clusters 909a, 90%b, and
909¢ can include networking equipment configured 1o provide intemnal and external
commuunications tor the computing clusters. For example, the cluster routers 91lam
computing cluster 90%a can include one or more internet switching and routing devices
configured to provide (i) local area network compumnications between the computing
devices 900a and the cluster storage arrays % 1a via the local cluster network 9122, and (i)
wide area network communications between the computing cluster $09a and the computing
clusters 509b and 90%¢ via the wide area network connection 913a to network 806, Cluster
routers 911b and 911¢ can include network equipment sinular o the closter routers 911a,
and cluster routers 911b and 91 1c can perform stmlar networking functions for computing
clusters 909b and 909b that cluster routers 911a perform for computing cluster 909a.

In some embodiments, the configuration of the cluster routers 911a, 911b, and 91 1c
can be based at least in part on the data communication requirements of the computing
devices and cluster storage arrays, the data communications capabilities of the network
equipment in the cluster routers 911a, 911b, and 91 tc, the latency and throughput of local
networks 912a, 912b, 912¢, the latency, throughput, and cost of wide area network links
913a, 913b, and 913¢. and/or other factors that can contribute to the cost, speed, fault-
tolerance, resiliency, efficiency and/or other design goals of the moderation system

architeclure.

EXAMPLE OPERATIONS

Figure 1015 a flow chart of an example method 1008 Method 1060 can begin at
block 1010, where a computing device, such as computing device 900 described in the
context of al least Figure 9A, can determine a protein repeating unil, where the protein
repeating unit can include one or more protem helices and one or more protein loops, such
as discussed above at least in the context of the “Computational protocol” section. In some
embodiments, the protein repeating unit can incltude two protem helices and two protein
loops, such as discussed above at least in the context of the “Computational protocol™
section.

In other embodiments, determining the protein repeating unit can include: selecting
one o1 more protein fragments, each protein fragment including a plurality of protein
residues; and assembling the one or more protein fragments into at feast part of the protein
repeating unit, such as discussed above at least in the context of the “Computational

profocol” section. In particular of these embodiments, assembling the one or more protein
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fragments into at least part of the protein repeating unit can include at least ong of
assembling the one or more profein fragmenis inlo a helix of the protein repeating umit and
assernbling the one or reore proten fragments into a loop of the protein repeating unt, such
as discussed above at least in the coniext of the “Computational protocol” section. In other
particular of these embodiments, the one or more protein fragiments can include a particular
protein fragment, where each protein residue of the plurahity of protein residues for the
particular protein fragment can be associated with a protein residue position; then,
determining the protein repeating unit can further include; selecting a native protein
fragment from among a plurality of native protein fragments, where the native protein
fragment can include a plurality of native protein residues, and where each native protein
residue of the plurality of native protein residues for the native protein fragment can be
associated with a native protein residue position, determining whether each protein residue
position associated with the plurality of particular residue positions is within a threshold
distance of a native protein residue position associated with the plurality of native protein
residues; and after delermining that each protem residue position associated with the
plurality of particular residue positions 1s within the threshold distance of a native protein
residue position associated with the plurality of native protein residues, assembling the
particular protein fragment into at least part of the protein repeating unit, such as discussed
above at least in the context of the “Computational protocol” section.

Atblock 1020, the computing device can generate a protein backbone structure that
includes at least one copy of the protein repeating unit, such as discussed above af least in
the context of the “Computational prolocol™ section.

In some embodiments, generating the plurality of protem sequences based on the
prodein backbone structure can mclude generating the pluralily of protein sequences based
an the profein backbone structure such that an overall energy of the protein backbone
structure is munimized, such as discussed above at least in the condext of the
“Computational prolocol” section. In other embodiments, generating the plurality of protein
sequences based on the protein backbone structure can includes generating the plurality of
protein sequences based on the protein backbone structure such that a core packing of the
protein backbone structare is increased, such as discussed above af least in the context of
the “Computational protocol” section. In still other embodiments, generating the plurality of
protein sequences based on the protein backbone structure can include generating the
plurality of protein sequences so that one or more polar amino acids is introduced into the

protein backbone structurg, such as discussed above at least in the context of the
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“Computational protocol” section. In even other embodiments, generating the plurality of
protein sequences based on the protein backbone structure can include generating a protein
sequence with one or more inter-repeat disulphide bonds. such as discussed above at least in
the context of the “Computational protocol” section.

At block 1030, the compuiing device can determine whether a distance between a
pair of helices of the protein backbone structure is between a lower distance threshold and
an upper distance threshold, such as discussed above at least in the context of the
“Computational protocol” section.

At block 1040, after determining that the distance between the patr of helices of the
protein backbone structure 15 between the lower distance threshold and the upper distance
threshold, the computing device can: generate a plurality of protein sequences based on the
protein backbone structure, select a particular protein sequence of the plurality of protein
sequences based on an energy landscape for the particular profein sequence, where the
energy landscape includes information about energy and distance from a target fold of the
particular protein sequence, and generate an outpul based on the particular protein sequence,
such as discussed above at least i the context of the “Computational protocol” section. In
some embodiments, generating the output based on the particular protein sequence can
include generating g display that includes at least part of the particular protein sequence.
such as discussed above at least in the context of the “Computalional protocol” section.

In some embodiments, method 1009 can further include: generating a svathetic gene
encoding the particular protein sequence; expressing a particular protein in vive using the
synthetic gene; and purifying the particular protein, such as discussed above at least in the
context of the “EXAMPLES” and “Protein expression and charactenzation” sections. In
particular of these embodiments, expressing the parlicular profein sequence in vivo using
the synthetic gene can include expressing the particular protein sequence in one of more
Escherichio coli that include the svathetic gene, such as discussed above at least in the
context of the “EXAMPLES” and “Protem expression and charactenzation” sections. . In
other particular of these embodiments, method 1000 can further include: purifying the
particular protein via affinity chromatography, such as discussed above at least in the
context of the “EXAMPLES” and “Protein expression and characterization” sections. Tn
still other particular of these embodiments, method 1000 can further include: synthesizing 3
protein having the particular protein sequence, such as discussed above at least in the

context of the “EXAMPLES” and “Protein expression and characterization”™ sactions.
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The particulars shown herein are by wav of example and for purposes of illustrative

discussion of the preferred embodiments of the present invention only and are presenied in
the cause of providing what 1s believed to be the most useful and readily understood
description of the principles and conceptual aspects of various embodiments of the
invention. In this regard, no attempt is made to show structural details of the invention in
more detail than is necessary for the fundamental understanding of the invention, the
description taken with the drawings and/or examples making apparent 1o those skilled in the
art how the several forms of the invention may be embodied in practice.
The above definitions and explanations are meant and intended 1o be controliing in any
future construction unless clearly and unambiguously modified in the following examples
or when application of the meaning renders any construction meaningless or essentially
mieaningless. In cases where the construction of the term would render it meaningless or
essentially meaningless, the definition should be taken from Webster's Dictionary, 3
Edition or a dictionary known to those of skill in the art, such as the Oxford Dictionary of
Biochemistry and Molecular Biology {Ed. Anthony Smith. Oxford University Press,
Oxford, 20043,

As used herein and uniesg otherwise ndicated, the terms “a” and “an™ are taken to

3% u¢

mean “one”, “at least one” or “one or more”, Unless otherwise required by context, singular
terms used herein shall include pluralities and plural terms shall include the singular,

Pnless the context clearly requires otherwise, throughout the description and the claims, the
words ‘comprise’, “comprising’, and the like are to be constried in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is 1o say, i the sense of “inchuding, but
not limited to”. Words using the singular or plural number also include the phural or singular
number, respeclively. Additionally, the words “herein,” “above” and "below" and words of
stmilar import, when used in this application, shall refer to this application as a whole and
not to any particular portions of this application.

The above description provides specific details for a thorough understandimyg of, and
enabling description for, embodiments of the disclosure. However, one skilled in the art will
understand that the disclosure mav be practiced without these detaifs. In other insiances,
well-known struciures and functions have not been shown or deseribed in detail to avord
unnecessarily obscuring the description of the embodiments of the disclosure. The
description of embodiments of the disclosure 15 not intended to be exhaustive or to limit the
diselosure to the precise form disclosed. While specific embodiments of, and exarmples for,

the disclosure are described herein for Hustrative purposes, various equivalent
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modifications are possible within the scope of the disclosure, as those skilled m the relevant
art will recognize.

All of the references cited herein are incorporated by reference. Aspecis of the
disclosure can be modified, if necessary, to emplov the svstems, functions and concepts of
the above references and application to provide vet further embodiments of the disclosure.
These and other changes can be made to the disclosure in light of the detaited description.

Specific elements of any of the foregoing embodiments can be combined or
substituted for elements in other embodiments. Furthermore, while advantages associated
with certain embodiments of the disclosure have been described in the context of these
embodiments, other embodiments may also exhibit such advantages, and not all
ermbodiments need necessarily exhibit such advantages to fall within the scope of the
diselosure.

The above detailed descriplion describes various features and functions of the
disclosed systems, devices, and methods with reference to the accompanving figures. In the
figures, similar symbols tvpically identify similar components, unless context dictates
otherwise. The tllustrative embodiments described in the detailed description, figures, and
claims are not meant to be limiting. Gther embodiments can be utilized, and other changes
can be made, without departing from the spirit or scope of the subject matier presented
herein. It will be readily undersiood that the aspecis of the present disclosure, as generally
described heremn, and itlastrated in the figures, can be arranged, substitited, combined,
separated, and designed in a wide vartety of different configurations, all of which are
explicitly contemplated herein.

With respect 1o any or all of the fadder diagrams, scenarios, and flow charts in the
figures and as discussed herem, each block and/or communicalion may represent a
processing of information and/or a transnussion of information in accordance with example
embodiments. Alternative embodiments are included within the scope of these example
embodiments. In these altemative embodiments, for example, functions deseribed as blocks,
transmissions, communications, requests, responses, and/or messages mayv be executed out
of order from that shown or discussed, including substantially concurrent or in reverse
order, depending on the functionality involved. Further, more or fewer blocks and/or
functions may be used with any of the ladder diagrams, scenarios. and flow charts discusses
herein, and these fadder diagrams, scenarios, and flow charts may be combined with one

another, in part or in whole.

71
SUBSTITUTE SHEET (RULE 26)



WO 2017/106728

8]

10

15

20

A block that represents a processing of information may correspond o circuiiry that
can be configured to perform the specific logical functions of a herein-described method or
techmque. Alternatively or additionally, a block that represents a processing of mformation
may correspond to a module, a segment, or a portion of program code (including related
data). The prograim code may include one or more instructions executable by a processor for
implementing specific logical fimetions or actions in the method or technique. The program
code and/or related data may be stored on anv type of computer readable mediumsuch as a
storage device including a disk or hard drive or other storage medium.

The computer readable medium may also include non-transitory compuier readable
media such as computer-readable media that stores data for short periods of time hike
register memory, processor cache, and random access memory {(RAM). The computer
readable media may also include non-transitory computer readable media that stores
program code and/or data for longer periods of time, such as secondary or persistent long
term storage, like read only memory (ROM), optical or magnetic disks, compact-disc read
only memory {CD-ROM), for example. The computer readable media may also be any
other volatle or non-volatile siorage systems. A computer readable medium may be
considered a computer readable storage medium, for example, or a tangible storage device.
Moreover, a block that represents one or more information transmissions may correspond to
mnformation transmissions between software and/or hardware modules in {he same physical
device. However, other information transmissions may be between software modules and/or
hardware modules 1n different physical devices. Numerous modifications and vanations of

the present disclosure are possible in light of the above teachings.
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We claim:

1 A method, comprising:

determining a profein repeating umii using a computing device, wherein the profein
repeating umi comprises one or more protemn helices and one or more protein loops;

generating & protein backbone structure that comprises at least one copy of the
protein repeating unit using the computing device;

determining whether a distance between a pair of hehees of the protein backbone
structure is between a lower distance threshold and an upper distance threshold using the
computing device; and

after determiring that the distance between the pair of helices of the protein
backbone structure is between the lower distance threshold and the upper distance
threshold, using the computing device for;

gengrafing a plurality of protein sequences basad on the protein backbone structure,

selecting a particular protein sequence of the pluraliyy of protein sequences based on
an engrgy landscape for the particular protein sequence, whergin the energy landscape
comprises information about energy and distance from a target fold of the particudar protein
sequance, and

generating an output based on the particular protein sequence.
2. The method of claim 1, wherein the protein repeating unit comprises two protein
helices and two protemn foops.
3. The method of either claim 1 or claim 2, wherein determining the protein repeating
unit COMprises:

selecting one or more protein fragments, each protein fragment comprising a plurality
of protein residues; and

assembling the one or more protein fragments nto at least part of the protein
repeating umt.
4. The method of claim 3, wherein assembling the one or more protein fragments info at
least part of the protein repeating unit comprises at least one oft assembling the one or more
protein fragments into a helix of the protein repeating unit and assembling the one or more
protein fragments into a loop of the protein repeating unit.
5. The method of claim 3 or claim 4, wherein the one or more proiein fragments

comprise a particular protein fragment, wherein each protein residue of the plurality of
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protein residues for the particular protein fragment is associated with a protein residue
posttion, and wherein determining the protein repeating unit further comprises:
selecting a native protein fragment from among a plurality of native protein fragments,
wherein the native protein fragment comprises a plurality of native protein residues, and
wherein each native protein residue of the plurality of native protein residues for the native
protein fragment is associated with a native protein residue position;
determining whether each protein residue position associated with the plurality of particular
residue positions is within a threshold distance of a native protein residue position associated
with the plurality of nafive protein residues; and
after determining that each protein residue position associated with the plurality of particular
residue positions is within the threshold distance of a native protein residue position
assoctated with the plurality of native protein residues, assembling the particular protein
fragment into at least pari of the protein repealing it
6. The method of any one of claims 1-5, wherein generating the plurality of protein
sequences based on the protein backbone structure comprises:

generating the plurality of protein sequences based on the protein backbone structure
such that an overall energy of the protein backbone structure is minimized.
7, The method of anv one of claims 1-6, wherein generating the plurality of protein
sequences based on the protein backbone siruclure comprises:

generating the plurality of protein sequences based on the protein backbone structure
such that a core packing of the protein backbone structure is increased.
g The method of any one of claims 1-7, wherein generating the phirality of protein
sequences based on the prolein backbone structure comprises generating the plurality of
profein sequences so thal one or mwore polar amino acids s mtroduced nlo the protein
backbone structure.
9. The method of anv one of claims 1-8, wherein generating the plurality of protein
sequences based on the protem backbone structure comprises generating 2 profein sequence
with one or more inter-repeat disulphide bonds.
10, The method of anv one of claims 1-9, wherein generating the outpnd based on the
particular protein sequence comprises generating a dispiay that includes ai least part of the
particular profein sequence.
11. The method of any one of claims 1-10, further comprising:

generating a synthetic gene encoding the particalar protein sequence;

expressing a particular protein i vive using the synthetic gene; and
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purifying the particular protein.
12, The method of claim 11, wherein expressing the parficular protein sequence in vivo
using the svnthetic gene comprises expressing the particular protein sequence 1n one or More
Escherichia coli that include the svathetic gene.
13, The method of either claim 11 or ¢laim 12, further comprising:
purifying the particular protein via affinity chromatography.
14, The method of anv one of claims 1-13, further comprising;
synthesizing a protein having the particular protein sequence.
15, A computing device, comprising:

one or more data processors; and

a computer-readable medium, configured to store at least computer-readable
instructions that, when executed, cause the computing device to perform the method of any
one of claims 1-14.
16, The computing device of claim 15, wherein the computer-readable medium comprises
a non-transitory computer-readable medium,
17 A computer-readable mednum, configured o siore at least computer-readable
instructions that, when executed by one or more processors of a computing device, cause the
computing device to perform the method of any one of claims 1-14,
18, The computer-readable medium of claim 17, wherein the computer-readable mediom
comprises a non-transitory computer-readable medinm
19 A polypeptide comprising or consisting of the amine acid sequence selected from the
group consisting of!

(@)  SEQID NO:1-[SEQ ID N2} ar2-19-SEQ ID NO:3;

{b) SEQ I NOT-[SEQ 1D NGB or2.10-8EQ 1D XO:Y;

() SEQID NO:13-[SEQ ID NO:14|g or210-SEQ 1D NO:15;

{d)  SEQID NO:19[SEQ ID NO:20¢ o 2.15+SEQ 1D NO:21;

{ey  SEQIDNO:25-[SEQ D NO26}g o 2-19-SEQ 1D NOG:2T,

(f)  SEQIDNO3I-[SEQ ID NOB2 g o 7.50-SEQ 1D NO:33;

(5)  SEQ IDNOBT-[SEQ ID NO:38)g o 210-8EQ 1D NO:39;

() SEQID NO:43-[SEQ ID NO:44]g o1 2-10-SEQ 1D NO:45;

(i) SEQ 1D NC:49-[SEQ ID NO30 e ora0-SEQ 1D NOSL;

o SEQ ID NO:55-|SEQ 1D NO:56 6 or 21078 EQ 1D NO:57,

(k)  SEQIDNO:61-|SEQ ID NO:62g or5-19-SEQ 1D NO63;

) SEQ ID NO:67-[SEQ ID NO:68} e or 2-19-SEQ 1D NO:6Y;
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(m)
(n)
(0)
{p)
{q)
{r)

(s}

®

(W)
V)
(w)

SEQ ID NO:73-[SEQ ID NO: T4} 2.15-SEQ ID NO:75,
SEQ ID NO:79-[SEQ ID NO:80]p 1 2.16-5EQ 1D NO:81;
SEQ 1D NO:85-|SEQ 1D NO:860 or2.16-SEQ 1D NO:87;
SEQ ID NO:91-[SEQ 1D NO92 or 2-19-SEQ 1D NO:93;
SEQ ID NO:97-[SEQ ID NO:98 [ o 2.15-SEQ 1D NO:59;

SEQ 1D NO:103-[SEQ TD NO: 104} or 2.15-SEQ TH NO:103:
SEQ 1D NO:109-{SEQ ID NO: 1100 or 2.19-SEQ ID NO: 111
SEQ ID NO:115-{SEQ ID NO: 116 o1 2.19-SEQ ID NO:117;
SEQ ID NO:121-[SEQ ID NO:122]0 or 2-16-SEQ ID NO: 123,
SEQ ID NO:127-[SEQ 1D NO: 12810 or2-16-SEQ 113 NO: 129;
SEQ 1D NO:133-[SEQ 1D NO: 134} or 2.10-SEQ 1D NO:135:
SEQ ID NO:139-{SEQ 1D NO:140) 0 or 2.19-SEQ ID NO: 141
SEQ ID NO:145-[SEQ 1D NO:146]0 o 2.19,-SEQ 1D NO: 147;
SEQ 1D NO:151-{SEG 1D NO: 152 o1 2.19-SEQ 1D NO:153:
SEQ ID NO:157-{SEQ ID NO:158 )0 o1 2.19,-SEQ ID NO:159;
SEQ 1D NO163-[SEQ 1D NO: 16410 or 2-10-SEQ 1D NO: 165,
SEQ ID NO:169-[SEQ D NO: 170} or 2-16-SBQ ID NO: 171
SEQ ID NO:L75-[SEQ 1D NO: 1761 o 210y-SEQ 1D NO:177;
SEQ ID NO:181-[SEQ 1D NO: 182} or 2.19-SEQ 1D NO:183;
SEQ ID NO:187-[SEQ 1D NO: 1881 or 2-19-SEQ 1D NO:189;
SEQ 1D NO:193-[SEQ 1D NO: 1941 or 2.19-SEQ 1D NO:195:
SEQ ID NO:199-{SEQ 1D NO:200] 0 o1 2.10,-SEQ ID NO:201;
SEQ 1D NO:205-[SEQ 1D NO: 206} or 2-19-SEQ 1D NO:207;
SEQ 1D NO:21I-[SEQ 1D NO:212 ] or2-19-SEQ 1D NO:213;
SEQ ID NO:217-[SEQ 1D NO:218 0 or2-10-SEQ 1D NO:219;
SEQ ID NO:223-{SEQ 1D N0:224 10 or 2.19-SEQ [D N0:225;
SEQ ID NO:229-|SEQ 1D NO:230 0 or 2-10,-SEQ 1D NG:231:
SEQ ID NO:235-[SEQ ID NO:236 g oy 5.10-SEQ ID NO:237:
SEQ 1D NO:241-{SEQ 1D NO:242}g o1 2.10-SEQ 1D NO:243;
SEQ ID NO:247-[SEQ 1D NO: 248 or 2-16,-S EQ 1D NO:249;
SEQ 1D NO:253-[SEQ 1D NO: 2540 or 2-16-SEQ 1D NO:2553;
SEQ 1D NO:259-1SEQ 1D NO:2600 or 2-10-SEQ 1D NO:261;
SEQ ID NO:265-{SEQ 1D NO:266 0 or 2.19-SEQ [D NO:267;
SEQ ID NO:271-{SEQ 1D NO:272) g or 2.19,-SEQ [D NO:273;
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(kkk)
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PCT/US2016/067295

SEQ ID NO:277-{SEQ ID NO:278 ]y o1 2.15-SEQ ID NO:278;
SEQ 1D NO:283-[SEQ ID NO:284) o1 2.16,-SEQ ID NO:285;
SEQ 1D NO:289-1SEQ 1D NO:290 0 or 2.16-SEQ 1D NO:291;
SEQ ID NO:295-[SEQ 1D NO:296 0 or 2.1 -SEQ 1D NO:297:
SEQ ID NO:301-{5EQ 1D NO:302)0 or 2-19-SEQ [D NO:303;
SEQ ID NO307-[SEQ TD NO:308] or 2.15-SEQ T NO:309:
SEQ 1D NO:313-{SEQ ID NO:314]¢ o1 2.19-SEQ ID NO:315;
SEQ ID NO:319-{SEQ ID NO:3201g o1 2.19-SEQ ID NO:321;
SEQ 1D NO:325-[SEQ ID NO:326} or 2-19-SEQ ID NO:327;
SEQ ID NO:331-[SEQ 1D NO:332 0 or2-19-SEQ 113 NO:333:;
SEQ 1D NO:337-1SEQ 1D NO:338 0 or 2.10-SEQ 1D NO:339;
SEQ ID NO:343-{5EQ 1D NO:344 )0 or 2.19-SEQ 1D NO:345:
SEQ ID NO:349-[SEG 1D NO:350] 0 or 2.19,-SEQ [D NO:351
SEQ 1D NO:355-{SEG 1D NO:356}g o1 2.19-SEQ 1D NO:357:
SEQ ID NO:361-{SEQ ID NO:362 )0 o1 2.19-SEQ ID NO:363;
SEQ 1D NOS36T-[SEQ 1D NO:36810 or 2-10-SEQ 1D NO:369,
SEQ ID NO:373-[SEQ 1D NO: 3740 or 2-10-SBQ 1D NO:375:
SEQ ID NO:379-[SEQ 1D NO:380Y0 or 010-SEQ 1D NO:381;

{mmm) SEQ ID NO:385-[SEQ ID NO:3286 0 o 219-SEQ ID NO:387,

{nnn}

(qqq)

SEQ ID NO:391-[8EQ 1D NO:392} or 2-19-SEQ 1D NO:393:
SEQ 1D NO:397-[SEQ 1D NO:398] or 2.19,-SEQ 1D NO:399:
SEQ ID NO:403-{SEQ 1D NO:404 ] o1 2.10-SEQ ID NO:405; and
SEQ 1D NO:409-[SEQ 1D NO:410}g or 2-19-SEQ ID NO:4 11

wherein the domam m brackets s an optiopal mternal domain.

20, The polypeptide of claim 19, wherein the polvpeptide comprises or consists of the

amino acid sequence selected from the group consisting of:

(A}
(B)
(©)
D)
()
)
(G)
{E)

SEQ ID NO:4-{SEQ TD NO:5 0 0r2.15-SEQ ID NO:6;

SEQ ID NO:10-[SEQ 1D NO:1 g g5 2.1-8EQ TD NO:12:
SEQ 1D NO:16-[SEQ 1D NO:1 T} g1 219-8EQ 1D NO:8;
SEQ ID NO:22-[SEQ ID NO: 23 or 2.16-SEQ 1D NO:24;
SEQ [ NO:28-[SEQ 1D NO:290 or 2.16-SEQ 1D NO:30;
SEQ 1D NO:34-|SEQ 1D NO35 |0 o 2.16-SEQ 1D NO:36;
SEQ ID NO40-|SEQ 1D NO41 {0 or 2.19-SEQ 1D NO142;
SEQ ID NO:46-[SEQ 1D NO:4T} ¢ or2.1-SEQ 1D NO 48
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®
I}
(k)
L)
(M)
N)
(&)
P
()
R)
(8)
()
(o)
(V)
(W)
(X3
Y)
{2
(AA)
(BB)
(CC)
(DD)
EE)
(FF)
(GG)
(HI)
(1)
(B
(KK)
(LL)
(MM}
(NN}
(00)
{(PP)

SEQ ID NO:32-[SEQ ID NO:53}p 1 2.15-SEQ ID NO:54;
SEQ ID NO:58-[SEQ ID NO:59]p 41 2.16:-5EQ 1D NO:60;
SEQ 1D NO:64-|SEQ 1D NO65 [ or 2.16-SEQ 1D NO:66;
SEQ ID NO:70-[SEQ 1D NO 71 or 2-19-SEQ 1D NO72;
SEQ ID NO:76-[SEQ ID NO: 770 o 2-15-SEQ 1D NO:78;
SEQ 1D NOR2-[SEQ TD NO83] g or 2.15-SEQ T NO:84:
SEQ 1D NO:B8-[SEQ ID NO:89 o1 2.19-SEQ ID NO:90;
SEQ ID NO:94-|SEQ ID NO:95 | o1 2.10-SEQ ID NO:96;

SEQ ID NO:100-[SEQ ID NO: 1010 or 2-16-SEQ ID NO: 102;
SEQ 1D NO:106-[SEQ 1D NO: 107} or 2-16-SEQ 113 NO: 108;
SEQ 1D NO:112-[SEQ 1D NG 113} or 2-10-SEQ 1D NO:114;
SEQ ID NO:118-{5EQ 1D NO: 11900 or 2-19-SEQ TD NO: 1 20;
SEQ ID NO:124-[SEG 1D NO: 1250 or 2.19,-SEQ 1D NO: 1 26;
SEQ ID NO:130-{SEG 1D NO:131 | o1 2.19-SEQ 1D NO:132:
SEQ ID NO:136-{SEQ ID NO: 1370 o1 2.19,-SEQ ID NO:138;
SEQ 1D NO142-[SEQ 1D NO:143]0 o1 2-10-SEQ 1D NO: 144,
SEQ ID NO:148-[SEQ 1D NO: 1490 or 2.16-S BQ 1D NO: 150;
SEQ 1D NO:154-[SEQ 1D NO:155] o 010 SEQ 1D NO:156;
SEQ ID NO:160-[SEQ 1D NO:161 g or 2.19-SEQ 1D NO:162;
SEQ ID NO:166-[8EQ 1D NO: 167} or 2-19-SEQ 1D NO:168:
SEQ 1D NO:172-[SEQ 1D NO:173] or 2.19-SEQ 1D NO:174:
SEQ ID NO:178-{SEQ 1D NO:179] g o1 2.10,-SEQ ID NO:180;
SEQ 1D NO:184-[SEQ 1D NO: 185} or 210,-SEQ 1D NO: 186;
SEQ 1D NO:190-[SEQ 1D NO: 191 ] or2-19-SEQ 1D NO:192;
SEQ ID NO:196-[SEQ 1D NO: 197 |0 or2-10-SEQ 1D NO:198:;
SEQ ID NO:202-{SEQ 1D NO:203 g or 2.19-SEQ [D NO:204;
SEQ ID NO:208-|SEQ TD NO:209} or 2-10,-SEQ 1D NG:210;
SEQ ID NO:214-[SEQ ID NO:215 g oy 2.10-SEQ ID NO:216:
SEQ 1D NO:220-{SEQ 1D NO:221}g o1 2.10-SEQ 1D NO:222;
SEQ ID NO:226-[SEQ 1D NO:227] or 2-16-S EQ 1D NO:228;
SEQ 1D NO:232-[SEQ 1D NO:233 ] or 2-16-SEQ 1D NO:234;
SEQ 1D NO:238-1SEQ 1D NO:23% 0 or 2:10-SEQ 1D NO:240;
SEQ ID NO:244-1SEQ 1D NO:245 0 o 2.19-SEQ [D NO:246:;
SEQ ID NO:250-{SEQ 1D NO:251 | or 2.10,-SEQ [D NO:252;
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(QQ) SEQ ID NO:256-[SEQ 1D NO: 257} o1 2.15;-SEQ ID NO:258;
(RR) SEQ ID NO:262-[SEQ ID NO:263 ] o 2.10-SEQ ID NO:264;
(S8)  SEQID NO:268-1SEQ 1D NO: 269 or 2-10-SEQ 1D NO:270;
(TT) SEQID NO:274-[SEQ [D NO275 |0 o2 10-SEQ ID NO:276:;
(UU) SEQ ID NO:280-|SEQ 1D NO:281 J or2-10,-SEQ 1D NO:282;
(VV) SEQ ID NO2R6-[SEQ TD NO:287 ] or 2.19-SEQ TD NO:288:
(WW) SEQ ID NO:292-[SEQ ID NO:293 Ji or 2-19,-SEQ ID NO:294;
(XX) SEQ ID NO:298-|SEQ ID NO:299 g o 2.10-SEQ ID NO:300;
(YY) SEQ ID NO:304-[SEQ ID NO:305 g or 2.10-SEQ ID NO:306;
(ZZ) SEQIDNO:310-[SEQ 1D NO:31 1 or219-SEQ 1D NO:312;
(AAA)SEQ ID NO:316-[SEQ 1D NO317 ] or 2-10-SEQ 1D NO-318:
(BBB) SEQ ID NO:322-{SEQ 1D NO:323 Y0 or2-10-SEQ TD NO:324:
(CCCY SEQ 1D NO328-[SEQ 1D NO:3290 or2.19-8EQ 1D NO:330;
(DDD) SEQ 1D NO:334-[SEQ 1D NO:335 ] 51 2.19,-SEQ 1D NO:336;
(EEE) SEQ ID NO:340-[SEQ 1D NO:3d1 }g o1 .16,-SEQ ID NO:342;
(FFF) SEQ 1D NO346-[SEQ 1D NO:347 ] or 2-10-SEQ 1D NO:343,
(GGG) SEQ ID NO:352-[SEQ 1D NO:353]0 or 2-10-S BQ ID NO:354:
(HHH) SEQ ID NO:358-[SEQ 1D NO:35970 r210-SEQ 1D NO:360;
{D  SEQ ID NO:364-[SEQ 1D NO:365 ] or 2.19-SEQ ID NO:366;
(1) SEQ ID NO:370-[SEQ 1D NO:371 o or 210-SEQ ID NO:372;
(KKK) SEQ 1D NO:376-[SEQ 1D NO:377J0 or 2.15,-SEQ 1D NO:378:
(LLL) SEQ ID NO:382-[SEQ ID NO:383 | o1 2.19,-SEQ ID NO:384;

(MMM) SEQ ID NO:388-]SEQ ID NO:389] or2.19-SEQ 1D NO:390;

(NNN) SEQ 1D NO:394-[SEQ 1D NO:395] o 2-19-SEQ 1D NO:396;
(O00) SEQ ID NO:400-[SEQ 1D NO:401 |0 or2.10-SEQ 1D NO:402;

PCT/US2016/067295

(PPP) SEQ ID NO:406-|SEQ 1D NO:407 {ig or 2-10,-SEQ 1D NO:408; and

{QQQ) SEQ ID NO:412-{SEQ 1D NO:413 Jp or 2.10-SEQ 1D NOW414;

wherein the domain in brackets is an optional internal domain.

The polvpaptide of claim 19 or 20, wherein the optional internal domain is absent,

The polvpapiide of claim 19 or 20, wherein the optional internal domain is present m

2-19 copies.

23.

The polypeptide of claim 19 or 20, wherein the optional mternal domain is 15 present

in 2-3 copies.
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24 A polypeptide comprising or consisting of a polypeptide having at least 50% identity
over its length with the anino acid sequence selected from the group consisiing of SEQ 1D
NO: 415-497.

25, The polypeptide of claim 24, comprising or consisting of a polypeptide baving at least
75% identity over its length with the amino acid sequence selected from the group consisting
of SEQ ID NG 415-497.

26, The polypeptide of claim 24, comprising or consisting of a polvpeptide having at least
00% identity over tis length with the amino acid sequence selected from the group consisting
of SEQ ID NG: 415-497.

27, The polypeptide of claim 24, comprising or consisting of the amine acid sequence
selected from the group consisting of SEQ ID NO: 415-497.

28, Aprotein assembly comprising a plurality of polvpeptides having the same amino
acid sequence selected from the group listed m any of claims 19- 27,

29 A recombinant nucleic acid encoding a polypeptide of any of claims 19-28

30. A recombinant expression vector comprising the nucleic acid of claim 29
operatively linked (o a promoter.

31, A recombinant host cell comprising the recombinant expression vectors of claim

30,
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