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GENERATION AND SELECTION OF PROTEIN LIBRARY IN SILICO
BACKGROUND OF THE INVENTION Cross Reference to Related
Applications: This application is a continuation-in-part of U.S. Application
No. 10/ 153,159, filed May 20, 2002, entitled "Structure-Based Selection
And Affinity Maturation of Antlbody lerary, and is also a continuation- 10
in-part of ApplicatioGEN EfRATICIN 2BRBYC0 AN  entitled
"Generation Affini f ) Iﬁ(;a@i . 0", both of
which are a contn%lff:g#%%in UIfILjﬁgﬁ gg?(;m Appjlcgt%cn Serial No: 10/
125,687 entitled "Structure-based construction of human antibody library”

filed 15 April 17, 2 j ' rovisional
Application Serialoé)‘gpé%%%$entlt %%]m ure§boéﬁ$ed construction
of human antibody library" filed April 17, 2001. These applications are
incorRotaird herein byereferenssiididgld of the Invention The present
invention relates generally to a computer-ajded es

binding ARtAiRPRISAHATE HOREHE ARE OhBreP %rarf’éq‘?g Fge)lf 8tes 0
methpds, s digen ng,afaﬁ |mymxak&ﬂbmwafﬁ@@¢®@l@ibgmg)
Al ietes Serlienges.and igh alipias 204 GeLANiaed Rknpation-
combining c%mputatlona prediction and experimental screening of a
bingea filsfary of antibodies. Description of Related Art Antibodies are

m&qgléxtwtmraieﬁ m@penﬁﬁ:@ M&SiGA{S 30 intesral ded ‘exteinaltion
stimuli (antige % &Ehea swel ﬁ he,,B ce{lg e%nt %es are
p%ﬁﬁbté’owi[r? ‘ﬁ’ erent amino aci sequence
ammmmmmmg@ itd @r%@t@ht@ﬂﬂl@@ﬁ?@tﬁ@é@cﬁ%d@/ 125,687

immunoglebuling (abhreviated. B theyr Ale-moRg e dyastabyndant
protein cog;(gonents in the blood, 35 constltutln%about 20% of the total

pftilal BroABiPoy sty It HarangscRliHing BRI Aldieaie:ton
CQ@ﬁiéliS\@f T@WE@QK‘CH‘ stighied “ppratein ehainsdhocrwoudentical human
"hea ote |ns Il gether by both_hydr bonding
L A s e S R |
incorporated herein by reference.

Field of the Invention

The present invention relates generally to a computer-aided
design of a protein with binding affinity to a target molecule and, more
particularly, relates to methods for screening and identifying antibodies
{or immunoglobulins} with diverse sequences and high affinity to a
target antigen by combining computational prediction and experimental

screening of a biased bibrary of antibodies.

Description of Related Art

Antibodies are made by vertebrates in response to various
internal and external stimuli (antigens). Synthesized exclusively by the
B cells, antibodies are produced in millions of forms, each with a
different amino acid sequence and a different binding site for an
antigen. Collectively called immunogiobulins {abbreviated as Ig}, they
are among the most abundant protein components in the blood,

constituting about 20% of the total plasma protein by weight.
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linkages. Chothia et al. (1985) J. Mol. Biol. 186:651-663; and Novotny 5
and Haber (1985) Proc. Natl. Acad. Sci. USA 82:4592-4596. The N-
terminal domains of the L and H chains together form the antigen
recognition site of each antibody. The mammalian immune system has
evolved unigue genetic mechanisms that enable it to generate an almost

unlimited AARBERYY P6°HERMBRGCNIPRISH Ehemmsinta péivapkgisitical
econgmwiqal \fdﬁrytayueﬁuﬂgss@@ar?tl@ g@ﬂ@tﬁﬁl mﬁ!ﬂiﬁ)ﬂ)&@mﬁbt@f@&mﬁﬁ all
ar '[I‘ nSCI’I eac eo In-K light chain

%eaﬁ iPl(“ehaln Eé??‘lsﬁ S (“r%l?é booTorge Efg‘e:bsrﬁéf %[%C%%?ﬁ?&;ﬁgﬁge
snighé@ﬁ;é@tldéhéﬁhlﬁ @@ieh’t@&@ éyﬁﬁl@és&eﬁ EHeh podles paraddifteremty
15 6qmesemeandsialycontaing alargesnumbesghaensseqments

encoding the V region of an Ig chain and a smaller number of gene

seleMtEeBRH thble S dgioH! Buritiys 68&%@€él€ﬂfﬁe?ﬁ%%ﬂ%ﬁl’éte

_codanggequerma fof each sfthiestivo Ig chains to be synthesized is

assembleﬂquﬁg%épag chlgﬁﬁ\g tic.re qmbl tlon dtirlngln%toggthert e 20

entire COdII‘lg seqguences 1or a regl and e CO Ing sequ or a
reGiGA RN EdEitIhe trrabisdiok slea figHE chainlis @ricodbchby & DNAber of

sequenenassemlacirany W gensSedments- 81y geng.seament angd

short oining or J gene seg ment. The V region of a heavy chain is

enlCOEE By %é“ﬁu% riC8 A48 %ﬂ%?é%eﬁo‘?ﬁfﬂ%@ﬁér?efgégﬁ%ﬁ%b%ﬁv
25 genedegnrent| égk@em%eg@hntaama divgssity iosid segiaenéakhe
aigenimbotinheied ¥ 1and f gene seamentspaaiaplefot o)

encoding | chains makes a st stan al contribution on 1ts " Own té
arﬁmo%émw 5@&%@8&5@%&%@%@@.@@@@@@5@5 segmditsrgraatly
in @Eﬁ@Sﬁ&%ﬂﬁeCQﬂHiQBﬂ@ﬂdeﬂfhﬁinmﬂ%%éedﬁiﬁw ?E)Q\%f:ﬂg REoments
seeqlmeg Bgs\9matlcm ations troduced during the V-D-J segment
joining at the Pre- éege(ips? g{l SHE hETd SeS T eh RIS BF Phasre

remmﬁmmﬂmmﬁoﬁ against dhantigéncdlmammagess throdghlete
a prasessknoun-asaffinity matiraLion 19 ALY d?oat@é'b d'ﬁé’evg‘élégd%

higher affinity toward the antigen. Such antigen-driven somatic

hfﬁéﬁﬂlﬁ%mlﬁ’éetlﬁﬁ’&lgﬁtﬂfdb%f‘fé%@%t@@ivféﬂlwﬁ@é@gﬁﬁmr the
presumablyidyestejthe.aecirmulationhbpoint nautations speefically ity a ¢

region. In addition, the V region of a light chain is encoded by a DNA
sequence assembled from two gene segments— a V gene segment and
short joining or J gene segment. The V region of a heavy chain is
encoded by a DNA sequence assembled from three gene segments— a V
gene segment, a J gene segment and a diversity or D segment.

The large number of inherited V, J and D gene segments
available for encoding Ig chains makes a substantial contribution on its
own to antibody diversity, but the combinatorial joining of these
segments greatly increases this contribution. Further, imprecise joining
of gene segments and somatic mutations introduced during the V-D-J
segment joining at the pre-B cell stage greatly increases the diversity of
the V regions.

After immunization against an antigen, a mammal goes through
a process known as affinity maturation to produce antibodies with
higher affmity toward the antigen. Such antigen-driven somatic

hypermutation fine-tunes antibody responses to a given antigen,
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both heavy-and light-chain V region coding sequences and a selected
expansion of high-affinity antibody-bearing B cell clones. Structurally,
various functions of an antibody are confined to 5 discrete protein
domains (regions). The sites that recognize and bind antigen consist of
thre% hswer-gfl_rigble or, omplementarity-determining regions (CDRs) that
lie Within the varais PACHE Vi Yaaitis deen AR L RRecH tHly in
twobpthritewe-broh sigist-Theisdnstarivdemdiing acqueatinvalvec disketiydn

bingigg e AUPRAAIQ A APIGRILAIY IS ARINOuRd parious effector

functions, such as participafion of the” antibody in antibody-dependent

cellular cytSTOGEIRAPhe dans e ot emwral rRgheahGbarychamikdve
thedsaumet qgenetah sicuchiresraptheach demaiecomprisesda-lamawark

region %‘i" s igggftl nces.are somew. f"t conseerd, connectegl by three

CDRs, he Tour frameworkragions argely RERER G 1ifbt detérmining

corfsiftatidhRlang thatdbRatiomilsopsrcorndbtingdnt)inespones caseés: N-

foreaingipartofdther Srsheet StHiiurg The GRS iRgach.chain ﬁgﬁ%@si Ure
close proximitéj y thg framewaork regions and, with the CDRs from the

otheF hiR! FiBUte 18 tHE9oRn SH6 B R ARqan BrisRg Srat aoe

Gemerditydirartibodiestfdopt fuchaiacterstit:"irnpanagiobubin Jolds

Spegifi ,:ho righle ¢ nst nt_g:orrg (i)qg_(i)f an antigen binding
&ﬁ%}@ﬁ% o &Q%%éf? 4 %%Pgéﬁ%ﬁhg Tlgﬁwf c%glfh and VH and CHI

fragment (Fab, consisting of VL and _
of the hea%}w%%ﬁl it R hriea dntiparalbiias dheetslnthichme
forpe:zedasandwinhesirusiare.cHhesanstamFagiens have2a tresnandons,
foursstranded (3-sheets arran (%9 in a Greek key-like motif, while variable

r

red%r?ss have & Turther two' Short (7 SHARGE BrodaeRgac fu disfasd R
(3-Bhedo T Heavi caund e gomains dnterats piaat Bestiee tsirarfdesh 43 sheats
to fggr@;gggqgﬂrm%j rrel.of about 8.4A radius, with the strands a
30tthe domain interface ?%?ln%gﬁ g%é%%%oﬁrﬁg{gﬁ/ %%g% \é\%q%néﬁgtﬁgft ‘I%eéle
dotEhF plaiingbyiys the EDRadbpaiitcbriseasroRirhityn Thes€ PRsimity

themsalves:faemaameR5% ahieNi{\H.domrindreriace ihg skain
CDRs ’*% DR-L1,-L2 and -L3 for the light chain, and CDR-H1, -H2 and

HITor the Heavy CHaiy S st BbHBR S thBlia8 Bhfrel framework,

forming thesantigbn=Biraditideites\whilethethd acteristic “immunoglobulin
fold”. Specifically, both the variable and constant domains of an
antigen binding fragment (Fab, consisting of V, and Cy, of the light chain
and Vu and Cul of the heavy chain) consist of two twisted antiparallel B-
sheets which form a §- sandwich structure. The constant regions have
three- and four-stranded B-sheets arranged in a Greek key-like motif,
while variable regions have a further two short B strands producing a
five-stranded p-sheet. ‘

The Vi, and Vu domains interact via the five-stranded 3 sheets to
form a nine-stranded £ barrel of about 8.4A radius, with the strands at
the domain interface inclined at approximately S0° to one another. The
domain pairing brings the CDR loops into close proximity. The CDRs
themselves form some 25% of the Vi/Vy domain interface.

The six CDRs, (CDR-L1, -L2 and -L3 for the light chain, and
CDR-H1, -H2 and -H3 for the heavy chain), are supported on the B
barrel framework, forming the antigen bindiﬁg site. While their
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sequences are hypervariable in comparison with the rest of the
immunoglobulin structure, some of the loops show a relatively high
degree of both sequence and structural conservation. In particular,
CDR-L2 and CDR-HL1 are highly conserved in conformation. 5 Chothia

and co-workers have shown that five of the six CDR loops (all except
CRAFEY Lot & WOGTR iRl RIMBAFSPMAALHATT Es(w Fhstions

(tenmedh aaphkibcalrsiticturesepfthe COR): byopnalysis efredbngeetetikby
residues. Chothia ' :901-917; in et
0 R e B g
BisiPRr&A57d TR haspleighlyiceurs degdrdBiP PSR AR CDR
length anditherdentity of cesiaiarkay-eminaasidiesiiuess bodsin hBR

CDR and in the con ' amework,..involved.in.its packing. T .
oA S R S e RS W i
boriding twtefacticrsrand steredchamivahll stconsraint dherfltResbikey

residues WIER, ServeRpISiuGiUA, determinanis.yarious melmds haye
been evelqged for modeling the three dimensional structures of the

anfidn b site Grahcshtb b GHREPHAR Rual-eRetlogtaphy s and
nuclesthmagnetiq resenanag(iNMis). 20 spestrosropyrhasbieercdsaghinture
combinatjon with compu del building to.study, the.atomic details_of

B T e S B BB T B a 29 S

5326139 s Dmek. dmtieowbiker3 O Bsaspindubeted aripreriterdedats the

Conbining site @f theiMaP Crala-4nyelema-Braisim Rl AiiepheRYbrmined
Similar analysis has also heen done 25 using anti-spin labeled

mdRoESHAIBREEHEs (AHEhSTar Roafl Prod T BIdiHEn 226, 6586062y 2!
anchanttherantizR«phienizesa@kolo nestdn dragimeiht s¢MeManusiandrat
Riﬁg{g}}%@ (1991) Biochem. 30:5851-5857). Computer-implemented
analysis ana mo'deli%%;f antibody combining site (or antigen binding site)

are based #H NN BRIGP AP AFER gsefbéﬁﬁﬁé‘ﬁﬁ@dtﬁ%fta%@@? EBBEythree
seguenssi vt thesetof-antipedie s Mk KNewaistEUSHdres A5 skl

matifs in existing data bases (e.qg. the Brookhaven Protein Data Bank). By
e e D e L ARt g nce M
thrieedimengionhisthvsturesstihe demjenatitbouyis comgiructedddatly

antibegy, padelingvas kasad OnAaihe £oRigcHS hat QDR L09RgHith

identical length and different
Dwek et al. {1975) Eur. J. Biochem, 53:25-39., Dwek and coworkers
used spin-labeled hapten to deduce the combining site of the MoPC 315
myeloma protein for dinitrophenyl. Similar analysis has also been done
using anti-spin labeled monoclonal antibodies {Anglister et al. {(1987)
Biochem. 26: 6958-6064) and on the anti-2-phenyloxazolone Fv
fragments (McManus and Riechmann (1991) Biochem. 30:5851-5857).

Computer-implemented analysis and modeling of antibody

combining site (or antigen binding site) are based on homology analysis
comparing the target antibody sequence with those of antibodies with
known structures or structural motifs in existing data bases (e.g. the
Brookhaven Protein Data Bank). By using such homology-based
modeling methods approximate three-dimensional structure of the
target antibody is constructed. Early antibody modeling was based on
the conjecture that CDR loops with identical length and different
sequence may adopt similar conformations. Kabat and Wu (1972} Proc.
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sequence may adopt similar conformations. Kabat and Wu (1972) Proc.
-4 Natl. Acad. Sci. USA 69: 960-964. A typical segment match algorithm is
as follows: given a loop sequence, the Protein Data Bank can be
searched for short, homologous backbone fragments (e.g. tripeptides)
which are then assembled a utatlona refined |nto anew>5
CorBIG e Shodur Mt TECed. e ERE SO Rt AT Eh =
incaspibihted: imte:the tam peterdmpletherftect strubtaralFaoéeting bf an
antiody, COmRINING. Site, I {5 MesLAERALal e, canopical SUeiu

concept assumes that (1) sequence variation at other than canonical 10
positivei %’ﬁﬁ&é@aﬁr‘ﬂ%ﬁiﬂéé BBRfGAEIYA oy _RBN BRIEJoske @ new
coraf&&mgﬁ@jgssaﬂf@mmtlally independent of loop-loop interactions, and

(3) only a |ted nu gf canonlcal otlfs exist th%se are well
coeptly omc P conce atb 22! 11100rporated
representeoD iy th basé 6 curre Rown ant y crysta

strietards: mmmmeemd@mmr@a@m@u@m shaCPRtboAYIS

conformpationsdidhe v 7yme-pinding antibody.D .3.50dfiue cangpical
loop conformations in four other antibodies. Chothia (198d%gJ supra. It |s

alsEPGEBLIS TR OUR thE RGHEING SREBRY R aRIBS Y et direEcay
combittiag the mmei@@y-ﬁﬁ%dpsrmﬂﬂbn@mﬂimnqmmmﬁﬂl Bﬁ@rch
prog}erf e) %Iglgre ex SE’, %69 de‘fér{%@n? gp %CZB% lgop 2 é:rggtwns and

eling ‘a speC|f|c antibody structur ts have been m

gehdratifigarmeias(BrEypeRed é)wvaw«@é BrHaGdRe SRbiBrewrare well
scregnRed-against aspesitic iargst é\@ﬁi@:@ﬁiﬁé%%%'@%?@ﬂ@f@oria'

antibody library has heen designed ba modular consensu

R ek GRS o DB i MBS So AL B 0P

(Zam@l)fdrmoammz@&WsBﬁzrmmmémgwIMé)hdwn@ﬂ Zntildodlye canonical
rensLioie WasAnalAet IR 1ays, of %E%%HE%S‘% e%} §$9%F ra. It

diversity and germline usage. Modular consensus fram nces

with et RAT RISt dvEN Ve Wikanhelpbize tol &D&sgé%rmboéﬁfaﬁrémtures
geuplinedpmilies:aschoplimizediai-axessin it i cCohOHAR30:04081K0 ch

the gene |n aII 9%omR| Eo;gdg[g ?ﬁﬂ%ggg g% ct% a set of antibody

phg |sp ay ‘libraries were ¢ members in the
libraries. Phagk digpldyltegneisygyihasbdeniysédiextansisély tto lganebaten

made in generating artificial (or synthetic) libraries of antibodies which
are screened against a specific target antigen. A fully synthetic
combinatorial antibody library has been designed based on modular
consensus frameworks and CDRs randomized with trinucleotides.
Knappik et al. (2000} J. Mol. Biol. 296:57-86. In this study, the human
antibody repertoire was analyzed in terms of structure, amino acid
sequence diversity and germline usage. Modular consensus framework
sequences with seven Vy and seven Vi were derived to cover 95% of
variable germline families and optimized for expression in E. coli. After
cloning the genes in all 49 combinations into a phagemid vector, a set of
antibody phage display libraries were created, totaling 2x109 members
in the libraries.

Phage display technology has been used extensively to generate
large libraries of antibody fragments by exploiting the capability of
bacteriophage to express and display biologically functional protein

molecule on its surface. Combinatorial libraries of antibodies have been
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large libraries of antibody fragments by exploiting the capability of 35
bacteriophage to express and display biologically functional protein
molecule on its surface. Combinatorial libraries of antibodies have been
-5 generated in bacteriophage lambda expression systems which may be

screened as bacterioph as colonies of | use et
o HTUR6 SEn e AR B8T LA A SHRONTR (B0, Bruc gy e
Acade&oid(HshAL8T0pUEE: Mallinax et ab(2990)Frof INmtcAsdESE 6

(U%%) fra87) 8095 erason o5 8l dAATLLRIORo Al AeadcBe) (1B AdES:

Varlous embodiments of bacteriophage antib o dls;élagkllbrarles _

andicRnista Hayé expresdioh Mratieer sbebberibscnbe otk angd S°
(1998, Rrp@?l\mlgze\ca@hs%en(éﬂ S.A) 8814363, Clarksoraet &b (T9FLA.) 88:

352: 624; Mc r 99 e 348 n et
alﬁ% 1) rocq\?aetfgk G%TY Cl. Pf( F))g %}e% rrSQ tal.
(1991mm4md AvidbReshage %Bsemah @@8&1166(199:?) Besmeheioibed7:

36(%% @Mjg ebah (2994 NeaNA L4 47 [Mauks ggah:ﬁé@%lécﬁé@h et
Biol. 222; 581; Barbas et al. (199 %aqroc Natl Acad, Sci. 4% § 2
K8t AP

A48y {(FERdkiNe B \%ﬁﬁte@%ﬁg% %f%?htﬂ]'oﬁ??(’éé“f‘t
(1mxcamieemn(q|9gy)moﬁwﬂamm aki (1992))) Biol 10hem. 267:

60075 5aW %8%@ Rioghemisi: %%sl%%%%%m@hshg <(1992)

Smencge %% rJ11313 Also see review by Rader and Barbas

(19599 1PhaeraispRly bt GortbiRatdrril izatbosl ibyiesiaant %puh":’r’7

Bigtgeho ek &59&5@%2@1@1&?@!%& %@age}aﬂméxé iit%fa(@b@y Pm;.

in ryo 0 otides or i oding
BN At Lo deu Sy NS B85S ST e R Y pHage.

Eddmmsmteﬁlg@t’eﬂsmswd 4t the2Netermihal 06 grel@erd 3; priodistet

2 MinaieoRL Prafein cAldhe BBR0L B iesilh APRILE (13T Dakemistry

contain diverse peptides 25 can be constructed. The p gf\fe library is then

affity O&renee AgairfsP Lt HSBH S Y etolotlie of IfeFESTSIEN 2y

arrantige,. andl spevifically Bourebphapeparticigsarerecavelies: ardl

am I{fgad b mfechondnto E@Chenghlge li hpsé$%l 'B?mcally, the target
DR Sieh a8 D FcRR g Bnbast

mo ecufé of Interest suc receptor (e.g., po e, carbohydrate,
30 glycoﬁé@ﬁdmfemﬁi@rmm@mwzééﬁﬁm soverenelinkdyem af

chromaleorRRBN fesi tRien deh: fenreastive RhageRariclas o alflinitement
such as Vi, and Vg into gene 3 of M13 or fd phage. Each inserted gene is
expressed at the N-terminal of the gene 3 product, a minor coat protein
of the phage. As a result, peptide libraries that contain diverse peptides
can be constructed. The phage library is then affinity screened against
immobilized target molecule of inferest, such as an antigen, and
speciﬁc:aliy bound phage particles are recovered and amplified by
infection into Escherichia coli host cells. Typically, the target molecule
of interest such as a receptor (e.g., polypeptide, carbohydrate,
glycoprotein, nucleic acid) is immobilized by a covalent linkage to a
chromatography resin to enrich for reactive phage particles by affinity
chromatography and/or labeled for screening plaques or colony lifts.
This procedure is called biopanning. Finally, high affinity phage clones
can be amplified and sequenced for deduction of the specific peptide
sequences.

A method for humanizing antibody by using computer modeling
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chromatography and/or labeled for screening plaques or colony lifts. This
procedure is called biopanning. Finally, high affinity phage clones can be
amplified and sequenced for deduction of the specific peptide 35
sequences. A method for humanizing antibody by using computer
modeling -6 has also been developed by Queen et at US Pate tj%lﬁ?%
5,603, 76. i druckeRebPE ROt doRdTaRtbdly Y s Roudde
mepeglenal antinedyhissedigtethbaseibotycenpuienmoselingrantbkel
aming_acids. in the fr work. are predicted to b essar i
SR SPGB ARG PO LT on CHAE Thoct oy ads
misinbdfmorcamikcacipedretsd briet treseaon teciebusitbasanRe, and

charactats within, & deudrlinegdreaieassies and-substiuted iniorm bamast
acceptor antibody framework along with the donor CD%S. For exam%‘lﬂe‘{hﬁi
e

* CatdRery AHdhRrE M EI S O IE R AR BIH A dEth S By Ksbat
' al.a&abaaaﬁ@ﬂdc&v@g@%s?}aﬂqimm{aﬁumm&dl h8AB920660-064.
Caggggng:flt an aming acl ‘lxpléﬁ?ﬁ

%Ea&%"é!%)"&ﬁfa@eﬂ%i’%%gzﬁ FERQcoory

immunog gbﬂ“ﬁrﬁlﬁ‘gunusua, and the donor amino acid at that position is
typiciborshimearrsbgoshives itHermhd BordvFafisd Redrper i findat
accRRtQruanyheaslested. Gaiagery 3ukmthe postiomimmediatealy 2: If
UMAN. acCe NE8 6B in

huMRafi2E RFIURJOGBUAR SRR onor aMinG adid(s) rather thian
thés acoepial, amihdl abid dnaybearselectet] Basee! orvtiese yitarad for

Seﬂg%dgé %'9@9%3&%@%9&50%%&@9/%%@%@ agids e thedenQhtor
antibody Is conducted. The resulting humanized antibody usually 20
iné{%@%%éﬁk@gm-h%%@%é}%ﬁ@%ﬁ%ﬁ&@&@ﬁﬁ%@&&&f&n@d
bysempuiermedeling is testedfon antigan-hindingenExpéine htatresizhe

such as binq(i)n%ﬁlt[ﬁ@g .aretfled 5)%Ck to thgo %%'{’&g’éﬂt?;ﬁ{ﬂ&dgﬁ% pLacess to
r antibody I

: FILLLTL OT10T 1
fing-tuheé striicture of the humanized . The redesigned

antibodyteantthien beidestar R salprbvdd Bassidlenitar AGrieiBHE SUEH S

reiterate,fine tuning processican krlabak intensive @pshunpradicsable. -7

SUMMARY OF THE INVENTION, The dleciosis provites 20 e

includes about 90% human sequence. The humanized antibody
designed by computer modeling is tested for antigen binding.
Experimental results such as binding affinity are fed back to the
computer modeling process to fine-fune the structure of the humanized
antibody. The redesigned antibody can then be tested for improved
biological functions. Such a reiterate fine tuning process can be labor

intensive and unpredictable.
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efficiently generating and screening protein libraries for optimized 5
proteins with desirable biological functions, such as improved binding
affinity towards biologically and/or therapeutically important target
molecules. The process is carried out computationally in a high

throughput manner bgm ggerf‘%giﬂ@%gmases of protein
uman.

sequences of all organisms, especially e evolutionary data of
10 proteins are utilized to expand both sequence and structure space of
the protemdibsanasefpnlinstianal sereenisgdaoviterer in vivo. By using
theJ e methqodology, an expanded and yet functionally biased

li

nventiv
B?é?&%féré?&ﬁ%a% B HES & e e BRsH Rl haBEF 8RY
conopeitationtl evaluationbodiexiremehndivese proteissegpeneesmHndihy
f I t in silico. In diment, a method is
P 1o e R Eran St e e
TREWatod i52preferably nfsrensentad israrcorpotardirdugh Medilico
selestion of : protein-seguencrszhased.on the, aming.agid-seauenae ehin
target 20 structyral/ functional motif oy domain in a lead protein, herein
HEPRIER el (8 A% RE TR SEBTRE" PTREABad SEquEs RBgIG
torséarchdatabéced of proteiisegiienceschihe shdicerotthe database
depeprs.an the shecficTaclanalequitemental e designad notfs

For example, if the lead protein is an enzyme and the target motif
intiffeSthe AEME SR DRIy HE, dHtapasessibrsteins/péptabs of
aopastaukar orgin, orgatisrenspegiesonsombinations theteeh, May Pesed
q%Jeried USiPagi\é‘%rj lé‘s[aﬁearch cri}%r;ik%ﬂtonyfi:%d A hit list of sequences each
q >

J TS pRAIRASS AR es and

1D COTRPU . atipn
W |(§ﬂ Cai substitute the target motit i
dpproachatiay devased for desigming=atlter motifs or domains of the lead

30 protain,the, fRsined SRAKERCHS IRLpasNind]yidual motiffdomain may

be combined to generate a library of designed proteins. In addition, to

BRI iR SgBHIERP LT THe desighels frowing sl hiftamapptations
sucifas therapesticsor diagnesis,atabases.ohprotehscalduman @rigin
B L L s aoten tha
are WefsrlictaralirsriuRetib waljostiadalirT hd divtapyootide Signeid. ager
prteinsicanBatested @xpatimeantallyrio:vield Rioigins with imprioved ¢,
search databases of protein sequences. The choice of the database
depends on the specific functional requirement of the designed motifs.
For example, i the lead protein is an enzyme and the target motif
mncludes the active site of the enzyme, databases of proteins/ peptides of
a particular origin, organism, species or combinations thereof, may be
queried using various secarch criteria to vield a hit list of sequences each
of which can substitute the target motif in the lead protein. A similar
approach may be used for designing other motifs or domains of the lead
protein. The designed sequences for each individual motif /domain may
be combined to generate a library of designed proteins. In addition, to
reduce immunogenicity of the designed proteins for human applications
such as therapeutics or diagnosis, databases of proteins of human
origin or humanized proteins are preferably searched to vield the hit list
of sequences, especially for motifs derived from sites of the lead protein

that are not structurally or functionally critical. The lbrary of designed
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biological function(s) over the lead protein. In one embodiment, the
method comprises the steps of: providing an amino acid sequence
derived from a lead protein, 5 the amino acid sequence being designated
as a lead sequence; comparing the lead sequence with a plurality of tester
protein sequences; and selecting from the plurality of tester protein
seguiireSan @adeting FEpREEsElAbNtS Halthatet e X8t ggproved
segviepreideriitionl) herbdgad sesuesae, the selected peptide
segments formin it library;, and forming a librar designed proteins
oy Subs TG e PR S, S SRR bR e
method furthrativgmprisoshacié s orehgoivgsedainino altap osvicnal
vafantpiofle 9 ﬂ@:@@é%&%@@g@&%@ die,aminq agittyaEants in
the hit library to produce a combination of hit variants which form a hit
variant liEEH 2 QadeagSHrOtERtS Witk oRFAHE SRR hit
vasgathbeatyadso optionally, the method further comprises the steps of.
determining if,a mem f hit liprar, [t varian ibrary,is
ctructora L BADR S o et B e ed oD e

séHaamiEigethegass iSroteth v asiideascdin SemeapAe Adan SETeviiiythe
thesnembess thatiscegeatiiapidedianthandherload seruanse oy, thed
lead protein. Also optionall ,éhe. method further comprises the 2&_? of;
25 constRIGHRELTIGRIE S50 TR cBFITIEnG DR SHGMEHE 6 ICting
trequeinceasidstgribiicBbmefrshe hit library, the hit variant library or the
Se'eCteddB@&l?Eﬂ?r,%%%8&1@&?@%&"%5@1%9Qﬂ?dseé ibgd above;

expressing the nucleic acid library to generate a library of "30 recombinant

proteins PARENS SEHAT GRS WRR P ALERERG RESHErRIhhe it Ry Ty

- of recorahinbitipoiRinamiiscepiieaaln thermathad fisher cornmpasas: a

ths otens,8h.Lullding.an.aming acid position variant prgfile.of the ht
Ilﬁrary; @ converting amino acid positional variant profilé of tie hit library

selecting proteins with a desirable function from the hit variant library.

Also optionally, the method further comprises the steps of:

determining if a member of the hit library or the hit variant
library is structurally compatible with a three-dimensional structure of
the lead sequence or the lead protein by using a scoring function; and

selecting the members that score equal to or better than the lead
seguernce or the lead protein.‘

Also optionally, the method further comprises the steps of: .

constructing a nucleic acid library comprising DNA segments
encoding the amino acid sequences of the hit library, the hit variant
library or the selected members based on the structural evaluation
described above;

expressing the nucleic acid library to generate a library of
recombinant proteins; and

selecting proteins with the desired function from the library of
recombinant proteins .

Also optionally, the method further comprises the steps of:

building an amino acid positional variant profile of the hit library;
l
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into a nucleic acid positional variant profile by back-translating the amino
acid positional variants into their corresponding genetic codons;
constructing a degenerate nucleic acid library of DNA segments 5 by
combinatorially combining the nucleic acid positional variants; expressing
the degenerate nucleic acid library to generate a library of recombinant

proteins; SA0SERRREAPRAGHRATtHETE Srstpmhetefler eftiirehibkibyary
of irgcomiinAeicroieipssibytienaly:tBeogRa SHCERUCAS AN e thRe

on t erred. for expression jn cells of a particular organism
such as%m%%r%féghgg%mggﬁgﬁg%éﬁ PRt \ERSOSF Eg% 8 8phsHaIsPdons;
genetic cOEBATHRANHE theeonerrtitat usiviedens ibesiy ot hosenaselrnts

thastee sibsaiales ol eodeapiRAe OHdleic A iNan AL N segents
is within the 15 experimentally coverable diversity without undue
experi me%ﬁf%ﬁ%‘?%, éﬂﬁ SeEpret o Bckafofrc ibranntrprenardiy a

beltdwaty 106 cThe lsadpretsireinay Hed protein whose function is desired
to be imRIQy, rad. Rrefergbly a biolggical function in vitro.or in
gﬂrfg ’spﬁgﬁ ﬁﬁcﬁss 68%% C mﬁg O%Igpﬁbee b‘t?rajy of

vivo. The lead protein may be a full-length pro Ielln, 0
peTaEA R ARt PEALPHISo be an unnatural protein or peptide. Optionally,

the lead ppateisamay:he pdhaainentondomainehakagun RIotein, Jreferred
as

in%l%dén r%gtiggtilrilmitﬁd t(} structural and/or functional domains such
enzymatic domains, biiding BBRHE R ATEeRisRr FAghRNh R IedRn
suetliasingens, bblivey easklcopsadneatditiop: jproddlyn vaHanms cb8ons may

NaR-RAIIERINL 25 QCELT NG RIQLein 0g structures, ma used. The
lead protein is preferably a proteir?aé]s%éd%qﬁ us?Py&tﬁ%%ggﬁt YAsdDPt

SRS AHE T PB GlsaaGH Jibr AR BENA hgamrdeliswitoe réveptor,
ar;ugzmmaﬂmmy@mﬁng hoeraoe Mfﬁ@%%@ﬂ@ﬂé?e@&?&rﬁ@é}?ém%fforts,
m ein and.enzyme. ecific classes of enzymes
includg ﬁ%?égf?%eg? Illr%j_t)% ?o}?i]ﬁ;d?&‘ég%%egﬁféﬁ S5O ASElO"-
carbohydfagdeafipRisisinsmne s esmuchiraw laceniasesipepisngsased, to be
talitpRRIases, eQEéfé&?%%féfﬁﬂ%tea{%%%gﬂ%?ﬁﬁcﬁéw_%eglﬂ%a&eﬁi and
pti%%t}ata es. fartlcular examples of 35 enzymes are |stepl1 Inthe ‘
Swiss-ProtansymdimtatagduLysneth protein, oligopeptide or peptide,

and may also be an unnatural protein or peptide. Optionally, the lead
protein may be a fragment or domain of a known protein, including but
not imited to structural and/or functional domains such as enzymatic

. domains, binding domains, and smaller fragments or motifs, such as
turns, helixes and loops. In addition, protein variants, i.e. non-naturally
occurring protein analog structures, may be used.

The lead protein is preferably a protein used in industry,

therapeutics and/or diagnosis. The type of lead protein may be a
ligand, cell surface receptor, antigen, antibody, cytokine, hormone,

transcription factor, signaling module, cytoskeletal protein and enzyme.

Specific classes of enzymes include, but are not limited to,
hydrolases such as proteases, carbohydrases, lipases; isomerases such
as racemases, epimerases, tautomerases, or miutases; transferases,
kinases, oxidoreductases, and phophatases. Particular examples of
enzymes are listed in the Swiss-Prot enzyme database.

-10-
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Other examples of the lead protein cytokines include, but are not limited
to, IL-1, IL-2, IL-3, IL-4, IL-5, IL6, IL-8, IL-10, IFN-(3, INF-y, IFN- a-2a; IFN
a-2B, TNF- a; CD40 ligand (chk), Human Obesity Protein Leptin,
Granulocyte-Macrophage Colony-Stimulating Factor (GMCSF), 5 Bone
Morphogenetic Protein-7 {g'ar Neurotro. hic)ﬁf ctor, . .

Gran o ST s OB IS Ak N b are not
Chemedttradiarnit Preleil-33 NMacrohagélMidiationinHibitb N Baétory, [FN-

H&@ﬁ“}?ﬂ)’ &%ﬁ‘?‘?ﬁ@"‘-‘%@i%ﬂ% HRSIRh (AR RANES, SIUNAD, o 1oin

Macrq’p age Inflammatory Proteirt | Beta, human growth hormone, 10
L &grémidranibloryFddrr aniazh MetaiorarG siaheStimttatery CSF),
Agliyity ansyinophil activatingpentide-2,Ge-Ghemakine Mep;3, Platelet

Factor M2, Neutrophil Activating Peptide 2, Eotaxin, Stromal Cell- Derived
Farcor Tt RISBRARe CHORh FaRtoR rsift-ike EFUH Factor I,
TanstosatingGrowirdactor By cTsarisfoenminigr & GrowrtibEactaf 820r,

TepRsfarming. QLouih Eacion i, ensiaring, Grouih Eeciar Ay ascular

Endothelial growth factor (VEGF); acidic Fi ast growth factor, basic
Firshradt e Wil Taeer ERdotRE Sl gisitah fasrr NS siE g oW sactor,

Braindeerivad NsurmtrophieFagten -Giliary-Neuratrophici-aeter. Riatslet
Derived Growth Factor, Human 20 Hepatocyte Growth Factor, Gli .

OIS EHo 8 MBS R Ak T tnromloli BOATa B Fatrgr i
inchedingylButNeottiopitet AoLiTRAnahd Rabta? \Hlataece forsypiaciiding, but

nefimitedin, the, extageliulat Regign O Human-1isspe FAchl, ke
Cﬁtoldne-Bmdln Region Of Gp130, G-CSF recegtor, erythropoletin

r * FRSTOB| st CREROT DB TS YR é5t6FO TR retEptB N g
reeepten, Hadideepiaydhdfaraomplentd FeceptoR INfrL secepios alpha
chiain, MHE Class VMG Class L I Cell Receptor, Inslin igceptor,
ms_ucfln receptor tyfosine dnase and Atméan growﬁ ormone receptor' In
yEtRiiobtast empodinsehtr aethdibisobtevided fotid80siliEa dedighaand

sglecionef protein-sequencr s asedmn & leadistrugiural template cior
EB%embjss of different se uen%es having substantially similar structures
to-fHestrd y

SR eS8 G EmpidyeUck TR e dased 10888 ch
dEtgbasestof proteih StutturésifdOreindte-hemhdlegueswiitheHeaid:

SEpENEER RAMNOJQULSeaLePEa R IRIRLARLYR! SIHFIRL ST BY
ugg](? Ig‘g?:tg]re"ffr%?g’ gée;ﬁ?gs()fmc}ude but not Iunited to, the
; : ; g ;
extracellular Region Of Human Tissue Factor Cytokine-Binding Region
Of Gp130, G-CSF receptor, eryvthropoietin receptor, Fibroblast Growth
Factor receptor, TNF receptor, IL-1 receptor, IL-1 receptor/IL1ira
complex, IL4 receptor, INF-y, receptor alpha chain, MHC Class I, MFC
Class II, T Cell Receptor, Insulin receptor, msulin receptor tyrosine
kinase and human growth hormone receptor.
In yet another embodiment, a method is provided for in

silico design and selection of protein sequences based on a lead
structural template. Ensembies of different sequences having
substantially similar structures to the structural template may be
employed as lead seguences _to search databases of protein structures

for remote homologues of the lead sequences having low sequence

identity and yet structurally similar. By using the method, a library of

-11-
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11 diverse protein sequences can be constructed and screened
experimentally in vitro or in vivo for protein mutants with improved or
desired function(s). In another embodiment, the inventive methodology 5
is implemented in designing antibodies that are diverse in sequence and

yehfunsdionaiyirelatri-teeach:other fBasad:-ea theesigaeeiantibody
sequences, a library of antihodies ¢can be constructed to include diverse
SGTETERS P BT Ie MR dSteRFNTHE EORE T CRSHRI O
hdearizeth frarieredrks (FRs) of a non-human antibody in a high 10

throughplut manner. This libre ry. of antiboq'es can be screened against a
. ang ){:r £I71 0d1m|ent,?1 inventive methodo 0% .
wide variety of target molecules for novel or improved functions. In yet

arbtiEr embotithehe e iveths TS Iprovisetfor i st seettitfiserce and
aptibedy sesences based enthe.amino aeisksegyence:of anrenionimay
lead antibody, herein a%?r referred to as Et)he "lead 15tsgquenc%'aT e lead
SSGUBRRETE ehibIoyed To SHArRR SRR sts Bt BrOTiT SeqUBRCES ThE™S®
clsoipecof-theidatabasadependsign decspecifics fupttion & tedslremdgiot of

the designed matifs, Farexasmple: inorderto, designthe framework

regions of variable chains for therapeutic aég)gl[cation, collections of protein
sé%t@e&%@%a%l%@é%@vomﬁ@n%?ﬂw@#éraﬁ difeh @S fofySRTFRRAD 2gainst
iramyAegiehulin seguepcas-anth vmanngesmiinediprousoglabitlih s

sequences shoulgI b%ﬂ]sed except for F?,few structurally critical sites. This
would redls8 TAETH RS GRH ar@?f:%é’ Py Pre&Eing the origin of the
sefuenses bydntrddacihgds fewnforeignb asstints ds: possibleuindtisisquence

highly-conserved region. denfiamework 2kJegions). On the gther.hand,

diverse Sequence databases such as immunoglobulin sequences of
vafiBUE¥Pecied BredditHtenied STRISHEE it genbahic eaPBETSYd to
designithe<gRRs:#3 orTies thdmprsivenbiading afinitypaith antigerssisethise
h%%%')!ﬁ’&ﬁ'&*’é&{ﬁ&%%eg%’ giihd H(}%im eéﬁo%a%}]abraﬁé{roéz%!}’:?r%f% antibody,
sequences can pe cons'ructe a ) screene' experimentally |'n VItro or
irégvgicintibouy pakitarasowiRel vroved ohdiesired fscaong)cin one
egatimen, thammeihod comprisastha.stens;of, provding an aming acid
sequence of the variable region of the hle%vyﬁglam (VH) or Ilggthcham
(\1]%36‘? %1561 A5t numan immunoglobulin sequences and human
germline immunoglobulin sequences should be used except for a few
structurally crifical sites. This would reduce the immunogenic response
by preserving the origin of the sequences by introducing as few foreign
mutants as poessible in this highly conserved region {for framework
regions}. On the other hand, diverse seguence databases such as
mmunoglobulin sequences of various species or even unrelated
sequence m genbank can be used to design the CDRs in order to ]
improve binding affinity with antigens in this highly variabie region. By
using the method, a library of diverse antibody sequences can be
constructed and screened experimentally in vitro or in vivo for antibody
mutants with improved or desired function(s).
In one embodiment, the method comprises the steps of
providing an amino acid sequence of the variable region of the
heavy chain (Vy) or light chawm (Vi) of a lead antibody;
identifying the amino acid sequences in the CDRs of the lead
antibody;

-12-
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35 identifying the amino acid sequences in the CDRs of the lead
antibody; -12 selecting one of the CDRs in the VH or V;, region of the lead
antibody; providing an amino acid sequence that comprises at least 3
consecutive amino acid residues in the selected CDR, the selected 5
amino agid sequence beina djead seqHencereqmpaing thedeatlag
sequence Wi agp?uraﬁ y Of tester protein sequences; and selecting from
thaplbeality of tester protein sequences at least two peptide segments
that have af teast 15% sgavence ideptitywiththedflerd sequence the

selected peptide segments farming a hijt library. T thod may further
COpTSETHE SRRprBE ARG &h %%%E&E#&%%c%}ﬁpﬁ?%éeﬂm

segmeat&ciarmﬁmgcthe}amgm acid sequences of the hit Iibrary._ _
Optionally, the me”{%% may i f@%’i{;‘%‘%’?@gﬁ%@&%&% 9«12 building; an

. 10a1I1
amino aCICFB:())SItIO%a variant p it llbrary; ‘converting amino
acienpesitionaliriant profile of the hit library into a nucleic acid positional

v:riant pgafél&i%g bagk: i@”ﬁl@%ﬁgtﬁhéf @g@t@@ pﬁhﬂa@ﬁ)&i&i@ﬁaiévaéiamt&m
their corresponding genetic codons; and 20_constructing a degenerate
AL BF ARy B WA UG pls 15 bOrOTs B Ay coieging Mt
nieleicagidpositibnalelariadtge@ptionatiy; thesgenetio cedonsimaysbe

the onesiihat.ate eelRded/on exRisasion niadielia, Optionally. genetic

codons may bethe ones™ that can reduce the size chosen such that the

diversity OPHEPS BEqe ABER NI HEIBiBRERY BF DRI JéypieRtess

within thee experimantalicovarahle diversity withibuttindue experimental

efforts, fgr exar f)le to be %?I w Ix10 %rgg preferably below 1x106. In a
€

first aspec?:E fietes t&%ﬁ}d”n Ame oéi for C%ﬁ%ﬁl&%%g a ﬁbgr{és&socf“ _
antibodybséquenses; thia metibe comprisinguirs epeidt. 0 mrevidingary;
an aming acid-seauenaa ohine ¥atable fegion.of theheayy ehaind -0y

light chain (V,,) of a lead antibody; identifying the amino acid sequences

inffe EPREANGER OOV IHEIRRYAIRIBORPIIE by back-translating the

amino acid positional variants into their corresponding genetic codons;
and

constructing a degenerate nucleic acid hibrary of DNA segments
by combinatorially combining the nucleic acid pesitional variants.

Optionally, the genetic codons may be the ones that are preferred
for expression i bacteria. Optionally, genetic codons may bethe ones
that can reduce the size chosen such that the diversity of the
degenerate nucleic acid library of DNA segments is within the
experimentally coverable diversity without undue experimental efiorts,

for example, to be below 1x107, and preferably below 1x106.

© In a first aspect, there is provided a method for constructing a library of antibody

sequences, the method comprising the steps of:

providing an amino acid sequence of the variable region of the heavy chain (Vy) or light

chain {V,) of a lead antibody;
identifying the amino acid sequences in the CDRs and FRs of the lead antibody;

selecting one of the CDRs in the Vy; or V| region of the lead antibody;

~-13-
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selecting one of the CDRs in the VH or V,, region of the lead antibody; -13

providing a first amino acid sequence that comprises at least 3
consecutive amino acid residues in the selected CDR, the selected amino
acid sequence being a CDR lead sequence; comparing the CDR lead
sequence with a plué%l;% of CDR tester 5 protein sequences; selectin

from theRBRIASIRET B 155P SOt RPIBATISH CEhF IBHEERRS Phisids 3
segmegistihathaire aldehst 8%esénudrcesidentidyCvilh the &fdivtedd

se uenc CDR hit library; 10
sele ctlglggg?e%ofﬁtk%nl‘—?gs in t%dg\éW%/gL&Srge%%ﬂg}%gt\he lead antlbody,
providingamRaoRe Hasifd Atieae §aaREB RV ESNFRBESHITfS IR tester
consesHtiveamiRe-Aacid residues in the selected FR, the selected amino

acid sequence being a FR Iead ue mparing the FR lead
sequencEtRiHS I’Eﬁ%&\&?ﬁﬁl—’ﬁr Inégjté gqugn%es ard esiadthgt

frizassthevpl prglitidofdeBtester i{irate‘quumgfs H /&mmmqgeplndét}’
seamMes H3RNaKS ALlGash do %.seauenscs et Wib e fRdeathe o

se uence the selected peptide segments forming a FR~ 20 hit library; and
Tg]{lﬁ’é”@DR hit library and the FR hit library to form a hit library.

Accordur@mmegmg&l@dtMe;rah&eﬁmR {astepproieirhsagHances
maa%}/. omprise amino acid sequences of human or non- 25 human

b " Also according to the method, the plurality of FR tester protein
sequengeway eehistoadminacididespmnuescoftinimeanmprigisat least
preferably: wpan.anbupanizeshanubodies L aAlPRJIGR WD al.least

50%_human sequence, preferah %éat least 70% human sequence, 30 more

prETaRsLRFiG RO PRI JERASE W Rfost preferably at least
5% huramn secnente: iR iead \dejpuranre priteralbly: fullitshof R tester

dqn gnrgggt gﬂ(?ferably human germline antibodies. Also
cor Ing t e method, at least one of the plurality of CDR

seiectmg from the plurality of FR tester protein sequences at
least two peptide segments that have at least 15% sequence identity
with the FR lead sequence, the selected peptide segments forming a FR
hit library; and

combining the CDR hit library and the FR hit Iibrary to form a hit
library. .- |

According to the method, the plurality of CDR tester protein
sequences may comprise amino acid sequences of human or non-
human antibodies.

Also according to the method, the plurality of FR tester protein
sequerices may comprise amino acid sequences of human origins,
preferably human or humanized antibodies (e.g., antibodies with at
least 50% human sequence, preferably at least 70% human sequence,
more preferably at least 90 % human sequence, and most preferably at
least 95% human sequence in Vy or Vi}, more preferably fully human
antibodies, and most preferably human germliine antibodies.

Also according to the method, at least one of the plurality of CDR
tester protein sequences is different from the plurality of FR tester

protein seguences,

A4~
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tester protein sequences is different from the plurality of FR tester 35
protein sequences. 14 Also according to the method, the plurality of CDR
tester protein sequences are human or non-human antibody sequences
and the plurality of FR tester protein sequences are human antibody
sequences pé‘éé%ﬁ@'bé leq}@&gg@ ine antibod qu .5 The )
method may further comprise the sté[ig)l ’o@go%%t%ét%ﬁé) i 3n%‘uicE ;é‘ﬁ:s-gae igrotem
libt 8 EBATHr iR G BRADSg RSz Uahasding el a eino auit seqdetices of
thethitibsasy. FRptierallyrdieimethod may fé&r_@ﬁﬁﬁ%pgﬁsggs}sg%gg%ces,
bu'!r%'t@:?a%rf amino acid paositional variant profile of the CDR hit "10 library;
converting the ARG S BE<HioHAT Y s 1570t of the CDR  hit library
into a firSttnucleit:adichppsitivher variant-profite-byrhack- translating the
amino acigd-pesifional yariants inie;their correspondin tic codons;
and 15 ponstructin%@a de;%eneratelcDér%u%{:Igﬁz)_malr%zfI 1%‘1’%%%%& DRRents
SEGITRSHIEOY E Tt R Samsinmgltiesniidieracid positional
variants (@piionally, dhe:gengiic sadons:may bethe -pneg hatare .+

preferre% f%r ex ggsg_gp gl baéteria.tOpti nally, genetic codons may be
the ones’ 2 thet Car TedUCA R SZE RBLETEGR A e dRsr Sy Ritiie
dE§ewetate nucleic acid library of DNA segments is within the
experimentally saverable diversity, withaut yndue experimental,effor

such %s diversity below 1x107, pre\%rab!y be%\%?x 0§rPnFl%sO§§gﬁ R
aE*bte THE T friViticd s e thod erebirstrlctvigea tibraiamiboryk 25

sequestegsgthecmethod compeising:the stepsof providing @H&é@%&ﬁ%
sg&gg@g%@i H@,Vﬁ%@ble region of the heavy chain (V") or light chain NG

of a lead antibody; identifying the amino acid sequences in:the FRs of the
lead antiS&d 'sétestingearavitelHRE mthiewor\ibregiost afite lead

asdihne: s 3 Rrovigingra-iikshaming acid seauence.thal gamprises af least
3 consetcutive amino acid residues in the selected FR, the elected amino
vararnis, . .

acid sequence being a first FR lead sequence;

Optionally, the genetic codorts may be the ones that are preferred
for expression in bacteria. Optionally, genetic codons may be the ones
that can reduce the size chosen such that the diversity of the |
degenerate nucleic acid brary of DINA segments is within the
experimentally coverable diversity without undue experimental efforts,

such as diversity below 1x107, preferably below 1x106.

In a second aspect, there is provided a method for constructing a library antibody

sequences, the method comprising the steps of?

providing an amino acid sequence of the variable region of the heavy chain (V) or light

chain (VL) of a lead antibody;

identifying the amino acid sequences in the FRs of the lead antibody;

selecting one of the FRs in the Vyor Vyregion of the lead antibody;

providing a first amino acid sequence that comprises at Jeast 3 consecutive amino acid

residues in the selected FR, the sclected amino acid sequence being a first FR lead sequence;

comparing the first lead FR sequence with a plurality of ¥R tester protein sequences: and
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comparing the first lead FR sequence with a plurality of FR tester protein
sequences; and 35 -1 5 selecting from the plurality of FR tester protein
sequences at least two peptide segments that have at least 15%
sequence identity with the first FR lead sequence, the selected peptide

segmentsiarming oA shER it dibrary: $H hesnethast maydaiibares at

comprise the steps of providing a second amino agid sequence that .
CORPHSEE AMHUSF SoCRB U AHEIND S BT U s LR F RHAE I
difféfe nhirdirsther deletted kit dhet beleciedtathino-aicid segumence beinthg &
SecQ R sequence; 10 comparing the second FR lead sequence
w?fchsa%%ﬁlfaﬁtgyr%ﬂfl? tester protein sequences; and selecting from the
plurality GhEReidted protei sdrueieaar dast tWPpehtide segments
that have,atleast1o% ssauensaidentiyswith-the. sacondmRHead at least
sequence, the selected peptide, segments 15 forming a second FR hijt
o1y ST BRI B it FRORTE FBrary aieithés SOOBRE A AFIFary
tosdrmea Miklibrarycketeddimg totheithsthod:rthe teacd:CDR segli€hckad
may cemprise at least 5 consecutive amino acid residues in the selected
CDR. The 20 selected CDR may be selected from the group consisting of
VH CDRICVRREBR2VEF EDR 3 VICEDRIGVErCDREatF A EBIRS f R
the dead @ntibpdy. Llse-aecarding to the method, the lead FR sequence
may comprise at I(?ast 5,conzec1%}éve a g?%acid residues in the selected

FR. The“S6i6cRa FR MAY badé Lé’t'e%fr%l THE DRSS CORSIEHNY S
FRESENH ERZVIHIERS WVHHERA 2VE FREALRRY ViqERS@NdMLiFRA

offhe lead s@@é@&"?ﬁﬁ Té”&%é @@cﬁgz%% mayfurther com B%ﬁ% HeSen Qs

constructing a nucleic acid or degenerate nucleic acid library comprising
DNAEEhTetts BHE Sy theEhinGaEid sequences of the hit 30 library.
In anothepeimbadinent fadnetRad isipravided dorp siemselgetonitfrary to
a (t)irbnoldé/ gg%uberréclzéer; based on the amino acid sequence
According to the method, the lead CDR sequence may comprise
at least 5 consecutive amino acid residues in the selected CDR. The
selected CDR may be selected from the group consisting of Va CDR1, Vy
CDRZ, Vy CDR3, VL CDR1, Vy CDR2, and Vi CDR3 of the lead antibody.
Also according to the method, the lead FR sequence may
comprise at least 5 consecutive amino acid residues in the selected FR.
The selected FR may be selected from the group consisting of Viy FR1,
Vu FR2, Vy FR3, Vg FR4, Vi, FR1, V,FR2, VL FR3 and V. FR4 of the lead
antibody.
The method may further comprise the step of:
constructing a nucleic acid or degenerate nucleic acid library
comprising DNA segments encoding the amino acid sequences of the hit
Iibrary.
In another embodiment, a method is provided for in
silico selection of antibody sequences based on the amino acid sequence
of a region in a lead antibody, i.e., the “lead sequence”, and its 3D B
structure. The structure of the lead sequence is employed to search

databases of protein structures for segments having similar 3D

structures. These segments are aligned to yield a sequence profile,
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of a region in a lead antibody, i.e., the "lead sequence”, and its 3D
structure. The structure of the lead sequence is employed to search 35
databases of protein structures for segments having similar 3D
structures. These segments are aligned to yield a sequence profile, -16

herein after referred to as the "lead sequence profile’. 'lj,he,g%ea(]i.F s{iquence
pletieins &fiep s5Rearesisarer s dpase e B FRSIR T SEuent s fétYemote

hemaleduepebtneileathpesiuencs havio wtegusndepiderititpeneyets
structurally similar. By using the metho ibr ver ihady
séﬁﬁEﬁ@e%ec%ﬁ 8185\%&5“?0@ alﬁ %gé%%%eigggﬁ%gﬁﬁllgﬁﬁ%?#g orin
vildefoitaribd g naitmsisatlyimmdesd By veinedremabmd). anibrery of
enghediment:theneihad:cprEsesdhasieps abdprvidingaamino acid
sequence of the variable region of the 10$ﬂ§a§/g chq:in (tVI—‘Ql% %rohagor
(VEPSFEER P ARIBOE Rt RG tRE MRS S eHGHER CES IR CBRS
ofd&\ﬁjeadugtibﬁqm; selec_ting one of t_he CDRs in the VH or VL regi_on of
the lead ,antibody. J5aroviding, an.aming acidl saaUense Wiaheamprises at

least 3 consecutive amino acid residues in the selected CDR, the

selected PapRieREcR SEgilRA GEHeffgaTBss LebitforrEaHls igRRPe! the
thieendimrRsions) sFugitrecatiheiaad saquancsitbailging a lead
sequence prafile based on the structure of the 20 lea uence;
comparing e 1254 z%au e Opar%]fﬂcessﬁt%eél %‘?ﬁr’éﬁﬁlﬁ 83?@2%030 & igad
sequ@nodss; and selecting from the plurality of tester protein sequences at

least twqpepfide SRQTBERLS Baave aldeastLa% saauenseidentily with

25 lead sequence, the selected peptide segments forming a hit library.
A@é‘&‘&ﬁ*@’to the method, the three-dimensional structure of the lead
sequencerinayibg astaicite-ded ved framcehaistaliograpiiyat noske

AR ML R et S
sejogreecid sequence being a lead sequence;
providing a three-dimensional structure of the lead sequence;
building a lead sequence profile based on the structure of the
lead sequence;
comparing the lead sequence profile with a plurality of tester
protein sequences; and
selecting from the plurality of tester protein sequences at least
two peptide segments that have at least 10% sequence identity with
lead sequence, the selected peptide segments forming a hit library.
According to the method, the three-dimensional structure of the
lead sequence may be a structure derived from X-crystallography,
nuclear magnetic resonance (NMR) spectroscopy or theoretical
structural modeling,.
According to the method, the step of building a lead sequence
profile may include:
comparing the structure of the lead sequence with the structures
of a plurality of tester protein segments;
determining the root mean square difference of the main chain

conformations of the lead sequence and the tester protein segments;

-17-



10

15

25

36

35

profile may include: comparing the structure of the lead sequence with the
structures of a plurality of tester protein segments; determining the root
mean square difference of the main chain 35 conformations of the lead
sequence and the tester protein segments; -17 selecting the tester
protein segments with root mean square difference of the main chain

conformaerIReL Bfir el PreaterameSReRth AR A A0PhSRE FretaHay

legsiham ScAvfand mesh peierabiniess dtian 2 18saritkh didning derably
amino acid sequences of the selected tester,pfotein, se '
e R A T o O Ay oDy s
stthemie dobine plurality of tester protein segments are retrieved from the

protein dﬁ%@&{h@&ﬁﬂﬁ%&k@ stgnaldudldinga lead-aaguence profile
may 10 include: comparing the structure of th I§%egtiiadiequence with glje
ts]

StRGERHEE SOV R IRSIHGPST PSSRt LG BRI e <
Z-score d@pheimdin, chaiscorformatdibobthe alégdosegsiemgerardithe

lesleLRIgIEin seansalva R Aaealng g seameis gf the tester protein
ents wit

seg th the Z- score higher than 2, preferably higher than 3, more
preferabl pitetlihdh @ skl thbed sier s bR gPeeRSA Brafle &ighing
thg,aming acid sequences of the selected tester protein segments with

the lead sequence tg. build the lead sequence profile. 20 Qptigpally, the
Step of ORI e T ST S RS DA RATH DG Airacures
algbethimsdiectedtfrsier theogroupegansisting of CE, MAPS, Monte Carlo
and 3D clysterng algopithms. the spathod mav-iuther,comprise Jhe siee

of: constructing a nucleic acid library comprising DNA segments 25

eneddiptrRERSh LS L88FE RILORRERRaINSiry. Optionally, the
method meydtiribeiheosaptisstherstepsteithultingaramisarcidih the Z-
pasitional variant profile of the_ hit library; converting aming acid positional
=St i e e T S st
bylitricidirand|aunet theeferably higher than 5; and

aligning the amino acid sequences of the selected tester protein
segments with the lead sequence to build the lead sequence profile.

Optionally, the step of building a lead sequerice profile may be
implemented by an algorithm selected from the group consisting of CE,
MAPS, Monte Carlo and 3D clustering algorithms. '

The method may further comprise the step of:

constructing a nucleic acid library comprising DNA segments
encoding the amino acid sequences of the hit library.

Optionally, the method may further comprise the steps of:

building an amino acid positional variant profile of the hit library;

converting amino acid positional variant profile of the hit library
mto a nucleic acid positional variant profile by back-translating the
amino acid positional variants into their corresponding trinucleotide
codons; and

constructing a degenerate nucleic acid library of DNA segments
by combinatorially combining the nucleic acid positional variants.

Any ofthe above methods may further comprise the following

sfeps;“ |
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30 amino acid positional variants into their corresponding trinucleotide
codons; and constructing a degenerate nucleic acid library of DNA
segments by combinatorially combining the nucleic acid positional
variants. Anx,0-; above methods may further comprise the following 35

steps: -18dnjsedue ehih e DA fesaarhentsinihe:ndERiGaRid®idegenerate
degenerate nucleic acid libr {%g&geus of a host organism; expressing

R BIRIA e8GRt InTHE R CRh R &8 mbinant antibodies
containiegythessiminthadiiNsesgsnessofithé hih G libedisy aretptbdticed in

the cells of the h ' ; @HQ : tigg m ' ' anti t
binds to ?%53%%?%%&3%% affini%e %?ilgjher thagngic%%@h%?%%fe%g?f%o%

MibrgioreisefdpRrd 08 e caie thekegrefrabtF 109 WELdn yet another
embodingeat: smethodispiaviged forincke silice selastion:of artibadyigen
sequences based on a 3D structure of a le tibody. A lead se Cc

P USRI g RS St PO D leid ARyt gaen To°
eliployed tocsearoh dataliaksés)éf protein sequences for remote
homologrgeé ngﬁtﬂ%-leatg e uence%%gﬁi(ﬁ% Iowdaa guence identity and yet

odiment. am S PIOvi s
structurally similar. These remdte ologties form a hit library. The

seertEs MRS BRIy ate TS B fectdti S @ il Aatoh ForHeiF stltias
cempasibilitawithaB3Bu stitctiureaf the deask-antibody: heteinafter rgferred
to.as the "Iea% sglrugtu}ggl éelm%lat ' Sequences ia% ,{t}geegitolibr%\)_/ tlgat are

S ruec%ﬁﬁ'ﬂlf/m clorﬁp%tlgle With: the lead §truc?uraci‘afempféte aré sefected and
serepred 20iexperimenteliy dhogines orfifhvivo0r sntitody inetargds with
igpraved of desired funglion(s) c1n.ong anbadiment. the- method

comprises the steps of; ﬁ[ovidjn an amino acid sequence of the variable
OGNS A ATV or ghECHATT PR Fot % 1BHI ARTBHAESS the
leatbanriibody 2bdhanihehaldntvetr threeddimansionahsinictyreiwhicbis

S 2o/ il aie oo e TP
structural template”. Sequences in. the hit ibrary that are structurally
compatible with the lead structural template are selected and screened
experimentally in vitro or mn vivo for antibody mutants with improved or
desired function(s}.

In one embodiment, the method comprises the steps of:

providing an armino acid sequence of the variable region of the
heavy chain (Vi) or light chain (Vi) of a lead antibody, the lead antibody
having a known three dimensional structure which is defined as a lead
structural template;

identifving the amino acid sequences in the CDRs of the lead
antibody; 4

selecting one of the CDRs in the Vy or Vo region of the lead
antibody;

providing an amino acid sequence that comprises at least 3
consecutive amino acid residues n the selected CDR, the selected
amino acid sequence being a lead sequence;

comparing the lead sequence profile with a plurality of tester

protein sequences;
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selecting one of the CDRs in the VH or VL region of the lead 30 antibody;
providing an amino acid sequence that comprises at least 3 consecutive
amino acid residues in the selected CDR, the selected amino acid
sequence being a lead sequence; comparing the lead sequence profile
with a plurality of tester 35 protein seguences; ,selecting}r}‘ﬁrom t

|
plurality SEESERE SromiH SEALLE 8t IS REPPehitiiss %Sn?ﬂgﬁ?t
have péfenst $6meequenae idontity leiist Ieadsesmence; idersatgoiath
forming, a it ligrary %ﬁ%‘ﬂ(}@'@&&ﬁx@%@@?ﬁﬂ?% hit

Replide seaments fory
library Strictura y 5 compa with't ad structural template using a

scoring fiftetionningdise mamgeheitbmberdibrang isitStbratiRdyscore
egyalR- 0l betier thanes eaual dathe Rasiseauenseg Acsesding tartbeon;

method, the scoring function is an energy 10 scoring function selected
R the group consisting of electrostatic interactions, van der Waals
interactisalgcelegtrbstatiersbbratiohtbadig)iiscive hhat sessthfaisatftrer

sglyation.energy, and gonfornatiqnal, gatopy. Optionally, the scoring

function Is one incorporating a forcefield 15 selected from the group
consistifg oM@ A ErTsResher, BEARIHITS AEIEIPRie BRsEBGRF VT

feeatields: dee ECERR forcelields: dhe- R OMQS dorgefielisthe Rl S

forcefields, the MMFEF94 forcefield, the Tripos forcefield, the MM3 .
(OPSEHRTID BrICG DA A e ST A A enerey,
keowedgesbesetistatistisd folvafisld @neravfietdll 20afdsrtiemeé-based

tlg%rmﬁ%ynamic potential functions. Also according to the method, the step
of selecting the members of the hit library includes selecting the members

of the hitiaRARa SR RS/ &I RTLT OR) BIRrgPiRti Hhaderdpleld

leatksaglénee tbalptaieddoasediag afohmWanbie2 FokEtGed s Evamirm
ond-+ Eangel+ Eelectr i tvatio rding, to

meﬁﬁ%ﬁezé’eﬂé%eglg §g%§cﬁ£%%%§ﬁg%§é%éo?mr%%%ﬁU eg;

SEREME théonsehitidrs BieHaRBIfsrastields, the MMFF94 forcefield, the
Tripos forcefield, the MM3 forcefield, the Dreiding forcefield,and UNRES

forcefield,and other knowledge-based statistical forcefield (mean field}
and structure-based thermodynamic potential functions.

Also according to the method, the step of selecting the members
of the hit library includes selecting the members of the hit library that
have a lower or equal total energy than that of the lead sequence

calculated based on a formula of

AEta:al = Evdw + 'Ebond + Eangel + Ee]ectrostatics + Esolvatian

Also according to the method, the step of selecting the members
of the hit library includes selecting the members of the hit library that
have a lower binding free energy than that of the lead sequence

calculated as the difference between the bound and unbound states

using a refined scoring function
AGe = AGum + AGsol “TASe:

where
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have a lower binding free energy than that of the lead sequence 30
calculated as the difference between the bound and unbound states
using a refined scoring function AGb = AGMM + AGsol -TASss 35 where
-20 AGMM = AGele + AGvdw (1) dGsol = LGele-sat + .hOA,SA (2) The
method may further compprise fhe st éof. 5 constructing a nucleic acid

Library comprism“é"b S8gments”e oding the amino acid sequences of

the hit library. Optiorrally; dheinetiiocsmi&@y further comprise the steps of:
building an amino acid positional variant profile of the hit library;

converting amino acid positional variant profile of the hit library 10 into a
nucleic AeRIpESIEHEIVafiaibEFoE B Fadkifrafsiating the amino acid
positionahyasiantsint theil-coresponding tinugleotiger cotensiands
constr ctingg deg{t;:-nercalée nucleic acidiligara%ggiBNA segments by

c%%:BlnaﬁaFlaTlﬁI@om{bﬁllngstﬁ Hhlicieic Ach epos|t|or¥§lr§’;ariants. 15 In yet

another@mibodiivett camméthobinsaprévidbdfopinsiiico Seladtion of
antibody, sequences Based.ania, 30 SHHSIWE Ol SthHIEe 2 RRe MR 0f ey,

lead antibody, or a structure ensemble of multiple antibodies, hereinafter
collectivily YetERBRTdIEE fHEIRRF Shualurar M mateia b dacsaddnesor
sequensa pepfile-fropvaispesifie=2( ragienmethe lead antibedly teshie e

emplo ed.g) sea&ch (a:if\tabases of r%tein sequences for remote ..
2l p(%S OII'I ATIAarils H’ltﬁ ity ?O esépondmff. mrlcieonds
hom%llogueso the lead sequence having Tow sequence’identity and yet

strystoraliyrdimilar. These remote homologues form a hit library. An
amino acid Restignalvaram pafile (AR:PNE) afthe-Dib iRl i Quilhs

based on frequency of amino acid 25 variant a pearing at each position of

RE RERUBRLEHY BIEEHTBREHECARIBOS ACHRAT ATy 7S

constructegebyncombinataniaty, casbhioingrthelaniino acid variant at each.

sition of th d i r.with toff of 4 requenc
L e B & S el

SHaILHNGR ToC B S tAI CUFANSDNEBTAPALIIGHI Y WIRIHE foalsSHYwFdl
t&mpdai@- Seaseneesibe hiter collectively referred to as the lead

structural template. A lead sequence or sequence profile from a specific
region of the lead antibody to be emploved to search databases of
protein sequences for remote homologues of the lead sequence having
low sequence identity and yet structurally similar, These remote
homologues form a hit library. An amino acid positional variant profile
(AA-PVP) of the hit library is built based on frequency of aminoe acid
variant appearing at each position of the lead sequence. Based on the
AA-PVP, a hit variant library is constructed by combinatorially
combining the amino acid variant at each position of the lead sequence
with or without cutoff of low frequency variants. The seguences in the
hit variant library are subjected to evaluation for their structural
compatibility with the lead structural template. Sequences in the hit
Iibrary that are structurally compatible with the lead structural
template are selected and screened experimentally in vitro or in vivo for
antibody mutants with mmproved or desired functionis).

In one embodiment, the method comprises the steps of:

providing an amino acid sequence of the variable region of the

heavy chain (Vy) or light chain (V) of a lead antibody, the lead antibody
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library that are structurally compatible with the lead structural template
are selected and screened experimentally in vitro or in vivo for antibody
mutants with improved or desired function(s). In one embodiment, the
method comprises the steps of: 35 providing an amino acid sequence of
th%variable region of the heavy chain (VH) or light chain (VL) of a lead
an

BSIRE thETERFHHEE RFOSRRAR) SLRACWRIATEAHiifcReiBied as a lead

strsictucewhlaieisplefined as a lead structural template; identifying the

amino acigd seq &s.inthe CDRs.of the lead antibody:g selecting on
of the‘CDRSI?n %%/H or rgg%h of the Tead ant c?d%é;D g?gv?g%%eiﬁa
anWit 2R sequence that comprises at least 3 consecutive amino acid

residues ixthersalentebCOR dRsaleaied varuing acidsenyence hging a

lead gequence; 10 comparing the lead sequence with a plurality of tester
pr%ﬁlaln sé’&uences; selecting from the plurality of tester protein
sequencas atidast dwepéptideskbgmentsdhahhaveabldast % ast 3

sequengs, identity with, lead sequenss. doe §ﬁ|§c%t§£.@5%;?§%i%ﬂgpt

forming a hit library; 15 building an amino acid positiona protile of
th& b AR BEEAERSS Pelteadyast aaneTR variant appearing at each
position afoihpdeiag sRaUengascrBhiniNgitheaminaasi by acarisia,ing,
hitsgb@%éosproduce a combination of hit variants which form a hit variant
Iibra%/; 8e’termining if a member of the hit variant library is structurally
compatibiglsitirthdrieadtbe wharalitemplate asing escering duneticn; lard

saleetipgthgMmemb i | iranyethat, | toqQr.
b gtter ?hggn the lead %sggtq%%eﬁégiﬁi%%%g %}th%(?nﬁeg%%%?%]%é& %tfh
c

FSHARGHAB Emitis SElacveiRRRERa R TReInass habldumyithe
amino adichildiiantsthifrequerdoyceiappgarante higbard e iMesbrary
pr@&%@?@&f@@%@n@&? 0t B{ﬁfSBaQE{as J@i%%taggpemng at each position of

the lead sequence;

combining the amino acid variants in the hit library to produce a
combination of hit variants which form .a hit variant library;

determining if a member of the hit variant library is structurally
compatible with the lead structural template using a scoring function;
and

selecting the members of the hit variant library that score equal

1o or better than the lead sequence.

According to the method, the step of combining the amino acid
variants in the hit library inciudes:

selecting the amino acid variants with frequency of appearance
higher than 4 times, preferably 6 times, more preferably 8 times, and
most preferably 10 times (2% to 10% and preferably 5% of the
frequency for the cutoff and then include some of the amino acids from
the lead sequence if they are missed after cutoff); and

combining the selected amino acid variants in the hit library to
produce a combination of hit variants which form a hit variant library.

According to the method, the scoring function is an energy
scoring function selected from the group consisting of electrostatic

interactions, van der Waals interactions, electrostatic solvation energy,
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most preferably 10 times (2% to 10% and preferably 5% of the 30
frequency for the cutoff and then include some of the amino acids from
the lead sequence if they are missed after cutoff); and combining the
selected amino acid variants in the hit library to produce a combination of
hit variants which form a_hit varjant library. Accorg the metg{)d the

s@@ﬁY‘Fﬁ‘fuﬁEﬁ%?ﬁ?iﬁrF‘é#@fﬁysgéV%’SﬁnchﬁF WS% fi& group

cemgisiig of electrostatic interactions, van der Waals interactions,

eIectroste)tlcﬁsoI atﬁtlo&%r[sear(%){_n -2 S5qbventz aﬁgﬁgl&l, ﬁ%?%%@bm

energy, a rd contormationa ropy Optlon , the scorin g}sunctlon IS
oneliterhbiamntha SreuTicrpgsiaatef FomAmbETJopredis SstindPortie
Ampc%d@r&?tﬁ&dm@eamﬁffm&iﬁméh&@lmep Cf@sffotm@efeldsg the

ECEPP f field th f d th f
M@%@yﬁ%ﬁﬁ% 3 t%rlpo‘lyl%rce?gre ELS W&c}(@ﬁ dD et?:e rél
fo’ﬂr‘qfi@cf;amdfMNRE@ %Méffemeefwd@ttieer mm@mm&ms :
f%@é.t-.dd&*m Jigld) mfféﬁgétgss@asaq‘ﬁgwpmmmpmaﬁm

functions. 70 The method may turther comprlse the step of: constructing a
n@EIEi 6 EHABrARAEIHITG BINATR K RREARIRNBRHGHTe amino acid
SeqUenC@&@Eﬁﬁ@ﬁﬁ&ﬁ@ﬂl&ﬁ&i@ésmbﬂa@e%waﬁwbﬂbrary Optionally,

the method ma rther comy rise t teps, of. 15 partiti 0.t ng
R el e e

the selectét embers of hit varian [Gasttwo sub-hit vanant

librasiedirse ietingiznsutskitsearancibrafysuidirgethramitecaeief the hit

positianaliviarignt profile of the selected sub-hit variant library; 20

convertlrﬁ the amino acid p%‘smonal V?I’I%[I;t profile of the selected isub-hit
on,

variant liGTRAPRESS HACBIEROY PoSitsn St VR amPRrsti& hyters ©
back -transiatingtiegamineadicpbsitiehad teal iarts bitostheihit variant

o MErabo (} %EW'&%S#%&%&QQHE‘%&%P%?HHQHng a degenerate

nuc ibrary of DNA segments 25 by combinatorially combining the
nucleic a¥HEFBEIEGhEIDANATRIITRE WERTS parsing the hit variant library

may incligfilding an amino acid positional variant profile of the selected

sub-~hit variant library,

converting the amino acid positional variant profile of the
selected sub-hit variant library into a nucleic acid positional variant
profile by back-translating the amino acid positional variants into their
corresponding trinucleotide codons; and

constructing a degenerate nucleic acid library of DNA segments
by combinatorially combining the nucleic acid positional variants.

The step of parsing the hit variant library may include:

randomly selecting 10-30 members of the hit variant hibrary that
score equal to or better than the lead sequence, the selected members
forming a sub-variant library.

Optionally, the step of parsing the hit variant library may
mclude:

building an amino acid positional variant profile of the hit variant
library, resulting a hit variant profile;

parsing the hit variant profile into segments of sub-variant profile
based on the contact maps of the Ca, or CB or heavy atoms of the

structure or structure ensembles of a lead sequence within certain
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randomly selecting 10-30 members of the hit variant library that score
equal to or better than the lead sequence, the selected members forming
a sub-variant library. 30 Optionally, the step of parsing the hit variant
library may include: building an amino acid positional variant profile of the
hit variant library, resulting a hit variant profile; parsing the hit variant

profiS ARG S EYEAR BT o Aiak protrsussliasdel o isedofttctnrabs
of thenitaty Gifhor heiviaalemy af he, plarelHBIPRAlNGIUSGienserables

of a lead sequengce within certain -23 distance cutoff (8A 10 4.5 A). A
str&ﬁﬁ?r%rlaﬁ d‘é?‘%’r"‘?eg ét?ﬁléul%ﬂs eprﬁﬁ?%fg% tﬁ?ﬁtgjﬂié ce of 4.5 A,

preferablylwighinther, endredprefatabewnitbi6d/canpnisestthre feeatal b
within 8 Apj aasiierembedimen, e malodcapRASes {16 SIEBS O e

providing al% amino acid sequence of the variable region of t eavy

chdtRHT S ghes riHEVh BRI EYd Shadsast tmdikedy abipdesd matingdy

a khewinghidendimetisienalistisictisaapraviding 3D structures of one or
e e R e O S S T it et

the lead antibo orming a structure ensem
StrifCHNER oTIAe Yookl ahtisedyratirthdloteod thioteadntibtibiesy the

structure gpsamble. beinadelisgdasiadagd &EHB%@%‘%H&OL%%@ res of the
|def1t| in i,Fl?:)eﬁ?mmo acid sequences in the CDRs of the lead antl%odsy;
15 SEREING6RE SPAETEIORS i REVA-PBIDLHssioErtHa Rade snfisaele

providiviyceeiiaedine acidaseguencethiataapiptises at least 3 consecutive
amino acighiesidues '&Qﬂsrﬁﬁk%cé%%%%%é%%éselﬁ d iy G | ad
sequence beinga Iead sequence; 20 comparing the lead sequence Wit a
pIu‘?&iﬁP‘B%ft’éster protein sequences; selecting from the plurality of tester

protein sesglendag ahleastiiwopeplide sroMesisthat hanesatleast 1%

sequence identity with lead sequence, the selected peptide segments
forming admt library;
providing an amino acid sequence that comprises at least 3

consecutive amino acid residues in the selected CDR, the selected
amino acid sequence being a lead sequence;

comparing the lead sequence with a plurality of tester protein
sequences;

selecting from the plurality of tester protein sequences at least
two peptide segments that have at least 10% sequence identity with
lead sequence, the selected peptide segments forming a hit library;

building an amino acid positional variant profile of the hit library
based on frequency of amino acid variant appearing at each position of
the lead sequence;

cdmbi_ning the amino acid variants in the hit library to produce a
combination of hit variants which form a hit variant Lbrary;

determining if a member of the hit variant library is structurally
compatible with the lead structural template using a scoring function;
and

selecting the members of the hit variant library that score equal
to or better than the lead sequence. _

[Route VII. Claim the sequential steps by using a lead sequence
from sequence to structure to functional space shown in Figure 2B]
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chain | VI:{%rpr light chain (VL) of a lead antibody, the lead antibody
- ﬁ%&&ﬁ?

e SEFRPRSIH SEqHSREEPSH

25 building an amino acid positional variant profile of the hit library based

on frequency of amino acid variant appearing at each position of the lead
sequence; combining the amino acid variants in the hit library to produce a
combination of hit variants which form a hit variant library; 30 determining
if a member of the hit variant library is structurally compatible with the
lead strucfird R8RSl ISP digeeih hariiod samaiastndhneteps of:
{ne;nbersgfgh@vt&h[vgrﬁm\%?f%%&@%m&ﬁ&b@ ﬁ%ﬁé%?%ﬁﬁé E_@éfbﬁl‘%f éhe
ead.sequence. out . Clai e.seqguential steps by using a lea
se%lﬁgﬁgec \‘rom@% 85#5?31 fSEGCtURE 96 ‘T‘ul%@ﬁioﬂﬁ e %Fbéﬁﬁ Beey
2 Bjayinig & aptiou Hrrem Bodimen dlestmetitadecomprises the steps of. a)
providing @naming aAcidse %ﬂ%ﬁ%ea%&@ge&ﬁ%mlgs@g R QEIB}E?S F(l)(?&ﬁ/% lead
aving
ree dimensional structure; 5 b) identifying the amino acid '
sequences belbetiGPRsobitdezitRantbasy\g) selectipsene ofitbgead

.. CRR&{4ke VH or VL region of the lead antibody; d) providing an amino
~ acid sequénce that comprises at least 3 10 consecutive amino acid

residues fH H@ Y CDI MRcsbetednam i acitagsenae lbeiigd

dediies-as ivicachsequence: alicenpatng {he.laad seomence with.a 4
pIural)l_Q/ of tecfter %roteln se(EJ nces; f) selecting from the plurality of
oSt agsﬁélﬁ}ﬁ\ﬁ& pdpfidesaYATfs that have at

least 10%)setueaceizientily avitbe derchse quencepibesaiected feptidetein
S g%ggr;ming a hit library; g) building an amino acid positional variant
profile of the hit library based on frequency of amino acid variant

appearinf SFESERGBSHOH M Wiy sEtrrisEaRel) sombsiniveg tileast
aminoagiddarapiadn therit ranataepreduss agamenaling ef bk,
g s leh O & R B0 R o R T,

g) building an amino acid positional variant profile of the hit
library based on frequency of amino acid variant appearing at each
position of the lead sequence;

h) combining the amino acid variants in the hit library to
produce a combination of hit variants which form a hit variant Iibrary;

i) determining if a member of the hit variant bibrary is
structurally compatible with the lead structural template using a
scoring function;

j} selecting the members of the hit variant library that score

_equal to or better than the lead seguence; '

k} constructing a degenerate nucleic acid library comprising DNA
segments encoding the amino acid sequences of the selected members
of the hit variant Library; '

1} determining the diversity of the nucleic acid library, if the
diversity is higher than 1x106, repeating steps Jj} through 1 until the
diversity of the diversity of the nucleic acid library is equal to or lower
than Ix106;

m) introducing the DNA segments in the degenerate nucleic acid

library into cells of a host organism:
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structurally compatible with the lead structural template using a scoring
function; 25 ) selecting the members of the hit variant library that score
equal to or better than the lead sequence; k) constructing a degenerate
nucleic acid library comprising DNA segments encoding the amino acid

sequences of the selected members of the hit variant library; 3
determirfGHRE GRS 6 R AT E LS ﬁpfr)gf‘??ﬂ%ﬁd’ \?é'r%%ﬁ??t

highemnibanal 106t tepkadingratepdry thiie ugmihountikt lse qdisecsityo bt teehit
diversity of the nyclei idh lbrany is al.to or an 1x106; m)
inlﬁlr%rdatfé%%ﬁer{bﬁfésﬁe%gm%’r%é%n the;feg'él%efg%g?e uclseﬁitc}:’acid 35 library

into cellvbfalheisnarthraerriB R praEaRiy tHead RIRdR dPne hts§tthe
hesiigells suich dghirecambinanhantiogies gaataining the amino acid

sequences of the hit library are produced in the cells of the host .
organisi) 57 BERETAGRE TS Lo BINAR ARG 1728 BIES L A 1RR%R: 'S

arfitiged withiaffinitythigherttant@eiViwithndihiepbating steps &Pthvough
0) if no f?%%m%ae@t ihody.is. felngdde.bindsta %%ﬁ%a%&ﬂgg%%m

affinity higher than 106 M-1. In another particular embodimen
mEpistBomprises the steps of: 10 a) providing an amino acid sequence

of the vagiablevruion of theiheavwdcheinévid} of ligbtehainieidaiadeate
antibody, the legd antibady having,a known three dimensjonal structure
R 20 B SR A S S B e Ao A od
atidweguehoesin thee€ BRsofsiva s adrustantiyodyhclssdddetinhone lskd
the GRRS 40 {bg)H@r Vi. region of the lead antibody; d) providing an
amino acid sequence that comprises at least 3 consecutive amino acid

residuesthififddiieeethe BRI e efed TP amindhitidLBg e lead

beingiiefined as a lead sequence; e) mutating the lead sequence by

Sumtitu“cﬁ'%&%%t%én e 8£ g‘]% CDRs in the Vy or Vi region of the lead
antibody; |

d) providing an amino acid sequence that comprises at least 3
consecutive amino acid residues in the selected CDR, the selected
amino acid sequence being defined as a lead sequence;

e} mutating the lead sequence by substituting one or more of the
amino acid residues of the lead sequence with one or more different
amino acid residues, resulting in a lead sequence mutant library;

f) determining if a member of the lead sequence mutant library is
structurally compatible with the lead structural template using a first
scoring function;

g} selecting the lead sequence mutants that score equal to or
better than the lead sequence;

h) comparing the lead sequence with a plurality of tester protein
sequences; o

i) selecting from the plurality of tester protein sequences at least
two peptide segments that have at ;east 10% sequence identity with
lead sequence, the selected peptide segments forming a hit library,

j} building an amino acid positional variant profile of the hit
library based on frequencyxof amino acid variant appearing at each

position of the lead sequence;
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amino acid residues of the lead sequence with one or more different
amino acid residues, resulting in a lead sequence mutant library ; f)
determining if a member of the lead sequence mutant library is 25
structurally compatible with the lead structural template using a first

scoring fiﬂ”@(@%iﬂlﬁ@l@%ﬁ'@ lead seauaRseMmuiants fha %eg‘?gﬁéke

to or better than the lead sequence; h) comparing the lead sequence with
a PRIEHRF GRS BibleiRa86%sequences: i) selecting from the plurality of
tester prijteimrsequences aileastl wolpepiiderseamentsthaihaveeat least
10% sequence identity with lead sequence, the selected peptide
sggrnﬁlsgﬁ%g%rnm?%% g ﬁl |%lr1a?y?;ej)p68ﬁ%1r%§ %%“&ﬁﬁ%ﬂg@@%&ﬁona variant
profile ofthe Hitr 88isaH) baved o frédbierioy ofdmindacidwariant

apRearing-ateashoRosition;af the. leadisequence; 26 } _zgpénpém%gathe
amln?c:??(:ld variants in the hit library to produce a combination of hit

VEFEHRS! S5°CERsIMTHG e selected lead sequence mutants with the
combinatiosebfchitgatiantsete produtela: hitvasanh libies-b Mt score
determining if ber of the hit variant library is structurally compatible
Wit% the lead s%u{%%%ﬁe%n%llaefaégussﬁ% 3 'Second scoring function; n)
selectinGhReHHEMBers 6f demievarantlitrarpthatdvery equattsng DNA

bettenthap the lead-sequences 10-0) sonstructing & degenerate nugleic, .

acid library comprising DNA segments encoding the amino acid
s%%db%%gésvgfr fﬁ%@é egc‘fféa members of the hit variant library; p)
determimingetive diversityhof dhemitteic deiddibrany, and ifther-diversitydse

igherdhan, 108 repeatingsteps DL iioudh ol ynd the 48 diyersit of
the diversity of the nucleic acid’library is &qual to or lower han 1% ;eq)

iNFETGEN GHhB DR SEGh ikcim Hidsde gerb idveenv dlefsrasictdibrdnpinto
cellsrof allmest organism; r) expressing the DNA segments in the host cells
such thaqt) introducing the DNA segments in the degenerate nucleic acid

library into cells of & host organism;

1) expressing the DNA segments in the host cells such that
recombinant antibodies containing the amino acid sequences of the hit
library are produced in the cells of the host organism;

s) selecting the recombinant antibody that binds to a target
antigen with affinity higher than 106 M-!: and

tj repeating steps e through s) if no recombinant antibody is
found to bind to the target antigen with affinity highér than 106 M-,

In yet another embodiment, a computer-
implemented method is provided for constructing a Iibrary of mutant
antibodies based on a lead antibody. In one embodiment, the method
comprises:

taking as an input an amino acid sequence that comprises at
least 3 consecutive amino acid residues in a CDR region of the lead
antibody, the amino acid sequence being a lead sequence;

employing a computer executable logic to compare the lead

sequence with a plurality of tester protein sequences;
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20 recombinant antibodies containing the amino acid sequences of the hit -
library are produced in the cells of the host organism; s) selecting the
recombinant antibody that binds to a target antigen with affinity higher
than 106 M-'; and t) repeating steps e) through s) if no recombinant

antibody usseaécm@@rmxpmmeﬁwm%wgw b2ty iahorinan..

106 M-1. In yet another embodiment, a computer imp ermeh ela
proW&%é’ TBHUSRGRTR ARG Bt %ﬁﬂfa?ﬁt éﬁ%@@i@é@é@e@@m@m@h
antilsedysdquomnecenatoetiiment, the method comprises: 30 taking as an

input an uence ha r es least 3 consecutive

amino acu;ég es% ‘E({E%QI% gé gltto%%o Pe'f’egé Bfiftop e aReRtinghichd
seqﬁﬁ‘éﬁ%é nﬁl‘ﬁalfé’ad sequence employing a computer executable logic
to Compargéberlﬂﬁ% PEHFENAEIRLPIERUY Of LOSIEY RIOIEIN ¢ he lead

sequences; -27 s %Fctm from the plurality of tester protein“sequences a

least TWo" p%df‘ P SETATER RN Havs L3Rt s Sugirstdvidatvsewith 80

leads et mees apttienbiating asan D Gpuithe selected peptide

segments yhichy.3 fqrm. 8. hit ry, Accordin oft bove

methods, the Ienéjtfé of the}l]eggi{ sge%%oevr?cjenfashngfe era éﬁ@?&@%ﬁhe
mo?é”b?é‘fé%?%geﬁb@ §3°Ba E%ﬁéfmedtwefe}’abwm 8Heramor
Accitditget@afyriaf the above methods, the step of identifying the 10

amino se ences in the CDRs |s % ed out by usm Kabat criteria or

Chothia critena. AlS aceording (o any sPaE 5’88%0 tHBc Mesrempnce
sedURhcemRaisecnprsiantairiso @it sefuence fiamcuRarticuish Fegion
withira theoV i 051\ O14he Q@&?&%@%ﬁ%@% Ré@éﬁ Rengma

15 combination of the CDR and FRSs, such as
FREBBR3 1%L 1A R R ANEGs e oR ¥ SR erte2 ThRIeEDR2-FR3,

sequenge: rf@ﬂielmtéyh canénrrses@;deaet& @ﬁf@@fﬂ%ﬁ@ﬂﬁ% ¥l raniy
fe%gﬂﬁﬁ o DR, more preferably at least 7 consecutive
amino audere%?% egﬁ 2 Seleded %ﬁﬁ 0 S GSI et BReatebiates
antiaditPreésniaisabknat least 7 consecutive amino acid residues in the

selected CDR, and most preferably all of the amino acid residues in the
selected CDR.

Also according to any of the above methods, the lead sequence
may further comprise at least one of the amino acid residues
immediately adjacent to the selected CDR,

Also according to any of the above methods, the lead sequence
may further comprise at least one of the FRs flanking the selected CDR.

Also according to any of the above methods, the lead sequence
may further comprise one or more CDRs or FRs adjacent the C-
terminus or N-terminus of the selected CDR.

Also according to-any of the above methods, the lead structural
template may be a 3D structure of a fully assembled lead antibody, or a
heavy chain or light chain variable region of the lead antibody (e.g.,
CDR, FR and a combination thereof}.

Also according to any of the above methods, the plurality of
tester protein sequences includes preferably antibody sequences, more

preferably human antibody sequences, and most preferably human
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20 selected CDR. Also according to any of the above methods, the lead
sequence may further comprise at least one of the amino acid residues
immediately adjacent to the selected CDR. Also according to any of the
above methods, the lead sequence 25 may further comprise at least one

of %ﬁhﬁﬁﬁél%@g %és%%%tgg %l})_ . ,/Also accordin f the above
methods, the Ieadgggebque Ce may fur T S %%ggﬁg?a?%\é%‘ grork
FRS88&ent the C- terminus or N-terminus of the selected CDR. Also

accordingAaay.@irdia ke e nethadss taedead sineciuml 3R lemplate
may Sbt% a_ 3D structure of a fully %%s mbled lead antibody, or a_heavy

e
cham o TGHt ey SAARETE FeJoAisT T e Ry ErnitRly A Hre BisRomfawiss-
an8raicdatbrrtpartiveecgba stz taicasdifigr tC ARy of tietithadesmethods,

the pluralifyaflegirniniotein.seqreneas eludesnprglerably antibody

sequences, more 35 preferably human antibody sequencesi--%%g most
préfERIBTy AR P8 ReHRE A M be AP s elaenEs i ehipros)in |
espegialtycer ihﬁxfz@mﬁ]\?@fkd BgORSIARRACRKINIHR %ﬁg@#@g&we
m : ein s es IS retrieved from
ge%n%t}g%E%EF%g ll%% %'rlosz\;v%i rot H%?ggé;@@ﬁ@ abatddriBase for
CDRs of Atitibaaiesdxlsd aceot¢ith o aimy ofrthe labyethreteqdsnthe step

of icompgrinubesiaacse with,he, Ul Of tLRISL RIS 11 jead
sequences is implemented by an algorithm selected from the group
ORI B BDRET S| AIRSF I i SR PA & B AT, 2o mwst

acetrtiingply ahjeekthEs&hove methods, the sequence identity of the

oreterabi o oL 2 Brela Aol At BPHLE, i oLt ProReiath a

e S8THEFs A CREtHE Y &St P the above method, the method further 15

comprises thestoliowingseRs: REpdeangRe DNARSIMSAIS NG ate

n%%&%%%{arﬂ%%gge%%%eﬁ%lg cé}ag%lgll%%%%%)gcells of a host

organism; expressing the S€g t cells such that

expressing the DNA segments in the host cells such that

recombinant antibodies containing the amino acid sequences of the hit
ibrary encoded by the nucleic acid or degenerate nucleic acid library
are produced in the celis of the host organism; and

selecting the recombinant antibody that binds to a target antigen
with affinity higher than 106 M-1, preferably 107 M1, more preferably 108
M-1, and most preferably 10° M-1.

The recombinant antibodies may be fully assembled antibodies,
Fab fragments, Fv fragments, or single chain antibodies.

The host organism includes any organism or its cell line that is
capable of expressing transferred foreign genetic sequence, including
but not limited to bacteria, yeast, plant, insect, and mammals.

The recombinant antibodies may be fully assembled antibodies,
Fab fragments, Fv fragments, or single chain antibodies. For example
the recombinant antibodies may be expressed in bacterial cells and
displayed on the surface of phage particles. The recombinant
antibodies displayed on phage particles may be a double-chain
heterodimer formed between Vy and V.. The heterodimerization of Vi
and V, chains may be facilitated by a heterodimer formed between two

¥
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recombinant antibodies containing the amino acid sequences of the hit 20
library-encoded by the nucleic acid or degenerate nucleic acid library are

produced in the cells of the host organism; and selecting the recombinant

antibody that binds to a target antigen with affinity higher than 106 M-,

preferably 07V dopRorstRietarably 108.M:, and U;P%%lar%‘;é bly 109

M-1. <. <2a The recombinant antibodies may be fully assembl

antisoaies Fb rAGEHRE By a5 EWR PeF sy eRzin antibptigs nhebe
hosteorgahigrminelhdes adiyerganismsoits celHing thajds Pﬁﬁ@'ﬁﬂ@z& )
exm@%%ggvg 1sferred foreign genetic sequence, including but not Iimiteg ’
to bacteria, yéast, plant, insect, and mammals. 30 The recombinant

antibodie\ay BEYEIK s3senitsietantbodiespdesbidigments! By phage

fragmenissonsingle chaiRantibodi ,.the recombipant
antibod sSmlau){lpe e regsed in ba%%éﬁg%ﬁ%%%%%%%I%e%né?nl{}fhgﬁked by
suﬁa%et‘g‘fjﬁhagee ‘aﬁ%ﬁag?sﬁ@?@ééﬁ%iﬁéﬁ%eeﬁhm%}awdm surface

phageipaticlestmiay beaa douhtaithaini 35 heterodimenfiorned. between. ... -

VHangVie (e, imerization of VH VL chains may be
facilitated bi%hﬁ%%%%ﬁfé%ﬁ% t‘vﬁx‘é%?ﬁé%& 454 AdhsiRtigedghage plil

pofT S dE WA #isEd% the VH and Vi, chains, respectively. For

example, theseitwe aaraibody: e@y&@ﬁ@g%@’p erived from a
he}l%%cg&egic rece tors GABAG RI (GRi) and'R2 (SGIgrg,ui?eesspSe%]t@ely. 5

Alternatively, The recomBbinaHt drtisotiesedisprisntomphtiges partittes acids
may b alshaglebhdimantibody containing VH and VL linked by a peptide
linker. The, g'g%%yﬁf th in%Ie chain antibody on the surface of phage

particles may be aeéiﬁfna 8d'BY™h hetBrsimer formed between a fusion of

I
th& SRR RS HAtbo 8y Witk GRT AR arfusivarofphage: pitrd0-capsikic
pr@remmmagweamgﬁba@gﬁpﬁi%g&%%%@%i8%‘éﬂ%&ges
srgﬁlgigg%g%}lg%angCrgacromole_cules such as proteins, peptidés, nucleic
acids and polyca ohyé?gt%élﬂﬁ‘yet another embodiment, a computer 15
readablelAgediikidB provided. The computer medium comprises logic for

constructing a ligraey of @H@g@p@ogiﬁ%gaa%g on a lead

sequence that comprises
at least 3 consecutive amino acid residues in a CDR of the lead

antibody, the amino acid sequence being a lead sequence:
compares the lead sequence with a plurality of tester
protein sequences;
seiects from the plurality of tester protein sequences at
least two peptide segments that have at least 15% sequence identi
with lead sequence; and
generates as an output the selected peptide segments
which form
a hit iibrary.
Inn yet another embodiment, monocional

antibodies are provided that are capable of binding to human vascular

endothelial growth factor (VEGF) with a binding affinity higher than 106
M-1. The monoclonal antibody may be a fully assembled antibody, a

Fab fragment, a Fv fragment or a single chain antibody {scFv].

-30-



hn

10

15

20

antibody, the logic comprising: logic which takes as an input an amino
acid sequence that comprises 20 at least 3 consecutive amino acid
residues in a CDR of the lead antibody, the amino acid sequence being a
lead sequence; compares the lead sequence with a plurality or tester

proteinsequencas, saieels B hialualin oteder pinieivaequenrtes
at 25 least two peptide segments that have at | as% %P%)Dse%lrjgr;ge
ietibinA A ETIORG 2 AN AR AT § SRR S SAR Blitput the selected.
PeRtide;segnsnis Mmhinhyfadrashitlibraby130.1n yet another embodiment,
monoclonal antibodies are prgvided th inding to human
vasculaf %B&ﬁ&%}l é??me?%b%e(@%%%%agﬁﬁng%%ity higher
than de0f dVihERemonoplored antiseey mag Be FRAN St O™

antibady. a. fragrent ks fragment or a single chain antibody
érglg\%y%lgbfgt%?% embodiment, the heavy chain CDF;éﬁthgflﬁggoclonal
antibod§A G BFSERSArT MRt s S e Setected orm Group
capsisting Af SEQJIBNosi36:48 and63:125.cd angtivercerabedineivthe
heavy chain CDRI of 5[51}9”0- ng%antibody comprises an amino acid
%&HBn%%%éslela%&%rSé?n grougsé(;@sistiarig of SEQ ID Nos: 19-30, |n yet
anotherCgrmibodifmetitethe Heay6hanlEDRY gr4Ha RISHSEAIEFERAB3dy

comprises an, aming,acidisequence selectedifienm group consistiing: off
SEQ'ID Nos: 31-35. 10 Optionally, th heal\l/g (%haé E%I?%%&f t%@t .
RBROHORRar i da S AR St B

o acmfysequence se]Iecte from
QR CRRSISHRGIBHSEQrIPrNos: 36-48:ard B3d128 i theeeaey BRan

CDRI of the. mono %@é Btilgggyl@[g@rises an amino acid sequence
s%r%%?eaefﬁgh%d&%a% co ?lsting of SEQ ID Nos: 19-30. 15 Also qﬁﬁtionally,

the headyschamiGBRB 6hthacmtn SEIGHAICRMD S4y EomPREEEER amino
agid;seayencenelected HRAMEOUR sequence selected from group

consisting of SEQ ID Nos: 36-48 and 63-125, and the heavy chain
CDR2 of the monocional antibody comprises an amino acid sequence
selected from group consisting of SEQ ID Nes: 31-35.

Also optionally, the heavy ctyain CDRI of the monoclonal
antibody comprises an amino acid sequence selected from group
consisting of SEQ ID Nos: 19-30, and the heavy chain CDR2 of the
monoclonal antibody comprises an amino acid sequence selected from
group consisting of SEQ ID Nos: 31-35.

In another embodiment, the heavy chain variable region (Vi) of
the monoclonal antibody against VEGF comprises an amine acid
sequence of SEQ ID No: 126, and the hight chain variable region (Vi) of
the monoclonal antibody against VEGF comprises an amino actd
sequence of SEQ ID No: 127,

In yet another embodiment, the heavy chain variable region (Vi)
of the monocional antibody against VEGF comprises an amino acid
sequence selected from group consisting of SEQ ID Nos: 126, 128, 129,
130, and 131, and the light chain variable region (Vi) of the monoclonal
antibody against VEGF comprises an amino acid sequence of SEQ ID
Ne: 127.

The antibodies designed by using the methods of the disclosure
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consisting of SEQ ID Nos: 36-48 and 63-125, and the heavy chain CDR2
of the monoclonal antibody comprises an amino acid sequence selected
from group consisting of SEQ ID Nos: 31-35. 20 Also optionally, the heavy
chain CDR1 of the monoclonal antibody comprises an amino acid
sequence selegted from gruR. isting.of SEQ ID Nos: 19-30, and the
heavy chain Cg%g of the mo%o%%g% a%%fﬁo y comprises AahSacid
sefiie dueriss-emvginaPesmsktingict S BQ ¢BrNos: SH@h2hin
antithersembediments thehleavy.chaia viariablesegion (MERLOf fhe -

m oclsonal %rétlbod Sgga@prF%F comprises an amino acid sequence
of SEQ' 1D No~ 158 “Shd thelight e Farablerearshovie) SR e sraft-
mupsEis Mabeintisody againstovEGE eomprises an-aminesasith-seguence
of FRQHDNG 12730 In yek another embadiment, the heavy chain |
varjable 'qu;%i%] VH) of fhe%%%%ﬂ%ngﬁﬁ% %%a}alnaﬁ“gfﬁéﬁ omfises
af Ao cGbRtes sbettatPirens g digrconsisting o SEQ4DANOs:
176128115304 3020 BL,.and the light.chains vatiable. region; (;,) of
th&m@gggnal ntibo%}/ .agr?%lzst VEGF comprises an amino acid
sequence of SEQTDHP3E Ko {37 FheAntivodreeinadimad by using the
nétssts bt thr distiosupeolBlomlaybe usetfer diagnasing or therapeutic
treatment:eh yarigus.diseases ingluding but not limited to, cancer, .
aytoimmune, diseases such as m%glvtl;% e sC e?gsf%?r?ﬁséﬁ{naa%fﬂ?fﬁﬁﬁg?'
sySteMiE b Es B fHEmadsasTRyjec eiabintés cartl myasthenidgravis,
9C&ﬁlﬁwe@@ﬂ&ﬂiwmﬁﬁﬁ&eﬁﬂﬁé@iﬁva@%{%%%g\g{}@hi&%%g jon such
ag,HI patitis, viruses, and herpes simplex virus, bacterial intfection,
allerg;}j,}r 'I%T)%q%?dj% e%%?%aﬁgto?%éﬁ%ﬁ%%éwﬁ%@%ﬁni’é‘vﬁcqﬁ%}é’:
aHiBoies cHly alsérbe el asiecnjughtas thatatedinkes with-diagnestc,

oro&mraggb@@rﬁg}eg%r@ﬁ' QPA@B@?& ith. 10 chemotherapeutic or
b}i%gggglj a%gg&s. The an_tjbogies can ‘also\%é afg(gf‘nnu é\tst’e"f‘itD or delivetyVia a

wide Vanety ot rodtEE B aGmimtt o trshesatiple, the antibodies may
be admifisteredhgr tooadmifistieratoteads tapicaliy«parenterally, .q

' ' lly, i ly, intraarterially, trarnsdermally, -
;%ﬁ%%%g%@%ﬂ%‘gﬁ}ﬁéc@%ﬁ%ﬁ 1Y JoRCETT in cells of
any orgamsm, including but not hirmited to bacteria, yeast, plant, insect

ax}d mammal. Particular types of cells inchude, but are not limited to,
Drosophila melanogaster cells, Saccharomyces cerevisiae and other
yeasts, E. coli, Bacilius subtilis, SFQ cells, C129 cells, 293 celis,
Neurospora, BHE, CHO, COS, and HelLa cellg, fibroblasts, Schwanoma
cell lines, immortalized mammalian myeleid and lymphoid cell lines,
Jurkat cells, mast cells and other endocrine and exocrine cells, and
neuronal cells. Examples of mammalian celis mchude, but are not
limited to, tumor cells of all types {particularly melanoma, myeloid
leukemia, carcinomas of the lung, breast, ovaries, colon, kidney,
prostate, pancreas and testes), cardiomyocytes, endothelial cells,
epithelial cells, lymphocytes {T-cell and B cell), mast cells, eosinophils,
vascular intimal celis, hepatocytes, leukocytes including mononuclear
leukocytes, stem cells such as haemopoetic, neural, skin, lung, kidney,
liver and myocyte stem cells, osteoclasts, chondrocytes and other

connective tissue cells, keratinocytes, melanocytes, liver cells, kidney

cells, and adipocytes.
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15 transbuccally, intranasally, via inhalation, vaginally, intraoccularly, via
local delivery (for example by a catheter or a stent), subcutaneously,
intraadiposally, intraarticularly, or intrathecally. According to any of the
above embodiments, the designed proteins (e.g.. antibodies) may be
synthesized, or expressed in cells of 20 any organism, including but not

limited t6 BACERY s AsHiameshReRteanis muwmies 9 arndalsr5hes of
celipinshice doebadénotdimitencds DiesephdamselnspyRsten GelkSart .

S isiae er_yeasts, E. coli,.Bacillus subtilis, SF9
A e e B e
cEMIHBIPRISH, Srhwaruni oB apltitieshimaetslizedudirariwalian
myeleichaadiymphoiciell AgRsy léﬁlfétz‘é%@?s@l?ﬂa%%l I§Bnd other

S,

e ocring and ?Xxocrin{g cl(%ls, and_neuronal cells, Examples of -

chrom SinBRAsBama iR itted b terseiBgratajes

mammatar cat

(peiticisar)y wnilaagnis peydioig ok ukeniss edrtiroteagzatbthedongn braast,

0¥%%%%@£9%é§%¥u§9}9£?%ﬁt§dﬁﬁ%%% X %estes), cardiomyocytes,
p -

endothelial cells, epithelial cells, lymphocytes ell and B cell), mast
cells, edIRBFAIST VagNANtRh R e s emenyscdsserikssyriwmove, the

inir}u@mgirm?m%i %ah h@@lkaﬁaéﬁ%dsmﬂhc&%ﬁé@mﬁﬁcmﬁmﬁﬂfﬁﬁ%ly a
.skin, lun idney, liver and myocyte stem cells, posteoclasts,
e i o B SRR R e e cer,

rislsriotyaEl e vélis skadiléty pediSjafnihdipenytels. bAFRreferdibiynt)e
designes Projeindsipurificd onisalaled Afier; expression according to

methodz}_ﬁl;F own to those skilled in the art. Examples of purification

methodINERFE SRS HEIREE fRbidtanss armduridiegieaisng protein
ohwgniztegiaptid feckmiquesrindtedingioeSoeysbatgacyulrophabisily in
BRI GBLLEURI S APBR B IE L S ATIRIOGEABIY, B0, i
chromatofocusing. The degree of purification necésary vﬁﬁ\f&?)tfyp
PR SR R rmeaidimed omipsimhsinindtanges mach as
piifieation willbe, basesEaRy, ABeAscerdingioanyR) thegbbgdiments
ds%%g@ggegbgvo t{t}eclﬁ) deggnemroteins can be screened for a desired
flnction, preteraply a_ BioICYiEhr Fmiab s SheH as s MEnE o a known
IsrRiRgsiemré onptysiologidaNastivitptstabilitipptsfileo(pibribermabiutier
@slfieNMolecules; changes in the equilibrium state (i.e. half-life) or one
or more RNAs, proteins, lipids, hormones, cytokines, or other
molecules; changes in the localization of onie or more RNAs, proteins,
lipids, hormones, cytokines, or other molecules; changes in the
bioactivity or specific activity of one or more RNAs, proteins, lipids,
hormones, cytokines, receptors, or other molecules; changes in the
secretion of ions, cytokines, hormones, growth factors, or other
molecules; alterations in cellular membrane potentials, polarization,
integrity or transport; changes in infectivity, susceptability, latency,
adhesion, and uptake of viruses and bacterial pathogens.

According to any of the above embodiments, the designed
proteins (e.g.. antibodies) may be synthesized, or expressed as fusion
proteins with a tag protein or peptide. The tag protein or peptide may
be used to identify, isolate, signal, stabilize, increase flexibility of,

Increase degradation of, increase secretion, translocation or
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substrate specificity, immunogenicity, toxicity, etc. In the screening using a
cell-based assay, the designed protein 15 may be selected based on an
altered phenotype of the cell, preferably in some detectable and/or
measurable way. Examples of phenotypic changes include, but are not

limited to, gross physical changes such as changes in cell morphology,
col ST LN VB b SE SR AB RS ERHES b e ape
celiwleietiemisity; changes in the 20 expression of one or more RNAs,
proteins, lipids, hormones, cytoldnes, or other molecules; changes in the
equilibrium state (i.e. half-life) or one or more RNAS, proteins, lipids,
hormones, cytokines, or other molecules; changes in the localization of
one or more RNAS, proteins, lipids, hormones, cytokines, or other
molecules; changes in the ,25 bioactivity or specific activity of one or more
RNAs, proteins, lipids, hormones, cytolines, receptors, or other
molecules; changes in the secretion of ions, cytokines, hormones, growth
factors, or other molecules; alterations in cellular membrane potentials,
polarization, integrity or transport; changes in infectivity, susceptability,
latency, 30 adhesion, and uptake of viruses and bacterial pathogens.
According to any of the above embodiments, the designed proteins (e.g..
antibodies) may be synthesized, or expressed as fusion proteins with a
tag protein or peptide. The tag protein or peptide may be used to identify,
isolate, signal, stabilize, increase flexibility of, 35 increase degradation of,
increase secretion, transkocation or -33 intracellular retention of or
enhance expression of the designed proteins. -34 BRIEF DESCRIPTION
OF THE FIGURES Figures IA-D illustrate four embodiments of the
method that can be used in the present invention to select for proteins
with desired 5 functions. Lead in Figures 1A-D can be either the lead
sequence or sequence profile from multiple structure-based alignment.
The hit library, hit variant library | and Il are defined in the definition
section. Figures IE-H illustrate four of the possible embodiments of the
method that can be used in the present invention to select for proteins
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10 with desired functions. Here, the lead refers to a structure or structure
model or structure ensemble or profile (multiple superimposed
structures), the corresponding sequence or sequence profile from the
lead structure or structure ensemble can be then used to screen all
possible sequenc&mgaﬁgggmgﬁtﬁ?sﬁ{élﬁaﬁ ence library
15 based on structure-based screening. The resulting hit'variant libraries
can be used for direct experimental screening or compared with the

sequenceibitrefila getived: framdhe coriespRnding |aag SeqLENRE Bt

sequence prafile (see Figures 2A-C). The structure template referes to
Fie ﬁ&b#&%ﬁgsm@aﬂ%%l?ﬁawf%lﬁﬁ&mqufsmwth desired
eXperithental HetetrinirBigrendarinodelirge Figuren2Adsdsehematior
oxende-ol RS e MBERSYol RN XRISIPIVIARA Y (e, pregent
invention. The triangular relationship among sequen%%, structure an
fUHRERSH Sy csg Tardhidhwars! ter iUl trate dsdtartdinpttnsipBuiism gdatinn.
the lead sipucieerltead istivatualiprofie ofdead seaventsiead Sequenae

profile ta candidate, sequences through sequence, structure and function
e R S T R R hEE o protiie deatr e

seatbhdgrarspetificidetabaséctor evolltiohariyrrelated segtences.sB8cture
Seaenee pralie hasaden e sirichiial slgmentolbihe gad syucture

can be used to search for remote homologues of the quence. The

vEHEIPr6fle Sranemrant A e seHBeRth & posfItTRIcTREglEN &panthe

‘ehtropytof theramingacid sequencebEhexvaranhprofile-can he filterad

a ofiled at a given cutoff to give the. evolutiopally 35 preferred.
vgﬁéﬁqﬁ%oif%%gﬁfse %?gcread}égnéa%o%[e iterate Svyﬂﬁ {/%léer%lgss SBAFRRfMEPTeY
nisthotisd s elatedsbgaed cedanibaseThR5 ivsttiet i spate;aibirerics

sitico variaptnfileris gereratR- UG AU IS -Daser SEIeeniNg f

random or %voluj[i ally pooled sequence library. The variant profile can
e G S FERME IV TS e A BaTe R VAR AROFOTIE O his
procedure canibe (teraltigusandAcljedivitbtbetterrsceingl fuactionsand
rSREESRINAIE SIS RGBS, XA A IR A RRled Using

either evolutionally- or, structura g-based approaches can be used in

S‘éﬁﬂfgﬁlﬁﬁéq%:dﬁéqﬁminauon and/or modeling.

Figure 2A is a schematic overview of the in silico protein
evolution system provided by the present invention. The triangular
relationship among sequence, structure and function spaces is shown
to illustrate potential paths traversing from the lead structure/lead
structural profile or lead sequence/lead sequence profile to candidate
sequences through sequence, structure and function spaces.

In sequence space, the lead sequence(s) or profile is used to
search the specific database for evolutionarily related sequences.
Sequence profile based on the structural alignment of the lead |
structure can be used to search for remote homologues of the lead
sequence. The variant profile of the hit library describes the positional
frequency and entropy of the amino acid sequence. The variant profile
can be filtered and re-profiled at a given cutoff to give the evolutionally
preferred variant profile. This procedure can be iterated with various

searching methods on related sequence database.
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sequence to structure to function space; 2C: from structure to sequence
10 to function space) or parallel fashion (from sequence space to function
space and from structure space to function space) to give an overall
variant profile or library of amino acids. The resulting variant library of

amino acigs j - ed j cleic acid library.by using preferred
or optimiz%dggé%%%ég'%%%%%b%gcﬁgﬂééﬁ %ﬁ%ﬁ@?%ﬁ?ﬁ%%e [ e&rlg%cfusmg
filt8ritE it sabtieHing HIOEEELPE TareHjus cthevibrdrg iy tooulitineguence
experipentaily manageablairange. Jomelectifanfynctinnal myiantaio
function s?%e, thef Islyn hesizedtnucg‘}i]c i’éilibrar is introduced into

veltors By Aaniotmation ARt hREBHally BRpRISSEd B digmaeticTared
example o @Gvphaget particlesnR dunds of seledtiepandenrshneentcture
againstmmobilized antigen are carried out. The whole or part of the
procedure can be iterated and refined until the desired candidates are

selected EXpEAHEMtAIRL DS Big\FE bl Wirh&iatt diabtieretian or

ensbadinentiof theemethndalagyspronided isctnepsesaphinyentiondfom
antiboud Iibr@ oves from sequence

SEQUERCE (l;ystg'gtsz- rzlr Aqu’ qgggggl &[):)Fl;ocgdggg ?110 ; 3
first to structure and to function space: 1he desigh QAEFOH G jRggauence
selfubreelion sequehee profiliclfastiple dignedseaquercepdreno function

St@{%@éeéﬂ%ﬁﬁgt%os@il@m%‘gpéb@iw_q{ﬁ{)ftﬁxg%%@gg)k@ﬁ%eﬂlcmgatﬂe

sequence database. The hit profile given by the hit library at certain cutoff
Wiﬁ&ﬁﬁaﬁﬁéqﬁ{%aﬁ&??fﬂwaﬁfa@ﬁm 3hkihit ThIRAFSRPGarRT R NSy of
camb@screened mm@mmuﬂngﬁhelkea@stmmww&@@ge
eSRmbIe a3 M IRmplAlc syalire TS (BN sequence. Ifan A
ranked based on their compatﬁal ity with the temp ate stricture o

stigieeédgbinbie cochparéEswiits scored bettty danridaudbiortheize to
-3@iead seguehceargisaleciedandorafigd to generate nucleic acid (NA)

library. Tlile in f’”if‘f N&Q\ Iibrar)%%ize is evalyated and passed on to
oligonucledtide SynthesE FRaoFaNLILR 1B SRt RP3StheRise, the
hiﬁmﬂw&ﬁbr@wtﬁ'@pacﬁﬂiéﬁﬁdﬂylt:@ smadiénsegrentsandisrngller NA 5
ibiaries e aeneried R e unction space: gl Akl ibam 5. o
experimentally screened and positive sequences are fed back'into the <’

capERBRAFS ISR rsfrriinarndirsHichamverdoss are

immobilized antigen are carried out. The whole or part of the procedure
can be iterated and refined until the desired candidates are selected

experimentally.

Figure 2B. A schematic diagram of an embodiment of the
methodology provided in the present invention for antibody lbrary
design. A sequential procedure moves from sequence first to structure
and to function space. The design starts from a lead sequence or
sequence profile {multiple aligned sequences from structure-based
alignment). A hit library is generated by searching the sequence
database. The hit profile given by the hit library at certain cutoff will
give the hit variant library. Either the hit library or hit variant libraries
can be screened computationally using the lead structure or structure
ensemble as the template structure. The resulting sequence library is
ranked based on their compatibility with the template structure or

structure ensemble. Sequences with scores better than or equal to the
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passed on for further evaluation and potential therapeutic development. If
no hits occur in the experimental screening, the lead or its new lead 10
profile is selected for the target system and the process is reiterated.
Figure 2C. A schematic diagram of another embodiment of the

D000, RO e S S oD L ANt Jrany 83PN
An alternative sequential procedureé moves from the structure Ir

sdéfefevite Ahd o kilictidWsphreryTHedesiyalstarts from pdeset structure
OrsHBdGHFe-ensRbIarASombinationof rapdominuiations ia0else the
pQsitions is screened computationally for their compatibility with the

strtfetlHE teh PRI Y ATt Hromeortinsteglienses e sesr Batler NA
thBhrerieguaktgdherisad seqtiencterisgenetated. fheis:20lvariasidoroiite-y is
c r.comhi wWith those given by .searching th
T e R et e e B e
olF PRPESAS ORI ST e b sHo WA TR sBguéntErang nstpifdvsrelepaseto
genexale amusleic-acd ibsans:thedestofithainracediye s siiilRidBment.
thﬁsig q%%(s:r(i)bed Iin F'%%%re 2B. This a%proach 25 ergpzasizes the
imporance of inding hovar MUt by stRrEHe-bas g gth piasshigad
sareddingswithoue delyirtdp onathe evphutionandséguense sinferreationtethe -
sequence profile from searching database will help to assess the variant
profile obtained from computational screening that lies on the accuracy of

the scorMERATcHGh oS HFESHA thas: frethargembadivsedt Pighe
3ittasvadedayprocess:ibhrcanstpuetipgtatitlibranyin silicooda detabase
search Usi ither the single lead or the lead profile hased on structural
R A S5 S i e et
( IPtReIREERERGUIE i Eifcrtion sienrem Veddesigroduoesattistof lead

usiguetseauenaes dpthehitibiary. |npashnhihe s34 leatisaaAUeRSston s

sequence rofiga, sequence searching methods, and various database
2 SHoh TGS 56 GRE & S SeO B S ToF AoeraEie s
hiviridnt Stiibranyd basethon thewaiiant profile fomdhe ditdibrasyHaat is
ugegh-topanalyze.the evoluti ifiQ references for. aming acids.
A refined variant proI:::;I(§%g,&tljogar(ia\%gofbé)%1 {‘Iillé(;ér?{r% :Eé%sé%d %%égie%%ﬁgz%ﬁ?eria

WA IRBLBENEG GRAGE GaRiai arcyr seerdiredy stbrtopthaisamihy

searching the sequence database. Novel mutants might be included or
excluded based on the consensus frequency shown in sequence and
structure space to generate a nucleic acid library. The rest of the
procedure is similar to those described in Figure 2B. This approach
emphasizes the importance of finding novel mutants by structure-based
computational screening without relying on the evolutionary sequence
mformation. The sequence profile from searching database will help to
assess the variant profile obtained from computational screening that
lies on the accuracy of the scoring function as well as on the sampling

algorithm used.

Figure 3 illustrates a process for constructing a hit library in
silico via database search using either the single lead or the lead profile
based on structural alignment. The search results are sorted and
redundant sequences (even if the background is different) are removed

to produce a list of unique sequences in the hit library. Impact of the
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acid variants at each position. The hit variant library 1l is 10
combinatorially enumerated from the refined variant profile. Figure 5
illustrates a process for structural evaluation and selection of a hit variant
library | or Il to create a structurally screened version of hit variant library
||1é|'ah s%o@gﬁéati SnaI séeleection ses 15 simgle as \/ﬁ{l{ as cgé%tog energy
function 0 'SCOTE and rank the it VArant iprary T of 1 8eHaEntes: dhtied
tovatieas stateharat ternplatevnFor Bachrsdeience, the side chains are
generated using a backbone- dependent rotamer library and the side
chains and backbone are energy minimized against the template

backgrodngIe SRR} S APSRSHTS 20T THI R BSEBE hdHit vaiait
lititaryr dr hise therteinpladel strugliRiisireearadaiid ippkeg wsingssimeteto
a5.08l.AS RS0 SRSIONWGons. Sexialensembles, ol fhe hest,
sequences are selected t Uil a new  Rit vanant I rrgﬁi/l W?o?“fﬁaﬁ'sléation
iftera el clateradip (NAY indesivTAdsEleetion barerihanaselnctinte criteria
SEANENEE GILSIRENG:SEHGIHI 25consigarations At dunetepal of the amino

considerations. The ensempbles of amino acid sequences are re-profiled
fI YR ABRATRG tRE Frllie Stiainrry WA EHeliantatly manageable
liit{Bigate 63 gurenteitustidbesra hrocela ddreanstrugtiagia nucleic
acid (NA) 30 library by back-translation from hit variant library I1l. The back
translation of amino acids into nucleic acids is intended to keep the size

of the nftigracia B R WRIPERpRSInteh ey eard ge abiefiinit while

optimizing texpraferedhendmiasager The size-ef themuelkicagidiiantq
isvgalclzﬁlljrlla@qlakn‘g kea%tt ig%in the experimental limit or, theil hit variant 35
ik ied by reducing the VARSREHARBEPBRO&FROHYY thic®

prQ els modLl
shunelcseg eltss Rartiionitigeneaybe devormplished witherbi ukingii38

structaleorelaled segments or series of 3@&3@%@&%%%@@}#¥ate.

correlated segments. Figure 7 is an overview of a strategy of sampling a
BRIy s SERTEFFe NS 6F thRMte 8T arasEab TREGAd_KkheBEape
ofitpenskincted paptidibsegquendas candee-Bxpanded 10OV larg@hergy

f'}Hﬁl%fi'nl%é‘g%[ Sf 1he fomp Q?‘et%%g%”éﬁ% ‘f‘é’ %&i@%g%ﬁu%'l%%a Cstrain.
nucleic aci raries can be designed to sample aTarger functioh 555%’51.
sthadirecsamipiin Mo ral desigpwttibroryliéadb o ovelappinguandre is
ex@adeshd ranked using simple as well as custom energy functions.
Several ensembles of the “best” sequences are selected to build a new
hit variant library II for translation into a nucleic acid (NA) library. The
selection criteria may include sequence clustering, structural
considerations or functional considerations. The ensembles of amino

acid sequences are re-profiled for generating the nucleic acid library

within experimentally manageable limit (Figure 6).

Figure 6 illustrates a process for constructing a nucleic acid (NA)
ibrary by back-translation from hit variant library II. The back
translation of amino acids into nucleic acids is intended to keep the size
of the nucleic acid library within experimentally manageable liznit while
optimizing the prefered codon usage. The size of the nucleic acid library
is calculated and kept within the experimental limit or the hit variant
profile is modified by reducing the variant number or partitioned into

shorter segments. Partitioning may be accomplished either by using
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10 diversity that can include significant evolutionary jumps in the fitness
landscape of the function space. Figure 8 shows modular elements of a .
typical library plasmid for antibody engineering. The libraries of
framework and CDR sequences 15 can be designed, respectively or
combinatorially in iteration. FR= framework region. CDR=complementarity
QRRTRIAA F GBI S G Arsyse SheFiUERRBA 16 S Sk iHce
compdrson amennsthe parental and 20 matured anti-VEGF antibody in
Vii CDRs. "c" indicates where atoms of the antigen-antibody complex
contact within 4.5 A in the X-ray structure. Bold letters highlight the
differendd& W arhio RIS DA R ﬂé%ﬁ%ﬁéﬁéﬁ&’ﬁ%&ﬂgﬂ)éﬁﬂb%y in
i ERR s«ERR loandeGIRRI)s Thelnumbhefing fomdks GRRsJellows the
c ion by kabat and a 25 sequential scheme (100, 101 rather than
1%%\é%%6%p§%51€% gS GIE rqip 58S acglélq u%ﬁ}é%aél(()ar% paﬁsooﬁf %fe%/(v]gre%efh%tﬁg?gntal
alid dpeairet HitisvEbmamibsbyrmvii DRI Wikt itsadjacent redfonscid
The-seayenseSERIRNO:AI demaneptak-antikedy s thedead 30. 4

uence L%sed for searc%igg database. The numbering for Vij CDRs are

t

se
bStPRABE AN & SSUBHLIR SEhdTRE LR A VRSIRRANY RRfhepaRdeh
plotrshdwingaheadistriiutiensaftfecfoegeer aytiof a-hitdibga v ersus theis
Sﬁ%‘d@%ﬁ%@&”@ﬁ% g{ghf@ggl@gggetp the lead 35 sequence of Vo CDR3 of

parental anti-VEGF antibody. The lead sequence is shown in Figure 9B
and the profile HMM (HAMMERZ2. 1. 1) -39 was used to search the Kabat

databaspiglofnsoshdwantbiuaT F162001:) MNucleisiAcidsResemehid%or
205-206). Figure 10B illustrates the phylogenetic tree of sequences of
TR SRS B L TR b on 1 o (b B nces
dier ity stttz it ligracrasiiting dronbihetdataiase Serwathnin Fiyure |
%ﬁmﬁ%g&w&@w@&@w%ﬁJ&f@%&%&@ﬂ&%&?&{the 10 hit

library generated based on the lead sequence of VH CDRS of parental
ANV EGE ST S8YY Peilper portion shows a table listing the amino

acid frequency of 20 amino acids at each position of the lead sequence.
The varigh rolig 2l Ihg RO SO NEAMIBRARY Rostional .1 ana
matured anti-VEGF antibody in Vg CDRs. “¢” indicates where atoms of
the antigen-antibody complex contact mtlﬁn 4.5 A in the X-ray
structure. Bold letters highlight the differences in amino acids between
the parental and matured antibody in Vg CDRs {CDR1 and CDR3). The
numbering for Vy CDRs follows the convention by kabat and a
sequential scheme {100, 101 rather than 100, 100a etc).

Figure 9B is a sequence comparison between the parental and
matured anti-VEGF antibody in Vg CDR3 with its adjacent regions.
The sequence (SEQ ID NO: 5} from parental antibody is the lead
sequence used for searching database. The numbering for Vu CDRs are

both Kabat and a sequencetial scheme used here also.

Figure 10A is a plot showing the distribution of the frequency of
a hit library versus their sequence identity {in %) relative to the lead
sequence of Vi CDR3 of parental anti-VEGF antibody. The lead
sequence 1s shown in Figure 9B and the profile HMM (HAMMER?2.1.1)
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diversity. A complete enumeration of a combinatorial library with no 1.5

.Selective control of amino acid diversity (shown in lower left portion of the

figure) will require a library size on the order of 1019. The lower right
portion of the figure shows a filtered variant profile obtained by using a

cutoff frequency of 10. All pgsitional amin ids occurrin orless g
ti?ﬁ%%‘éﬁ?&rf@’r‘h‘?ﬁﬁ‘i%&ﬁ&?& ag?lsifli“%’g}%sfﬁférg{dflﬁé%b #I?;ed )
vaniahtiprofile cRede: fulth@p se@erédhcomputationally to reflect the
ranking order of the structural compatibility if only the antibody structure is

used, or binding affinity with the antigen if the complex structure betwe%rI) a

antibodyFagBTEn LG BrlS s EedeT Hac BRRINES R BREWS Y SHHERRicH
with the sentactsitas Fapueen antigesrandtadSantibddy pisyingicatet: in
Figure 9A. Figures. and 12B.show. a typical plot,0
HECEAT5aa) AN, TbFa e B da LTS e reeas)
anfitdody structure, respectively, in the absence (A) and 30 presence of
VEGF antigen (B), using a scoring function of the total energy of
the,Amber94 forcefield implemented in CON%%. gh% scores of th

ked

matured MR parBATET (PYYagnEREREIS A v HHE Ay §vg.? e
MEHUES SequUence scatasbettenthine Mad etthe:parerital: segiiencepnitietal
absen d presence 1ttbeani ' p ; R
e T SRR A6 colioabon oty (oot g BEMTLIRS amino

lireiry fire thie presefinée amdrebaeitceddfaneaptitisiviL e Higures FPaumrE
show thatihe simple scoringdunstiamysediherensnalsein gesieiahal
correlated with a refined scoring function for the hit Iib@r .Fngaié;ur§ %gc
1 1 (A thé e RPRAES ST AR B tHe Al VEP BRtDD y}z Cz8)y, although
serlectbatiesingéh dheconmekatidrplot st geseBitiat kome teinpoitivshing
the, sqlation G SR beagded dnjo thesiniple: saring fungion Qe
improv th correlation. Figure I3A shows how the present inventive

megiddacetinsebtietigsp 1B saquBliseesmatdmptitambigmed by

screening aftaf antinvé el 010 ¥ HAURRS hivarantiibratydobccurring 10

experimental screening, to onstrate th iver & ft”QPéi? | d Thi

s@dﬁ%ﬁ%é@ﬁﬁf@%ﬂ?ﬁ%%et 3 HAEHBI G Or%tta%r%lcf ones. caﬁq%éesélecté%.

Tt armiheeaitich v ariefteprofildafiarther conesspomhdimgvatritmpiaricintfect

degenslasusaic agids atediviedal compatibility if only the antibody
structure is used, or binding affinity with the antigen if the complex
structure between antibody and antigen is used. The variant profile
shows no correlation with the contact sites between antigen and

antibody as indicated in Figure 9A.

Figures 12A and 12B show a typical plot of the scores of an
anti-VEGF antibody variant library in the parental{1bjl) and
matured{1cz8) antibody structure, respectively, in the absence (A} and
presence of VEGF antigen (B), using a scoring function of the total
energy of the Amber94 forcefield implemented in CONGEN. The scores
of the matured (M) and parental (P} sequences are marked by the
arrows. The mature sequence scores better than that of the parental
sequence in the absence and presence of the antigen in both template
structures. Figure 12C shows the correlation between the scores of

the variant library in the presence and absernice of the antigen.
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An energy diagram at the upper right portion of the figure shows from 15
left to right the energy distribution of the 10 selected sequences from
computational screening, their variant amino acid combinatorial library,
nucleic acid combinatorial library and positive clones selected from
experimental screening in vitro. The sequence library that corresponds to

eldéRHrschiBRR b SR SO it Rs e bnaly y erabiam e s ke 2s

aEﬂsWSn@gﬂéeal%Mﬁww&h%@%l@&%@@eﬂﬁﬁﬁﬁﬁﬁﬁbz@@@ﬂRﬁ@ﬁﬂnm
S¢! eenln%?of the V%I tll raries f& r VH C[? 1 and CDR2 ectlvelé/d
the &min vanan pr ffIIe Ard ¢ corres on ng vananf3 ﬁB f%a ur
degéerhitd ki déius e WHIC BRItAeIr@DR Zhﬂame@mﬁoanpmmggest

aptibodies. 25,-higurs sAMshawsbyareading abthe FLISAReSitvE, Giones

identified in round 1 and round 3 selections of functional anti-VEGF ccFv
AN DB SS WP HEE R OnEBREN by IR S tes & nucleic acid library
(Figure 13A) The bottom numbers indicate the column numbers 30 in a

96-well BI% 1Dlﬁ‘e nt bar shadln S |nd|cat ifferent
rows. Figure 14B %osws V%H sgquences %nhe posn%lge% ones® rlg(r:r%
réURdPdRE SaBISERSH ffﬁlpﬁa@er@memaquhéqmmef@eemé@w

SUQWIDRfM‘ﬂ reatifvt |Illﬁﬂ@%ﬂ@§ﬂ@ﬁﬂyeﬁ%@r§§r§@gﬁ%1 G&Sd&fonstrate
s&e ted with I:? %e Vag ions at sever@H osmons that are different -41

from VH CDR3'0 AT AN Rt r S ISPV EER ARGHRHY R OFe 9A &
Bh#igure 4G llustritesdapigtog€hetiotiae ef:tl:ierp)ﬁeixtit/e:mﬁmana the

showing shediversity, of the screaned seguences. The seqye Listed.

identities of the seIectedfglosmve clones from VH CDR3 shown in igures

|4ATR B YHRGER R B {57 3 BerEdithe mvaD tdlmfs vhrepikgm
skduenceiwithdNeterrainal A ant Gierminal WG residescnekddes

(?Sﬁn LgturgOrl S1(9_6F| urestiLGA B are | |e charts sl%ow the bre E?? own
onglns of the Screéi sequences SR Fire |r5‘ 34

threelgroapis @@ﬁ@ﬁeﬁﬁmbam%qhenew@emnmmimtmmd

experimental screening in vitro. The sequence library that corresponds
to each of sequence pools shown in the energy diagram is indicated with
arrows. Figure 13B & C show the top 10 sequences from
computational screening of the variant libraries for Vg CDR1 and CDR2,
respectively, the amino acid variant profile and corresponding variant
library in degenerate nuclei acids for Vi CDR1 and CDR?2 libraries of
anti-VEGF antibodies.

Figure 14A shows UV reading of the ELISA positive clones
identified in round 1 and round 3 selections of functional anti-VEGE
ccFv antibodies with Vi CDR3 encoded by the designed nucleic acid
hibrary (Figure 13A}. The bottom numbers indicate the column numbers
in a 96-well {8x12) ELISA plate. Different bar shadings indicated

different rows.

Figure 14B shows Vy CDR3 sequences of the positive clones
from round 1 and 3 selection via phage display of the nucleic acid
library shown in Figure 13A. It is clear that many diverse sequences

are selected with large variations at several positions that are different
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sequences from the designed sequences, and the novel combinatorial 15
amino acid sequences encoded by the synthesized degenerate nucleic
acid library. A: VH CDR3 clones from the first round screening in vitro
with distribution of experimentally selected sequences from positive

clt%péansliﬂ 3&5?%5@ . B: VI—j(ﬁDRg clones %‘J'eom the. third round screening in
vitro With distribu o of SXperiertail Safy SEGue e ngin Beure 9A
paSitithe clones in 3 libraries. Because only limited number of positive

clones from each round are selected for sequence analysis, the figures
are only used to illustrate rough percentages of the selected sequences

from desfgieetraitd Eonibiskisiet amindessacdtitrer Ricrmomitadonss
FighrevifAtiscadableihiabiists the-expelimehialy selectedsammq.acids
seguences from Vii CDR1, CDR2 and CDR23 librarie degenerate
nd{gl%?g%g%giﬁbﬁf/v%%ﬁcﬁ%ﬁgg T3R-CY |§’UF8T6@*S§]§W§ ?#8 ‘H%ff?beﬁ%ﬂes
of tHé Sefuetrecidémitiedofsdle cted sy rdates fromhV HaCDRL VEDRIR3

ang GRR3:likraties relative 40 thecosrespanding parratal 39, seauenca of
a t|-V§,GF Va CDR1, 2, and 3 respectively. It is clear that functional,

diViErs %ﬁﬁe?%és different from the corresponding parental sequences
can be selected experimentally. Figure 17A shows the schematic

relationski ng4, di . 35 libraries (designed aming acid
sequencgg?%%%ﬁf%ﬁg hﬁ%lr%/}r 0 E%ﬁ%mo %?éﬁ?/%??grfl] ggfv‘fﬁeoélgﬁggned
setjiEReed, BfdsCorBIpAtetR ca2asageiier dtes haviditanidr ibradiesn to

eneeding the unigue.ARINgAGId SequenRcrsand the.antirg degensrale qiq
n%%leiil%gcg I{bgaryghang_the distribution of the experimentally selected
posiive cIones Shown i e Fhe” ihEmiGest BRYR FEpRGEHIS AL
dé@i@}ﬁécﬂaiﬁia@%tﬂd@_smmpdcd_ libréiny. sgtediedizfot axgenple;basedan
enetaviseares of:the bibraraphiQrany, The snaded GItEIS [epesents ;.
combinatorial amino acid library of the selected sequences from
cOPPUATDHAT Here ShifPsratsb todiaslatiedserme rerd (stpphagjiéitcle
regresenis thaloeribina®rial; aMiRG deideibfianh aneoding thaHAIGYS:ening
C inatarial ami id 10 library.. The outermost circle represents the
dgg]é?%%%a%g%u%%%%%%oﬁb?éﬁﬁo rné{ﬁl(c%lrrlrtﬁirfgi 5’%}1 %téaéuseﬂr?&%ag?i dtrom
thePBHEIC tPaTTatIBh Dl e wsin Bacidibran)y Tineitedativerdize of tositive
outermosiaarsusihe dhidh(stipnled cirriekdenends onhesffigieney.ofs
the bac -transéatiogl
are only used to illustrate rough percentages of the selected sequences

from designed, its combinatorial amino acid and nucleic acid libraries.

Figure 16A is a table that lists the experimentally selected
amino acids sequences from Vi CDR1, CDR2 and CDR3 libraries of
degenerate nucleic acids shown in Figures 13A-C. Figure 168 shows
the distribution of the sequence identities of selected sequences from Vi
CDR1, CDR2 and CDRS3 libraries relative to the corresponding parental
sequence of anti-VEGF Vi CDRI, 2, and 3 respectively. It is clear that
functional, diverse sequences different from the corresponding parental

sequences can be selected experimentally.

Figure 17A shows the schematic relationship among 4 different
libraries (designed amino acid sequences, the combinatorial library of

amino acid variant of the designed sequences, and combinatorial
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procedure from amino acids to nucleic acid sequences with 15
consideration for other factors such as the codon usage. "X" indicates
experimentally selected sequences. For example, anti-VEGF Vii CDR3
library from round 3 is shown here (see table in Figure 17B). The
distribution among different libraries depends on selection conditi.%ns, the
éﬁé@ﬂ@éﬁ%%ﬁl‘éﬂ%%ﬂ‘?@é@iéﬁ?ﬂ?ee@ﬁ%égﬁ?@ B SEEREY Adhes 20
verus lirannar ueherotiseauencedmslokes attd Figureyl ZB&hiows a
table delineating,the relationships am ibrari j 17A)
A S B0 1 Dh e S CIod surtn dah g %
Fisitive ctonest ftantidy EGRMIGPCBRT L2 thih e s aerhpaidy FHE
'SALSLAGARR QiR indisates the ausaben obselrsiod sumiBe @title hit
sequences by computational sc{%enin]? desir%ned Ig)brqrty Landthe ..
AaRiBRE SPrEEEmBIManPe8atEN s DIRRR SRS 1T Sahuehces (Varant
libsagysl 1p¢ The Shd:tsags/peptidesseqtrcotump indivaiéstheenumgtsdraohit
nucleic acid seq of,the. d | ToN| ;
O e R ) o e B 3P
lirane Thsl BRp e eslitATRAOWERE CRTTRER O tREERIR AR Atally
selested, unigus aaaueRcasdIoR pasities elenesgdine sdistrintitionofdhe
selected seqti‘ences" colymn i,ndicate%1 the nu mbers, of uni g% iﬁ&ﬁ‘ﬁ?ﬁe&
EFPEEYNE AN 330 EiBhces 35 thair Sombinatorial library o
akninanaicid vatiaiitsand thieconinatotial ofibkampoithedegericigdhe
MsIRl AnidsenaRdina upiaHa.REPUGE o SaRyeDCas. Tlacerfsaaws
the evolution of the sequence fitness scores for anti-VEGF. YH CDR3
AR Er BB BIEGECIHTHE BRICEHURE!S SHERMY FOR 8t to right: a
lead sagrenss, ibit fibiaryfabibvarkantlibsaye lcsdtecteshgequ&licediratnas
computational,screening (shaded band), th S%mpi Had
s%}rgg%ndqgre%%h hees 'i ?tg vgaen%}ﬁ I ér)sa'rygl)lj)lz eé:gom .inét_%%taﬂil %ﬁg?gc%) RS
libranyeficodingithe SompiaterREEIRRS BOPdBglEhEEs dry The

exRermentally selestedrspavensas:i &slaag-Hiiseatieneetivasseiitions,

identify evolutionary hit library from %ﬁlatap se, of sequences. An in silico.
HisHEEHARRR; WS SGHER DASST 6 the dRversity of the hit
libsasy.sAibubsebotthebemplsationatydsdreanettsequences with scores

better than the lead was used to

Figure 17B shows a table delineating the relationships among
the four libraries {Figure 174) and the distribution of the experimentally
selected sequences of the positive clones for anti-VEGF Vi CDRI, 2, and
3 libraries. The “AA_Seq/Comb” column indicates the number of
selected amino acid sequences by computational screening {designed
library I} and the number of recombinant sequences'éf the selected
sequences (variant library ITj. The “NN_seqs/peptide seq” column
indicates the number of nucleic acid sequences of the degenerate
nucleic acid library, and the unique amino acid sequences encoded by
the degenerate nucleic acid library. The “exp_seq” column shows the
number of the experimentally selected, unique sequences from positive
clones. The “distribution of the selected sequences” column indicates
the numbers of unique sequences from designed amino acid sequences,
their combinatorial ibrary of amino acid variants and the combinatorial

library of the degenerate nucleic acids encoding unique peptide
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generate a combinatorial amino acid library. A degenerate nucleic acid 15
library coding the combinatorial amino acid library was generated using
degenerate nucleic acid synthesis strategy to expand the diversity.
Experimental screening of the library led to sequences with potentially
improved function. 20 Figure 19A shows the lead profile generated from
structdF&“Based mutiple segeuce alignment. The structural motif of the
lead sequence is used to search protein structure database (PDB

databanky. far simj ithin certain distance cutoff. The five
et AN B g s for
avetEge 60t ¥5 meks sﬁ?f&?@éé&ﬁéﬁéwml‘ﬁ%?%mbérpé@w&s{mcture
ardaythcBR® struetyalipoiifiéealarad bhmadentalisbout Sbiathqibrary
cqrrgsiggg%r[;% mgtigle gequence aligntmen is shown to the right, to%ether
with their ADESERE EorFe SR BIsS S5 Bt d st st ifa g the
vaanbprefitel ol e 250f migutesesprermes: ofttiterhitidibidip gandiated

basedenihs iead seaenss Hmf;!spér}@adg'gﬁﬁeoz&ﬁﬁﬂ@o [%l%%%%

antibody. The upper portion showsa table listing the amino aci

frEGUERESHITE Sniint SRS TR P ssitshes: sam s seduéicd. The
loveen portionaf the-figureishews afiliered 35, iatiam-profieabRinad byse
using a 5% cutoff, of the frequency.or 12 in -44 this case. All positional
a%fllngg%%%% Secirmng T;l%? fess ﬁgsoélrﬁo%r‘fﬁ% Loy %@rﬁggé FIRS it
lighardirerroed! Tidfittitadvariansprefileoctirbefurthertserediyed
coapetationalsing pristustuteRnaebles 1 Fige, 419G shows the

distribution of the sequences from the hit_library relative to the parental
VEFEBRY SebiiehiBy eyt is ¢hid thtass indidssarartre seliencéd
idelntitysupotdii36 Yh eanhdidentifiedausing dbaidingle-parentiabsenitencsing
for MM, searchthe friangles, 10 indicate that even lower seguence
ide%l_%ity up to -2(?’% lcaeh %e%)% n(j% Gséiﬁ%%fth%%’eaé% %Xept)q%ne&nlcﬁéep%gﬁ%&ﬁtgm a
sticaeransaded srunapie sseldienBbranyiasb ke, T segeentt sparchifgly
strategy-uged:nasecan find diverse hits with remote homology (as low as
20%) to the lead sequence. 15
Figure 19A shows the lead profile generated from structure-
based mutiple seqeuce alignment. The structural motif of the lead
sequence is used to search protein structure database (PDB databank)

for similar structures within certain distance cutoff. The five structures
are superimposed using C, atoms of the Vi CDR3. The average root

mean square deviation (RMSD) between each structure and Vy CDR3
structural motif {colored in magenta) is about 2 A. The corresponding
mutiple sequence alignment is shown to the right, together with their

PDB IDs and corresponding colors.

Figure 19B shows a variant profile for the 251 unique sequences
of the hit library generated based on the lead sequence profile of Vi
CDR3 of parental anti-VEGF antibody. The upper portion shows a table
listing the amino acid frequency of 20 amino acids at each position of
the lead sequence. The lower portion of the figure shows a filtered

variant profile obtained by using a 5% cutoff of the frequency or 12 in
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Figure 19D shows the general strategy in generating a focused library
that lies within the intersection of the sequence, structure and function
spaces. As shown in Figure 19A-C, the diversity of the hit sequences is
increased by using a structure-based mutiple alignment. 20 It is possible
to expand the diversity in both sequence and structure spaces, good hits
caHbEARRNHb RN HRMHhAFRRA G AR 8ok 88 5B RINRFS 28"
sghentierepresentdtine Hepicting various cantigbiv-ilding unitig¢Abgyofile
configurations. Note two novel di . I '

e b o e b s
with a disulfide bond between GRI and GR2, and GMCT system,
adapter-mediated scFv display 30 system. Figure 21 depicts the
nucleotide and amino acid sequences of. GABAb receptor 1 apnd 2 that, .
were usgbﬁ*hféoh%fﬁu%‘ﬁ%‘éstﬁ% GHERPEERT ] %el'ﬁ%qgm & E?;(% 1t nit
skhtencad aiederited frommhaimanGABN: REewedl(BRTABAD-R2e
receptors, Ih [ ' i JFRCRRAt
o e R B o
tﬁ@h}ﬁiﬂ%ﬁtéidﬁﬁﬁﬁaéﬁﬂqaéﬁéW@Iﬁ%?efﬁdﬁ@gz%ﬁ%‘fbseaﬁsﬁé@%e‘fﬁvor

the fungtionak RvheterodinesdermatiannTioy fuither ~abilizerthe found
heterodimey, we introduced a ValGlyGlyCys space C
h‘é?é?cgdﬁg:eei?él otfe8CoITS Bé?%@@d%él%ﬁ%éﬁso%gﬁe‘%égéaadg%%e SerArg
ceding se¢adigrescatiN-témings oL GGCToEpRse ProRAt e SXBAICTT Saibl

sites Ty the dusian.of he-GRE: apdER2ARmains 1g e sarbeye tRERINUS
of VH and VL fragment, respectively. 10 Figures 22 A-B depict the

nbefeBtitfe and amino acid sequences of VH and Vi, of anti-VEGF ccFv
antibody AM2, respectively. Figure 23A is a schematic representation of

e A SRR A5 S i e
chibapitityleit psage HisplEyRin ANz EErD SRR BB ITEo
VEGERMigeR:2) Thedesuitsidemansirate tiatiberyeanibe sissenthled
aggqcliligrpll(%)ge% c1)1[1101‘435:18&11 by using a structure-based mutiple alignment.
It is possible to expand the diversity in both sequence and structure
spaces, good hits can be identified in the intersection of all three

spaces.

Figure 20 is a schematic representation depicting various
antigen-binding unit (Abu) configurations. Note two novel display
systems employed in the current inventive methods: ccFv system,
heterodimeric coiled-coil stabilized Fv with a disulfide bond between
GR1 and GR?2, and GMCT system, adapter-mediated scFv display

system.

Figure 21 depicts the nucleotide and amino acid sequences of
GABA,, receptor 1 and 2 that were used in constructing the subject ccFv
Abu. The coiled-coil sequences are derived from human GABAsR1 and

GABAL-R2 receptors. The coding amino acid sequences from GABA
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phage particles. Figure 25A depicts the results of an ELISA using
AM2-ecFv phages from model library pannings. The results demonstrate
the 25 enrichment of phages displaying AM2-ccFv antibody in panning of
model libraries. Figure 25B show the PCR results from 1/ 107 model
library panning which shows that the test sequence canée lected from
R0 o BEF ISP FGLRE 96 RS MBS Y B 1K SR Pidghe™
froma dibraryrpanning. fEae rasulist shpwribat ?hiecvdE Gdshinding phages

were selected out from \VH CDR1, CD [ ' j 1
CHRRSE G I U7 (Sama G5°Eig u%éf Eé%?ééé%é%& ist%%gt%e gﬁﬁ%ﬂ\{i

asidbibiequbrdestofelperimentiily cdlsc@ @ NeHel el edmEdssHHR PR

i YEGF M CRR L1 AR22pA CBR3 Hhraties:(see Figue s d 3tz
Figure 28A show the sequence library of a 50 {gg{t)e antl-VEGE dgsv al
CORY TRy BSEqUSETh8 RbRHFETERGS éﬂr}g&'} o bEFESVerRd by Srie o
seyembregesarateputieiomoittlierary | the da@At profilens tpdlsedarivog-
segments with their variant profiles s in.Figure 28A. The segments
a? barsed faqs/édu 5%31@%%%%%?%%%%\?’%& g oms within 8A shown on
the right side of Figure 28A. Figure 28A also shows the 10 ribbon diagram

of the a@i’éﬁﬁ'@f M CBR3AsWel as cepiast distaaees Mg atorss
within 8th. The approach provide %gegeral )Qlﬁ)g t(%egar% 8 1arge variant
oRbfife ARG Shhaletdsgmictis Based BRHE opoidgy of the stiucture. Low
resolution structure or structure model can serve the purpose here

becauseQ %Iyr%t@gw[gl £OPsIAINS-lemd Lopelogicatiraliesdsid

required fof sequence segmentation in order to capture covariants distant
invpeipEnPaegdéhice such as N- and C- termini residues close in the loop.
Figure 28B covers the N- and C-termini that might contain coupled

variants 1&3%. T% ariant profiles of both amin el library, 20 and
nucleic zfd ibtd %‘éréﬁ%tcgag o%gtehqélrevz\l/ﬁ% (t)r?hé) %oﬁrtri{?l)natorial size of the
libraries and final synthesized degenerate oligonucleotides. Figure 28C

Containsfﬁ%gipg'ﬂﬁi@emg IOUR 230 CANIRINS ANAARE ¢ capability of
phage displayed AM2 ccFv and scFy to the immobilized VEGF antigen.

The results demonstrate that ccFv can be assembled and displayed on

phage particies.

Figure 25A depicts the results of an ELISA using AMZ2-cckv
phages from model library pannings. The results demonstrate the
enrichment of phages displaying AM2-ccFv antibody in panning of

model libraries.

Figure 25B show the PCR results from 1/107 model library
panning which shows that the test sequence can be selected from the

model library,

Figure 26 depicts the results of ELISA using phages from library
panning. The results show that the VEGF-binding phages were selected
out from Vy CDRI1, CDR2 libraries {see Figure 14A for Va CDR3).

Figure 27 (same as Figure 164) is a table listing the amino
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segment (5). All three segments are covered by nucleic acid libraries with
sizes less than 106: (1-3) in figure 28B are targeted by 3 degenerate 25
nucleic acid libraries, whereas (4) and (5) in figures 28 C-D are targeted
by a separate degenerate nucleic acid library. Figure 29 summarizes the
procedures and conditions used fo pannin%chv library L14 as well as

HE B SR B e LR 3B ARG LA g sy R drsdRadrfor
Froune?BA&ID BY gioRig tdgRthendalCbRadénerdte ¢higoRipleotdesistipwn
in Figure 28B-D. Figure 30 shows the amino acid sequences of the VH
CDR3 variants selected from panning 5 and 7 of library L14 using ccFv
display Hizysatfopd slote thatssferepaatingesy alfl vaciantsoare leoata A E

POSiianRE0%, QRY tWauariants. §L04R and S100mareselectedafiar,
round 7. Figure 31 shows the enrichment of HR (H97,S101R) phage f}rfom

5 P B SRPERA IR VA S BIRSCHEDERRENFEMFT AR AR 1s

patental antibddy Whk{seanalro Frigtive:94:3) ph-oound hdwanich Fweare 28A.
highlighted. Figure 32 shows a simple diagram of a novel Coiled-coil
Dgﬁa%ﬁﬁgimﬂ' rAEfiGMEdiaisg DRp A @Dy Haanel firetten sisihin

systemdon siRale.chain antibody-iRian, siansformatian fectiangfs me
e%(zressm_n vecto%?@DH lalone in E. coil bacteria permits expression and
Y

iGheST BhuBid b gtae fiSEd\with R14n Babenagmeaptadnirnces
spas, Additienal superinfeationof the,same bactera With 18154,
UltraHelper phage vector expressing the engineered coat protein ?ﬁsed
Wik SR2 argkothes phageProteinss petisitssthsxdisplalyzckdrmib oty
fregiments {orather-pretgins) on thessurfage of llamentaus Rhag8e model

following synthesis of phage particles in periplasmic space of bacteria. 20
FiGhE B3R SHoRR i EF 61 RE B RO IY IEHetHER bR BiashkPrThe
consitugiced mitainsrasniscieqtitle $dqreageeneodingnan iaddilianalk-aepyof
t ineered.gene r.GR2 and mye protein tag.in
N S s e DL s B ok e clr
skgiRRed &t £losh W 488 gene 11l sequence. 25 Figure 33B

shows tipeganetiedly seslified neg B&ﬂi@%@m iﬁa@ Eﬁ@gl@ﬁcontain

GMETaHuatslper phaoeraL e pucleclids and amino acd sequepce
and nucleic acid library are listed, together with the combinatorial size
of the libraries and final synthesized degenerate oligonucleotides.
Figure 28C contains segment (4) and Figure 28D contains another
segment (5). All three segments are covered by nucleic acid libraries
with sizes less than 106: (1-3) in figure 28B are targeted by 3 degenerate
nucleic acid libraries, whereas (4) and (5) in figures 28 C-D are targeted

by a separate degenerate nucleic acid library.

Figure 29 summarizes the procedures and conditions used for
panning cchv library L14 as well as the enrichment factor from each
panning. L14 library is constructed in Figure28A-D by pooling together
all 5 degenerate oligonucleotides shown in Figure 28B-D.

Figure 30 shows the amino acid sequences of the Vg CDR3
variants selected from panning 5 and 7 of Library L14 using ccFv display
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Figure 34A & B show the protein expression vector map (A) and 30 the
complete nucleotide sequence (B) for pABMX14, which includes an
ampicillin-resistance gene for antibiotic selection (Amp), a plasmid origin
of replication (ColE1 ori), a fl phage origin of replication (fl ori), lac

prc%%terllacﬁ)% C ntr()sélrfd ﬁprotein expression cassette (plac-RBS-
pBIB-ERT:DHY St Pt El P BRIYh U R AIE BREL S8 SlS6 AR evits PR ion
-4® Mcol’xbater Neoi#xos), & XOR/Aod] $esttitliancsics cad béteisestad 7.

insert nucleotide sequence encoding proteins of interest. Figure 35A
summarizes the procedure and conditions used for 5 panning scFv library

L17, togEHREF fuith tRRWHTiEmentifdutti T FEadHY8usd QAR THeage from
spguences O bdd-idrany fir W CDRS. reuior are-raxasiyidhesamesas

those of L 14 (see,Fi 28A-D). Eigure hows the flowchart of the
pgﬁﬂ?ﬁ%agr%%ézjgd 10 |geh%r¢ee§§ églésﬂt%eg) gaﬁﬁlrg(goa%’i Q%q%é‘ﬁgeg Stive

\iMabBg g edariants selected from library L17 by off-rate panning from two
parallel steps 4 and 5, respectively, using the adapter-mediated phage
display sg/%stem. Note in off-rate panning 4, sequences were selected with

variantsTOERFEASt PBSIS s 97 B AR IEE Lh0aNA RAGREES-coil Domain
norhemclature) chiiaff-datepanniel Bl yequgneesiivere-selasiagdiiitem for

vatiants t (L /ar 102 (100b) and/aor 103.(100c). Two
e P e A P i) oot
it riaittlré [dadprande Werslsdlacteddrppnipanning 4 sridnpanhing 5,
sepatatelsaTdrescambingtion aiveriants.akteese twe.20 positions night .
ive the m@&utr.e sequence. I—%97Y and_S100aT in VH CDR3 (Figure 9B).
%Lﬁat iis combination IPGElibErer Fvdiaedmaie Parke énts (see
Fiftnat R8pe Dphaigo veotertitapHR(HY TH3 1O0aRY cis: dgain: Sh@ddirifused
| C - T).the,. mature sequence
e S v o S oA a Il STy SR 7

JF BRRFESOT Eitive BEPSHBWS tHethffintyfastdframntbdisstomaining
thellovdh@ DR PeRit2a) i anti pae@teantiBodysalaatedyia e\ disRiay.

format from designer libraries using BlAcore biosensor. The 30
measurement is done by measuring the change of SPR units (y-axis) vs

time (x-BXEysshEhda shurifie drentibadybind $ i GhtigeraNVEGHF)phage
plasmid. The construet contains a nucleotide sequence encoding an
additional copy of_ the engineered gene [I fused to adaptor GR2 and myc
protein tag in KO7kpn phage vector, and ribosome binding sequence-
OmpA Jeader sequence adjacent to the wild-type gene I sequence.
Figure 33B shows the genetically modified region of KO7Kpn to
produce GMCT-UltraHelper phage at the nucleotide and amino acid

sequence level.

Figure 34A & B show the protein expression vector map {A) and
the complete nucleotide sequence (B) for pABMX 14, which inclades an
ampicillin-resistance gene for antibiotic selection (Amp), a plasmid
origin of replication {ColE1 ori), a f1 phage origin of replication (f1 ori},
lac promoter/lac O1 controlled protein expression cassetie {plac-RBS-

pelB-GR1-DH), and restriction endonuclease sites are also shown. The
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immobilized on the CM5 biochip at 25C. Both the on-rate and off-rate
changes were determined from the data fitting using 1:1 Langmuir binding
model. The X50 is in ccFv format and contain the parental 35 sequences
for VH and VL shown in Figure 22A and 22B. X63 contains -49 H97Y and

S IV ith ,6.3-fold | ement in Kd (see Figure QB%Qand
e R R o W e
witASE - rolg ipapv erpretatveodiagaiererics K50 thesimprovement

comes almost exclusively from the on-rate 5 increase. The X65 contains
H97Y and SIOIR, showing 10-fold improvement relative to X50 using the

CCFv forf B RHIa S SRR RSP RV ECsBRR Germ Brmhrgs adifity
thaarihénpestie poited, MLanscambination X63{H8H ¥ andedQL BH&fithe
affinity-matured VH..CDR3 sequenc Chen et al s 1999) J. Mo!
S T B B s S ko 12
of Feaily chainavariablEessiond-défived based 88hBKaRigure 358

nemenslatiwrectogeihening < aadem lilraries used for humanization
reported (Baca et al. supra, 1997) for comparison. The murine anti-VEGF

VH framework FR123 15 sequence is shown in A4.6.1 are shown in
Figure 9Bigibe I3 fmanized tiantibody used ssthe-patentahand reference

framewprk fri23 here (h referred to as "humanized anti-VEGF
antibody") reported igfgheﬂlgi%gg?uﬁr?g(geéﬁrét%%?%?uggp??—gﬁég?).p‘ﬁ lel
setytiehde SEEIEEREU UBBVR e FRE2S segdiniss islivazediopitye
ka@ataa.nqma@fawer&sa@aa)z@@d,it&%e@%@@%@&@&%@@f@&ﬂ% arrl]d
amino acids in its CDRs. Figure.38B shows. the variant profiles for the hit
Iigr%l}i/&é%esn%)r%né%éuasl g I%Qrgtfrr{?i@ﬁs}g}oér@iﬁg@&fn@h Bhsed on the
leagrsegoletisecof \ix PR 128 p themgrfosantievEGantibadycBaevith

V@Eﬂ&&ﬁ&@@a@é&h&%ﬂ%%?%&?gﬁm@?ﬁﬁ%)pﬁg?&aﬁ ?!é’?[%é@é 25

The lower portion of the figure shows the filtered variant profiles " obtained
by USIAGRERBE fratjaahey Br 6344 -£3 e iEIfHRT -5 dSiliG sl HRvino
afide@BumingSrontess impsaréldor legs);-amangrhamanbarsaf the

hig list are filtered. Eigure -continuous shows _that the reprofiled variant
pgofile .fog %’e%ﬁ?t%irbér%%&ygj nﬁ e%g%rg%%}ﬁg(%ﬁeo Saﬁﬁarﬁlata% ?/%—{%Qesr‘?nﬁ%%
sBAaEiRES HigatwvriHad cagtysqreasewfo/HITR @8l S100aT in Vy

CDRS3 (Figure 9B). But this combination is deliberately avoided in the
parsed segments (see Figure 28A-D). Also, note that HR (H97-S100aR)
is again shown in higher frequency (3/1) than HT (H97-S 100aTy, the
mature sequence (Figure 9B}, consistent with the similar observation

{7/3) in panning 7 of Figure 30. »

Figare 37 shows the affinity data of 4 antibodies containing the
VH CDR3 (FR123) of anti-VEGF antibody selected via ccFv display
format from designer libraries using BlAcore biosensor. The
measurement is done by measuring the change of SPR units (y-axis) vs
time (x-axis) when a purified antibody binds its antigen (VEGF)
immobilized on the CM3 biochip at 25°C. Both the on-rate and off-rate
changes were determined from the data fitting using 1:1 Langmuir
binding model. The X50 is in ccFv format and contain the parental
sequences for VH and VL shown in Figure 224 and 22B. X63 contains
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of the murine anti-VEGF antibody without cutoff but the variant at each
position is ranked based on its structural compatibility with the antibody
structure using total energy or van der waals energy. This ranking
highlights certain amino acids at low occurrence frequency are 35

[ nt str, lly in.stabilizing the Iding_of the framewark, kept
O gt S U B ot BPERRATBY e lres
liFigyrgehBrarad thinpeite Kbasaeives Kothak ¥Hosedabrces DaBed

omhthedragd saquenes of M I RER10hBeung et VECmaniRg Y ce
V\gg a filtered variant profile at a cutoff of 19. The marine VH FR123
S

Gents ENReYC R SER & B ABb T TS tiSHE o ik (Rt Podiion 5
annotated Ushng X6AsesutivenHDEraAd SiOouatjantswefaniodedds are

istied belows e, datied lnscdbe dotn e vauanLieRresent the. same
amino acid as in the reference. Figure Bshqwst e‘ée&gner libraries
ST tHE FiltETaile Y AP &R BrEfTe Tr S Aina a0yt Eheinb cseepioremy e
Eﬁ&ﬁ&(m'wﬁ%B&bdg hegﬁm E@éapg Tember lQeaﬂMk g;%%@@yﬁﬂbﬁ
sequence is based on the kabat re (kabataa) and its
féeiseRihaet g M R e i )
variant profile can be further screened computationally to reflect the
ranking gtder of structurgl compatibility if only t ibody structure is
used. T\)%égélrﬁnége;%i%?‘fg %@%&eﬁdgﬁﬁﬁ#ﬁ%ﬁg& 5 the &
fitered rarksipprofidiacduteficd wetbaléolintiudot:bebduse, theyetirer the

arpangthehest praisred.aming Acidsaltbe Sr@Q&itgﬁﬁsz?%?. Wora
sg{ggtgti: -based scoring. The final submitted library for top 100 ranked
s

e R S Rt e M B S B IS0 O e oo < 123
LSE2(LZA)eST AHDH6) andi K B (Ke) thes20inumberdrpthe biackeimanized

reRigsEaIng seuence AWTIbeh hanedlan. kabat. nrenclalie), hecause
Icte a

some amino acids such as R is over pre | In the computation 6F both
Liperyn) afierkesired) tasagishussen iz e dvtisNBorTkoambipryid negorted

GRR:affiimatwationeigwie39A.genicieths distibitian-afsGorRg e
dia%ratmtfo Vg—l 25 ra X%k fr123 hit se%l%ences of murine anti-VEGF
iSing the Aufran© RS SIHGRACAE HIPSRARIEN &S populated

using the iuman ger
bheersrips nrediambathan xrakiss togetheniith shéeminiteding hurhaniied

framawarkdr dBkisepiBrasia sl Ak aeaHence AndAMGe . Heqd
library generated using the human VH germline sequences based on
the lead sequence of Vg FR123 of the murine anti-VEGF antibody. The
variant profile at the bottom shows the aminoe acid positional diversity.
The lower portion of the figure shows the filtered variant profiles
obtained by using a cutoff frequency of § and 13, repsectively. All
positional amino acids occurring 5 or less times or (13 or less) among'
the members of the hit list are filtered. Figure 38B-continuous shows
that the reprofiled variant profile for the hit library generated using the
human VH germline sequences based on the lead sequence of Vy FR123
of the murine anti-VEGF antibody without cutoff but the variant at
each position is ranked based on its structural compatibility with the
antibody structure using total energy or van der waals energy. This
ranking highlights certain amino acids at low occurrence frequency are
important structurally in stabilizing the scaffolding of the framework,
kept for optimization. Figure 38C shows the variant profiles for the hit
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human VH germline DP47 in the relatively sparsely populated blue 30
strips in column 0 in x-axis, using Ibj 1 (upper panel) and Icz8 (lower
panel) as the template structures in the absence (leftmost column) and
presence(middle column) of the VEGF antigen. The scores of sequences

1y fhe presence apd absefce ot anigents soelied i the nahmast.
colum )gln%?caﬁ%glfhegnl oday s rucFure or rramewor oﬁ’t’ilrmza?lonaﬁt IS

seffitientcier st ofthefiAmBRLIR ot zatomiseratiseRRdy datikods1
minimal eeptagtwith.AntigsmeThe.seating sigamsor the; compinaigral

sequence lipraries are not shown here. Figure 39B depicts the ranking

sEEmAG R tetepdre Haseiggn chahnie it e Bt der Safidmsidsn
thetibrary dndithe ceference/b munhe:V FhERA2I segrence andHdfacids
phy netic dis es. N X34s, (distance connecting them (see Figure
1%(3&%5%8%}% ? vé?re%e?éor%%fﬁlénjﬁ finq;%lg?—%lfz ,eh‘uarjﬁ%ﬁtzégg\%ﬁ%ﬁl
répBitetirestaldtad Isipea clogneamd [ChereetHD shpras1beojementre
topranked,200; designes sesuenseand hpman.viHs germlingsdnsliding
a widely used VH 1}(} gtimagégermligge@alle DP47. The top 200 ranking
RS B S LG SR ir S AR R PO
(AnaRYRS b lwmarh Bl Nescarecclusterbd awithoth edauivadn tVH3
ine family.in. . phyl i lysis (red.cycle), whereas the lead

i A T i M
distahzsfroiithiheiltbreesignied (whehl orlrhuenan gennlineddiddequences

I ) I fre( ars i cllédgrd and huymanized sequence
?réom J(Bl'g(%%ie F gtsoté%gltlejagﬁ%ﬁp%%ﬂﬁougﬁrtﬁg%y%a%#&fg distance
viotmaeHaHE SirgHy by wditiding dminbrasids wied relativelpiow acids,
aeeoreweufteauency1sushsas s AO0ne ¢ amd KK AL {368 Higurg 43¢0t
angDI). ];{19 20 c)fa@f('ﬁ %hows mgst of the designed fgamewo%k VI-1 fr123
have Hobd SHRICRTET carmpatibity With tAE SPEIF FRGRTE S HHE FiHiRe

refedermethndehpratnize d s eonork Wi dre 2B stdsectoiDPA4 THENGsal

%invemi"v‘i@%Sﬁ?ﬁﬁfﬁ%‘%§$§?£%Q§e%§%%%§§éi§§%ﬁ%{&%ﬁ%§e .
g

IS EgRreatR S B bW R0 dppiie’ Forbrapp (h8de kb,
nuglaiccadid gndiaminetacigdreeguenges-qfitie-heawyishabhsed on kabat

nomenclature), because some amino acids such as R is over predicted
in the computation for both L72(L71} and K98(K94) as discussed
previously for K94R m the VH CDR3 affinity maturation.

Figure 394 depicts the distribution of scoring diagram for VH
framework fr123 hit sequences of murine anti-VEGF using the human
VH germline sequences in relatively densely populated blue strips in
column 1 in x-axis, together with the murine and humanized
framework fr123 (see Presta et al. supra) sequence and a widely used
human VH germline DP47 in the relatively sparsely populated blue
strips in column 0 in x-axis, using ibjl (upper panel) and 1cz8 (lower
panel) as the template structures in the absence (leftmost column) and
presence{middle colurnnj of the VEGF antigen. The scores of sequences
in the presence and absence of antigen is correlated (in the rightmest
column), indicating the antibody structure for framework optimization

is sufficient for most of the framework optimization because they have
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variable region (VH) library of anti-VEGF. Degenerative positions of the
DNA sequence are indicated by S (Cor G), R(Aor G), M(Aor C), Y (C or
30T),K(GorT), W (A or T), respectively; and the corresponding amino
acid residues encoded are labeled by "X". CDR regions are expressed in
bold letters. Hindlll and Styl are upstream and downstream cloning sites
fonrmfﬁﬁnf?ir%??,t?@%ﬁ@é HR i Bfe FO S MHEFIBE Sansly of the
phagd tisptayalirary cforealiti-MEGR W R lsteoRS idieates the 1st to the
8th roun - ' GF . caoneentration for cgating.and t

amount ST S B T R baced on
ativarédmiencere paRmrgueRtSTashtbenditions badaheittfaGtinees of

briefrinse/in PRSIRgseadedwithiA0 fimes buietiingein RRS hefore
e%(%gl?f bggggé%lga e%g took place. The incubation was performed at

37C P D hoUrE i Al BCA%ER. i the SR D AR S o EMAR RS ERted
witiiuoornpetitivie | BRabesriardzedid bf BRA #lerinouhatiqir&iguie 42Asupra
F itcl fr [ f hage display
brary o e A VE G Sogenan e
iSEIAHETE HohT2th ne e i s Rmhigs oiseshage wiisisiky wisrdry H
raspg‘aﬁh/glgtxﬁheweauea off@DRTegIenS g@%@&%@g@%&gm@g%m
remain to be the same as in the murine anti- anti sequences
R e B s S e BT T Aottt
igene bocsrrencd witgpdrtictiatciomeninatnd” digatedipanaingstage.
Figyyie A28 Summaty.of hitacsitions fiompannipgof the. phaos display

library of the anti-VEGF VH. The letters represent the 20 amino aci
rEATUSEH A ARRHEAP S At ity arsmibe divemag frrethars,
whisigwab (based erporblinean greten bhamnasagicesequentee.of yakiahience
region. of heavy.chai - E as illustrated in Figure 38A in both
e o e e ol e
R E Bt aftVEG B9 iy the cordspondiig dEthunranizetitversioge

veikehlistes) imihe dinsk ang $6CRAGCRIMAS ARG 165 JESPRRVALY. in
ljgnm%nt yvsithc oami%gt@é 'flueg t the same pasitions of human

im ‘nogcﬁnbnl"l\ Aty 1 % &Hi |r%9§ Wes ohtisdontedids The

igotatecdsromstineosthoBthe AtsignddHesBtirwankikighfr 123 have good
structural compatibility with the structure relative to the murine
reference and humanized framework VH 123, close to DP47. These
support the human-like features of the framework optimization for the

mventive method described here as defined partly by its database used..

Figure 40A & B show the overlapping oligos used for library
assembly, nucleic acid and amino acid sequences of the heavy chain
variable region (VH) library of anti-VEGF. Degenerative positions of the
DNA sequence are indicated by S (C or G}, R (A or G}, M (A or ChL, Y ([Cor
T}, K(G or T), W (A or T}, respectively; and the corresponding amino acid
residues encoded are labeled by “X”. CDR regions are expressed in bold
letters. HindiIl and Styl are upstream and downstream cloning sites for

the library, respectively.

Figure 41  Summary of panning of the phage display library
for anti-VEGF VH. P1 to P8 indicates the 1% to the 8% rounds of
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of the phage display library, respectively. The numbers in front of a 30

letter indicates the hit rate (in %) of the particular residue in sampling. (*
generated by PCR error). Figure 42C Phylogenetic analysis of top hit VH
sequences from panning of the phage display libraries of the anti-VEGF,

togeharwith dyunag.getmine Wi iy 1myring. anti:YEGH YHages of
framewo

/ FR123 35 and humanized VH framework frl23 as annotated.
AStEhBRRTH fryond) WwsIadesrareeimh JeenHeuessraminy 1$610sterdee-
togathesdn Rivdngensticgisianca as expestedblibe seleciedpptimizad
VH framewor Iso cluster together with the humanized VH sequence
(SR e I Ry o LIS R orees
genmiinBaseVH3 family bavhile thesnmariveved frani@nofkiSvery distant]

frmthe mgﬁi%@dp\éﬁﬁiﬁ@%@ﬁr%}d DANARLIEN PHRES, rh IS RHIPOTTS

the conclusion that the present inventive method in designing optimized
fraRRERSTRS IMAUAIRF RUMAR O YAHEHAke sequences of the optimized
antibodies, depending on the fine balance between human-like and 10

compattity withy SEUGIE femplate or ISmpIales rom ensemble. . ying of
structure of siructure average. |gur3 438 Shows the phylogenetic =8

diskerplessst dhaslesdfmerices theanothétirds Vidw Wit anamatisidorere

feunwell charactenzessseaepgesin36::RAC and B42,and:rplatetihe phage
szﬁgences. The D36 is as human as or a little better than the 1
h

5

RIS LBHT R FERETEd e PRTSEnetic distaries | ‘Fdulea sRd
shitywsldipecsegirence scob thiwoptimized Vi Hrameworks(ERIZ3F afntibody
antkfGantbodies selasied fiom e deslanssoH onioizgian dbiaries
using ccFv phage display system (see 20 description in Figures 23-25
aBiBve). Hihdapr f1bs aﬁ%s?wooéﬁop@z@}%@@éiWMH%@ﬁ%mﬂ
mpsineiaptihegdy. VH FR123 and humanized sequence (Presta et al supra)
with the same CDRs from murine antibody. The dots the lower panel
indicate the amino acids are the same as the reference (murine VH

framewoFREMEE3H 2 Fgune43B ohiol s ehidiaffiniodareoidgntbddies,
PaeRial alingdnX P hanckibg @Risrized i amawarks (D36, R4 DAL
and D42) of anti-VEGF antibody selected from designer libraries using
BINBHE acid residues m a particular position (indicated by numbers
behind the letters, which was based upon linear order of amino acid
sequence of variable region of heavy chain of anti-VEGF as illustrated in
Figure 38A in both sequential and kabat nomenclature annotated). The
published murine sequence of anti-VEGF VH and its corresponding
humanized version were listed in the first and second columns on the
left, respectively, in alignment with dominant residues at the same
positions of human immunoglobin family lil. Sequencing data were
obtained from clones isolated from the 5th, 6th 74 and the 8% pannings
of the phage display library, respectively. The numbers in front of a
letter indicates the hit rate (in %) of the particular residue in sampling.

(* generated by PCR error).

Figure 42C Phylogenetic analysis of top hit VH sequences from
panning of the phage display libraries of the anti-VEGF, together with
human germline VH3 families, murine anti-VEGF VH framework FR123

and humanized VH framework fr123 as annotated. As shown in Figure
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IRt E PSR SOt HEh ALY BESEHS ES

biosensor (see Figure 43A and notes in Figure 43B for their sequences).
30 The measurement is done by measuring the change of SPR units (y-
axis) vs time (x-axis) when a purified antibody binds its antigen (VEGF)
immobilized on the CM5 biochip at 25C. Both the on-rate and off-rate

changes were determined f the data fifti ' : uir binding
%%ﬁgf?f\giﬁ%%zgﬁﬂfglrﬁgwor sD3 yaﬁdét&gggggﬁ%%%%?gghigher in
hihgingeaffinityl{inocty foreraUpdn finerereberizaicitl tin the
pareal referenceantisY B Ratgdy Seauense(sra Mguseqreh 22 Ade
B for the humanized anti-VEGF antibody f.ra%mewo K {ﬁ%%tedg@l the  line
“ENEhoIm V. Meng YO,
Kruomaesilly, WinldethM nieriaed/IN (t88CakcerRes dEfta18d805 00y,

while D42, i out th ference antibedy., Beeause; the:5
(P oreed u%ﬁ;#i%rende gl’?ljtl- Eegzlﬁ%é%y;%r(ﬁgures ZZAE.B)E@ - 2 times

weakbrsivantits b She SHBRIM GIERAECAREHRAY, ThESSRd A aREZEY
antibediesishesid have n2deld higherhinding afeity tipen ohtneanir atiered
than the correspondin mur'netanti%cgzplogég%r% 4 shogy&»}ﬁ% d
inordbediy s PBptitiiZEd FamewWorks (D36 and D40). The
y-axipstibilisithe hestantage: dkthelantibodymetasn Scivecinsbndisg to

the Immobil -anfigen. using BlAssre alReC afignibe pusified
asrftiggg);/ Fs%ﬁ%g a%%gaﬁ%%g%n?%g for 17 haurs for t%re ppari%rﬁal >f(50

g tepiRtiZdd rarh SHENER 155 38R D ABT 1T KoWa thA R St 28 4t
fraghewarks have digharsstatilit thasshehomaniZe¢ /i framietrork
reported (Presto l. supra, 1997). Figure improved.
TRBSSHof U DLt o H UHE 0 e The v
flamewoirks! (D36,dD40 wrrbDad)alss sholpapaaiprévedekpression
relative to the parental/wild type antibody (X50) as shown in the yield

expression detected by SDS- PAGE/coomailsiﬁ- blu%flgﬁ%%icp%%S Figure
46 showBi &R AP EEYTMGEGHASRE VG 4eiéted” antibodies
againsthimaFRECSH. obaEVRUTI NIt Srilctusalocisstdroagioup wfigner
S@%E}%&%&Q%l@?lﬁ%ﬁ%gq,lg]}f)g%cFv phage display system {see
description in Figures 23-25 above). The VH r123 of D36, D40 and
D42, together with the original murine antibody VH FR123 and
humanized sequence (Presta et al supra) with the same CDRs from
murine antibody. The dots the lower panel indicate the amino acids are

the same as the reference (murine VH framework fri123).

Figure 43B shows the affinity data of 5 antibodies, parental
antibody (X50) and the optimized frameworks (D36, D40, D41 and D42)
of anti-VEGT antibody selected from designer libraries using BlAcore
biosensor (see Figure 43A and notes in Figure 43B for their sequences).
The measurement is done by measuring the change of SPR units {(y-
axis) vs time (x-axis) when a purified antibody binds its antigen (VEGE)
immobilized on the CM5 biochip at 25°C. Both the on-rate and off-rate
changes were determined from the data fitting using 1:1 Langmuir
binding model. 2 humanized frameworks D36 and D40 are ~4-folder
higher in binding affinity (in ccFv format) upon framework optimization
than the parental/reference anti-VEGF antibody sequence (see Figure
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family based on some empirically chosen cutoff values of the root mean 5
square deviation (RMSD) (for example, of the C. atoms of the aligned
residues) and statistical significance (Z-score). These values are
empirically decided after an overall comparison among structures of

{. I b for searchi tructural clusters.
FOPEE B SO EXer GO A GhRAPAIDE 0 1CTBBLIT

PE¢1898)ProtdindEyineefiigd H 70E3ARMMIS clilesh oised/ are-RMSE

AR A MARSMUIPI A99nment gl Rigialn SLHSUERs), s
f'mul res. The

an automated program for comparisons of multiple protein structu

S
pPOYtam tarsairbriHtty Ssetibsse e rns srdkedyr o the
stegeital simitasities] detacy whichresidues RigutestEuchmIgivatent
%‘%}8@9‘%@;{}% s&%%tiEescgnr%goi\{i(%%the residue-t&%-r sidt e alignment.

e siructuraﬁy equivglenf redidues dré gefmed™ acc%rafng t§the©
dpprosirrae posietiof bothidimchaihfafd sideexhainlmtgmEioftalLthen

m@ﬂgﬁiﬁmqmmq}g@g}%@ﬁ;g@g{gh%grgtg@gldsplcuIate a score

of structure diversity, which can be used to 20 build a phylogenetic tree
(Lu, G. (1998) "An Approach for Multiple Alignment of Protein
StructurBghrin $thudtoral custaring; suembexsitwithima spustured cluster

r some ensus_information about t
petpiian il b ek T
tREIF SeduererY b rsEyaeRdE I ElRY WRiTamebibred B famitigen
Ensemblestiuciiresdtds walkknawim i thesbusiual.determination by
NMg L{ggc}eiarlmﬁ ‘nl?g Je%gnance), tt semble of structures rather
than a single strutture, With BeRaRs Eeveral TREnIBES AiF o 38 fRREH Fit

tHeIGMRAUBE andtretaing tost Steceuplimiistj; dsdepotitdt it ghe r
ReclginPata.Bank 1omparisens Peiweendhe modelsinghis, ensgmble

provide some information on how well the protein conformation was
d&BFHined By the NMR constraints. It should be pointed out that all the
sequences corresponding to NMR-determined 35 ensemble structures

have thg.:%qmgé qyences,(one pr tein with variable gonformation he
structurall nsem%lelﬂhoere‘, a &ﬁ?§ﬁaﬁ§,d %‘8?%?3?%%% eré g‘ &&%ﬁi{%ith
VERBROTY 1P sete ARS8 iTemyeh blis BV siatuiemaiR €Rlaidso show
CORIQHRAHANS GO 401 MIRSE o the parental/wild type antibody
(X530} as shown in the yield expression detected by SDS-

PAGE/coomassie blue staining.

Figure 46 shows amino acid sequences of VH and VL of selected

antibodies against human VEGF.
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structures, such as from NMR determinations or from molecular dynamics
simulations, have the same sequence but differ structurally 5 due to
natural shape fluctuations. Ensemble sequences: A population of
sequences that statistically defines a certain property of a target protein
such as stability or binding affinity, 10 Ensemble average or
representative structure: If all membee Win a structural cluster has the

sape.deneli efAmino asids, the positions. of atoms in the main, chain
atom_s Of all structures are a\?eragedf and t%e average moqre IS eﬁl
s P o ey remmarBoisieRdtantes an dUB Bngles ¢ rdgtraimedt mean

ngii ization"),: simiar, R-determined.average structure. If all
mé%‘r{%ré%?é (\g/)v‘ﬁltﬁtlﬁog Etruéﬁéya%fu%}t\ggn \/%Hr%/ iér]:féel‘%‘(é3 I ﬁggfﬁorgfga?#iﬂbe gig&eg
nresaddersivhichdsuepieskentgtificafthe2uriage. dharactaristics.eEall
other-m ithin.the cluster, will be chosen as the representativ
st?t%tu r%ﬂ O%gg\{r%%c%ﬁggﬂa&g roa the CBRHGR [y %I&%?ﬁnsgr ﬁﬁ%’iﬁfﬁa?%

cBHifafiratioREs i PRAsaRatRb BT siohdoSsmttnal speTtiofterdhe

cellagiion of ll styebesoapwated i a 29 slass efRwisins syshasihe
r%odular Fhuct nd cangnical structures observed for antibody
RO RC A RS0 S JGHER FShSHolrk: EBllokhoh bhecaEReca e a

framework a

proteitMfamily 2 -3t Rurctional repertpirertheicoliprtion:ohaliunstionstein
p§rformed y._proteins, which is related here, for example for antibodies,

0 the- diversd® LA EORE thEt e BaFABIE ST Bt t5'YaiRdts
amtigens stBermline. géiie segmentsaefensttorthe genesdiemthe,genmline
(the Anhaploid gametes and those diplpid cells from which they are
formed). The germline DNA contains multiple’gene segments that encode
SHHGIE B RGeS BB TR al B (RjFehHifs aThesoyEhetbegmeidise-
areeatied inthengarm thissbulcanaalbeireassribedand-translatetinto
h.a‘?:%\& dand tIi tcgainsD urrlgg%ré(i%oar arrapge%o functional genes.
During Becell diftéientiation in the bone Pharton ThesE yaitedty fidfits
dreay ateioriyf sHUtedtby taidynaricgshetic systent capableibfrity, the
gaueralilgalculate a score of structure diversity, which can be used to
build a phylogenetic tree (Lu, G. {1998) “An Approach for Multiple
Alignment of Protein Structures”). In structural clustering, members
within a structural cluster are analyzed to understand some consensus
information about the distribution of all structural templates within a
family and constraints on their sequences or sequence profiles within a
structural family.

Ensemble structures: It is well-known in the structural determination
by NMR (nuclear magnetic resonance}, the ensemble of structures
rather than a single structure, with perhaps several members, all of
which fit the NMR data and retain good stereochemistry, is deposited
with the Protein Data Bank. Comparisons between the models in this
ensemble provide some information on how well the protein
conformation was determined by the NMR constraints. It should be
pointed out that all the sequences corresponding to NMR-determined
ensemble structures have the same sequences [one protein with

variable conformations). The structura} ensemble here, additionally,
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more than 108 specificities. Most of these gene segment sequences are
accessible from the germline database. The variable heavy and light
chains called V-gene database are classified into subfamilies based on
sequence homology. 10 Rearranged immunoglobulin sequences: the

f i | I In.gene. se nces.in heavy and light chains, that
R G et RER A el etz

seYBATS Bty Bredn aiffdrertafioarait ivaturaibh iRecess1aest of

theri2 fearsanged My atabuli:saguensesusedhere A8 dromr
Kabat-Wu database. BL STéB%aSiC Local Alignmetr)]ts ch Tool for

RS ALY Gy S eTAS S SRS S SrHA R 1y
pdsition-irxdepehdeapc20ustorngparameters to detect similarity between
two sequences, the default parameters are used with Expect at 10, Word
Size 3 Scoring matrix BLOSUM62, Gap costs for existence 11 and
cKRFRBHE SPEISNES TA TP PESIAG REM Rt Retdledt BLADTially
P&ABEA S t2a Arogrape pertsrmssapdtaiatierseatehdn wiaishi Searencgis: o
f%ﬁ‘Pdi{n one round of searching are used to build a score model for the
next rotind of searching. In PSI-BLAST the algorithm is not tied to a
specific score matrix. Traditionally, it has been implemented using an AxA

Sphslibline Datixunere dpis i alRhabet SiekWFSlBLARTNBIEAR0)in

uses a QxA matrix, where Q is the length of the query sequence; at each

positFOFHEL SO REdesats GREHe Yoo At RshscP Ry fiens of
qaemynand the letten ichthe subject deqillencectTiues RS4-BlhSdeharameters
h justed. the 0 nstant_defaul been nged
e s A R R R
PRIEBISAS T THGWRE A ds BEsi-ekaRge ¢t 0to VMG drbomussiErsrgge
lanelscape:. Al energydistiuinmwhere:paaks andwellsdefinghe length
entsemble states gf amg |%IQU!\$- l&iqs.believed th{attan energy landscape
cgnaf)}:rlcl)x\}%g% cdmﬁfgte es’crlrk)]tzlon %f?ﬁ%rﬁﬁ%}f‘nél b‘f%é)ess asWeiias 5
delseritichesiofilscal sttudhralstatds;rwhetbas the chmmonvoptiveizbdem
migimizedsEuciigdeseribes.paly a single structural species out of a

Canonical structures: the commonly occurring main-chain

conformations of the hypervariable regions.

Structural repertoire: the collection of all structures populated by a
class of proteins such as the modular structures and canonical

structures observed for antibody framework and CDRs.
Sequence repertoire: collection of sequences for a protein family.

Functional repertoire: the collection of all functions performed by
proteins, which is related here, for example for antibodies, to the diverse

functional CDRs that are capable of binding to various antigens.

Germline gene segments: refers to the genes from the germline {the
haploid gametes and those diploid cells from which they are formed).
The germline DNA contains multiple gene segments that encode a single
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collection of many possible states within a local energy minimum.
Fitness/Fitness score: A measure of an experimentally observable 10
property of a molecule such as stability, activity and affinity. Fitness
landscape: A distribution of a fitness score defined by other intrinsic

parameters gf .the molecul ch as sequence. 15 Sequence space: Se
D B B S e S5y o caiied
Fiinctio g8 Spedts Babdanotoial repesoite ek adsejueddetthecavy

seAHenss UsRAOr SaarchlytSe e e LRIRARARE: RN LRIAME Ny ring
S%%%ﬂ{%% rofile/positional variant profile (PVP): description of the amino
aci

¥ SR BEER D ORilTRN 7S BSPE5 HettfuecssRiaTRERITRIS
imeludes: botin tHé ¢dnge-angfregvenayeok thes aminaasids (AA-BMR)aL
leic.Aci - Hit libkary/Hit-list: the collection of sequences
%%%%?%%3@%%@@%%%%e???;%‘é?g?a T B e

siefirshtd pistie. 3o R vHiRmERbrRssTLIo S Yaratie st armimolatit

seguiercen libiavy derived: fremdha-cembinaterial snumeratior ohthe 4 on
variantrprof{ile of the hit library. 35 Hit variant library Il/Library ll/Designed

amiho acid |Brr%?§/?%efined amino acid library: An in silico amino acid

sequence -59 library derived from the hit variant library | as a result of a
"rerelling ansperiicirsing: Redrelio of e 1 Apkggnbe
accomplished 1) by selecting a sequence cluster(s) based energy ranking
EHR SRS EPaSHIHH bRAST sl dnbé shartaibirg Rey
araing@eid residurscBdh Py ineluding spaeifie Pesitional residueSments
indentified by.funetional §Pr§%r£1igqaqagd/0{i3 bél inclusio&o[ ex{cl sion of
residugs or sequence cTUStersas déteriing ythose t eI e arts
USiat anyastiermmeasth hvdita e fomerking ductr deterimmatiSabal-GVidit
vastamtlrary lll/Library 111: An amino acid sequence library that is
expressed in vitro by the degenerate oligonucleotide library (below) for
functional screening. Library Ill expands the sequence space of Library |l
@ReA8Dabl sianislatibn)igpiimized codoridsader recombinatin.atthe

analysis. Blast uses a heuristic algorithm with position-independent
scoring parameters to detect similarity between two sequences, the
default parameters are used with Expect at 10, Word Size 3 Scoring

matrix BLOSUMG62, Gap costs for existence 11 and extension 1.

PSI-BLAST: The Position-Specific Iterated BLAST, or PSI-BLAST
program performs an iterative search in which sequences found in one
round of searching are used to build a score model for the next round of
searching. In PSI-BLAST the algorithm is not tied to a specific score
matrix. Traditionally, it has been implemented using an AxA
substitution matrix where A is the alphabet size. PSI-BLAST instead
uses a QxA matrix, where Q is the length of the query sequence; at each
position the cost of a letter depends on the position with respect to the
query and the letter in the subject sequence. Two PSI-BLAST
parameters have been adjusted: the pseudocount constant default has
been changed from 10 to 7, and the E-value threshold for including
matches in the PSI-BLAST model has been changed from 0.001 to
0.002.
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nucleotide level and expression of the resulting combinatorial nucleic 15
acid library. Degenerate nucleic acid/oligonueleotide library: The library of
mixed oligonucleotides that is used to target an amino acid variant profile
that corresponds to a designed amino acid library (library 1l above). It is
20 derived from the combinatorial enumeration of the corresponding
nucleic acid positional variant profile that is back translated from the
aanssscld pdsiipeil Aarfantrpyofiletobliiiany Whising egdtimiredwetida@he
2&cambinatarial aming aeldipertids, 't?éﬂ&éh! %&y%%@ﬁ@gsﬂx%ﬁ%ﬁgﬁg%%

complete combinatorial enumeration of an amino acid positiona
OrORIE B PRIt & srpiaRishe dridingorarericrRicali s
/diigoriticlastidadibrasyrhiorarn) 3Q.genevaied fomdhesamplaietimized or
inatori ration of a nugleic acid positional variant profile.
%%\I%Aqﬁ%ﬁﬁr%g grt]?é?[%ogsg %gﬁeor%q ng ?’el%:%(?%o Binan %ﬁ?g\j{osﬁueéilegtﬂé% %Bm
£histliveroppareRTaPSatibEn s thralighntulold terionsiofigsim.
oligonueleotide fragmentation and homologous recombination (Stemmer
\%{Pél% fg,lgature 370, 389-391) -60 In silico rational library design: a
SRS SRS A GigndN SAMES 8o FRidEReRL - AR Tralble
inconpotateSavoiitionaryy structuralbitind funstionahdasasniorder to define
and efficiently sample ensembles 5 in the sequence and structure spaces
in order to identify those that have a desired fitness. Profile Hidden

MHREYMBBESGA BRI HNM P AtaRtical mearsepRelgimd)sodeture

dansenstpalasequencenamibydeasedonthes1Q-gagueace profile of
proteins. It uses position-specific scores for amino acids and for opening

and extending an insertion and deletion to detect remote sequence
ROABRIYER S PRS.ITE trestatisticabadsdription of the consensus of a
multiple sequence alignment. The multiple sequence alignments are
%'ven either by the multiple sequence alignment 15 program such as

fFASRAT 8BRS URED A5RIF GRIPTE SEHénce alignment given by

structural clustering. Threading: a process of assigning the folding of the
BRI BN Al Space: See functional repertoire

Lead sequence: the sequence used for searching sequence database.

Variant profile/sequence profile/positional variant profile (PVP):
description of the amino acid entropy at each position for a set of
peptide sequences. This includes both the range and frequency of the
amino acids {AA-PVP) or nucleic acids (NA-PVP).

Hit Iibrary/Hit list: the collection of sequences found by searching the

sequerice database using the lead sequence or sequence profile.

Hit variant library I/Library I: An in silico amino acid sequence
library derived from the combinatorial enumeration. of the variant p;‘ofﬂe
of the hit library.

Hit variant library II/Library II/Designed amino acid

library /Refined amine acid library: An in silico amino acid sequence
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threading its sequence to a library of potential structural templates by 20
using a scoring function that incorporates the sequence as well as the

local parameters such as secondary structure and solvent exposure. The
threading process starts from prediction of the secondary structure of the
a3 ' vent accessibility for each residue of the..
o 10 S ot hpdating
prefittediserdetira isRemesddnmes dhetvaembercehdlimrargobkisban 13Dy

steapdies 1he opiineal dieading foreach SeEHERLR:SU UGS RYLRC cut

obtf?inaﬁd usingL dynamic programming. The overall best sequence-
STTICHIE S oM IES 1RS PEHEIES 2T SRR KSYGHHE ety Tesidues,
séljlnics130iRe wersafthneasiingral pratéssofisdantiiiag for theaptiaal
sequenag(s) oo sequanae.dalahase Bieading (em A, guen, ..
target structure and/or structure cluster. Various scoring functions aycbe
uSBPtG SRt S PR ptimal BesrdrieE Hoshmaribrasineompriaihg3s
prateinsaqueabes withvatiows iengthse~8inaiderchain rotamer: the
conformation of an amino acid side chain defined in terms of the dihedral
angels or chi angles of side chains. Rotamer library: a distribution of side
chti vardmndrsibrivey BH<Edbon 5 tHe: Wacldroneodibed relargles phiandhat
psi calledRagkbone-dependent Jolamer '&(g&%&&f@&?@@ﬂ%@&%{? low) for

backbone dihedral angles called’_backbone-independent rotamer |%rary

 foP R AAAD SRR e TRIh Lth e RAaN SithsT SdeeRainseasfopnkiioAsY

inthie: prietéinctructisth tdaiabasenl-Seeddunhrack Rl @ndutaspivs M the
(1993) JVIB 230,543,574  -62 DETAILED DESCRIPTION OF THE _
INVENTION The prseds%%ﬁﬁ?/selﬁt?oﬁfgﬁ‘devf 88 A SysToR ARd idtH g dric
efffdfefitljy&nerating and screening protein libraries for optimized 5
proteins with improved biological functions, such as improved binding

agmité/ t&\f\é rd% bicqlo,%icall%jnij/or therapeutically important target )

moleculee ThE ProcEs8 FAHTHEg DUt teatisin s ihEE figFary of mixed

tiviegmhpeiematerettby nsiningthe uerexpandingdatabases:of profeinthat
corresponds to a designed amino acid library {library If above). It is
derived from the combinatorial enumeration of the corresponding
nucleic acid positional variant profile that is back translated from the
amino acid positional variant profile of library II using optimized

codon(s).

Combinatorial amino acid/peptide library: Library generated from
the complete combinatorial enumeration of an amino acid positional

variant profile. Library [ and II are such libraries.

Combinatorial nucleic acid /oligonucleotide library: Library
generated from the complete combinatorial enumeration of a nucleic

acid positional variant profile.

DNA shuffling: A method of generating recombinant oligonucleotides
from a mixture of parental sequences through muliiple iterations of
oligonucleotide fragmentation and homologous recombination (Stemmer
WP (1994) Nature 370, 389-391)
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sequences of all organisms, especially human. With a combination of 10
database-mining of evolutionary sequences from nature with
computational design of structurally relevant variants of the natural
sequences, the method of the present invention represents a distinct
departure from other approaches in computational design and functional
screening of protein libraries. 15 By using this innovative method, a biased
lisPafispratdpaablith 2y drrigaies vartivedlcohdtticsd hasdigivn amino

c@m@t@&aﬁm@él@g@luammpﬁ exirernehgivarae RIGIBINGIRAYeRERS AN,

funcé naII vant struc res in silico. This ensemble-based statistical
0]

B%é?r&é &h tehdcdeteamin g SRR e MeRpimREER R Ge
thie Q@&s%mmfdf@@nmmmrgwfaﬁdsmmm}pm@e that

sgg{,lggcgegpgdsgg{ggge spaces, a goal practically unachievable for in
vitro or in vivo screening. Following screening in silico, an expanded

nucleic acid library based on the sequences encoding the selected

pPoteis H1@daﬁtMﬁtﬂeb6nmqgﬂBm@@iMMﬁ§§i%§)ﬁﬁt@ép rd of the
screened fgr ZQ‘Protelns with |mdr1;roved or no g%rgu ctions |n V|tro or vivo.

igure T iS A'Series of loweharts cutlvhg Vat BHheRtEof the
rRethsaot thieo preséntriviensiort Basegositanleaghproteinoniths Rmmmm’no

SRYHENGRIARE/9p SUHEIWEY '&@ﬁ%ﬁr?% RIPIEINS-GAA DB LR a%&&q%t%g d .

screened for candidates with desired functions 30 following at least four

Fifait Tt RSB RIVE SHoWRP i Big iR ©StaH Pirebrissaintian, ahthe
methot sompiisesithérdtepsioferproyiting.an anine ﬁﬁﬂtﬁﬁ@l&@ﬁ@@&he

vgg%pj&;ﬁ@%l o%l%e{h@%/grc&glthéVH\)l&rl hSthrglam VL).of % ‘I%aédlead

anti y, identi € amino acla sequences |
I AFBBICB R 8didetitry G ﬁtﬁ@@@ﬁ@m@wm&\ﬁs%@mmof the

lagghantibogly:cproyiding anaming aeid.sequence that comprises at least
3 consecutive amino acid residues in the selected CDR, the selected 5

amino acid sequence being a lead sequence; comparing the lead
skrrsrbiaegitla @plorality b segteipr oteifoBtiguenices: anstein by
threading its sequence to a library of potential structural templates by
using a scoring function that incorporates the sequence as well as the
local parameters such as secondary structure and solvent exposure.
The threading process starts from prediction of the secondary structure
of the amino acid sequence and solvent accessibility for each residue of
the query sequence. The resulting one-dimensional {1D) profile of the
predicted structure is threaded into each member of a library of known
3D structures. The optimal threading for each sequence-structure pair
is obtained using dynamic programming. The overall best sequence-
structure pair constitutes the predicted 3D structure for the query

sequence.

Reverse threading: a process of searching for the optimal sequence(s)
from sequence database by threading them onto a given target
structure and/or structure cluster. Various scoring functions may be
used to select for the optimal sequence(s) from the library comprising

protein sequences with various lengths.
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selecting from the plurality of tester protein sequences at least two
peptide segments that have at least 15% sequence identity with the 10
lead sequence, the selected peptide segments forming a hit library. The
method may further comprise the step of: constructing a nucleic acid

li risi [ ing the amino acid sequences of
e e in Euh ik Caranl A e S enes
eAfsBHithEht s sadcEiaifd lseastagls dimeit, anrlasl pheidin eagnsan

antibody), with known sequence and structure, is provided. A rich pool of

pfgg%g}n%e ences ge‘.:g.,th%m n anlfib(%ﬁi epertoire) is screened for
varying  identity with a sserelcl%%osl?eﬁmsé ?)/8 BB RerdAssHam
réferreeritb e thbddaal setalencét) aRrbpsifvisisaideninypadistafprotain
2RegauenasscasselacRh b anind dsgeasolbomalops beign

after_referred to as the ibrary") using a sequence alignment me

sURREBEHSIADBRNGATCES ARSI Sr VA o asinectidadarispthE o
libnary ey thenfrofileth againsi hedeadrsequene g foehewryataneg of
aming,acid residues in each position of the lead sequence. As will be 25
described in more detail in Section 7 below, some or all of the profiled
seguéhitebindh & hittisk drgrale sdletied AntMRSIAtRHBabK 40 a library
of nucleic acid for functional screening in vitro or vivo. Optionally, the
method may further comprise the steps of: building an amino acid
positional variant profile of the hit library; 30 converting amino acid
positional variant profile of the hit library into a nucleic acid positional
variant profile by back-translating the amino acid positional variants into
their corresponding genetic codons; and constructing a degenerate
nucleic acid library of DNA segments 35 by combinatorially combining the
nucleic acid positional variants. -64 Route Il in Figure IB schematically
represents this embodiment. According to this embodiment, after amino
acid sequences of the hit library are profiled against the lead sequence, a
combinatorial library (herein after referred to as "hit variant library P or
"library P") is 5 constructed based on the frequency of an amino acid in
each residue position (also called amino acid positional variant profile or
AA-PVP).
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Using this approach the hit variant library I is substantially larger than the
hit library. By modifying (e.qg., filtering) the AA-PVP to bias towards
preferred mutants for each position, based on those observed at higher 10
frequencies, indicating evolutionary preference, a reduced variant profile

I it variant Tors TR Do A e m AN, o

for functional screening in vitro or vivo. Optionally, the genetic codons may

be the ongs thatare preferred dafonexpressieminhaciasiac@pgonally,

genetic codons may bethe ones that can reduce the sizechosen such that
tﬁﬁ%ﬁé’r % POP 8 ey s SE RS LY iR OF DA WRYHIET is
withiinethe exigerimentedly olerableldiveisity withchuteiduer expd thinelita
e&fﬂﬁﬁ@%&%@% %%%t%égﬂ;@A@&fﬂom%%&?é%@@ﬁg%ggo%%ﬁfﬁ%gggg

anothei embodiment, the method comprises the steps of. providi
aHECadis sddifeptersrtns varapfecel T avetineally smahiziM) or
light ahain Y b of adead antbegyhidentfying heaping AsdLemeReRs: D
tg% CD§§ a%(ii F Cs}rof th% I%ad antiboﬁg/£25 selec{kpgl}one of the CDRs in
the VITor Vi reglon%afnthéqeaﬁs%% ibo y;lbrllcl)‘r?‘/lf(tzlingl i ESHiNG ARy of
seqiarce thaneomprised witessty3sconsesttiteamintacidvigsidues in
theseaeted CRR. theseieeted . Amine aid seAvence heing 2-GRR laad

sequence; 30 comparing the CDR lead sequence with a plurality of CDR
tESHE CPfteint Setieheds> SIS R front el aralifp BT DR fedigkinct
pleteintsequenoes Atrleastriwaipeptitesagmentsthatbaveaideast 15%
S ce. identity with the CDR lead sequence, the selected peptide
sigg%r%eé?ﬁtlg o%%%néél]g{%%%f) Tt ?brréaﬁ}?g% selecting one of the FRs in
the VETEOF Waiadlon s1aswaéad mntibodya pravieihbhr sscohgaisim acid
segHence-tnahcamPUsesIRL ieash 3 SRUSEEHLIN S AMINA Atid desigues in

the selected ER, the selle%'&ed 5 amino acid sequence being a FR lead
Seevq ugﬁx(t:ieo_n of extremely diverse protein sequences and fitnctionally

relevant structures in silico. This ensemble-based statistical method of

library construction and screening in silico efficiently maps out the

. distribution of the fitness and energy landscapes in protein sequence

and structure spaces, a goal practically unachievable for in vitro or in
vivo screening. Following screening in silico, an expanded nucleic acid
hbrary based on the sequences encoding the selected proteins is
constructed, introduced into an expression system, and screened for
proteins with improved or novel functions in vitro or vivo.

Figure 1 is a series of flowcharts outlining varicus embodiments
of the method of the present invention. Based on a lead protein with
kmown sequence and/or structure, libraries of proteins can be
constructed and screened for candidates with desired functions
following at least four different routes {Route I-IV) shown in Figure 1.

In one embodiment, the method comprises the steps of:

providing an amino acid sequence of the variable region of the
heavy chain {Vy} or light chain (Vi) of a lead antibody;

identifying the amino acid sequences in the CDRs of the lead
antibody;
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comparing the FR lead sequence with a plurality of FR tester protein
sequences; and selecting from the plurality of FR tester protein sequences
at least two peptide segments that have at least 15% sequence identity
10 with the FR lead sequence, the selected peptide segments forming a
FR hitli 2 ini C it.library.and the ER hit library to
form & N T Aeeorng G I Heibd e Wuraiy b CAR foaty
p?éi’t@}?PdCI}S sequences may comprise amino acid sequences of human or

non- humasn RitbadiesnAdsP260058ing-1R-4he  methad e piralityof FR

tester protein sequences may,comprise amjno acid, sequences of human
T R B R O ATt SBTRC 10, BB it
ar20reasti80xgmanean lseigyon tesprefenalplyeat least 70% human
sequence,JRore-preferably aklaash 909 humanSaguenceAd my
preferably at least 95% human sequence in VH or VL), mor% prgggzrg’bgﬁ
fERARERTER> ARtbodies, and most preferably human germline antibodies.

Also accetdifigie thermethod, silleasifane of the Rl alinofCPRa2R ast

tester protein sequences.is different from the plurality of FR tester protein
o R B RS MBI pIANG) o CIoR e Che

picdifncsuguencesarelhtitdm op non-Sngman tnfibody gegbenicesaand the

plurality1ef FR SealS! RISIEIN$BAVDEESAE Hmapaptibody sequences,
30 preferably human germline antibody sequences. The method may

further ¢SAPHSE ISP Lo ASHFUEIRE™ ROEIIE siEd HVAry WBRTBHSIng
BiNAosieggmentsuencoding! themyamme acidtsequencees:af the hit library.
Optionaiiy, e rgthad may Juiher aamplise i siehs. of 30 buldng an .
amino acid positional variant protfile of the it library; -66 conver Ing
thCaRTiAG 8did BysitionarJanant profirdiormie TOR Shigibrarietdyh fih
nusieie acidpasiional varastrofile hyobark translatingdheasping;acid
psoesci&%g%le\sl, éagnfsl"llaggégeégl%%g%sf ?Q}%pt%ire) is screened for varying
identity with a selected segment of the lead protein (herein after referred
to as “the lead sequence”). From this screening, a list of protein
sequences can selected with varying degrees of homology (herein after
referred to as the “hit library”) using a sequence alignment method such
as Hidden Markov Model or HMM. Amino acid sequences of the hit
library are then profiled against the lead sequence to show variance of
amino acid residues in each position of the lead sequence. As will be
described in more detail in Section 7 below, some or all of the profiled
sequences in the hit library are selected and translated back to a library
of nudleic acid for fifetional screening in vitro or vivo.
Optionally, the method may further comprise the steps of:
building an amino acid positional variant profile of the hit library;
converting amino acid positional variant profile of the hit library
into a nucleic acid positional variant profile by back-translating the
amino acid positional variants into their corresponding genetic codons;
and

constructing a degenerate nucleic acid library of DNA segments

by combinatorially combining the nucleic acid positional variants.
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genetic codons; and 5 constructing a degenerate CDR nucleic acid library
of DNA segments by combinatorially combining the nucleic acid positional
variants. Optionally, the genetic codons may be the ones that are
preferred for expression in bacteria. Optionally, genetic codons may

bethe ones 10 that.can reduge the sizechosen such that the diversity of
the GegaRRHio RS A Hrehy B DKM LSRR AR R Socment.
experimdingally chierablediversityafet 0B iorc7vidtseytiundae of the hit
eXBEsR) %J}@b‘%ﬁﬁfé@a%%@w X190 preterably Delow 1106, 1Y fbrary

another embodiment, the method comprises the steps of. 15 E’rqwdlng an
attiffiG Hcil SEJGEREET OIS vatHarE egiBRGrthE Peaihrarain)(wH) or
lightehaintevil Bakell ateadeantipodyidentifyingihe aminmacidisegsianees

[ f the lead antibody; selecting one of the FRs.in th Vi,
S B P e b et
chitipaséy apiepseshctmsdtutive aminbracid résiddes imthglsdlentedtE Ry

thesaleated-aming. AHiSRANENGE, kRIRG AN 8l ERAOAASEIUENCE, wards
com arlngqthe first Igad FR sequence with a plurality of FR tester 25

' SEUUEHERY SRt SRIECHY Wi PRe phirzity Gioredisstsmbraigher

T
proteint'sé
sbguencessat ledisttwn:peplidécsegmentsdhaihaveratiieast 18%nnt

SEALARCE idaN] tewi%@ﬁéiré&ﬁt%%%%&?@%&ﬂﬁ%fﬁt%pseisggsd RSptide

segments ormig}g a first FR hit library. 3 e metho rr%1ay urther

cHth s 6 prEviding b secoHPamikoiadiasaiqpiendethato a
copIpHges allcast A rDNSERUM-AMING acidiFasiuss-ing FRJhat is

differen rom th sﬂ?cted FR, the selected gﬁr}négo acid sequence being a
5

second FRIGAH SeqUertecss CompRiythesEtont (FEeaueitEed

viith erpsiFtliniofER ddste oteinlbe quentes rano6 Tuseléetihg from
the-pluralitealER desStarR IR, SeIUeRRESs Al diversity of the degenerate
nucleic acid library of DNA segments is within the experimentally
coverable diversity without undue experimental effort, preferably below
1x107 and more preferably below 1x106.
In another embodiment, the method comprises the steps of:
providing an amino acid sequence of the variable region of the
heavy chain (Vp) or light chain {V.) of a lead antibody;
identifying the amino acid sequences in the CDRs and FRs of the
lead antibody;
selecting one of the CDRs in the Vu or Vi region of the lead
antibody;
providing a first amino acid sequence that comprises at least 3
consecutive amino acid residues in the selected CDR, the selected
amino acid sequence being a CDR lead sequence;
comparing the CDR lead sequence with a plurality of CDR tester
protein sequernces;
selecting from the plurality of CDR tester protein sequences at
least two peptide segments that have at least 15% sequence identity
with the CDR lead sequence, the selected peptide segments forming a
CDR hit library;
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least two peptide segments that have at least 15% sequence identity with
the second FR lead sequence, the selected peptide segments forming a
second FR hit library; and 5 combining the first FR hit library and the
second FR hit library to form a hit library. According to the method, the

lead CDR $equence may co ise at legst 5 consecutive.amino acid
residues in %ﬁe%%|8‘8€é8%/c§%‘i£%% &’ saeilféecg%é) ﬁ?ﬁﬁ%%%fgg@%f@&{ from
thegreRgyeonsisting of VH CDR1, Vii 10 CDR2, VH CDR3, VL CDR1, Vi,

COR2, apehviabRaaldha leadanibacke flsoecspiting i daemathod,

the lead FR sequence may comprise at least 5 consecutive amino aci

reSifRE L B PER reidusiderdboreeiraly bERelde wotidhe
grouproonsigting; ot Bein MHTFR2a ¥ HegR3nYd FR4, VL FR1, VLFR2,
Vi, FR3 I F |§‘4 fthel 15 antibody.. The methpd may. further
compri_s.eé %%}{step ftj;l go%%’t%%%n%egtheﬁﬁgiggéda cﬁmaéﬁgﬁre?a?t}éélé%%%
aETeP iBrasFE CofsAsSIBNA segments encoding the amino acid

sequent‘@ﬁ@j‘tihg E}ibrﬂbdﬁé)’plz@elﬂ@nﬁtw @@Pb@&%i@&s{lﬁ%eé at

ethod is provided for in_silicq selection of antibody sequences based on
AR o Hied Y
4]

the amino dtid SeqUSREE B4 P8GiBAYR A IRFANI6 3 D B drayity

segtience T Rriddts 3Bustrueturiec Thiestedgtunetiofthedeathsequentesia FR
empleyed-{o sgarch databases of protein structures for segments having
similar 3D 25 structures. These segments are aligned to yield a sequence

profile, REFBRI2RE: faterral ok hFarnead! sdyuBRdeiblbfilery Thddeadk hit
siguence profile is employed to search databases of protein sequences

for remote homologues of the lead sequence._having low sequence |
dentity Ao gL ST, B LG e Shothou s 257 rizo
dRfErseaIsHiody seguericesioanbeddnstayctedand $creenedr non-

expernentaliyvdn;vigro or in vivo for antibody mutants with improved or
desired\/%nction(s). In one embodiment, the method comprises the steps
i

of: provitig T ARG Lithsdgatnd shne unibiefdgiottathergsn
heayyectvain () @rtighitsehaini (¥ lgopd adqadacdbetiin@n origins,
preferably human or humanized antibodies (e.g., antibodies with at
least 50% human sequence, preferably at least 70% human sequence,
more preferably at least 90 % human sequence, and most preferably at
least 95% human sequence in Vy or Vi), more preferably fully human
antibodies, and most preferably human germline antibodies.

Also according to the method, at least one of the plurality of CDR
tester protein sequences is different from the plurality of FR tester
protein sequences. _

Also according to the method, the plurality of CDR tester protein
sequences are human or non-human antibody sequences and the
plurality of FR tester protein sequences are human antibody sequences,
preferably human germline antibody sequences.

The method may further comprise the step of:

constructing a nucleic acid library comprising DNA segments
encoding the amino acid sequences of the hit library.

Optionally, the method may further comprise the steps of:

building an amino acid positional variant profile of the CDR hit
library; ‘
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identifying the amino acid sequences in the CDRs of the lead antibody;
selecting one of the CDRs in the VH or VL region of the lead antibody; 5
providing an amino acid sequence that comprises at least 3 consecutive
amino acid residues in the selected CDR, the selected amino acid

sequence being a lead sequence; provjding a three-dimensional st re
o the e L B B T G
stlicthrerst i adishdseliiencs! pompanad thadeddsebiscrcdarisfile

with-a lsrality OTLiestey diatpikIRMANCEs: ARdiSeleating Bamhendin
plurality of tester protein sequences at least two peptide, segments tha
HEE 516880189588 quence identity with 15 lead sequence, the selected
peptide segrents higrmiigpeatitdioraiy RAccording daltierasthdd) e

threg:dimens %Qﬁkﬁfﬁ%%ﬁgjﬂf e, gad. seauence, may e %gé({ﬁ%g)ﬁ

derived from’ X-crystallography, nuclear magnetic resonance
SfEEdStopy or theoretical structural modeling. 20 According to the

methodoipastiapofibuiidingacead seqHence. prafilenayHachkidesreferred

com aring the strugtuq:e of th I%ad gguence with éhe structures, of a

pﬁjrragrﬁ@rg% teSter proteir Segments! %éfe%%rilfﬁ%ﬁ igt ?8&%5‘%%85 arecs

diffetencerofither Madrstitainosc2bsconifoimatibrsivfahatead @eqdmmmmtd:

th@é@étea&ept@&%g%mm seglaeling the lestelRIOIRIn Seaments with
iffe

root mean square rence of the main chain conformations less than 5
AOBFEriaOly" fEsEHaN'A A otk PrérerantyBas eransracHad fbst is
preferablyl 5 thanab A, landvdQ:aligning the amino acid sequences of the
sl (LS SR s Ul e e
protein BEgHERS arerratiieveddrorube i ofeih dstaibhik rayprionaithethe
seraf Building 4 sad:seauenseaoiiemay; 3adnsuge:

identifying the amino acid sequences in the FRs of the lead
antibody;

selecting one of the FRs in the Vy or Vi region of the lead
antibody;

providing a first amine acid sequence that comprises at least 3
consecutive amino acid residues in the selected FR, the selected amino
acid sequence being a first FR lead sequence;

comparing the {irst lead FR sequence with a plurality of FR tester
protein sequences; and

selecting from the plurality of FR tester protein sequences at
least two peptide segments that have at least 15% sequence identity
with the first FR lead sequence, the selected peptide segments forming a
first FR hit library.

The method may further comprise the steps of

providing a second amino acid sequence that comprises at least
3 consecutive amino acid residues in a FR that is different from the
selected FR, the selected amino acid sequence being a second FR lead
sequence;

comparing the second FR lead sequernce with the plurality of FR

tester protein sequences; and
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-69 comparing the structure of the lead sequence with the structures of a
plurality of tester protein segments; determining the Z-score of the main
chain conformations of the lead sequence and the tester protein
segments; 5 selecting the segments of the tester protein segments with

the Z- scighighataanic. prefaiabnhigherdnan 3 omarespieferahly .

higher than 4, and most preferably higher than 5; and aligning the amino

atiaLdgifeReRE ¢t e aBtidd i ey profdnn debprememrntnddendty
seqtience sodouildl MRelleat sequence profiacLe-Qplignally sherstapsof
building a lead se e profile may be implemented by an algorithm

sg ec ]éng rosrﬁ%ﬂ%%%?ugl %ghgsﬁéﬁﬁg% E, MAPS, Monte Carlo and 3D
clusterirgpalgorithend T fiestnigthbet mbrefurtied cbmpesentfid Biéptdibrary to
ceRsiuctingig4cleic acid library comprising DNA segments 15 encoding
the amino acid sequences of the_1-lit library. Optionally, the method may

further COMTPFSE hEiep L B8 ARG SRS SERIPBSRIGHS GarEESe
profitersf theohitdibraiye sennertingl amiihiasithpisitierlabuatiamprafile of

t it llhraey.i clej i itional variant profile. b
S G

cbiréshotiding trihudicbtitde! .choshsRanaednstitEting of degdpedatatibody.
nucleic agig librasyeh PNABegMeRtsd bineqmpinatorially Gorrkining the

nucleic acid tpositiogal variants. Any of the above methods may further
cOMPRSEE foMlBining” 25" SHBY MUY e INAS By e Re e TR
niliclkeic: Eoidoride geme tates eheroledciacid tibeagydnto aelisisfiagdosi: FR1,

olgamsmiLxpressing e, DNAgagrenisinihe-host colle speh, tQﬁgﬁ Jlegd

recombinant antibodies containing the amino acid sequences of t
IiBFﬁW%ﬂr}é- produced in the cells of the host organism; and selecting the
recombinaatrastibety-thatbindsteadprgat antigesp with affinity higher

than 1060M-S' re{erablym%l(():?&g\é-‘;i more Hfrzegerglb{!% 10% Mi-', and, most

preferatﬁyﬂ(ﬁﬁ-mééiln one em%odmen% fﬁe mgtﬁlo& CO(%naDCI’]iSGhS {ﬁ%}’

stepapising DNA segments encoding the amino acid sequences of the hit
library.

In another aspect of the invention, a method is provided for in
silico selection of antibody sequences based on the amino acid sequence
of a region in a lead antibody, i.e., the “lead sequence”, and its 3D
structure. The structure of the lead sequence is employed to search
databases of protein structures for segments having similar 3D
structures. These segments are aligned to yield a sequence profile,
herein after referred to as the “lead sequence profile”. The lead
sequence profile is employed to search databases of protein sequences
for remote homologues of the lead sequence having low sequence
identity and yet structurally similar. By using the method, a library of
diverse antibédy sequences can be constructed and screened
experimentally in vitro or in vivo for antibody mutants with improved or
desired function(s).

In one embodiment, the method comprises the steps of:

providing an amino acid sequence of the variable region of the

heavy chain (Vy) or light chain (Vi) of a lead antibody;
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-70 providing an amino acid sequence of the variable region of the heavy
chain (Vii) or light chain (VL) of a lead antibody, the lead antibody having
a known three dimensional structure which is defined as a lead structural
template; 5 identifying the amino acid sequences in the CDRs of the lead
ant!bodxaéﬁk%ﬁﬂﬂ% are SRS SORsIBELH B . a0 of Hhe e
antibody; providing an amino acid sequence that comprises at least 3 10
cBREEAYe amino acid residues in the selected CDR, the selected amino
acid seqiigpcerReing atend SEINENGaLEOMNAINY the dpas saguenge
profil v(\:/lith a plurality of tester protein sequences; selecting from the
pﬁﬂé |f§/ of tester protein sequences at least 15 two peptide segments that
have at jsasidid® sequenceddehsitpwiticddhd sequentce;sthe kelected
Pepticle-SEIMEnis.iouning AR AeleroIadihR MAMBSE ofdhe hit

library is structurally compatible with the lead structural template using a
SEBHAG RMETRTTEREF Jor bt dRLSE HERTSers of the hit library that
score egiral-idiar hetiesdhdinoseqoahicthedead sequencad Aegording; to
the methoch fhe, searina unelion s, anengiay. seoring fynglion selecicd
from the group tonsisting 3f electrostatic Intéractions, van der Waals
inferhetigHsIeBctrostatic solvation energy, 25 solvent-accessible surface
solvatiopsngraY @Rd-craforpational SRR APUoRRINI e 3GQLRG
function is one incorporating a forcefield selected from the group

cBHYEh § - e AT B8 forcefield, Charmm forcefield, the Discover cvff

. forcefielslslethieng GleRPLfargefields ythe 860t GROMES ferpefiatds, dthe:QPLS

f%?@gg%aamgeglwn@%ﬁgla@@édam&é{rmfQé&ﬁféﬁlge the 'égmh

force the Dreiding forcefield,and UNRES forcefield,and ot
KifoWetgachased GattiarisreeRerseRR T ey Al strbbtlifemased
thermodyramigotential fusgiions:Alsh:aecarding dpihe smaibed.dhe gtep

Olfe%t%il%%tci;rxll%gcl:% rrﬁ%n &'3 structure derived from X-crystallography,
nuclear magnetic resonance {NMR) spectiroscopy or theoretical
structural modeling.

According to the method, the step of building a lead sequence
profile may inctude:

comparing the structure of the lead sequence with the structures
of a plurality of tester protein segments;

determining the root mean square difference of the main chain
conformations of the lead sequence and the tester protein segments;

selecting the tester protein segments with root mean square
difference of the main chain conformations less than 5 A, preferably
less than 4 A, more preferably less than 3 A, and most preferably less
than 2 A; and

aligning the amino acid sequences of the selected tester protein
segments with the lead sequence to build the lead sequence profile.

Optionally, the structures of the plurality of tester protein
segments are retrieved from the protein data bank.

Optionally, the step of building a lead sequence profile may

include:
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35 of the hit library includes selecting the members of the hit library that
-71 have a lower or equal total energy than that of the lead sequence
calculated based on a formula of AEtotal = Evdw + Ebond + Eangel +
Eeiectrostatics + Esoivation 5 Also according to the method, the step of

selecting§ gis et iprary ipgludes salecting sha,mempers, ek

the hit library that "have a lower binding free energy than that of the lead

sehfdHbE B AftcaP it dFrer M b tween the bound and unbound

states usingrmiafinedscaringfungtion WACERAGMIYbIALRL JiARSa
%gr S,g\GuMM = A%e?'tggtA(%é/dwrgj%. 15 AGSO]ts:- AGeie-sol + AGASA (2)

TICE esler 1 5¢ 11 . . .
e method may Turther comprise the step of- constructing a nucleic acid

library cogpeisirytbNRegemenss thecodiing thetamne swidgequiehdés: 6F-
the 4t library, 20Boute lLinFigyreidiesehamaticallyJepaspnts sy .

T
e{gbodiment According to this embodiment, sequences of the hit library
a

Blife AR RO SHPSF R JHaRETeY rgiéﬁ%y substituting side
chains frdipra:rgtedmerdatabasé sand sceredfahthed strugtusaler protein

C gQB?é' Ity i of the | rotein (herein after
rgferredi%%! gfs}%%#é ?gﬁe%%t%g%%ué%e%}p :ﬁltleqfl gs% C[(;éetﬂléesnfﬁc?&)a .
evaluatiot® tReHiv libbery isrrepraiitdingy ¢darmgeastordingroilhaseotes in
aﬂ@p@w@mﬁg@n}ﬁ&m@@;mﬁiﬁe@%&%ﬁmmmé&bf@%/d@ﬁ@i@ﬁﬁg%@a
%Q%rgxf oCtltoen Cgrel seleﬁtséand translated back to a library of nucleic
acid for fRetiSnar SCra8hing if it's P FifE FHEE s no amino 30 acid
sequendé:combimedonialysfeptinthisembedithentte@pftonally, the method
may furligt.comprise e siers Al g an. g aeid Rosianal.
variant profile of the hit library; converting amino acid positionaf variant
pTBfRIGIBHE it TRt st s d o SittdHetarariant profile by

back-tranglatingithethZ 2ramind acig pasitienaloapants dtosheis of:
CorreSp%%ﬁggmgigyaCA%%%%eacid positional variant profile of the hit library;

converting amino acid positional variant profile of the hit library
mto a nucleic acid positional variant profile by back-translating the
amino acid positional variants into their corresponding trinucleotide
codons; and

constructing a degenerate nucleic acid library of DNA segments
by combinatorially combining the nucleic acid positional variants.

Any of the above methods may further comprise the following
steps:

introducing the DNA segments in the nucleic acid or degenerate
nucleic acid library into cells of a host organism;

expressing the DNA segments in the host cells such that
recombinant antibodies containing the amino acid sequences of the hit
library are produced in the cells of the host organism; and

selecting the recombinant antibody that binds to a target antigen
with affinity higher than 106 M-1, preferably 107 M1, more preferably 108
M-, and most preferably 109 M-1.

In one embodiment, the method comprises the steps of:
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codons; and constructing a degenerate nucleic acid library of DNA
segments by combinatorially combining the nucleic acid positional
variants. 5 In yet another embodiment, the method comprises: In one
embodiment, the method comprises the steps of. providing an amino acid

Seque”g?o%ﬁ&ﬂ?g(@fﬂ%ﬁl!ﬁr[swﬁ Qlhgeheayy t?{éa%(l\é'é?e%fek'%i;%‘& dai.

Vi,) of a lead antibody, the lead antibody having a known three

FrePsibn diYut firdsirtich s Efined adeebantibodtrideiisreriptitedy
identiyinguheninine-acichseqsionce simibe: cRRs @f thailgac-@atibodyd
s%lec(tjlngagr}e of Ehg CDRs in the VH or VL region of the lead antibody; 15
SITLCLLY emplate; . . .
providing an AMir0 Acid sequence that comprises at least 3 consecutive
amino ddichtesidurthin ahozeleciedGDRN the seldutddDBmpidhcitbad

. being a lead sequence; comparing the lead sequence with a
plurality of tester protein se%éences; 20 selecting from the eﬁi;rality of

tester prGlEfE&dEneEE S (35S tRd pepider sEgfhging fldtiidsadyt least

Hedbisetyence identity with lead sequence, the selected peptide

segments forming a hit lirary;. buildi n amino acid positional varjant
orofie QPR bk LSy o ol SRRl fos (RTe s

Appeafnt et eachpesitdoir ol essthe 1Badeegished Bomiinrligatrsl amino

agidhyarianissiythenbit Hbrary 10479dees & &ombination of hit variants
which form a hit var'an[ﬁljb{;a\rg; determining if a member of the hit variant
{éorisuit

library i§Straetdral [ERATRE B85 SR U BB Iald TEifg a
soariag fangtionse30 and selecting the members of the hit variant library

that scare equal {0,081 hRtterdhanihe sadseguense Aqearding fothe,

method, the step of combining the amino acid variants in the hit library
iRERIBERTISS SERBARGHHRAM MY didorst e WAYFatsaney By With
appeamncadigher tharcdtimestpreterabbridimasinosepreferably 8
times, acpé{ermming if a member of the hit library is structuraily
compatible with the lead structural template using a scoring function;
and

selecting the members of the hit library that score equal to or
better thanor equal to the lead sequence.

According to the method, the scoring function is an energy
scoring function selected from the group consisting of electrostatic
interactions, van der Waals interactions, electrostatic solvation energy,
solvent-accessible surface solvation energy, and conformational
entropy.

Optionally, the scoring function is one incorporating a forcefield
selected from the group consisting of the Amber forcefield, Charmm
forcefieid, the Discover cvif forcefields, the ECEPP forcefields, the
GROMOS forcefields, the OPLS forcefields, the MMFEF94 forcefield, the
Tripos forcefield, the MM3 forcefield, the Dreiding forcefield,and UNRES
forcefield,and other knowledge-based statistical forcefield {mean field)
and structure-based thermodynamic potential functions.

Also according to the method, the step of selecting the members
of the hit library includes selecting the members of the hit library that
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-73 most preferably 10 times (2% to 10% and preferably 5% of the
frequency for the cutoff and then include some of the amino acids from
the lead sequence if they are missed after cutoff); and combining the
selected amino acid variants in the hit library to 5 produce a combination
ofiplvarapi il formaibratgnyibiat.. Acepding o he method
the scoring function’is an energy scoring unction selected Trom the group
coeRetiAtFe etsstosrafidommeracHbns, van der Waals interactions,
eleglinstatic.solvation eneray, +selyent:accessible surface solvation
energy, and conformational 10 entropy. Optionally, the scoring function is
one incorporating a forcefield selected from the group consisting of the

Amber fortefietd;«Chianmm thercebistddhtDiseover sufidorgefieidsn dhthers

E I q i€ re(gieltjes he OP. ef rl flelds, the
oA o e B RS Ty e imbiey e
DR oreatiBinading ORRES T dbaal dhaicbther kndwiegysbased

stadisticatdaraefield (meandield)-@ndatiuctyebasedhermadynamic. .
p%tential fur}ctigcrlls. The rr%ethod may further comprise the step of:

cor?é?r%gtiﬁeg%l nuc?l%?élggidﬂfb?%?ycomprising DNA segments 20 encoding
the amino acid sequences of the selected members of the hit variant

library. Fg%ge;IX@gﬁJng%rgs%%@ematically represents this embodiment.
According to this embodiment, after amino acid sequences of the hit

library are profiled against the lead sequence, a 25 combinatorial library of
higMari@ants, i.e., hit variant library 1. Hit variant library Il is constructed
based on the fre%uencyjl?éapgearance of an amino acid in each residue

position (as in ROU Tl équé}m%é%" bhit variant library Il are built into

the 3D structura Gf jhe templatespratein (by substituting side chains from a
rotamer database, and scored for 30 their structural compatibility with the
lead structural template. Based on the structural evaluation, the hit variant
library 115 ¢eprditsorbyy ranking accopdiag tbeheestofe in energy

functioneSipspe et the -SeaLRnces i H%%J&W&Wﬁ%%ﬁf@&%‘é%ﬁéﬁ'&wnh
ae%egl(ti'(]ag Qr%fergy function are selected and translated back to alibrary of
noRradmg (5 §FUTno acid sequences of the hit library.

Route IIl in Figure 1C schematically represents this
embodiment. According to this embodiment, sequences of the hit
library are built into the 3D structure of the lead protein by substituting
side chains from a rotamer database, and scored for their structural
compatibility with the 3D structure of the lead protein (herein after
referred to as “the lead structural template”. Based on the structural
evaluation, the hit library is reprofiled by ranking according to the score
in energy function. Some of the sequences in the hit library with a
desired energy function are selected and translated back to a library of
nucleic acid for functional screening in vitro or vivo. There is no amino
acid sequence combinatorial step in this embodiment.

Optionally, the method may further comprise the steps of:

building an amino acid positional variant profile of the hit library;

converting amino acid positional variant profile of the hit library

into a nucleic acid positional variant profile by back-translating the
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35 functional screening in vitro or in vivo. Additional modifications to the
variant profile of library Il can be applied based on other selective -74
factors determined by those trained in the arts. Thus library Il is a
designed library based on evolutionary, structural, and/or functional data.

Based on the se uenaﬁes of th{a selected. hit list or hit variant 5 library
e s BRI daiple ot

cerdricteddn the lab and screened against the target antigen. A wide

variety gt)a@dgg&ﬁigasayge_%@a@@ Haed-fonLighioy ahPHIN ACERERIPS: s
such as phage display (Smith and Scott (1993) Method Enzymol. 217:

DB SN IHRUAHTY GRPIRS RS ARt BfuakifbP figers 1T PEESNatl.
Acad. Sli. 186 A9 3794 ) nyaastidisplayhtelkengtrate 1997) Protein
Eng. 1%%%%%&93@%%?8{6%%85 iq%&%g&@%éa&s@e%% !
systems. In another embodiment, tﬁe method comprises tﬁg--steps of:

providingf AR @B e skyaedceaRaRc v aidble vegofetorhdasy

chedin(Viihat ight shaientVinoh avepsr antibedyntssleadratibady Maying
ahknown ttf(gee dirQ nsional structure; providing 3D structures of one or
O LG W R TR SR HEBS G BI-D L TR Tty thae
theteadantibodyiaferming a structure ensemble by combining the
Structur%fa&%%%@%qlﬁagb&qa and ihe-aue,prrare,aatihadies, the

structure ensemble being defined as a lead structural template;
|8é‘ﬁ‘ﬁf9ﬁ?’g the amino acid sequences in the CDRs of the lead antibody;
selectingeoneiabthe CHRSAChE M did/zregion ofdhe leadh@b-aatibody;
pgg&igg&%an amino acid sequence that comprises at least 3 consecutive
amino acid residues in the selected CDR, the selected amino acid
sequenBeBihgSdeaIvagUenEsapmperinahedamt sequdrcewith a

Ribralitalfesteinioieln 3QseA4ancas: selectingdiom the RiLAliysof
tester protejn sequences at least éwo peptide segments that have at least

A9 Segehce TEHif Qe = oad seducnce;

comparing the lead sequence with a plurality of tester protein
sequences;

selecting from the plurality of tester protein sed;aences at least
two peptide segments that have at least 10% sequence identity with
lead sequence, the selected peptide segments forming a hit library;

building an amino acid positional variant profile of the hit library
based on frequency of amino acid variant appearing at each position of
the lead sequence;

combining the amino acid variants in the hit library to produce a
combination of hit variants which form a hit variant lbrary;

determining if a member of the hit variant library is structurally
compatible with the lead structural template using a scoring function;
and

selecting the members of the hit variant library that score equal
to or better than the lead sequence.

According to the method, the step of combining the amino acid
variants in the hit library includes:

selecting the amino acid variants with frequency of appearance

higher than 4 times, preferably 6 times, more preferably 8 times, and
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lead sequence, the selected peptide segments forming a hit library;
building an amino acid positional variant profile of the hit library 35 based
on frequency of amino acid variant appearing at each position of the lead
sequence; -75 combining the amino acid variants in the hit library to

- inatj 'go i §0Vg§lj h for, hit c}ia library;
g%%ggr%%%gpi a m[]eér%%glrg éf%n/(\alilﬁr/gﬁantﬁb%?f/@lrsgg%yuggrgﬁéh gompatible

Witntse e st et mplate asingla de sumecioh ghioranBmd sdietimy

the-memherehineihingriant ibrarydhatscaresguahdo or better than the
lead sequence. Sugpba p!’c:[)cesﬁs, i.e., computational prediction of a digital
antibod§ TBFAR M E BT ERtATEAIR iHg BF TR & yRBa EntiBEY o
|iredty ceam dyerrbitertitad ¢b ntpravedthe windindaffinityhof setectedibrary.

antibodjgs. Aftgr i f i t -d] onal
structu geﬁ%f the sg;?egc{[{%t g?]%%%c(?y gg&%%%%@%a% % %;lgg%aergy

SoRiRalibEgn A5 CRe Srmeiihe etFecridtifiéamhy eipaiianigtine

seqtanceandeanieimMatarspace:anciy sukiecing:it tosseltdecking Ap

b Ithe Eer%get anggeen to createla econd enerati%n of the digital antibody
VCIT-dtCess] O

library. Gearse WFBFW 1c?é[ﬁl'{hen be

e Second generatlonvo the f(’5I1i1g§3| & affi
seveengd experimentally to select for the antibodies with higher affinity

than th@ﬁ&%,gggfr@ﬂe@%&ﬁf?&%@&ﬂhgqjﬁé-iﬁyg drigiisraling Rrogess
of structural modification and screening against the 20 an é|C%en eftectively
NS e Fattiral FrotesL P iiboal Fatiabieh Pr réitbratea e
conedipldalthiaresorkeantiplacticad dpplihatos pbthe cpresest tAv¥ention
%ﬁﬁ@ﬁﬁ%ﬁ%@a‘%‘ﬁ%ﬁ%‘,‘ {Bék@ff%of"é”r%,grﬁe‘?ﬁgo?ﬁe SRRPNEeRIAl | )
Framework of the Present Invention The présent invention provides
inHevatiPecsSieitbris eo bbb wrefiolly Bxistngiitingd fisidfcidnoecURRES
irlogis1in-pattinuar, 1ateteind felding-and design, Theapprpach deyeloped
%Qe&&v%ntoraﬁon%b{%es the best ideas in protein folding and design
it & powertir ittegra arwgyﬁ%%lﬂ%?t@éﬁl% fiBVel protein
productBhfonpractidah ap flicetonsompriighltieretighpfit and cost-effective
ManNeL.on structing a nucleic acid library comprising DNA segments
encoding the amino acid sequences of the selected members of the hit
variant library.

Route 1V in Figure 1D schematically represents this
embodiment. According to this embodiment, after amino acid
sequences of the hit library are profiled against the lead sequence, a
combinatorial library of hit variants, i.e., hit variant library I. Hit variant
library II is constructed based on the frequency of appearance of an
amino acid in each residue position (as in Route III}. Sequences of hit
variant library II are built into the 3D structure of the template protein
by substituting side chains from a rotamer database, and scored for
their structural compatibility with the lead structural template. Based
on the structural evaluation, the hit variant library I is re-profiled by
ranking according to the score in energy function. Some of the
sequences m the re-profiled hit variant library II with a desired energy
function are selected and translated back to a library of nucleic acid for
functional screening in vitro or in vivo, Additional modifications to the

vanant profile of library II can be applied based on other selective
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The inventors believe that a central issue in molecular biology is to map
out the functional repertoire of biopolymers such as proteins, RNA and
DNA molecules in terms of their sequence and structure. The 35
functional repertoire of biopolymers is shaped by a complex interplay of

elective pressures during the course. of evolution.and hy physical -76
A e R D B m B G
dnvigmaditeicoharishsnWirlLig themdifferemia i tveesl dndunatticatal
gigrolymers and the random polymers? What is the best strategy to

exploit the rich diversity of function, sequence and structure spaces of 5

naturalBEEUIFh G SiSHERRERS (of chsats ot B gty srehetvinianible
strusturésbad progen biakedidal filictjensPrAnsuie i hedequesiiangn
e | ' I ! n de vol%'on £3 ecjally
e e e B
Aeflgiffasicty Theipresient afvensoradiressssitdsigissbeatiphhet
@?ﬂ?@gl@i&&ﬁ@?ﬁ?&@ @ggﬁgtffgr_gﬁ%eﬁkpg%saﬂy@bbt{ﬁmk@me% ;
nderlyi 0 g and evolution to provide the basic knowledge
e Tor N Seanting e BIUE SHEORALER D) Wt e Ly
ExperiNsdhtalcand HreokslitAhEindds U dingoteipioldiiicbnda4l.
flesian Rddhie BroPIets Selsted 1) (N aRRIOadIEs ANd o) QUi e

inventive approaches to solve some of the longstanding problems in
proSiTUEsigH it engineering. 1) Protein Folding and Evolution 20
Proteins:areeisertiabntiecuss for periosminga-divessaarsespalor:
biological functions. Proteins acquire their biglogical functions by folding
el T e R e gy o e
Peadictihgiproteirsthgit o fiont\Se qliencadtiniéhvals tae Lrssbivedbody

pERbieN. Howayehkeparaniprogiesshas een made in-understanding
25 the mechanisms of protein folding, especially with the advent of the
RECTFtRHH BT E S AL B8 B FReERAES HHeD Sarefioh

statisti€A i
states inckobaing: patMy arysichhghdyndmiocst natutesall prateiigpnformation in
solutiopas.Bernell dpsumenindn ol SpsHImEnial apg eg i
studies. 30 Dynamic fluctuation in protein conformation can be essentia
antibody and the one or more antibodies; the structure ensemble

being defined as a lead structural template;

identifying the amino acid sequences in the CDRs of the lead
antibody;

selecting one of the CDRs in the Vy or V, region of the lead
antibody;

providing an amino acid sequence that comprises at least 3
consecutive amino acid residues in the selected CDR, the selected
amino acid sequence being a lead sequence;

comparing the lead sequence with a plurality of tester protein
sequences;

selecting from the plurality of tester protein sequences at least
two peptide segments that have at least 10% sequence identity with
lead sequence, the selected peptide segments forming a hit library;

building an amino acid positional variant profile of the hit library
based on frequency of amino acid variant appearing at each position of

the lead sequence;
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carrying out some of their biological functions such as in allosteric
regulation (Monod, J., Wyman, J., and Changeux, J. P. (1965) J. Mol.
Biol., 12:88-118) in protein-protein and protein-nucleic acid interactions,
and conformational gating (Zhou, H-X, Wlodek, S.T., 35 McCammon, J.A.
(1998) POyhS 35, 280 9283 In-e02Xmati astuiliens THE SOV Ruce
ensemble approach is favored over the classical -77 discret state

apProBEMHR R SEHbiIRT St il Rt fgTmer ihismisnecabearit provides,

_ not only acieerairealisiicviewofdiepehunars, as.sempased o dhe statiay

x-ray structure,. hut @ general framework for. describing a growing body of
o S AT R e Lt KM st R o
(M&Kg Qian (2002) Protein Science 11, 1- 5). This view emphasizes the
importange.ef #sing the staysticar @{9@@{%%&%@%%9&%3%
Ing

of conformational ensembles on an energy landscape in understan

bigISGiCaH I ERBAS B halkifbfitties (Baldwin RL (1995) 5, 103-109 J
Biomol. BiMR; Pande:4€) V4. pto (A 908) Gk Qpini StuchBieligBab8-79).
T renergy. model (REM). used to study heteropolymer freezin
Rt i s et i
folfig ardadigitissateldy SnParidel i daddes ¥HinGyoshergcant

ToyaishiEanakacReview af MedamRRysIEsin Ok H21Ne: 10,4200 and
references wtg_:'g). uch%as heen learned from the quantitative studies
of St r?n%tii SPOEMOIRG aRE Yekinfipassd dir tredeledtical
pmpgméstmmaéljfreéimg ﬂm}ﬁiﬁomfm@ hetetapolydiers] ﬁpeg_jap@ﬁa;ng the
uansiien.beteeneORImAON slales of ensembles ditrbyieding
continuous energy spectra provides a mor 8 realistic escription 6

ORI dragshamigEsto e RIS 6F pritems] esrpateentotitbarduiiohal view
ohatfBudgisitieiestates pepitating.arsabaforeldafined energywalis-Ihe
RC%lI\]/I tlggg%:gps%rselégggsetg tgat a Qf%ifessa@/ Fand ufficient c%nditlon for
any designed sequences 1o tord i & Kingt Sgﬁfoéc%é%%fé Qfes with

theghrrdgHamic Srabidlco ffoinaationds08 eihselrergyl distibudion thatich a
SRQWS A{EQNALIQUS %FS&X&B‘?&FMH&H&U&%&P%&@&@%&P% ainst the

pronounce ener%yé minimum in the lower portion (See Vijay 5 ande,
Ger AT TR IS BRI Ehth GYieRiTRigess ReviiiPefKIBEéHTation in
Physitsateal. 72, No. 1, 2000 and references within;

The conceptual framework and practical applications of the

present invention are described in detail in the following sections.

1. Conceptual Framework of the Present Invention

The present invention provides innovative solutions to problems
long existing in the field of molecular biology, in particular, protein
folding and design. The approach developed by the inventors combines
the best ideas in protein folding and design into a powerful integrated
system that can develop novel protein products for practical
applications in a high throughput and cost-effective manner.

The inventors believe that a central issue in molecular biology is
to map out the functional repertoire of biopolymers such as proteins, |
RNA and DNA molecules in terms of their sequence and structure. The
functional repertoire of bicpolymers is shaped by a complex interplay of -

selective pressures during the course of evolution and by physical

-76-



10

15

20

T25

30

35

Shakhnovich and Gutin, 1993 PNAS, 90, 7195-7199). Therefore, 30
sequences should be designed to enlarge the energy gap between the
ground state of the designed sequence and the bottom of the REM
continuous energy spectrum. The energy gap is enlarged either by pulling

down the energy of.the native.c IOR 4RPsitive design
‘F8P§f58ﬁ?t§l3 oF yepaosﬁﬁ}é p 1 Scé{%flg%r y%g?) é%%%ﬁ%%\%g%%ﬁéonformation of

aséguence (regatilisidlesigh o sisddifciifcrame g BREFRSH I RREE
ﬂﬁ%%ﬁ%%él@ Rleseqdekatiprateinyris-iaidina uas sirictiy doloweddinia

recent de novo computational pratein design: the composition
kA e e T de e e
Nu {1998y dddat Biol BRGiAEGErd 18 Ly chis aryebbitralieting tHe stable
ensemble charasterisios i lhe.P semusices aompaible e etestions
SHG&LTe 18 More | portant than finding the specific optimal sequence
toahifPgleaviaty (1009PY MR B3¢ TSR 11635V Tt Hitiltiple
alignment of the: designed; sequesresdlefinesalseqhencedpacdithmis
measured by information entropy; a subset of this sequence space is
siHatR a8 THe 10 sequence space derived from the same structural
alignmentobsemedinvaxisiumea@behsPs tovit (2001 PRASICEIN T his

Work.s V%ﬁ’é tli‘_f&i&%ﬁ@@%@%@u%ﬁ%@ﬁ%@@ﬁﬂ@@ the:sequencerpaca:ef a
glven.f% , While a subset of the sequence space can beldgflned %3}1&,
RRSGIRAPIEEAN LBIPVEPTRHIR RISHHSE 65%3?630 TuhTestriction on
the cheicaaf:amine Jiz aaidsat @athGyition dribkaépimg: thendomposition
of amino acids unchanged. i naty ' ution has
R A BUrSL by oS e ol Dok 2
(Majmard:SrtiithplokomneyNafa® [28e 56 SRR M sdouients he

(@Ropes)iploR0 valuesomeasitina theditaess landasapedslamera
issue of evolutionary biology. Although the relationship between genotype

aRasHRAGTEE o EoNTHiitafed to be analyzed in general by a

guantitative method, this relationship can be, however, simplified to

L%ugggeﬂgg%;ype) and structure (phenotype) and

rGatong bet RN _
t refore,%tness values can 25 be used to score the fitness of sequence

{0 a givé el SFIBRNLS A6 HEH PhEEPTmIng & diverse array o

biological functions. Proteins acquire their biological functions by
folding their linear sequences into unicjue three-dimensional structures.
Predicting protein structure from sequence still remains an unsolved
problem. However, important progress has been made in understanding
the mechanisms of protein folding, especially with the advent of the
statistical interpretation of the ensembles of intermediates and
transition states m folding pathways.

The dynamics nature of protein conformation in solution has
been well documented in both experimental and theoretical studies.
Dynamic fluctuation in protein conformation can be essential for
carrying out some of their biological functions such as in allosteric
regulation (Monod, J., Wyman, J., and Changeux, J. P. {1965) J. Mol.
Biol., 12:88-118) in protein-protein and protein-nucleic acid
interactions, and conformational gating {Zhou, H-X, Wlodek, 5.T.,
McCammon, J.A. (1998) PNAS 95, 9280-9283.} it enzymatic activities.

The continuous ensemble approach is favored over the classical
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Genotype (sequences) +--fitness score-* Phenotype (structure) 30
Proteins observed in nature have evolved under selective pressures to
perform specific functions. Interestingly, fithess landscape of functional
proteins has been mapped and simulated using similar tools as in protein

folding field, The fitness landscape is mapped out.in, sequence space in
orjgesrrl%tlgi é_?,i"r%etﬁé) %8 a(er]ll %’ﬁs%é(:fgﬁfé% t’ﬁlﬁ%ggu? t%%%ncg Yﬁ‘r(5:u}gsﬁqf:ltional
prepeisefiapiotEins Statistichl proweriesbstine soquéhterehsembieas

haveheeadiaedie describe thespautiaknebmerk «£L9:-1n PeANEDES sPage of
th targ%ti%otein (Stadler P F. Journal of Molecular Structure

(THES F6E VTS (1Yo FFRESPERIBgREco 0N A tierddare
theiélé eskamtiad tegradientiscemiveddihin Cherlqndem e obeiheBiyeacset Of 1-
C%T'%ﬁﬁ&'%%Mﬂﬁé&ﬂég%%ﬂ%?&@%%&?oﬁfﬁn%’rﬁ‘f%‘{%%éa d the
connectlv_lty between cqnflgurathn _that.deflne the distance or relation
bERPEER Configth strrs i Rine sdFietsa a9 doaivoaatictelimesasbles
(pﬁﬁp%ﬂ)’eﬂfe&lﬁf%iﬂs‘éﬁﬁl_@ as thedbindings da{)gmr%m%ﬁw?@ﬁwoa@@ nf
receptor a Igand, tige n ata ytIC activity of an
e e R 8P o g R ! Partde
péfdsective ofetoluticrpiheJimess Rinds@pes-afising from mapping the
SequencerRlEEKLAlons SlRERNIA A0 LOIENS DRI ING o

existence of neutral networks in sequence space 15 evolved under
pAIBSHRy e SHslHeH BnBERERES, Hidviamly ah e RS Gral s Aerlpmasie]
evelutiendowand ia newdfithesgifusetion;dn somsaste, thr randemyy .
seguences evolved under.rugged fitness la es without tra)
R 6 et opy i N
saqudlite apaceiaraesaturahseubheebhasuneendona 2 &wlutibrary

optimization indatrelestivepIeSSWE1raush, a-mouniain. gimbinger
p%oces . An effective route to a new fitness function via sequence
al

BT R TS T O IO HE R PR s kKBS S G BB HLE ither than
b eaerpmlynutatioiih (Sthdler B dnsloovmakofbalemtiésrBttictuse states of

(Theaehenn) 463, 2o A= &322 3049489 o more
A%I;e%r%nke Ba%%%dé %%&%%98%2!\%%({%%%8% g%a‘%?%% 2 %%%ﬁdfiﬁe refative
efffi@lty grsearimyhftfridingftdpedmeinpmtieiohproteins

compared to the traditional view of a few discrete states populating a
set of well-defined energy wells. The REM landscape suggests that a
necessary and sufficient condition for any designed sequences to fold
into a kinetically accessible and thermodynamic stable conformation is
an energy distribution that shows a continuous energy spectrum in the
upper portion and a pronounced energy minimum in the lower portion
(See Vijay S. Pande, Alexander Yu. Grosberg, and Toyoichi Tanaka,
Review of Modern Physics, Vol. 72, No. 1, 2000 and references within;
Shakhnovich and Gutin, 1993 PNAS, 90, 7195-7199). Therefore,
sequences should be designed to enlarge the energy gap between the
ground state of the designed sequence and the bottom of the REM
continuous energy spectrum. The energy gap is enlarged either by
pulling down the energy of the native conformation of sequences
{(positive design for stability} or by pushing up the energy of alternative
conformation of a sequence (negative design for specificity].

The general rules derived from this simple model of protein
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versus gene recombination in protein space can be simulated and
compared using the REM as well as heterpolymer-based model (Bogarad
L, Deem MW (1999) PNAS 96, 2591-2595; Cui Y, Wong WH, Bornberg 30
Bauer E, Chan HS (2002) 99, 809-814). The above-described theoretical

ies of protein folding and .evolution using simplified models have, .
R S T R e R e
clgsiawinistroetoresiing sbguenoescitisingHoldingahdeysiutibiie The
inyeptorsshalievs that a3arthporythat cambves thesansgRtsda malgeular
biolog?/, thSICS of spin glass and physics of heteropolymer should

e

prdfitle ARiREEUFANTRRICTR THA SR SRR propafisasitcs of the
biegabmmesscdheatilgistionangwehesameas: deolw tadtrirspobtarcoticeptual
f i j i t
T B e T O P T e

Pieted S 3) BiridtIExfernenttirin @ Thvarstical MetdsgizfordProtein
Seguenees Besigasia theehand Rreblems Ehakhia FherginArspaigneeal

in protein en% eeriélfg {ﬁ: éosgenerate roteins with  novel or improved
; a

fﬁlr%ﬁ%’r{;fost i$eh A Ao AL RBE D FavEbédiifsed to
cistaeproteins;aniinkedizymead evithndesired progestigsrireitrddiractédn

malesyak s¥Qlution.and strugiyrie-pased 19@%&%@%@19&%&& s

approach of in vitro directed evolution employs homologous sequences,
RIS ARARAGEAOSE R AR GMiTe shafMHE 6 B4t dhviirse detilieriele a
liraget Miitasts suitle desisphle: Lapropariascare selacee iniarhighmess.
thro g\b ut, creeni nd re-shuffled. , This procedure is iterated until a .

SRS Hr ST S0 S BROHRRIOR L s i hano
dirédtedt evsfutirtiandutEse Pl et vohapysilictrdemiony anderscores
thadmpestance of the screening method in 20 evaluating the functional
fitness %ﬁhe protein libraries (Wintrode, P 8v_Arnold, FH (2000) Adv
Protein CHefl B8 67125555 oF R A0 Dty 4Rt T Rsrsu Sdh&iiity of
igbstiedLigh ot @rezyrabtio $eregnings havie tdogita s (vhey suedeSaastof. g

resdevalution Coppased oyalignalenaineging (e sipge§dn,
gvolutgon requires little or no a}ldditional R (é tsﬁ e
values measuring the fitness landscape is a core issue of evolutionary
biology. Although the relationship between genotype and phenotype is
too complicated to be analyzed in general by a quantitative method, this
relationship can be, however, simplified to relations between sequence
(genotype) and structure {phenotype) and therefore, fitness values can
be used to score the fitness of sequences to a given shape of

biopolymers as shown below:
Genotype {sequences) «fitness score— Phenotype {structure}

Proteins observed in nature have evolved under selective
pressures to perform specific functions. Interestingly, fitness landscape
of functional proteins has been mapped and simulated using similar
tools as in protein folding field. The fitness landscape is mapped out in
sequence space in order to define the mutant ensemble that would
enhance the functional property of a protein. Statistical properties of

the sequence ensemble have been used to describe the neutral network

-79-



10

15

20

[
wh

30

35

25 information such as the structure of the target enzyme, and can screen
directly for biological activities from a large pool of molecules under
defined selective pressure. The dependence on the screening ability
imposes an upper limit on the size of the generated combinatorial library

r he size of the sampled function ace. Because
?gr{\jd%ﬁl %%%ggggnae%sogé%aﬁéggrrgﬁ%‘%r%ﬁef%’t&é?% i?;éjc Ahainéficient
phbelessier gererhuny dhdiversalisiady, thkprbBadility DheosiGhil OB L,
functiopsldgprovement by any single random mutation is small and drops
rapidly f Eémultiple simultaneous random mutations. It is_also difficult to

generate SV BB RGNS Sl aRSslsR e drdie ddndh posrinrape
thbqn_mteéacmidf Iewﬁgﬁﬂalﬁunhemfa_r&;smétdmmdessg@ém Rt

stufing,on; horapleqnns-igeamiinaiag.elasaienges i Hioh homaiony
(>70%) limits the sequence space that the resultingiibrary can span. As a

rbRGIistEpcs R eSO R atBRrEr SHUitMERdiRR ScradiingseAdsadd: can

seanplingdily ashriokiag Weabseayescs spacsn hisimay e eficiant tmiry
i%%@ﬁj}{gng new hO{noIogious S cwengas with enhanced properties but

may Mot be AtBHuAtE To r%&ﬁt??ylr?gil HIG Ve BEFGRAERY (i Ppdtentfay

gresrdrtiaretionay iof proverments. Notietisétess pehefididli amihe aaiget
substitutions are generated 10 and identified by incorporating random
mutagenesis. Accumulating beneficial point mutations has been used

successTuRAS OIS RATH e e al HtRTbe YT HipoTtdReesppresariting
destechpiapertiel - Besjdescihet sitopled asnamMuaganesis stvalegyi

NG Jecomiination by DNA_ shuffling.. including family shuffling approach
%at COIW%DH'IGS genes frg)ﬂrﬁ 15l tlrplFeglp%reﬂ%bgf) f%es é%r%equs 8%%?5 <
spedies] eredeaRighibimprRiat-Bidvataiye s tNesevidinp elrCzfdagne,
B WMiNgNullad S SteBMes WREa£2000)L Ady: Rratein Chem 55, 264:1292)
At%a cIo%e%I}/%relate%séoblem to protein folding, protein design is i
CONsl AR A S B VSRS YBIYf G Pl #BrhiibroR ! RpavgitFEput
20c5278-52%81 Rab o€ 12988} Na e BO L1 i200) 1finding thecsatjuences
RkanRiUAS 10 e (RaEL SpuerenReslabg ORI 2EHSNGEa Dl
would give rise to the target'scaffold Is considered’to be an Importa
evolulionary optimization under selective pressure through a mountain
climbing process. An effective route to a new fitness function via
sequence alteration is to follow the neutral networks in sequence space
rather than by random mutation. (Stadler P F. Journal of Molecular
Structure (Theochem) 463, 7-19 (1999); J Theor Biol 2001, 212, 35-46;
Aderonke Babajide etc (1997) Folding & Design 2, 261-269), The
relative efficiency of searching the fitness landscape via point-mutation
versus gene recombination in protein space can be simulated and
compared using the REM as well as heterpolymer-based model {Bogarad
L, Deem MW (1999} PNAS 96, 2591-2595; Cui Y, Wong WH, Bornberg-
Bauer E, Chan HS (2002) 99, 809-814).

The above-described theoretical studies of protein folding and
evolution using simplified models have provided some insights into the
statistical properties of ensemble states of protein structures and
sequences during folding and evolution. The inventors believe that a
theory that combines the concepts in molecular biology, physics of spin

glass and physics of heteropolymer should provide a unified framework
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step in engineering proteins with improved properties for a wide range of
applications. 25 A major issue related to the inverse folding protocol is the
necessity of maintaining a rigid protein backbone. Because
conformational space needed to be sampled is enormous, for practical

reASRSy %ﬁ;rgctic %—rg tstruc%t re ofla rotei%ﬁs still widely used as a
starting p%tgllnt In raﬁfoﬁa sft?ﬁ&ur& 3§eéeﬁf’dteln %F{Hrelf’gh?esi}gﬁf %%Ogbes

iHpETde pister idnerasproteh s ey cdnimaection oparieds séaquetrios .

GareRatble-with thepralainsts IR Pased gi-semiempiricalrllsatom
functti)oré%s}]describin the interactions between amino acids. While

er}%@%ﬁus i e t amins
REHatve proteih TE RN (8 OrEFAte BATaiH & irbation with robust

conformational adaptation, the computational ground state of a 35 rigid

@p&%@éﬁ@ﬁ@%ﬁeﬁ%warm&sr%%.fggg@é%@&gg%%@fﬁ@s" ence

perturbation in protein backbone or side chain retainers to provide an -82
deesigate nibasuteuotistaphigms i éffofikdreBackbone parameterization

have beep,madeda: addressithese;issies i adivaling theRlatie with

orientation between_ regular secondary structures (Harbury, PB, Tidor B.
SR OB ENREYE) BRI Sdigriees g2 BATEA I8t 8IsgRrRes
(1967 pErotiBeid 6p 2B pOF:ditarbury B, drlens dd, TidorBsiAdderT,

KD R 499 %;ﬁ%%?@&?@ﬁé%&ﬁéﬁ@ FagRveors believe that a
simple but efficient solution to relieve theﬂocal constraints Is energy
ARG B ah lttiEy bERRIFoE e & cHAsYReEfAP AR tion
Malgshkenish MDA Blgr Sk BSI200) PNAS AR, 14825:30) for any
structure type of a protein as demonstrated in t resent invention far
R R G A R
rarg totiparametgdzeeihigenéngh Apart flopy & few casesamithrregigiied.
$6RANMA0E SHHCIUGS(SRS) daPelondsMosiobihg RrOIgiR dasign strategy

strictly follows the inverse folding protocols in sequence selection in order

ey RE ithatiiaethsk of searching the conformational space. Even
with batkofesfusedinptivwertikit searahing algerithms;, inctudirg steshastic
M S, B i e S el i almngion
feirrdtieghinmihe functional fitness of the protein libraries (Wintrode, P &
Arnoild, FH (2000) Adv Protein Chem. 55, 161-226). The availability and
improved sensitivity of high throughput enzymatic screenings have led
to some successes of directed evolution. Compared to rational
engineering, the directed evohution requires little or no additional
information such as the structure of the target enzyme, and can screen
directly for biological activities from a large pool of molecules under
defined selective pressure,

The dependence on the screening ability imposes an upper limit
on the size of the generated combinatorial library and therefore the size
of the sampled functional space. Because random mutagenesis by
using error-prone PCR is biased and inefficient process for generating a
diverse library, the probability of a significant functional improvement
by any single random mutation is small and drops rapidly for multiple
simultaneous random mutations. It is also difficult to generate several
mutants simultaneously at a single codon position at the nucleic acid

level.
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incorporates various factors in stabilizing a protein assembled from a
rotamer library of protein side chains (Ponder, J.W. & Richards, F.M.
(1983) J. Mol. Biol. 193, 775-791; Hellinga, H. W., Richards, F.M. (1994)
PNAS 91, 5803-5807; Desjarlais, J.R. & Handel, T.M. (1995) Prot 25 Sci.

4 2006 F01% Al B ayenSi (1999) 1L, S5 5, 895~ 203)

For amijno acids exposed on the surface, evolutionary pressure may play

OIS e CRRPIRTIRTRE LeHikifes seideduahioriolons 6or8%)
ré‘gidnst\mh@@qpaﬁlﬁﬁgmmamtsﬂeaaéﬁlﬁﬁgSg&%Qﬁ%ﬁ%ﬁQrﬁC@s a

s%]e% tf %ut haé/ég @%vil e SIC ﬁi‘%mts on the surfac a
hlgh%/ variable cﬁarge and po ar so?vastlon in e%aa&%'ﬁ%rﬁsgé%ga %o
cﬁﬁﬂ@ﬂ@hﬂg@@s@f!@medw@d expusadasidrchaiihiT hisimitatitinient for
re&H&M@%@&%ﬁd&@&%ﬂ@@Qﬁ@ﬁé@é%&?%HLBE%@@?o%%?d%ﬁé&@e

steric con?Ftramts are major determinants in des'%nmg amino acids 3
tHB8E BOLItoRE R AgdAHMEHYSTHVidOSR BRI e EisEbRtinuous
regiensiaBd sueitasfoore hosndapr @and-surface residues in order to have

differen ] C f fferent sites of Ieln structures iyat,
B..& M tl\g%%g&é%%gggnggt cl. gl 855- 658 owever or. &° elatgg
proteililprotand intersaionsaties rpuiantrasidges e lodatedmr dheg

speiacecafl-piateina: andanostdikely-ondhe loaps gimigteins. the-mest

difficult or wrggglar §tructure class o ?aﬁrotelns Upon interaction between
proteins “soma of the TBPARIRG FR&iaT8S BLlb A lGAa oPHatR expasslss
niakingribtifieoid tonrod ek geeieineractions asspecifimcldas obresidnesin

cssinifegs ohpoicie THE SIS bellevs (LA Aol protel

loops are widely involved in mediating protein-proteins interactions Sucty

S HHER i ReRe S CORS 6F shipsuesRericantirrs ohighdkines
aimgtheisdageptotdy e (NethodseRistiogriatie: astaxe stk far from being

C§P%Ql%@‘%f @%@e mtelgacyon ith Sgg %§ % y, of the loop
structures of proteins by using orce ase yach alone,
unless it eeaBiEd heted g@éd%n%lggyemnﬂéﬁa@ databasdesign is
I@fﬁi@ﬂ@&%(&@@ﬁé"iﬁﬁ?é@%lﬁﬁf@'ﬁﬁ)%é&?%}e}dwll@ql 12037 PNAS 78,
L0 S0 E TRANY QLSS I%C&)fie'dﬁ&&@?&“é‘é‘c?u%ﬁ’éﬁ's”
that give rise to the target structure. Designing protein sequences that
would give rise to the target scaffold is considered to be an important
step in engineering proteins with improved properties for a wide range
of applications.

A major issue related to the inverse folding protocol is the
necessity of maintaining a rigid protein backbone. Because
conformational space needed to be sampled is enormous, for practical
reasons, the static X-ray structure of a protein is still widely used as a
starting point in rational structure-based protein or drug design. The
inverse protein folding approach tries to compute the optimal sequence
compatible with the protein structure based on semi-empirical all-atom
energy functions describing the interactions between armino acids.
While the native protein is known to tolerate small perturbation with
robust conformational adaptation, the computational ground state of a
rigid protein backbone is, however, not sufficiently adaptable to small

perturbation in protein backbone or side chain rotamers to provide an

-82-



10

15

25

30

35

folding, a perpetual problem in protein folding and design is to develop 20
an energy function that captures all factors known to contribute to protein
stability, whose predictions compare favorably with experimental data. No
matter how elaborate this procedure may be, calculating the small
dﬁ‘ﬁgﬁf nee between fwo lar I 98, numbers of stabilities for the folded and

e

“states o eaopro e|n Is’intrinsically difficult 25 and error-prone. This

difficultySbaedriEw &en pekbonie ther regioarofaimerbsyiidseantiieade to
inteatace betweaRivg proleinslh the RQ!?&@‘%EH%&%&%@%%%M“OSG

forceﬁleld parameters are still under active investigation for an accurate

SO PHE SonHy FUHEGD M HE S B HithE eXpetithdrital 995)
fé’edtmal&rcmma Spe cfiO teBHidystem Akshicrtp 3BLcappdarad do He éore
Pagking Wd?{QfBIﬁ%?%éCﬁ}g@é%ﬁa‘M%f %1 aib@%faﬁé&nééaff% "f

a alns a

proteins that are dominated by polar an rged residues stil

dificiEtadRan RRidRE TheliRventsrberebetcusathng e ciainlplsing
algrithimsshewn te b@e@@ﬂ@@%@%@@%&%@%%@@hmg@n

prot rovid an eff ctlve lution t SS oblem
The mgver‘?t?rés(gsq?epss usmg % eba%%‘%ﬁ#ﬁ
foldirgprotocdt Al OV MBS th@S@osﬁi@hﬁng eui;thamaeaghawpe of a

E%@k@%smme&%&gegﬁl%m;h%%ﬂ@@%b&%%%‘? 3&1&999%@@8 on

e S|de chain rotamers are unrealistic. A real protein would
AR AbTAE Sifa cREf HRRSHSRS br t8tamers meatgh iy hardds

fknmtaatmslm solgtioerthat is reminiscent of an altered ensemble of

confor g}gtg%eglgagotse%%%at ée rametrlc %e%ent?tlogs see
e

between egu ar secondary structural élements en used ve
theleystennsticofdlamprot protin Backbeires mmm@my.s, TidoirBrae
@I&liﬁg%)fé%lﬁSﬂ 8sMayed L9R0) BHOL-SE} d Hatb MR B 1BICH1999)10
e{ncie 282, 1462- %46?3) tl—|owever |E[|s still dlglcult to %Ue h an
proac CERChORE ST LB E&a‘?y% A GFal BisHeREURRAO B b5 eth
m&mﬁﬁwmﬂmwgng@nmmm@ms@mmeMmm@aslofcthe
compHtalon tatignalmetheds anatientfvaluipRAr AIRIRIAASSIINS S MG 1o

sen to avoid the rational 15 structure-based approach altoget her and

DFREREY LBedissbweliiioaxsermemeiissls BIER S st
powetbok areatindgoa diiterses in stabilizing a protein assembled from a

rotamer library of protein side chains (Ponder, J.W. & Richards, F.M.

- {1983) J. Mol. Biol. 193, 775-791; Hellinga, H. W., Richards, F.M,

{1994} PNAS 91, 5803-5807; Desjarlais, J.R. & Handel, T.M. (1995) Prot
Sci. 4, 2006-2018; Dahiyat, B.I. & Mayo, S.L. {1996) Prot. Sci. 5, 895-
303).

For amino acids exposed on the surface, evolutionary pressure
may play a greater role in determining the sequence selection than in
the core regions where packing constraints lead to conserved amino
acid selections. But having fewer physical constraints on the surface
and highly variable charge and polar solvation interactions poses a
challenging design problem for exposed side chains. This limitation
restricts most protein design methods to the core of proteins because
the steric constraints are major determinants in designing amino acids
in these positions.

Some algorithms try to divide proteins into discontinuous regions
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library by random mutagenesis and screening them by experiment is a
highly inefficient process. On the other hand, recombination of
homologous genes by DNA shuffling allows only a limited sampling of 20
the sequence and structure space. The inventors believe that a

compytational meihad that-nas no A priod; plysical limitations can,search,
a much larger sequence'space. In addition, a key aévantage and the
mEFRTARYiRiee stk <l aEHE sdssrohERottRes BN S ol é3rfnieatd B.1. &
cantipb fILISaquensetbran: Al Boveny Sfagediailo SMEFIREA I otein
s%e[%ngrg%oggistﬁgoj\évé tg]% d%rié)tein ddesi ner to r{la e gri%[er virtual jumps
in'protein sequence Space that - Sample Jreate? GisBidas WHIAGhight
leatPtsidiscevdrynobhblelysegy dbndesmnd strottimes thatmhastlitiéfionnar

h%@éﬂ@é&@%éﬁ?&@%§%%@€%$®B&Q?ﬁ¥e§9§t¥éﬁ‘{%%ﬁﬁnd

direction of these "jumps" 30 Can be controlled in accordance wi

eXpetmshiaPree ke i telowinRd ssitkishReraasdapeed ameslfpeak.

Thigrcapabtitylis@xpetfadilt increase dﬁfam@tiﬁgl?ew&ﬁdw%@%i&ﬁc class
C ational pqwer and._development of noyel algorithms and, new
e b e NG R e
35lebmpiiationaiplotein desigiistiperiodtednvitre pirotiein proletioproteins
experimeniakngthod Unless e subile-but impesantStustiy@. 5854

perturbations resulting from the directed evolution can be understood and
CAMUIFEE Fr SHAIEIE HaS RSB th R e BT OB o Ee
arg geresdlly fnotflocalizeid gocthen batalytic sitesibyt-akeidistebtitacs Ooverh

I p otei ' r ratein hackbone 5 (Spiller B
o Ry e B B R s Bt ity 1
tHASHF EMPARE BhedXperitTERts Kdreernbiradoisidy R atoed tivitias] istill
thaamy selinhle appeash availahleda-evalyatethaybirlagical fungtians of

nwﬁcgggféggt Qs Q?BH?IItIed by complicated 10 competing factors under
experimental conditions. It is extremely hard to correctly capture all the

details stmitdtatbousitiii sy compotatiofetcenithde ianortaljpitinggimtctien

apswel:Withoutextensivesxper h{qﬁfdlﬁggﬁig%%sgsoﬂ%velop

scoring functions can only calculate the stability rather than activity or

SB@C‘Fﬁ’(ﬁf@r function thaf captures all factors Kknown to contribute to
protein stability, whose predictions compare favorably with
experimental data. No matter how elaborate this procedure may be,
calculating the small difference between two large numbers of stabilities
for the folded and unfolded states of a protein is intrinsically difficult
and error-prone. This difficulty becomes even greater if the region of
mterest lies at the interface between two proteins with the polar and
charge residues whose forcefield parameters are still under active
investigation for an accurate evaluation. The scoring function may also
overfit the experimental feedback from a specific test system. In short,
compared to the core packing inside proteins, accurate calculation of
interactions between proteins that are dominated by polar and charged
residues still remains a difficult task in this field. The inventor believes
that side chain placing algorithms shown to be so effective in packing
the hydrophobic core of proteins may not provide an effective solution to
this standing problem.

The inventors stress that using the fixed backbone in the inverse
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I5 Some statistics-based approaches have been developed that shed

light on the evolutionary sequence design. Using a simplified model
similar to the random energy model in protein folding, Bogarad and Deem
have shown that DNA swapping of nonhomologous DNA segments with

lou ERE I SUUSIUTES I Puchimere sfficigntdn 20 searshingdbefitness

landscape in protein space than gene recombination of homologous DNA
Oy BRI ISheingL v RRG A RSO b Brey thar ot Mugtishs @owaratnts

Reemn M LI00h DA S 86, 22832880 Resetl, Brotein would
to explicit out the

heteropol r-based,maodel has been use licitly m
Sequ éxr?réleé{(rsinﬁ%ech U cr% e gfllcl)r%ﬁ%s?nofhseoﬁ t ﬁ%gag’ﬁ%“?a%jcf S 3:3/ 2 e%l%%amm

shuetupéipased eobliendrytapproachitCuityof\Worgtasdd, ensemble of
BorbergaBaueal dehaniz (2004) 89 809:814). e point puiatigns

zige found to lead to diffusive walks on the evolutionar Iandsczraﬁe, where
C

G EEG0R e ARSI TG B HER ST ansmisHet ResEsEsTdo drive
m@eymmﬁctmmgymﬁmmmpeﬁwgamrpsﬁ.mmm&gﬂaaﬂo
%@p{eﬁrscérp@éey;eé&%? ﬁagg-maw OfLLates, defermines, the. (999)

effectiveness of'¢rossovers in'sampling the pfotein sequence an

 shuietifie dpacd M PRuLHae invenmierbidlisve that Birilitionary seghemce

design:siosid Mok he dimitesto Rainhnautationsart heMPlagaus 98N60y

rgoco&%ilrlwggti?ns. 1§5 Exgterirpental feedback is also essential to show any
of the” Expected Mproverientin Pt M prpetties and to improve the -86
agreementdsetivedntietiretical predictiomandiexperimgntdb téstpatient

Lesiatlais,-Br&diqadel, { M &%%E%h%-a%@%é%%%xfﬁhiyaﬁ

B.l. & Mayo, S.L, (1996) Prot. Sci. 5, 895-903; Keating AE, Malashkevich
VRIS B8 PRPESHOE) PIES Y, 22838 B0 tuseh the wishitors
helevértbataniessstiBuagreemant bebsepovaxparmantah@adiiverse

i0 lue e confirmed (Keating AE, Malashkevich VN, Tidor
A R R o B S b
et g pidlalcah dpeeritfe Pre slae ethar atodstragiomsuftidiffefent kinds
o RreiRiRs. dRerneptaNibrany: shauldinat beImitedin: 10 seananeess

%ound the %Iobal cr)gtimal or suboptimal solution from computation.

e R S PRARENAMIS SR7Sfould be constructed to cover a wide
range of istribatitors dedetheteaemydandscapesathakthod that has no a

priori physical limitations can search a much larger sequence space. In
addition, a key advantage and the main driving force of the rational
approach is the ability to design and control the sequence library at
every stage prior to experimental screening. This allows the protein
designer to make greater virtual jumps in protein sequence space that
sample greater distances which might lead to discovery of novel
sequences and structures that has little or no homology to the starting
sequences. Additionally, the virtual size and direction of these “jumps”
can be controlled in accordance with experimental feedback to follow
the functional landscape to a new peak. This capability is expected to
ncrease dramatically with increasing computational power and
development of novel algorithms and new software tools.

Obviously, computational power will not by itself make the
computational protein design superior to in vitro protein evolution

experimental method unless the subtle but important structural
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score as good as or better than the lead sequence. Some convergence
between in vitro directed evolution and 15 computational sequence design
has begun to emerge. For example, the structure-based de novo
designed enzymes are usually not very active (Benson, DE, Wisz, MS &

Hellj Q 6292-6297;. Bolon DN, Mayo SL (200

RSO T LI SR e Gt Qe i B hadiios
différerresiamert carr SRS alsiartidy o0 pbvanbaubjedeeadieated
evpluliendak activityimprgvementdidtamisane, MMiBlackbw hulMge

A C, Fersht AR (2000) N 403, 617-622). C ly,
R B B R B S B e MR i agipone

sit&¥pfidiecdhcentrdied point MatatidnisHn SSeshutioRargy deSjgrNAD@er to
req@%glgﬁ%gh space in directed 25 evolution, although these sites are
found to be different from those from sequence profiling. (Voigt CA, Mayo
S, ArnoldiTFHE BTG Zaes (D00 TFISNAS 96 $7T8c3 73 OHBWEREE Ahe
inventorsdeslieverthaktbaistrategies fppdirectedyavatitieon shauldibane

a ed and measured.in quantitative terms 30 beforge.launching the
e e e R R i e
DNAshaffivgoleorputaideatiynoroptimizkb cenalgowsib | dteeperineentdy bard

copditignsandapssinielinits farsnhancement dYigene, StoMaianas. &R,
Lutz S, Benkovic S (2001) PNAS 98, 3226-3231). Given the huge protein
spAte i 2af] e REaraeBY 35 VR0 IS oo SEHES S TRFBHAR
compardrihsdefficiencyancf litndations: mhenentoioseach @xiyecihedtakahe
computation hin.-8 t rmine the best route for the
spgéglﬁéﬁ é?o]b%ﬁ&gt{ %%% .&'i'vﬁ%;i r?é%%{%%ggg% believe that, for

structure-baswisirsieii-sexigpd armaart spthe prdisremdras ipneré that shed
detgiministia @pprrachias sejplicatedppeblentiwith uireglistie model
assumptions. It is well known 5 that interactions.that, stabilize a protein are
e DS e e
avérage bithe shmemibAfluehiatiorsrpbse veddnzolatbzekat BaHchange

upga.interactingnit, enetberserotein ot asligand; Ahgtefoneidhe idea of

looking for the optimal solution to a target function is an interesting
thesrairaned rrdifergs BidRrgReoe S RRTBASS KB &68¢Gl relevance
to reabmbination of homologous DNA by DNA shuffling, which in turn is

better than point mutations (Bogarad L, Deem MW (1999} PNAS 96,
2591-2595). Recently, a heteropolymer-based model has been used to
explicitly map out the sequence-structure relationship in the fitness
landscape in a structure-based evolutionary approach (Cui Y, Wong
WH, Bornberg-Bauer E, Chan HS (2002) 99, 809-814). The point
mutations are found to lead to diffusive walks on the evoliutionary
landscape, where crossovers can tunnel through barriers of diminished
fitness. The smoothness of the energy or fitness landscape, together
with the ratio between crossover and point-inutation rates, determines
the effectiveness of crossovers in sampling the protein s.equence and
structure space. Thus, the inventors believe that evolutionary sequence
design should not be limited to point mutations and homologous gene
recombinations.

Experimental feedback is also essential to show any of the

expected improvement in protein properties and to improve the
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biological problems. Either the defect in energy function or the stringent
restriction of using rigid backbone or both would contaminate the "optimal
solution" to the design problem. Thus, again, the inventors believe that
experimental library should not be limited to sequences 15 around the

%}g%ghﬂ@ﬂ?@é%&%ﬁ%@éﬂig&if}%ﬁi@&%@ﬂ?%%%&@ﬁ%@&t be

d by the assumption and parameters used in‘the computation.
Ihtaisalare ée%u&n%%@é@b&% bl preteredf rarigé 1RO EBEnhsBivat,
seores heker than auegy -t theilesdssenvencessheowld fe, used for

rimental screening. r eyolutionar ein.desi e
IR U e PP S0 Do s s by
rdraairy endre ahefiere HeigneeleBsitkomermethudsate eohustrenangh tel

%%é?%%?ﬁ%ﬁ?ﬂ%liﬁ%ﬁ%a’i@!é!@ é?ék%hqﬁagi@&ﬁﬁk%ﬁ?%ﬂﬂ%@%@f%ﬁ
design. AthOlﬁgh DNA recombination bé NA shuffling and random

histlyEn SR Hav 298 br&iiast v e protdif sy draemsiifiaietlonal
seteeringlynplelefficie poways oflidtatygangmtien-sheuid be @gbereds

e process should  become, predictable and o

utiqg ratpgrt an
0}1 6;.0 e ited to
relying exclusively’on the final screening resu o far, directe

E0ENRIPERAT Pera HppldebrlomtisuetessiupriisoN sehetisio daeay st

desigh Racensaisis gasiel-te-de 30 high thoughnit SereeriRgAQfructed
enzymatic actjvities where chemical reactions can be readily detected.
R R RS b HHA e S BB rEer SAIIRICTE BV by

d'n:em@s@aﬂdmmauitkctmnaﬁangmstdbd_tedqhmghout the.entire protein
sequengs, also NRses AIePIEIRSdOr §¥AlYINg §SHAIN B2 BIQISINS.Ofq

pharmaceutical interest. In therapeutic antibody design, the mutations
REBPI BTt SG I Crtafit PEgidMeSsheBvas the e BIRCandPLggample, the

medificationsdedaderaviovglysipad framevwerk segions manendes theive

otein potentiglly i ic. Su ireable muta uring-.
B Rt oL P a0 At by a7
bepdRer 658Ny 910 c8d (#E Chb peiiflyenichad bf ifhegRlimmundgsaid g novo
euas il petngeate the acivit- imPYemeNtearasd by dartarting

experimental effort. The rational structure-based protein design has

BT GE1k FABI LSBT R VS eh A HT RA Y BEGY S T B liver
$8tmennpressiWil, Blackburn, JM, Aguayo C, Fersht AR (2000) Nature

403, 617-622). Conversely, structure-based computational method can
be used to identify potential sites for concentrated point mutations in
evolutionary design in order to reduce the search space in directed
evolution, although these sites are found to be different from those from
sequence profiling. (Voigt CA, Mayo S, Arnold, FH & Wang Z-G (2001}
PNAS 98, 3778-3783}.

However, the inventors believe that the strategies for directed
evolution should be analyzed and measured m guantitative terms
before launching the laborious experimental work. Some steps have
been taken to simulate the DNA shuffiing computationally to optimize
the possible experimental conditions and possible limits for
enhancement (Moore, GL, Maranas CD, Lutz S, Benkovic S {2001] PNAS
08, 3226-3231). Given the huge protein space that can be searched by
various approaches, it is important to compare the efficiency and

limitations inherent to each experimental or computational approach in
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results. Over the years, exciting progress has been made in 10
computationally designing protein variants possessing the target scaffold
(Dahiyat, B.l. & Mayo, S.L. (1997) Science 278, 82-87) and markedly
improved thermal stability by repacking the hydrophobic core

Malakauakas V- § MR rodte (RNBLNAMIE; SEUSHIBIOL SnA48; 475)

and discovering novel scaffold not yet observed in nature (Harbury 15
P.B. etgl%fgé’gfg‘iﬁéﬂéésﬁé%?hfléi}a%bﬁ? o HO G SRy EHY
dffinty desigpsaennetintepestingrpliegrassthaddreenm made topextenth ttisa
ationaLaprroachigalizel binding iy By dsslaning Rsidups. arund
the binding sites in three different conformational states with open, apo-

trt closeadtéeme intirig Riite StRav'can mediratearRiding 2 CHetvity
throuah-an,allestsrigaffestionthekinding sites AMakyithe) frkniiellinga
H.W. (2001) Nat Struct Biol 8, 795-798.). However, for mast - proteins of
BifEgrAr AR RSSHIES 1RSPELE R SrLERT SMAREMERSR TEguRstTeth

snol_aiﬁhes;bgntishstﬁkmﬁgaﬂalbIé‘hegﬁfarbyv}re_ﬁdh&ioﬁkipkixﬁ@cieptlf@r such
desion, Athough stuctural.ognomis,Proiggtis 2r.aramised je.increase the

structural information at an accelerated pace. 3) The Inventive Approach
Thellsrsehtinvesisprolidds ARtrisst e approhents2Bficiontfirmap
eutithecdispibution of theHitness ang-engrey: langseangics0dn pietein
A e B D B DR DAl o o
methods. Given'the incomplete Rnowledge of principles underlying protein
thidifip anbd esigrich@ endembleipasedistatistidahappreaich thproteintors

cembipatorial ibrany, saeksie designRaduanceLhsarebIes thatare.3s

compatible to a given structure or structure family, that cover a

AHHHBGHSH: o BT e ARTY Fh AB SR R S BT E Dottt e PIRAT BF IR -89
lead seguenceblbisatatstiocakbeaatsadhistlerdistibetion abcsbquenees
ar structures rather,tha ecific optimal solution 10 a_ Qi [ "
T s A SRR T 2 AR R e

Seq crerew Bnsewisla S Hittraresa e st By taudlsileadi g Bl ratfeshamdroe

thamaspesicsaaHencaaististure. The inventors believe that
e energy distribution function into differeﬂt enseﬁﬁp

partitioning of i le
statleic, iﬁliggefa H&,Og g’;}f%ﬁ}’s%?lgﬁ’ current approaches to gemgn

of proteins as biocatalysts {e.g., enzymes) still remain more art than
science. But some methods are robust enough to be directly applied to
solve real world probiems in commercial biocatalyst design. Although
DNA recombination by DNA shuffling and random mutagenesis have
provided diverse protein libraries for functional screening, more efficient
ways of library generation should be explored and the process should
become predictable and routine rather than relying exclusively on the
final screening results. So far, directed evolution has been applied most
successfully to solve the biocatalyst design because it is easier to do
high throughput screening for enzymatic activities where chemical
reactions can be readily detected.

However, the inventors believe that the unexpected solution
provided by directed evolution with mutations distributed throughout
the entire protein sequence also poses problems for evolving certain
proteins of pharmaceutical interest. In therapeutic antibody design, the

mutations need to be limited to certain regions such as the CDR and
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effective sampling by subsequent experimental methods. This statistical
approach to mapping the functional space of selected protein 10
sequences provides a means to select protein sequences of real
biological interest in the context of a fithess landscape described above.

By @%{%g‘setgnése%%%&é?“%ﬂc% P%?R%%&?ﬁé?éhe{{&*s‘%ﬂaagsrﬁ%%r the
optimize sequencé’or a grogp of sulrJ-optlma seqlUences, a protein
designemstaielikerpreransierdeting appedsn erbigsed SN cHONES
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c‘%?ﬁgﬁ{ﬁsgsﬁ@’i?sceé‘ﬂééﬁe RS GrRELR IR F R EIREE odels
ofprotein foldingt ardaedotcrbasedroprtheinevehashadderdtanding of
tggp%QHgmgl@tgﬁociated with methods existing in the art. Through
investigation and diligent experimentation, the inventors have developed

practical ol tRaSHEBIEREH RRel s S SeprBin B ringone fast
eRgineeing arddesigprespesialhin thepaxcitingdirle-ofantbndyressive
er%%i%%griagé F'%%ure 2A schematicallx outlingg innsygl%g)dbio olymer 25

. e vears, expit TOLTESS e &
evolution system developed y ¥h& inventors. ASShown in igure 2A-C,

therpath ftdrn ally iktadnangarisipolymer{Esgpoagsoieis ) s tha fivfal
candigriqseguenrceswihesiyed function(sdiayersesdn shregspages of
biological importance: the sequence, structure and function spaces. In the
BRSSP s IRH ST BRLEE) S ROy R8I0 3 SRR G core
databdse(s)tor, éi/.M_ut&mmw réldtett sequbirdase ISis_wmiteﬂidhq& Hi&0-
zﬁ%ﬂ%@&%@%@ﬁsﬁg SUHGIHTE ARRGE, IR ORtAIN: M org  AliStank by

) e
sequences when structur ignment is used. The variant profile of therl%fit

IiBrarye e kYRS SRE assing Acidfréulihdy it Parlastsahptiydaand

PRSIAY. BRiprthe st chite sPaGe padaitesariand annisgeneratechi this

silico based on a reduced yariant profile and partitionin (rFi ures 1C, ID

S SD SR s SoAISE LRk W o Bl gy s ot

combinadionssisee iFiguesdEier eph cordoCR v Ritstatian Nibraey Bt

@599%&@ml@&%&%@ﬁq%@{)@mmﬁ@&fﬁm@lﬁm@wmﬁ@e,
m

and preferred sequence ensembles are selecte and_re-pﬁ\gﬁled fo&tge&

CRT G S S B PLAIER n GGG AT TERE S e G

thecifi:sHcOlNA (2001) Nat Struct Biol 8, 795-798.). However, for most
proteins of biological and medical interest, the structural information
required for such design is still unavailable or at a low resolution
insufficient for such design, although structural genomic project is

promised to increase the structural information at an accelerated pace.

3} The Inventive Approach

The present invention provides an innovative approach to
efficiently map out the distribution of the fitness and energy landscape
in protein sequence and structure space by using ensemble-based
statistical methods.

Given the incomplete knowledge of principles underlying protein
folding and design, the ensemble-based statistical approach to protein
combinatorial library seeks to design sequence ensembles that are
compatible to a given structure or structure family, that cover a
distribution: of the energy landscape with scores better than that of the

-80-



10

15

20

25

30

35

library is evaluated and passed on for oligonucleotide synthesis if the
library size is acceptable. Otherwise, the hit variant library is re partitioned
into smaller segments and smaller NA libraries are generated with
overlapping sequences to maintain sequence and 10 structural correlation

esulting. li i Example. section helow.and Eigures
gg%ach)e netgﬁgefurﬁ%%g{ggagﬁégfi%eﬁ%ﬁﬁf@sig%%é}esﬁfﬁ%ﬁ%?@ (s)greened
T PORMFOSHIBABES i ihsutthaskdioetifec onipurationkl Eyeltofer
|i§1@f&¥ ia_gﬁaemad mﬁﬁiﬁq%%rfgﬁétiae?@m. lafw@ﬁt§ei§19!?f_?ra§g&f@c@tﬁe it
evaluation and potential therapeutic development. If no hits occur in_the
RO TR iNG it TR Lo B GE b RosTc R
Bazedissorhgearithon vasiaeiti frofiterace selectadfornthe target system
and the IOeRsS Ipdstavied. A6 ARG ARRIFEAISA oM NG ARpisHRn A

Figure 2A, an 20 important distinction between the approach describe

HEREHEM BRI ERS SO RFTRB AP b TEh B ABRA BT e vHR e Haran
sefuenea: dasigin dbthahthe gresentipvantianeombipesithehast from

b(%t .worlqs to e>§3|gre the fitness landscape in eqzlljenc aqd §tr&1cture.
statistical apprpdc ho ne%opm the Juncoon SHH ce 0 s% ected protein
spaces more “efficiently. rap%roac combines the evolutionary

inforsakon i @8 dpreteinsaguentd databdsenwitiytive: physitad @onstraints
ez eomeatiility ofdhe seguences with dhe 3R Stricte. eha Pralsin.

The biglogical function of proteins can be computationally evaluated

tHr S BHMRpIHG B Rrhlte§TaEorab fuanTaicthat Lifsheabothinele
exalutiondrygpleaiioninsgauencd spacepand-physioahecenstigintsdin 30
structure space. In. rticular. lication o inventive meth 0
T e R S e e e
dsRisutatoRaPRS LT AGEDB dies Are d/fdery tiediniraseaendiggtdstics
angdreedicahapplication. Aptibagdies can bind a variety of 35 targets with
good s cificit\y and affinity. Cgtay iC aptib%j'%es are also bein (i_lleveloped
to catalyz eéﬁe%%é’ﬁ%ﬁ@f?éﬁ%. B9 E WS pareiRrappiestion:
atibody frppe irarablecldopsidie s omible mentdtigndétdsminimg teyibniding
(GRR)As e dramewaik regions RSy geted TheChRs

determine antibody-antigen =~ . o
associated with methods existing in the art. Through investigation and

diligent experimentation, the inventors have developed practical
solutiohs to the problems in the areas of protein folding, engineering
and design, especially in the exciting field of antibody engineering.

Figure 2A schematically outlines an in silico biopolymer
evolution system developed by the inventors. As shown in Figure 24-C,
the path from the initial target biopolymer (e.g., a protein} to the final
candidate sequences with desired function(s) traverses in three spaces
of biological importance: the sequence, structure and function spaces.

In the sequence space, the lead sequence(s) 1s employed to
search the database(s) for evolutionarily related sequences. It is noted
that this search may be applied to the structure space to obtain more
distant sequences when structural alignment is used. The variant
profile of the hit library describes the amino acid frequency and variants
at the each position.

In the structure space, a hit variant library is generated in silico

based on a reduced variant profile and partitioning (Figures 1C, 1D and
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binding and specificity, whereas the framework regions provide the 5
scaffold on which the CDRs are correctly positioned for biological
function. The antibody molecule is well suited for engineering because of
its modular structure, with CDRs and framework regions that are well

defingd sequeniall.and Syetyiall, A5, OWlned IEIgUE ABRANIE Heeo
polypeptide segments inan 10 expréssed protein database are

dompatabsnally2Sersched abhinstia vepeidiagiohcergndenchHREBPsTs
lead antieadyrta-pes eRumidadandatbase thatmatepiindhain $eauanead
patterns.with that qf the Ieaci antfii)od)c/l are seltect . thE selected.
5’8838%85%?%”5’%%? SFaty. Fhrtharidie 48 6‘8% S G AR RS B
KX reudadnt i 8lgrofiledc A digemer ates iyoli Sthng sarnind tacidvarant At
SRACH SERUANGE PO AR _%E&éﬁeo%“f&lp@Eg&ﬂﬂﬁ&'&%‘@"%ﬁé&ﬂ?%@f

the occurrence in the hit library. The combinatorial enumeration of this

BIIRET e s ACC BRSNS alERERBESRy TRPHiE VR IBRRIEdR 156 edited
githei by, iCludingramieo aeitsfomihedeadisequenbenicil-sequence

profile a[lt e.cprres Pndin positions where they are missed fron&the hit
CIlcrate Wl% OVE% =1 %11’%1{‘36&116 ces 10 ﬂ’ﬁ%lr% Al SequEnCe anl .
library or by elimina mE mrmo acid variants that occur below a certain cut

offrfreuei cprotiodwn Fveors Gt povaitiang profileicgdfine Sarahils/ariant

librarydl pthedesianegd liktarys Asgutlined in Figures 1C and 1D, each
member of the hit 25 variant library | or |l is "grafted” onto the

correspoRdifg f?é@f&}?&%ﬂ%ﬂ%éﬁ%%%ﬁ DI SIS FREERCH
availableandsglenteds usingasdonitig ifunction ctonpnestitatiargcle for

%fgeg}ryl?%@m@@g%wﬁg Jhgfest Qb e 3RS, Opianally.fhe hit

variant library can be evaluated in the presence or absence of a target

ShtfERLamiBHRY IRt RO B Ecstoree Bracsd e e dHEP R8N EY
experipentaliy iniasdahoratiary: fav thel astuaihisdingeatiingy owarnds the-
ntigen. As.will be shown.in the EXAMPLE sectign, a Jarge number.of
Rk T SRSk S R
seiddtbd rusioesthis sgsiraset and proven to be able to bind to the target

antigen 35 MEGE . Spme ol thesy shone affipiptiigheithai shak ok the lead
antibody (see Figures 30 & 36). -92 As will become | Oéehgpg rent wﬁhr

ﬂ)jﬁﬁ%?tagg%lgﬁ}%qﬁqﬂebetween the approach describe rom othe

methods in the field of computational and evolutionary sequence design
is that the present'invention combines the best from both worlds to
explore the fitness landscape in sequence and structure spaces more
efficiently. Our approach combines the evolutionary information in
protein sequence database with the physical constraints such as
compatibility of the sequences with the 3D structure of a protein. The
biological function of proteins can he computationally evaluated
through sampling of a limited set of sequences that satisfies both
evolutionary selection in sequence space and physical constraints in
structure space.

In a particular application of the inventive methodology,
antibodies are utilized as a model system for both experimental and
computational tests. Antibodies are widely used in research,
diagnostics and medical application. Antibodies can bind a variety of
targets with good specificity and affinity. Catalytic antibodies are also

being developed to catalyze chemical reactions.
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sections below, the approach provided by the present invention is not
only conceptually distinguishable from those in the art but also possesses
many practical advantages in antibody engineering. 5 By exploiting the
expressed protein sequences compiled in the protein databases; this

approach, not only effectively mimics.the natural process of .affini
e e 1S R PR 2 A Mops
SroERNtH aTpYoldaBinding ratierns €8P Bshmpreclhay dee drammmork
§@@&9ﬂ!@§§ﬁ§réﬂ%’£ Hgét'?gjbutﬁé? @gﬂmaéﬂﬁ)wgﬁﬁ%:ﬁfmﬁgm
Immunological Interest, rrom various species can be.used 10 maximize
PSR A SR P br TR By e S RS LR GBI BFRASK Hifinty
wrefrdtom My eneséhlifenees oftitamianp getinlingsfan tilofagigihs
shahe used e ailing gainsta rads SRUICG I TAmEN W cau e

regions for humanization or framework design 15 in order to minimize
ﬁé%%ﬁﬂ&PMn’%f@%ﬁ%ﬁfﬁs THis Gh&ersice ey oatds S H AR_RU
their applicatiengsizas-andtaoimseiapgeies such as human, mouse, etc.
or all spgecies available, permi flexibjlity and control on the design
proteine I BAE Sty g S el St oo Bt
ZQpmestsatt (Tofcin wutabhef the lewn pmtidouyddly the presdriseofthe

taretmolesule @Q;z\ﬁt}ec@ﬁﬁg@mcg thedearigntibegndfibecomplexd

structure or a model is available. By including the interaction between the
dhs6dPahirahtiydh HieSeaRtmtfoRathe Serdtihind proddbs fark
clostiy dninessthecnedurabpreckss«f atinitnnatdsation, las Ahrantigen 25
directed.process, and the calculated-hindi initl co

better wit rqe%%rerﬁ%rreéﬁt%? \?gl?uﬂé:rg%%ﬁﬁepé%gr,@hgg e%ﬁ%%hgé %%%}egr%t
invehiforreb b EfEs TebPApYtAHRTHAE rednionieF an iantib od e Rskapg IWATREE
ipbiased tawyard:aispesifiedargai-nolecuie.ahantigaihdt thereemplex

structure or 30 sfructure. model js available, with experimental screening of
RETEFA 10 Salib o LS with PTG Aty B P E L Buch
@@dcmca@besréitemmmdﬁ@m_rmé E_ih_tﬁngiaﬁinﬁtyllﬂféele@tebe
antibadisenGivenithe avalabili otainigh-affinite gomplex Streluse as a
template, the hit variant library can be computationally pre-screened 35 to

reeiieee REREH el ths epresrRaRTIREBRSINP AR R Foed88Y Tonmsrsd
ta-tiaditienait|ibasies gepemiedihtoighcompletel variants that ocour

below a certain cut off frequency, or both. The resulting variant profile
defines the hit variant library I, the designed library.

As outlined in Figures 1C and 1D, each member of the hit
variant library I or Il is “grafted” onto the corresponding region of the
lead antibody template structure or model, if available, and selected,
using a scoring function, for ones that are structurally compatible with
the rest of the 3D structure. Optionally, the hit variant library can be
evaluated in the presence or absence of a target antigen. Antibodies
with favorable scores are selected and screened experimentally in a
laboratory for their actual binding affinity towards the antigen. As will
be shown in the EXAMPLE section, a large number of antibodies
against human vascular endothelial growth factor (VEGF) are selected
using this approach and proven to be able to bind to the target antigen
VEGF. Some of them show affinity higher than that of the lead
antibody {see Figures 30 & 36).
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-93 randomization of amino acids in each position of the lead antibody.
Through prediction and construction of the hit variant library in silico, the
whole process of protein evolution can be hastened, effectively mimicking
the natural process of antibody affinity maturation in a high 5 throughput
‘manney,._In a.preferred embodiment, the. tein.is an antibody or
SIS e e e LI L S B e
teripate eitbodizc eshoois berotstbthhy tHecl eadssroteny maipbdangt
Bxﬁhﬂ)ﬁ Heneé%mabgyfagg@mswamkwyﬁ mlrfe@em @%aﬂrﬁt@agwre 10
which may be resolved using X-ray crystallography or nuclear magnetic
SSRGS By Ch IR 5 Ctne
ensemBies:gflthetenbtateprotent maytbe prayided &y compiddrin the
srlalingaising.aloaritmsnonn Atk HALCamRaiaeD pldne

nventive Methods with Others in Antibody” Selection"and Engineering It is

DABEIR_IGHA ST SERICHYR JraRihvdnss Rotiahighly Gvarese bty
allewe foryanbraad coverage o sequances shefiedynpasiizing ding
chance of finding the optimal sequence(s). Hpwever, for antibody 20
S BT Ko T Ao, Ao e s o & bt
antibodyeforcexammsiecen tHarCDRsohol el sttetestsivimthearandontizects
GRRs As-compatibigwithiha B3R srugiuaslthe wﬂ@{gigggaﬁm Ysing

expressed proteins sequences as gpposed to those from random
PEtGueliE S ARERHE JUF e THOSM PATETR Te GGEHERS To Uiy e
paveriiivesmethodk; arfginersiumbebofisegléncpsodiingeleciedt Aseadesult,
ence ' t . i in size
e B e e
AURETION BRE St Rt 8 R RAst 2GiBodY R s ShtraSo R Ydient
a&ﬁm@%jr}}ﬁ&@@;{b@ﬁ@n%ﬁpﬁ&aﬁm §.Qe%n§badmlfgbf@£m@,w@émmlw
isojation of cDNA libraries from immunize man anti ene pool,
AL BRI Kb o SR L e CETRRALS B ing
Buttonr(1r@96), shprdceien Heeielet.al. (1999), supra; and Griffiths et al
(1994) g2 THESE IR AIES AIBNEINJArIS. AN, SXHRPNSIY MBI #Btein
terms of antibody 35 sequences. Such a conventional approach attempts
{B%Qéeagib?awtg[ant of the lead antibody) in the presence of the

target molecule (e.g., the antigen of the lead antibody) if the complex

structure or a model is available. By including the interaction between
the antibody and antigen in the calculation, the screening process more
closely mimics the natural process of affinity maturation, as an antigen-
directed process, and the calculated.binding affinities may correlate
better with experimental values.

Moreover, the method of the present invention combines
computational prediction of an antibody library, which is biased toward
a specific target molecule or antigen, if the complex structure or
structure model is available, with experimental screening of the library
to select for those with high binding affinity to the antigen. Such a
process can be reiterated to improve the binding affinity of selected
antibodies. Given the availability of a high affinity complex structure as
a template, the hit variant library can be computationally pre-screened
to reduce the library size, yet remain functionally highly focused
compared to traditional libraries generated through complete
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trying to Increase
theddrctignatdigerkityiBnothknapproacherigting in the art is to design

-94 antibody as large, and as diverse as possible to mimic immunological

response to antigen in vivo. Typically, these large libraries of antibody are
displayed on phage surface and screened for antibodies with high binding
affinity to a target molecule. Such a "fishing in a large pond" or 5 "finding a

needie iRiange fayistack, aRRIACHS hasge.Aning Assumption that a

simple increase in the size of sequence repertoire should make it more
IR RS B RO G RREEREPBING th aliArgaiamterartimighco.
affirityHolit, in-@restiof deoireffieient: fisnaffinitpanaluration, difetoively
inadeguate sampling, insufficient diversity 10 and indeterminate library, .
Ak e RS S EERe) T B A B e
aSstialeruivRRASIET a conventional approach. A simple increase in the

size of sgagReRIRIAMRAVINALAECeSSAIIlY GRuelate With anficalive

increase in tional diversity. Further, due to the physical limjt.on

oD Uty T S Eeb B SHR T e de et frrahe

tacogristructraififordyy Witkhdinet ity wverd1 Qs ithwitrea dTheplibnam #yabésany

aghially, screaned experimentaly. probably, Rresents anly.a fragtion of fhe

sequencerepertoiré at the theoretically predicted size. In addition, there

i iehithfitd e dsseineth RS RN R EH it te @ eCt vkl magnetic

reproseniati e arablerasassackaied it handing andomaaipylatieiefran
extremely lar ibrary in.vitro, time and money ma lost in an effort
L e S e e e g

an artificial 25 antibody library computationally and then construct a

synthetic_antibody library which is e%ssed in bacteria. Knappik et al.,
siipra. THETERERSarHtib6HH BrEHR?

seuencs of-eagh sikaraup of the heavy chain and light chain sequences
according to the germline families. The copnsensus was. 30 auto icall
rroighted bR At Tt BT S P b B UPALH oL i BIBS drver s

TYESIgHED RERE the Y SHsus

rédrrangedseqguencebiordachecopsenisus seguencehwadyidentifietding

searching,against the compilation.afiearangsd . seaurneestandalbody

positions where the consensus differed from this nearest rearranged

ségtiupBeshdfhapededy rlfnermBRel ibaaqgFnests of the lead

antibody, for example, in the CDRs, not all structures of the
randomized CDRs are compatible with the 3D structure of the lead
antibody. By using expressed proteins sequences as opposed to those
from random mutagenesis and filtering out the incompatible sequences
using the inventive method, a fewer number of sequences are selected.
As a result, the sequence space of an antibody to be screened is
reduced in size without losing sequences that may be highly relevant to
affinity binding maturation and stabilization of the mutant antibody.

In contrast, the current methods in the art for constructing an
antibody library involve in vitro isolation of ¢cDNA libraries from
immunized human antibody gene pool, naive B-cell Ig repertoire, or
particular germline sequences. Barbas and Burton (1996), supra; De
Haard et al. (1999), supra; and Griffiths et al (1994), supra. These
libraries are very large and extremely diverse in terms of antibody

sequences. Such a conventional approach attempts to create a library of
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35 the seven VH and seven V1, consensus sequences were built and
analyzed according to their structural properties. -95 However, there are a
few problems concerning such an approach as far as therapeutic
applications of the selected antibody are concerned. The definition of

) 888#]%%%&9%”%%@%% be 190 arhitany and such artificial seghiences
efined ay notg_oé rqpresentatlve 0 % naturaﬁ funt_:tlona_l structu .e,
dieseaghelpantetitanestand vrgethrathapalsisnidy enstimdtarddeady
m@mgt&?@m%qg%ggecg_ mdiceieati@ﬂssew&w rl;ﬂcﬁhgmh gﬁ%u@itf; high
equence a e designhed to, cover mal t, se.numan germiine |
R R e e oG PR SReBaPTAT
bitas dhezconsedsussedquancb i ranckdvaank ¢8ck limbedatuombdraof
%@Qﬁﬂ%&&mﬁ%@ o uman Deipg.safenip the. GPURR.QLEVAIQR e

Although these library construction method is mainly focused on finding a

IEBA HAIBGHT o MieTfotaiargdiantibtdy GiBraiPody e bffipnd to a
matpsation;snostohthe-appasch, descrbed -above istithgtfitedimited for
antibody affinity maturation..More 15 tranditiopal approach. such.as CDR
it L Rl Rl e e
posiiorlefCDRskedirensedBeaiibody affinity maturation. The
presentipventien isspesificalivh frilorad to-designinghigsrelibiandotted
affinity maturation. The inyentors believe that sampling the functional
SPHE DY 20 TSNS ABRES 3 éif?éfFEﬁst‘B&E Gaberetiaet
ramegmcéuﬁmmm@ﬁﬁmimmmmhmwmmmw@t@mmmﬂge@
AH9ENR.1 AN, TRIS-ARATOAGH Wawd BEMGRAIPRANBALILING - an

esign of antibody libraries to target novel an g%ns. The method of the
PRESEHRGHU BT ERiE HI PéRb E o Birib iy SSnstraintditaiivéd from 25
antibadias anfrom-othemnatisadispukeas] AedordingtoThe piesentthat is

DS CHoaT S PO P ROk Repe B S sl EadHEL e
afred e by clitting wae i dibiaiyssBerente sho Phedoicstricturth fahiéinerk
ofifhe. lead pofikrdv-3Q Rasedan hisianalsiste resyting mdtanier-
antibodies are not only novel in_,their sequences but als Osﬁes§a'{‘§§2‘%rf
SRR A A0 RO G B SAAAIY. AL S ROAIR 2 S oF
EXAMBER el darga library in vitro, time and money may be lost in an
effort trying to increase the size of the library and yet not significantly
increasing the functional diversity.

Another approach existing in the art is to design an artificial
antibody library computationally and then construct a synthetic
antibody library which is expressed in bacteria. Knappik et al., supra.
The artificial antibody library was designed based the consensus
sequence of each subgroup of the heavy chain and light chain
sequences according to the germline families. The consensus was
automatically weighted according to the frequency of usage. The most
homologous rearranged sequences for each consensus sequence was
identified by searching against the compilation of rearranged
sequences, and all positions where the consensus differed from this
nearest rearranged sequence were inspected. Furthermore, models for
the seven Vy and seven Vi consensus sequences were built and

analyzed according to their structural properties.
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large number of mutant antibodies are selected using the inventive
method and experimentally proven to bind to human VEGF with affinity 35
similar to or higher than the lead anti-VEGF antibody. -96 2. General
Description of Procedures Employed to Implement Protein Design

Strategie,gEthe RigsentVention, T areceduesinvolye the explgration

of sequence, structure 5 and functional spaces and the evaluation of the
r 2 BRI AARSI SR ERItRS PA e pelscoal ey thedaaF point can
beosithenailedthestiutireard leatksagueseeehaimipyailerbheary
Pioceduis systemalcaliegxplores Rollic sequence space apd stpigture
space in order to identify variant rofiles optimized for uncﬁlongl
serteRmglactresl stenpreEsmdeswtintsRertiorésticaiged) sepatatal

evaluationefyiefornationdorse QUeRes ARMOL SIS FRISRARS AR then
compbined, ig consecutive evaluation from sequence to structure, or from
S IBRIE T e RGBT TSR AN e o SR 4 aTHE" VRl he
sféqmri@endesig@malmbeseqpmedsinm@h@hmmmreeﬁmged
sl@ea{age%&é&weg%p%@ﬁ@ggg%mxégﬁg&gfg’é%%?ei{ggh@r%ﬁg Wara

se%%?te cycles can be compared and combined in order to arriv
OIS BRI R R PSR iR Bed Cohsemsn s waraRe frstite that is
likelyso dqirechloeistiongitanditatasds the fupclional-sereennlha dwes

starting points are interrelated, operationally because a 20 sequenc
profile @gff%seﬁ e?lr\l/é%1 g% Pels%%g o?%%ﬁ%’é ri?lig(i}h%esffgpgleat lgre%%gﬁ@g%
HerrsivgBustbequidincss wrthwaudims triestiel dligampentadh kivearibed
hamaologons;aificties-SeausnssRilles may-alaa-e deriyed.from

mutational data that suggest functional or structural information. Similarly
STEBHRIFBASERBIES a3 158 Genletiiteli HfoligRABIeRN R BRaktic
sieptations=but sanlalsatbederived fremispguanee afiQmrenisc et knowd

f -based ina. The twa filtering an
T e oA ng

thaigerlg drgisvilgdtivecddpa Becknseindyananeisbeies arrived by
each cycie-are-earapaiediandior3Q:passad-tethe othanaysledarduiher

refinement. For the sequence-. derived variant %rofile, it.is structurally

e ift SHIEF (5 PENCANd
réfinetipiea) 4¢laRsprofife . antibody library and will expand the range of

antigens it can bind. This approach would be very important in the
design of antibody libraries to target novel antigens. The method of the
present invention typically relies on structural constraints derived from
antibodies or from other natural sources. According to the present
mvention, a complete sequence space of all proteins available,
preferably antibodies, including those from both human and other
species, can be analyzed by fitting each library sequence into the 3D
structural framework of the lead antibody.

Based on this analysis, the resulting mutant antibodies are not
only novel in their sequences but also possess higher affinity than that
of the lead antibody. As shown in the section of EXAMPLE below, a
large number of mutant antibodies are selected using the inventive
method and experimentally proven to bind to human VEGF with affinity
similar to or higher than the lead anti-VEGF antibody.
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Conversely, the structure-derived variant profile can be passed on to the
sequence space to evaluate if they belong to the same superfamily of 35
the hit or variant library or for comparison and partitioning to control the
final library size. -97 1) Sequence Space In sequence space, the goal is to

dfterm'&%HL%a‘!ﬂﬁ%QEH 15 tﬁﬁiﬂéo%%q”}:‘ dﬁfﬁ{é NS H0Rt i‘%na%ti%%ey%e

cycle begins with the 5 fdentification o hrough d ase
Rreftieindesieth %ﬁi&taag%ﬁwféﬁ%ﬁgeﬂ@lééw&ﬁ’ée%of.ie This may be
a simple BLAST search or a probabilistic approach such as profile HMM.
Based qQp the variations within the hit I| rar the ence ca be filtered
and palHORBRCRISTE BB ToBy SXERG 1 MRS S Ty
mndrfdldismbaii@nateeachdpﬁsnmml@@mm@rﬁlwm@lmg{m@swmﬂwg
NgbESIHEAYendaSH! fﬁcﬁ,p,@ﬁt&” aewellasdhe E%ﬁidyg%zfﬂ}%&‘ PRad

target sequence are included in the variant profile. A cutoff value, such

S P INEEF, HehaR® BRoh & dRAHbU G tahiey AsRErsGEERRY, or
adfgﬂl@iﬂatd@aw,nkqdweiﬁtweiyl high efc@maﬁh pesiticmaasthe-tnckidedda in

evari nt profile. Partitionin ractical limit
maﬁijl sﬁz%ery ofati'ie agon%tc?eo d}{—ni rary Pﬁartiti%ﬂiiig cair;i) be
d@@@mmm@ﬁtbye@aiéiﬁaﬁmé thesizetsmnseligogaciestgalmrapydyation of

f%@ﬁiﬁ%@ﬁh%%ﬂﬁ@ﬁ@%ﬁam%@@ietiibw@ééhﬁmai%@d&ﬂemed i)
profile segments, 20 Thus, variable variant profile can
ot ol 40820 i HE il DR Te HARTBraLG s

setquithincther limit fom effgctiveand efficentrexpenimeitblisynthesigiience
e gay ation and, Rereen 'Q&&h@@%@@%ﬁ&%@%%%@é&@@%é&ﬁ?

empldy structural “25 correlation information. Since peptides folding in
thPee-smpRITdio RECIftbrabt ARoNG SEQIRTHIEIRIYISaRE SBYhTERREA4C cycles

stctealdarpplaie af dachadeteanberiseddanssigatsiiuciprathal overall
correlateds ﬂuen Ges for gartitioni For in tan étﬁ"ia§ dﬁlggighgoloop

MAY'Ba i ferated wiile dthe(:)Ic'];Llp’E:eri‘(SitseYiaI slaflé atively free of interactions
wittr thieentisiia suoHidB8oscaseehieinarianeprsiiReBan be partitioned into

at least iQ prRfiles-ong JQH@MW%@&@@@%@ﬁﬂ&@W%CcauSG a

sequence profile may be derived as a result of comparing the target
sequence with homologous sequences or through structural alignment
of known homologous structures. Sequence profiles may also be derived
from mutational data that suggest functional or structural information.
Similarly structure ensembles may be generated through molecular
dynamic simulations but can also be derived from sequence alignments
of know structures or from homology-based modeling,.

The two filtering and refining cycles in sequence and structure
spaces are further linked during the filtering and evaluative steps
because the variant profiles arrived by each cycle are compared and/or
passed to the other cycle for further refinement. For the sequence-
derived variant profile, it is structurally evaluated on a known template
in structure space in order to rank and refine the variant profile.
Conversely, the structure-derived variant profile can be passed on to
the sequence space to evaluate if they belong to the same superfamily of
the hit or variant library or for comparison and partitioning to control

the final library size.
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Either or both approaches can be employed in partitioning a highly variant
profile. When partitioning, there should be at least 2, preferably 3 or more
residue overlaps between the segments so that 35 some structural
correlation is maintained between adjacent segments. Either or both
approaches can be employed to achieve operationally -98 optimized
oligonucleotide library sizes. Once the sequence variant profile is
dbtermimSFHEiBranise computationally screened using a known
structurghtemplate-okpabemalogy-hased qwadehand ehscesingdunction:

(see below). This ranki is used to filter,and reduce the variant profile
e g e A D T i b oo TSt VA e,
thdeabifisirighapeduslyitdireninghand gediminhabe sigmontigesearch and

e%ﬁ&@ﬂﬂ@ﬂ%ﬂi@g%@%é}&&%&%?&%@ ’ﬂl@éﬂrﬁ%‘%@ SiPaGR %AW'
also is to determine the variant proflleH%%tlmlzed for the targe-t function but

SPEATTG WitK SR GRIERHE BIPAR B SHle SR RLFEE ¥ KOBIRG
tlveﬁequa_ace'ﬁ_lin‘asddedﬁtﬂihramrage ﬁqheﬁagembhecﬁhUtmﬂmﬁd The
Cé%ﬁi%%%‘@&‘%ﬁ%@s%é%kﬁﬁeégéf%yr&?aﬁi‘%ﬁ %@%ﬁjﬁ%%&ﬂ%%éﬁ%%ﬁ”
be computationally 15 screened"and evaluated using a scoring function.

RO AhdsrBHERIN @8 SPSEORAY RiiietioATRP BECOUH S $oicNes with the

pm%%i&?@fﬂﬁ_{ﬁtcsh%ﬁ@%ﬂ %@T&h@)ﬁm@yﬁ&@%wﬁm wéfh@@rf%ﬁeme
perfectly with the functional rapking. This is neither possible nar
COMHGBRAHY BrACUEAT A OB HGSCT B AP plred St

PSPPI e e SHhg A0S, sueh
f@étt@rﬁmewjlﬁwarscéhyg:onélmmmﬁmm setuence withirfunstion., or
Singeihegeakahing;desion Pretoeelds fo identify,a;gehol preRablayded in

sequences that will possess the desired function, an imperfect scoring
fihétioH twat, Meddftheless correlates sequence and structure with
function peatithenisgdn 2b Seieh @ scaringfaattonraatidayvolvatany the final

SRR e s I e e oy

derlpydatinetbryyithaichecttiss myiropRebibrrickatgef dRawsipwieh the

sgauences CRNtANINg he@pRIORIIatedensiy O aliphatisronrrematients.

sigechaing. 30 Another might be an enzymatic hydralyi actvity el
of the resulting oligonucleotide library can be set within the limit for
effective and efficient experimental synthesis, transformation and
screening.

An alternative partitioning scheme is to employ structural
correlation information, Since peptides folding in three-dimensions
interact among sequentially distant segments, a structural template or
a model can be used to assign structurally correlated sequences for
partitioning. For instance, the ends of the loop may be correlated while
the apex itself is relatively free of imteractions with the ends. In such a
case, the variant profile can be partitioned into at least two profiles: one
for the two ends and one for the apex.

Either or both approaches can be employed in partitioning a
highly variant profile. When partitioning, there should be at least 2,
preferably 3 or more residue overlaps between the segments so that
some structural correlation is maintained between adjacent segments,

Either or both approaches can be employed to achieve operationally
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the existence of a nucleophilic sidechain group at a particular position in a
sequence. In general, the scoring function will be based on
thermodynamic energy sum that incorporates some or all of the
contributing terms that 35 correlate with the structural stability and
fg’}%{%&%{ ;t)l‘llie (proteilsn. tll&égsﬁfngommoglél, these will include the electrostatic

solvation eneggﬁl%‘é %onpo ar soivation energy and sidechain and

backboR@ entiepypemmnPBSaian VNCEIR Sndstetehi thathdibtlaay is
combines Manaistiernsa calaualedusngsmolecHiar eganical sMM)
(t%i_;ﬁflg}lds %%ﬁh the sdc;%:()atl? terms, including electrostatic solvation with
RS EEITETEIAGHAT, RAICOTRES RIREPBY EE\IR e This ranking
Roissah B dlizenanni (Bhequbtiomroamisingfibe e rerslixedoRarmi(§iR)
IRRrQmanon. ﬁﬂ&ﬁ?&vsﬁ-lﬁ&%%%me%gﬁg;@%& e kancousty

proportionality to the surface area (SA), toget contribution from
fHE SRS RatdisarsRRapYe Mrtudlingoatrece BRI SiBERains. Good

correlation between 10 experimental and MM-PBSA calculated values
gised on the ens§mble structures derived from molecular dynamic
Stmulatioh'¥: srBeeDrﬁmreeported (Wang W, Donini 0, Reyes CM, Kollman
PA. (2081¥AnoniReypBioptiys BiahmobSiruct 86121143 hEhenrafined

%‘EBHEIQJﬂﬂﬁﬁi&@@ﬁﬁeﬁleoEhﬂ%@t“ﬂ%&%%%%éé?%ﬂé%ﬁ?'Hﬁée?ﬁg%&iﬂ?g'e

scoring function 15 based on the total energy of Amber94 forcefi
PRpterfeateahl oNGENTHHER WASLSer to S Ean S eBquEnsdaBraryTor
iBe %@&Hﬂngiﬁh@éﬁfﬁ?&tﬁﬁﬁ]&@uE@s(%ﬁé‘%@?@ﬁh@l?sﬁﬁﬁﬁ%ﬁ of
The comparison between the simple scoring function used here the
R s, SATERS, e ot < e T bone 20
temptatelsuruterelder8) (RigwesstaDrg Bysuiggests that the simple
scoringifypetian:is coralatedwith thesrefined scering fungions Bithgugh

significant scattering in the correlation map suggests that some

HERERE R SMiB StotHy TOREELACAR bEdone T itphrovecide
agrésrtigntisithitheuefined scoringfign diton .12 h G&dmpared: fol othar scoring

psionasecip proreinand.drig. desian, MV:PRSH L MV GRSA s @

better physical model for scoring and wo arious pro son
SrnahiforhBa el ARTSEN RIS Lo pUHECHAM B ISEHSVEEERUSe
mutigletraiecterias fom snaleclafign protocol is to identify a set of
probable sequences that will possess the desired function, an imnperfect
scoring function that, nevertheless correlates sequence and structure
with function, can be used.

Such a scoring function can involve any combination of
computational terms that correlates or maps functional values to a
sequence or structural value. A simple case is that of a van der Waals
energy that correlates hydrophobic packing function with sequences
contaming the appropriate density of aliphatic or aromatic sidechamns.
Another might be an enzymatic hydrolytic activity that correlates with
the existence of a nucleophilic sidechain group at a particular position
in a sequence.

In general, the scoring function will be based on thermodynamic
energy sum that incorporates some or all of the contributing terms that
correlate with the structural stability and function of the protein. Most

commonly, these will include the electrostatic solvation energy,
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dynamic simulation in explicit water is required to calculate the 30
ensemble averages for the system. This method is useful for studying
some of the difficult mutants beyond the simple scoring procedure, and
can serve as a control to validate the procedure used in high- throughput
com |on | screening. 35 3).Optimjzed Variant Pr. f|Ie Th firstr of
B B S S 00 T s e -
rB5ifs of Noth tHeSedrienck aﬁd@ﬁn@dt@h@te:xamiammsss@nﬁatd terms
wwgammmw&mw@@éﬁaﬁ%ﬁrmwﬁfm%lmﬁﬁ%ge&gn

Subsequent steps in the functional space aim to evaluate and refine this

pofRUAAd S RE CBSEARA oAy Sambr s LR SR eAE melARt
ahihe:Tesultiniplibiaritcan hesalotogilisPetkabuaifiolisistens (Biegesigm

ryplosel. g erefeued embsdiment e meltod somprisess fogmethod

comprlsgs e steps roviaing a mino acla sequence.o
mmﬁ@b@gmmfi% tPOThezBALEHAMPAPHY G RE Bhtar w19 efackeatca
Oﬂigéh?eE@@tﬁ@&ﬁ%xﬂm&mﬁ@ﬂ(@HWB&M@&M@H&%}@J&WCtUfe
11@& g amln dse uencesgogge CDIE oft lead antibody;
r&gJS‘ﬁé ‘?‘iﬁ - tHe Vi regic aé‘rofﬁ Fé%’&%
amipodycd) prewvidi Wasm@mdgeqmwaﬁmwmum ahdeash®
cansequlive aminoacid residuesin the sglacted (PR dhe.selecied amino

acid sequence being defined as a lead sec;zgence e%éomparlng the lead

SEqEEHEE Withg SluraRgier skisiteih e 29 dd18aHY e
tmﬁd@m@llg&@ﬁt@s&h@t@t@m geque@pesm{ l@ﬁﬁieﬁl\@:@ﬁﬁﬁdﬁﬁegﬁmb@sed
that ha\(/f/l 1‘)9%3 seg (l# ence | en y, with Ie uenc&mgon

se?ec}tle pepti segments ormlng ah }E}rary §|ng fn’amino acid

posittoneh éudaint plofiler e M@%@yﬁ@é@mﬁiﬁmﬁﬁ@%f amino

acigvariant @RReANRG aleaqh Resitionofitba deadsearencesh)

combining,the amino acid variants in the ILIDIA 19 - sle, Figure 12).
The comparison between the simple scoring function used here and the
refined scoring function for a hit library of the lead sequence using one
template structure (1cz8) (Figures 12D & E) suggests that the simple
scoring function is correlated with the refined scoring function,
although significant scattering in the correlation map suggests that
some refinement in the simple scoring function can be done to improve
its agreement with the refined scoring function.

Compared to other scoring functions used in protein and drug
design, MM-PBSA or MM-GBSA is a better physical model for scoring
and would handle various problems on an uniform basis, although it is
computationally expensive because multiple trajectories from molecular
dynamic simulation in explicit water is required to calculate the
ensemble averages for the system. This method is useful for studying
some of the difficult mutants beyond the simple scoring procedure, and

can serve as a control to validate the procedure used in high-

throughput computational screening,

3} Optimized Variant Profile
The first result of the design protocol is the optimal variant

-100-



10

i5

25

30

35

produce a combination of hit variants which form a hit variant library; i)
determining if a member of the hit variant library is 30 structurally
compatible with the lead structural template using a scoring function; j)
selecting the members of the hit variant library that score equal to or

better thap the lead seguence; k) cqnstructing a degenerate nucleic acid
B T BN SUl o P Uh i A M P Gt fonces
oivila slefotietd e isepdubbtierhievdriant libranl; pddéréh determining the

divessifyratihepueieic aciddibranhdtihe. A isityiis hig *}85,@1?&%1] 108cc

repeating steps j) through 1) until the “diversity of the diversity of the™
UEleiR Q¥IURIRRAE BT (56 RORLF (AR 1k o6 SSATYindodifsisg ther
BMAsegmintsdndhedegeneaate sutleiceacittihiprabydpga:aaliseof a host
IS sing.the DNA ents in the host cells such that
%e[com mgir%g%%%ﬁlgs gosn%grl%lg%%%ér%erﬁ}ﬁg Eéfﬁ%%‘ﬁuences of the hit
library dredproGiRieadrnbaEm e itiahostidrodiempliges) selecting the

recombinant,aatibedy:hatbindsloadssagt antigen with affinity higher
than 106 M-'; and p) repeating steps e) through o) if no recombinant
antibod 8 TSI BT HhE Tar GERUFRGE WhIF Y FiGHE thah 66
MehvAsishowiVin Fidiget2Batime(Fhethod isaexeotieddstartiagetramthipods

1AL SEOUROGE, AL PEAUENES Brafile Dased,on. structure-based multiple

alignment, searching for variant profile based on evolutionary enriched
sequenBbifaiibigas Aha Wetewshehirr trRicsom bRl wirh Berdradre

temfate,or ensembles, and then selecting sequence ensembles that can

be targeted experimental TP'HJTJoce re.has 20 been exemplified jn our
examplg}séi%stﬁi*%?ﬁ}ge%%ﬁlg evo u?ibl}]%\ir{f }E'To?Fn%'tig‘ﬁ%or%&ég%ﬁrzead
satjileritss or their combinations including expression, folding, etc. that

are not yebLanturedn thegrstical calpulations, Secand REeLIEMAYIAY a
lot of unrelated random , sequences, structure-based screening for the

(SRR BP9 5 AR SREEIR T o fine S TsiSHttioha e rERET Also

refined acid sequence being defined as a lead sequence;

e} comparing the lead sequence with a plurality of tester protein
Sequences;

f) selecting from the plurality of tester protein sequences at least
two peptide segments that have at least 10% sequence identity with
lead sequence, the selected peptide segments forming a hit library;

g} building an amino acid positional variant profile of the hit
library based on frequency of amino acid variant appearing at each
position of the lead sequence;

h) combining the amino acid variants in the hit library to
produce a combination of hit variants which form a hit variant library;

i} determining if a member of the hit variant library is
structurally compatible with the lead structural template using a
scoring function;

j) selecting the members of the hit variant library that score
equat to or better than the lead sequence;

k) constructing a degenerate nucleic acid library comprising DNA
segments encoding the amino acid sequences of the selected members

of the hit variant library;
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to or 15 better than the

computational scoring such as MM-PBSA can be applied to some of them
using ensemble structures. The inventors believe this procedure tends to
give highly refined sequence library for experimental screening with
significant savings in time and cost. 30 Figure 2C illustrates another

embod gqt of the met%lo%l%r%glggetp d com I‘Ig%% t@ﬁgte Soithtﬁ)e

prowdl an amino sequenc & variable region of thé "heavy
éﬁ%‘?ﬁ@k)%ﬂé@?ﬁrcﬂmﬁ AADO6f ecleeiti atiteay, Mhdieadadtivody thaving
aikBawR tbmr@ﬁeda'm@%ign af sHyciurgavhichdsidefipetkasadead od3ower
%%‘Jﬁufé?é] mplate -102 b) identifying the amino acid sequences in the

e lead antibody; c) selecting one of the CDRs in the VH or Vi,

region ui)threti@ddlcamgbbdﬁﬁ@ﬁpgﬁvmt@mnthmdﬂgmdawmed@mthaid
ﬁ%@%ﬂg’%ﬁ%@&éﬁ%%f &Létéyﬁ&q]mo acid residues in the selected

CDR,the selected amino acid sequence being defined as a lead
sequerbeEpiRTtiRinghA ONAGSEREedb i sBsfiusRks o Brthire of
theoainineacichiesidues obiheilaag seeuancewithioneaemereditiesant

amlno acid residues, sultl lead sequence mutant library; fl
2} fer%lnlngp? ac{amer%r%ber{gTe qgé’% %(Iaq%enstcgrr%a%n?jllbrary IS
structurdliseborrpatithle widenhellead smidtoval thaiplarelading defiestt

SeRtng, fungtian; 9 q{g@fg&g%lq@ﬁ $eauenge mutants that score equal
ead sequence; h) comparing the lead Eﬁauence

with a FHFSRSAOIB TS Gt QoghehdeRoif St b RbAFHBI I Slity
aftestenirotdinsgguences ahleast tihpdfitider $eghmentshat drave:at

least 1% se uenceﬁ@;%yéﬁﬂ}%%l a4, s594ence, i %?L?&Srg eRlidE

segments ?ormlng a rary; ’j) ing an amino aC| positiona varlant

BROEE B ENERIE KirappBases B freqersicy Or afig aeidbirmsdnpuitiple
appeaine ab@achinesiionpfdhe leagdisasierce: veombining theraminp
%gic?u\é?{ci:%n at tgseeh Igu!llgrah r&oeeagggg%g their compatibility with
structure template or ensembles, and then selecting sequence
ensembles that can be targeted experimentally. This procedure has
been exemplified in our examples. First, it utilizes the evolutionary
mformation encoded in sequences or their combinations including
expression, folding, etc. that are not yet captured in theoretical
calculations. Second, after removing a lot of unrelated random
sequences, structure-based screening for the resulting library is .
amenabile to refined computational screening. Also refined
computational scoring such as MM-PBSA can be applied to some of
them using ensemble structures. The inventors believe this procedure
tends to give highly refined sequence library for experimental screening
with significant savings in tirne and cost.

Figure 2C illustrates another embodiment of the method. The method
comprises the steps of:

a) providing an amino acid sequence of the variable region of the
heavy chain (V) or light chain (Vi) of a lead antibody, the lead antibody
having a known three dimensional structure which is defined as a lead
structural template;
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25 a combination of hit variants; 1) combining the selected lead sequence
mutants with the combination of hit variants to produce a hit variant
library; m) determining if a member of the hit variant library is structurally
compatible with the lead structural template using a 30 second scoring

functiong,n) gelecti %ﬁ mbe s%ﬂhe hit variant libr at r
bR Efi}kﬂ% .'%,% 8 ,, 1at Sco
equal to gr better than t ee eélaoseaheﬁ% L;Kél) Cons ral%ﬁ%él%e%sengﬁaet%d
niRI&ROAEid library comprising DNA segments encoding the amino acid

sequencgsatthmsealaeted embats 3510 the hitwaranblibsarye103P)
det%rgwinir_lg the diversity of the nucleic acid library, and if the diversity is
h?éhercf%’n 1x106, repeating steps n) through p) until the diversity of the
diversitydpptieiducteicaeivitibranidssequattc ohidwemthasei k1628 §)

intraducing the RNA ssgments inthe deoenerate pusieicacid. libragy into

cells of a hast organism; r) e%essmg the DNA segments in the host cells

SHHRACKE SERBTRSATABBSHER <O AtMIRE e ERTRE%CId sequences of
the hit lipranyrateprackicediisdhesells ©f the,bosh argasistil@s)e of the
selecting the recambinant antibqdy that binds to a target antigen wit
R AT e T e o S e
réBombingitt wstibaes sefoletirbinty 26 thrrtteyet antigentwithaatfinity

higher than-1Q6:M:ins it Aldzhnetion SRass dnsiupationalspacs the.g9ak

is to express and screen the library derived from the optimized variant
p%fm&?‘ﬁ*ﬁ@rﬁé YPERAG P BRERts B fifEiRtiorP e AN

operatgrialrcoimponent that may not directly affect function but is
mportat (i exprasion: e 20 Pitein o be oRlmEAAN AL NG
oligonucleotide. The determination of the practlcaﬁlmlt on the size of the
JhgdRthestideaibiafySsusarEs a guide to sequence partitioning and
reprofiling eddheavaiiadts ithe sthel-compeneatisthaiiynetioratseressin
that dirgetly

i} selecting from the plurality of tester protein sequences at least
two peptide segménts that have at least 10% sequence identity with
lead sequence, the selected peptide segments forming a hit library;

j) building an amino acid positional variant profile of the hit
library based on frequency of amino acid variant appearing at each
position of the lead sequence;

k) combining the amino acid variants in the hit library to produce
a combination of hit variants;

1} combining the selected lead sequence mutants with the
combination of hit variants to produce a hit variant library;

m) determining if a member of the hit variant library is
structurally compatible with the lead structural template using a
second scoring function;

n) selecting the members of the hit variant library that score
equal to or better than the lead sequence;

o} constructing a degenerate nucleic acid ibrary comprising DNA
segments encoding the amino acid sequences of the selected members

of the hit variant library;
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reflects the results of all previous steps and is the final evaluative 25
portion of the design strategy. The results of the experimental functional
screen determine whether the library candidates can be passed on for
further evaluation or used to enrich and refine the libraries from previous

]:c,teps_. EP&BI%EQHQ%@ $Bk Qﬁﬁ@?é#]%ﬂﬁﬁﬂﬁxﬁﬁg?ﬁ a\@EV%%Qré&’ﬁ'&ﬁ rl,f the
nction can be used to narrow the variant profile or.to 30 give weights to
EHHEFSI S EBE T TR CRAD pSREHE fr Sotiah SR RER AU R
pinypsityrofighethievase wyf dedenerateoligodudieatives dgsightmay lewedrto
g]gl%d%q‘iggation of a novel functional variant that can be used to further
enrich the optimized variant h[z‘éofile. Alternatively, the frequency of a

particuldrigéresharinso aeilP iy reffeet L3 getthe e e st Prétir astd
ahexpressional praferepseoladhesiatter option, a low expressing

sequence that, neverthel exhibit good -104 function may prgmpt a
o e i Ao AT LB b N SR U while
meaintainieg functibndit sdmperaim éh s eletnsonsdsecpntor thidd hiidpit
YRHARS, QNS IIALQLGYR AL IPWERY Jrequencies ks electing only the
highest freguency variants only 5 leads closer to concensus and likel

C [ y
leads t&" 8 HhR RS B aq eitdofid s RiBsihaPelddstional
variaats arenlikehnio coptecirom:cambiiatiamsinot observed in nature.

While we use natural evolutionary patterns as our guide, we look for
oo e e g e R, Ao e
irendlttidnad, (o0 imiesealie Bltgsossibly Ysefiyibrdur ricre intindliate
applicagions, or, perhaps, because nature has yet to try them out. In this
regard, structure-based. sreening of random mutants or their
dmbinSHBARE IO Botentially yield those mutants are yet observed in

nature puﬁlﬁmteﬁtﬁmleﬁa@efm@slmcwr@tkynalmangmm&pu@asltﬂhnggnt
2 [eayiiements.on %‘Ccl%few%&r% FHruature A0LRIeRUE! dunaians as
well I's) ter

as computational speed. ion, Refinement, and Enrichment

Thatdesitprisrotbeolus dingety st chaing trrdiferd fespreesthab Bouas

evaluated hut @l dhe aparmtional ryslgsaednier igkated aadidntegeated so
that information can be exch% ed i\%l)c c{ed fr elgfﬁ% &r{g J:]‘Irr(R:L){nna % of
LD %’EB?’fﬁﬁHSﬂyO 4 i

nuc o‘ﬁ,l
enrich the library
the practical lirnit on the size of the oligonucleotide library is used as a

guide to sequence partitioning and reprofiling of the variants.

The other component is the functional screen that directly
reflects the results of all previous steps and is the final evaluative
portion of the design strategy. The results of the experimental
functional screen determine whether the library candidates can be
passed on for further evaluation or used to enrich and refine the
libraries from previous steps. For instance, a set of sequences exhibiting
varying levels of function can be used to narrow the variant profile or to
give weights to different residues at indicated positions. In addition,
sequence space jumps through the use of degenerate oligonucleotide
design may lead to the identification of a novel functional variant that
can be used to further enrich the optimized variant profile.
Alternatively, the frequency of a particular set of amino acid may reflect
either a functional preference of expressional preference. Inn the latter

option, a low expressing sequence that, nevertheless, exhibit good
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based on the optimized variant profile. As a result, the pathway from
target sequence or structure to candidate sequences is not a single 25
pathway but a series of oscillations among the three cycles, each
improving the selection in the optimized variant profile. In addition,

functianalgyeluationandisaative dature. ak thedesian Jaretogat et only
help improve the variant selection but also help increase the accuracy of

HRRCS AT RIRERH: Kt eSSt Rt tiRY A oR BB 0 0 8N b &SP HERhiSs
exaninednA sissed pretdictichimaydndioate cineonhpatibieite mplatect

ay also.indicate tha articul trikuti .
T S S itbine
peeftrelereintiupenepar seAsth likahaitadrtchaygeere danet e as Arg
VRISSHeYs INTY A GRRJRO ey Hedaviored because ofdtskele b come

rientating a specific confgrmatig_p. (sea% Lgzxaqml1tzz-1 s%céiggebegatw}r, 33105 6)
%@Iﬁ‘rgﬁﬁ)ﬁ B ECHTSN e LW SFEING 15'58bFes and ranking As described
alvoletiseque peeseim theshitvagiaidelibranpehndreccankivatedisanet! on

thelshuetural compatibilty wath the lead aptibady.8iRe RIesaNeR A0,

absence of the antigen. According to the scores and rankings obtained
SR threAltrietPa SV ARSA HHET SO YU BHEES TRMAS AT ERRITHENR) Sfe
recprefjedieoptimizetine sampling ot thehsesquencdantistragtiig space
for functional sequences. This step .involves the selecti :
S o Bl e e e e et nations s
seouishpe(snand yedstomlines therr e gerier Ie SRSEHAN 28014 tohe
qpiiQnigde £e-prefile-all of then seaiventas seering hpties thamthedeads.
However, this is likely to lead ft(étootlarge a lg@;ﬁ gtt)rne%%e{glrp}%gtgarll as
SRR PR d WHY 16X LR L BSUNEe f O BGidnces ' Cenain
lowlenergyrwindetiooisisgwardl 15 such subsets (Figure 7). This will

reduce the eventual size of the experimental nucleic acid library as will be

described in the section below and outlined in Figure 6. When combined
with ratiztidete dtfiane dediyh ARERIEH Should enrich the library with

better sqging. sgausRsese 2R Thaduadificaiomand eptiTizatigmofdhaat

D T il sy e B RE Mg e s AL e oV BHeer
integrated so that information can be exchanged and cycled freely to
and from any space in order to continually refine and enrich the library
based on the optimized variant profile. As a result, the pathway from
target sequence or structure to candidate sequences is not a single
pathway but a series of oscillations among the three cycles, each
improving the selection in the optimized variant profile.

In addition, functional evaluation and iterative nature of the design |
protocol not only help improve the variant selection but also help
increase the accuracy of the scoring function, at least for the range of
sequences and structures examined. A missed prediction may indicate
incompatible template. It may also indicate that a particular
contribution may need to be more heavily weighed, for instance,
backbone entropy in the context of glycine preference in functional
screen. A particular charged residue such as Arg versus Lys in Vg CDR3
may be favored because of its role in orientating a specific conformation

(sce example section below).
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One strategy is to re-profile the best scoring 10-20% of the hit variant
library to limit the number of positional variants within certain limit that can
be easily targeted in experiments (preferably < 106 for 25 degenerate
nucleic acid library). Similarly we might select a set of low energy
sequences that contain desired amino acids in certain positions. 7)
Partltlonlng of sequences into fragments 30 Another size controlling
Strateg AT HERTIGH THE SBHGE S BRGPGHEr HUFANgEEi8lated and

uncorreﬂlataaa‘tagm@rasdnes&rétpi@fﬁ:gaaﬁahﬂmefaﬂéﬁﬁdmwmwth
the small rvarl nt proflles can be sed for eratln maller
IL”‘b?Lallsrlegl ﬁe FatigRataTor thIE ?o g?r%& roXi tgf 51 %Pé?ﬁgy
distanti3% seymentd afesoften erfétﬂr@lﬁtgdrso Mwbmmmﬁwldeiyes
éﬁ@a{ﬁﬁgﬁgﬁoB@aﬂ&?&i‘%ﬂdﬁpﬁ@Qﬂ%ﬁw%&?%?a@&%%ﬁ@%@&ﬂ&é@@t

couple with -106 each other in space should be targeted smultanegus y

Byafet ¥aRbiidibHarhathels Ataphirer e dises

sequence&ﬁdrmmg:theeb@s&ceffﬂiefdﬁﬁmarmgea@talﬂwe@rreﬂate@t@@e to
op,closur hea s often uncorrelated fr mthe ba f the loop.
R e ST R R et pa o

ﬁﬂ@*@@@ﬁ%r@%ﬁ&%éﬁﬁ%ﬁaﬁaqﬁﬁ@ Segtertssasaefiheriob)) are
wead:-dor aRepefile.andlibiary dasionAandesecopd segmenk @pex of

the loop) is used fo the second prafile and library design. There should

B%%%‘r%’%%%ﬂfb%l &aﬁaﬁgﬁe%&%ﬁ%e Bagmes it dsinat

lev el d Daofstrldturel corr elgtionracmany the:resulting dilerarié sy iy assimilar
fashion, %JB@Q?EPE%E‘&&%?%F’Q@Q{QQ&O'1%9&8@%518}5@!'&08&%&

segments to spant € engt of the sequence and correspondlng libraries

§ERBratresinpigTielia dih ke aottecyrtanat siharixtsn be
experneddodentiy corrlaiBeepgments trigurABA). ik Riptienady, a
re detajled inter ction. matri be mapped out to 3,8 Iore U bers
g]%)?)?pesad of it |npnra§lt|or?lgl Bt the %eﬁ"ylng%gﬁiﬁg%le IS fﬁ% samerriecuon
icledtiyFigrooietasteseeprdhtsniihb tasuiingre profilegteastaifigther
ifigd.and enhanced based on observed experimental or structural
criteria. These can 20 include varying positions with known hydraogen

bonds Witf ZeeftBRai bR ARN UG PR OPRIGI A e AL 0

centaots withdiulkyate size of the physical nucleic acid library (Figure 6).
One strategy is to re-profile the best scoring 10-20% of the hit variant
library to limit the number of positional variants within certain limit
that can be easily targeted in experiments (preferably < 106 for
degenerate nucleic acid library). Similarly we might select a set of low

energy sequences that contain desired amino acids in certain positions.

7} Partitioning of sequences into fragments

Another size controlling strategy is to partition the sequences
based on structurally correlated and uncorrelated fragments in
structure space. These parsed sequences with the smaller variant
profiles can be used for generating several smaller libraries. The
rationale for this is that, to a first approximation, structuralily distant
segments are often uncorrelated so that mutations widely separated can

be treated independently, whereas those fragments that couple with
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aliphatic or aromatic groups, or region which might benefit from increased
flexibility with glycine. In an experimental feedback, variants may be
added based on assay results from earlier screening as a basis 25 for
subsequent design improvement. A more sophisticated analysis might

E%‘é%i8{8&089895@:%%%{8&%%%&%%&%@H&E%%%&éﬁhb?stﬁ@“ bridges

or hydrogen bonds within the sequéence. Additional design” constraints
iioelselvestaekliparitifdecthrea?st iripoRs: Giogsawinces
prataing «B0 WAtk thermouifipd:andaptiaizachprofila: IGLGenReIaie aloswte,
inp acid sequence library designated the "hit variant library }I" or

A Aes B T AT Co S s Eahe e o
osiggtireagame enetgefvationy arnd el distioatitvesho il e kpurrd
beyond the 0FGNAlR ARGy WINHQW SINGE VEIRALLLGAMP RAIPR ANG 31

rofile modification are intended to expand the sequence and structure
199 RERTLE RS gl S A SRR A¢ REEBTA\AHORE EHRITIRERRS of
thepnientive Mmethodelagy drerdéscrhedibirndetadsaamiolinas: Shdwild be 2
fonstrction of Hit Anlady fibram i slige s stiated In.Fayie HAwy
hit itﬁary can be constructed Iin silico Ba%e on the lead sequence from a
pé gl eithd lead datilveodyn Seg tiep cesyHomzd @atabssdbRprorelar -

sRgUBNACESIcsUE deaanhankief A thedNHd ontbe Kabat datakasefang
CDRs of antibodies arg searc e% based on their ali(%nment \gith the lead
BT o 4B

SERUShHER By TRity" RERE ARGt AIgSRIS Eigure 3

ihusirates,anexeaplasypraceduse o eansisucting the i, Hyancwhich
begins with a search of a protein sequence database of 15 varying

ety Weith R cleapissduence whilseerisped pomesiemis (Exseddéice
piefilsnisgenerated hyaligaing sequenceswihindhe.sameyfamibyota
structural mogf. This (Iie?d Se%‘[‘e”tc? rafile can be used o _build the HMM
F@‘Egoénﬁcﬁ?ﬁ% S8Guehee databade for hitlibranes olf‘ rémote homdlogy to
iheleashseg benck: Tifisiap proack isdakemtefind a 20 rich pool of diverse
hit SeqmC%ﬂi%inm%%umﬂg)é&eﬂétﬁ&m@f alloayrilphlevarirats.of

the lead sequence from 1e database are included. The database
SEreshen Qeﬁﬁﬁ’é’f’:fh8%858@@&&%%@}"b?gﬁé'ﬂwtena. These can

include varying positions with known hydrogen bonds with additional
polar amino acids, region of high van der Waals contacts with bulky
aliphatic or aromatic groups, or region which might benefit from
increased flexibility with glycine. In an experimental feedback, variants
may be added based on assay results from earlier screening as a basis
for subsequent design improvement. A more sophisticated analysis
might take into account the coupling of amino acid groups such as salt
bridges or hydrogen bonds within the sequence. Additional design
constraints might include solvent accessible surface area of nonpolar
groups of proteins.

With the modified and optimized profile, we generate a new
amino acid sequence library designated the “hit variant library II” or a
group of Hbraries {hit variant library HA, IB, IIC, etc) and score these
using the same energy function. The energy distribution should expand
beyond the original energy window since variant recombination and

profile modification are intended to expand the sequence and structure
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includes expressed protein sequences, including sequences of all
organisms. More preferably, the protein sequences originate from 25
mammals including humans and rodents if the frameworks are targeted.
Optionally, the protein sequences may originate from a specific species
Y APEGGAPRBIRBOT PSR RPREIPE, For example, the protein
sequences collected from a human immunoglobulin sequence database
can be USE@ Y conSRdErERE SOl ilramr vrpékpaptide delgaients. described.
Gompareddadhewwonventional way of building the library using completely
random protein sequences, this approach of the present invention takes
advantage of the sequence information derived from the evolution of
protein§ ems¢ rnokéceiost MitmimidkimdytAdbraty dlpriiess of antibody
generation and affinity 35 maturation. -108 Depending on the
region/domain of the protein to be designed, databases of proteins with

differenf 8VBRAGALTS SriditETfay He2 dip BRI EER R BERpIRS T et de

- hipan imssueagei ¢tity Ok e cesigfoantibegyesequiroes dbiuipady,

%ri ins, mor refergb @aermlipeSSequences are used for the engn
uehceé TOM g dd c O ?rotem seﬂueéices LSUCH a5 é anld of
purpose. On'the other hand, to increase the diversity in the S,

dleNeNesehadhebalcdrtrband fonlcEon dfom dhwidievaptesshdelmshses
andior stiugture-hased dasien: RINCEIL &S Mav. be sployed tedncigase

the structural and/or functional diversity. Through such sequence and

PR DHARRA 6 e EnEAEHire combination of sequences may be
Bt 3hidhCRs ewhitecthergdque pcesadithe framewark cegignsatekept

AFI9se JniNG gﬁ‘é‘bﬂ,}%‘&%ﬂ%Q%&@Uﬂkyaaﬁr%%éﬁlbé%qﬁ‘egggiﬂ%@a@é@e@f

combinations of amino acid residues from sequences of diverse species

iMeaneg PemHN orBtHeeleRthERARARES SpEERISSRERIBRYGISSt MEEI%iEéd
tOQLISE: Flaite eiCo M@y hel petaniedial seraimegionssyanasihee

oun&ari s between DR%Pn? frameworks in antibogélles. Thiga grga%ch
aIml srructy molil,. 1 his lead sequence proflé can \?e O
may etaken’in order to maintain of optimize the Pela IVe orientations

dmodd raridvvinotifs aManihsemupee aligimemaietioddibaarins véed to

3lign <0 seavanessdromn the fatahase withihe lead SeqUaNca(Qf 1athd a

sequence profiles) ranging from a high tq low seguence identity. A
rf pqjsof diverse hif’ sequences {ie., the hit library) to ensure that all

available variants of the lead sequence from the database are included.
The database screened against the lead sequence(s) preferably
includes expressed protein sequences, including sequences of all
organisms. More preferably, the protein sequences originate from
mammals including humans and rodents if the frameworks are
targeted. Optionally, the protein sequences may originate from a
specific species or a specific population of the same species. For
example, the protein sequences collected from a human
immunoglobulin sequence database can be used to construct the
library of polypeptide segments. Compared to the conventional way of
building the library using completely random protein sequences, this
approach of the present invention takes advantage of the sequence
mmformation derived from the evolution of proteins, thus more closely
mimicking the natural process of antibody generation and affinity

maturation.
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sequence-based alignment programs have been developed, including but
not limited to Smith-Waterman algorithm, Needleman-Wunsch algorithms,
Fasta, Blast, Psi-Blast, Clustalx, and profile Hidden Markov 25 Model.
Optionally, a simple sequence search method such as BLAST (Basic

Local Ang;y%m mﬁgpg)gqgﬂ e nsed larerapkbing.closelydeelaind,
es

sequenc 0% sequence homaology). BLAST uses a eunstlc
SRR A BT SO AT B T gD
Bk@&héMGZ«“@fCézt@rdgtept@ iratarity HaemmW@és ahthis deddany

dbln routine seqL uen?f&'x‘%ﬂ“&@ e@{%ﬂ; Mﬂlﬁ{nw

I@Irf/ers fqpman oI 215 03- 410) owever, the
BeaSTermmlysisinay e s eHRARIE detect e Mt Hith 818 del of

%%J@QQ&W@SM ﬁ@/@mg t@ﬁd&ﬁ@fv&e@a@m&ah@wzﬂnbﬁan 35

be used to search for remoteﬂr{L CL% ues oft IreS ur(taangesébe1 desi
SrORfdIpR e Sttt EEligh Rod ma Be Uised to “109 searc

fordhelvatanisfobthetgddysdouencee sechias R8I@urS pnd /or
©osition:2 &éfggltgﬁraatﬁgo dgﬁ%&mc& MeJThesesprolilekasaged

seguence a gnment methods can detect more remote homolo ue;i_h) the

|eeld e ricE ARSERNAE R MESREHC T SSORRTHRT FAShEhY

ZyMidlerWsddpman: @ﬂﬂ@@?ﬁd&m@em@gmaea%kaseamez@ Kmd@lq:

A, Brown M, Mian f olander K[’:I;ll Haussler D (1994) J. Mol. Biol 235,
M%:?fﬂlﬁgi:% i8aMew generation BLAST program belonging to
the profilebakttiseqeencesadrbhiipricticuaipmastiresElunaduen,

T 10, Schatfer Al Zh30gel ZRANGIKs Miler-W okipian Beh(190thn
Nuclelc Acids Res 25, 3389-3402). PSI-BLAST %t m%flcall Qomblnes

{RBCSEHERERIRS i R RAE ! ﬁ?sr%?éﬁﬁcéa into a posmon-
%&Qﬁﬁ‘t@d@ﬁtmdﬁtaﬁot@@eqsmmg ﬂmh@urﬁﬂ@d@t@b&@éeﬁ Kby d

S&%trrﬁhed %eqme f] ge.noprporated inta the peritian-spesificrsarng 15
X tO S

art another round of sequence search in the database. T is

protiadaie 1 et FmE ASK G S HIME PP HREp RSB S MEHE are
met. Althqy gﬁf@hﬁéﬁ&hﬂ@y@@ﬁbm&mm s thedProfdéghlidden

Markov Models (HMM anbe ed in the pr v N
oP TS EPEET AR eaMs%% operatlorl;tllﬁn ?ﬁgl é S(%\c%%}g §@p(§£t‘§fi’d%@ﬁ%ﬁ%

profiles} ranging from a high to low sequence identity. A number of
sequence-based alignment programs have been developed, including
but not limited to Smith-Waterman algorithm, Needleman-Wunsch
algorithms, Fasta, Blast, Psi-Blast, Clustalx, and profile Hidden Markov
Model.

Optionaily, a simple sequence search method such as BLAST
(Basic Local Alignment Search Toolj can be used for searching closely
related sequences {e.g., > 50% sequence homology). BLAST uses a
heuristic algorithm with position-independent scoring parameters le.g-,
BLOSUMSG62 etc) to detect similarity between two sequences and is
widely used in routine sequence alignment (Altschul SF, Gish W, Miller
W, Myers EW, Lipman DJ (1990} J Mol Biol 215, 403-410). However,
the BLAST analysis may be too restrictive to detect remote homologues
of the lead sequence. More advanced tools for sequence alignment can
be used to search for remote homologues of the lead sequence.

A profile-based sequence alignment method may be used to
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20 motif profile. The Profile Hidden Markov Models or HMM are statistical
models of the primary sequence consensus of a given sequence or
sequence alignment family. The sequence family is defined as the
multiple sequence alignment resulting from the corresponding multiple

SeaencR 2 erRNdlerSiuGtirerlignment, Jhe.formal probabylistic basis

underlying 1-IMM makes it possible to use Bayesian probability theory to
iR o8- SEEM§ O e b g Pl etV bAsdd ertresiistiestdligned
ssqyences alibisssamefeatsiesalan allows he MM SR meRnsisiedt the
roach, usin sition-dependent sco tQ.scqr ali t 30
e B S ke s, Zhae
powWdHIImEtHettnadart i f? feMardrooiby ikes E6mparst 36 the Krogh,

treditionah haunatic, metRods dfadeke Rk B8.CUT198I St Bigh6as,
361-365). The pattern in the primary sequence can be detected by the
p]a%%}ﬁ éébnition algorithms and therefore can be used to pull out 35

more m@&béﬂsﬁ%ﬁte@_tndhegtmgem_eqlmmsTvplnegr_aﬂ:elsﬁqqgmgtiﬁ the
f‘fﬁ&ﬁgfb%%%‘ée@&&%@é@esQ‘QP&H&%@{Q{%&Sﬁﬁﬂ%&%ﬁ?@F?M&%&'@&%,

10 To capture the higher order correlation in a sequence;, or the

inePactisnd/betivees amits asids Mithved diriemsioriar Space) tNacleic
m@lﬁ&@q;@@c%@r@@@éga%gpt m;q@mﬁgmam&me@gumé@m@e nt

IS a prerer method to used In the present inventi to enerate
R EAR “BRHA, Ll Bty o o R Ao e
used:ife seatch for schighbgdiverse hitdibramy: Thimdtkdodbisse. The newly
advaniageQugubaeause i is 2 gald.standard thatcande used for < ooring

comparing various multiple sequence alignments in the absence of any
defciabie 16 Eegtetee HoHibgh TeaHtRIM AT 507, Binbreck Rpis
Jn{2000) rPiotenadl, G:22) nthecmuiiplesirfmive aligheneri-san diteetly
yield the cQrrespondi ltipke sequence alignment.. Alternativ ese
Al Rt T R
sdifigrediarkadiNy ts selhBYBYB tHeosiu Hple sudifebice nligernémayrofilen
I5-(IRnes 14190 LMalBig! 199D/ i-81R)-tMethads,combining-built

multiple s%%uen[(}g and structure alignments have been reported to
ARGt eCstridfural and functional properties of known protein
Profile Hidden Markov Models or HMM are statistical models of

the primary sequence consensus of a given sequence or sequence
alipnment family. The sequence family is defined as the multiple
sequence alignment resulting from the corresponding multiple sequence
and/or structure alignment. The formal probabilistic basis underlying
HMM makes it possible to use Bayesian probability theory to guide the
setting of the scoring parameters based on the profile of aligned
sequences. This same feature also allows the HMM to use a consistent
approach, using the position-dependent scores, to score the alignment
for both amino acids and gaps. These features in HMM make it a
powerful method to search for remote homologues compared to the
traditional heuristic methods (Eddy S.R {1996) Curr Opin Struct. Biol 6,
361-365). The paitern in the primary sequence can be detected by the
pattern recognition algorithms and therefore can be used to pull out
more members related to the target sequence {(when one sequence is

‘used) or sequence profile (when multiple sequence alignment is used).
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- one-dimensignal 3o (Lionpicille. ol Riedieled siiucire s fhreaded n

sequences (Al-Lazikani B, Sheinerman FB, Honig B (2001) PNAS 98,
14796-14801). 20 Also optionally, a reverse threading process may be
used to search for of a highly diverse hit library. A reverse threading
process is the counter part of the threading process. Threading is a

p oal! folding of a protein by threading its sequence
(i%ﬁ%ﬁ%%ﬁi%%ga%ge%c% gt%ré: ﬁg‘rea%/ggp bOteT n%%‘ﬁ%ﬁﬁ‘é?u 4 &fplates by

uSH G 8 SHBE0 Y AgRcEBr AR It dlaes the seguerdes pitte cHain
inievactionseqsoneld as theilocatparamelerssush AS-secendany, siructure

and solvent .exposure. The threading process starts with a prediction of
S S e D S0 et Senonts BFchphteton to
ageessidiithddriedbnanssidue of the query sequence. The resulting

each member of a library of known 3D structures. The 0|c‘)t|n1?i'§fffl hreading
foP 5eRcRdguercsndires paitid BrameBhusinte Hypdnsie frogragmminy.
Thecoverdll beskabl|sence-stubiu e paibeonsitues-the piedictod 3R

stretyre for the guery.sequence. 35 In contrast, reverse threading is a
procesg ege l?.l@ CE enr%s in the a% ence E ﬁ%}ﬁ eetaﬁ 8

of searching e optima sequsence((s)
dafabEsE D threktindthedroAtd alriitdrgivénangbt st &UréraR000)

SHeleEesCluster-anpemles, Al the-taraeLl  SH CIUFR Y {OUS SERUREy vield
f ﬂCtIOI’IS mal%/ be used ﬁo,.select for the optimal Sequence(s) from the

S RO ATBHEG POt H R R A AP ERs | TR Sveby. ol
arhisolacid seguemuesfromcah biman gbemlines inmmunagighlissdatabase

canee fhreaded anto mgé%xlsi{gcﬁlﬂée,@ﬁ&g@-e&e'%[%gt@%ﬁ?g% 19 search for,

the sequences with acceptable scores. selected sequences

chlfgtittte the AtTinfdipl tHelréV8Re Rifed it Mrshessismdbppesite of

thenthieading peocessda thaldberformen tiastd O ta fnd the-bestted to
sequences fitting to the target structural template wheteas the latter finds
e e R P e e oo
Ainenafy, (Helepti o thbseguences Fouhefer hERAY BNAB0ES,
mayyy be-nepdited by reverse threading multiple amino acids at 15 each

positiongﬁl a combirﬁltorial approach to select for the best
so optionally, a reverse threading process may be used to

search for of a highly diverse hit library. A reverse threading process is
the counter part of the threading process. Threading is a process of
assigning the folding of a protein by threading its sequence (i.e., the
query sequencej to a library of potential structural templates by using a
scoring function that incorporates the sequence side chain interactions
as well as the local parameters such as secondary structure and solvent
exposure. The threading process starts with a prediction of the
secondary structure of an amino acid sequence and solvent accessibility
for each residue of the query sequence. The resulting one-dimensional
(1D) profile of the predicted structure is threaded into each member of a
library of known 3D structures. The optimal threading for each
sequence-structure pair is obtained using dynamic programming. The
overall best sequence-structure pair constitutes the predicted 3D
structure for the query sequence.

In contrast, reverse threading is a process of searching for the

optimal sequence(s} from sequence database by threading them onto a
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"consensus" combinatorial sequences compatible with the 3D structure of
the lead antibody. This process of searching for a consensus sequence is
different from the method of using simple sequence average at each
position described in Knappik, et al (2000). The consensus 20 sequence
areardinade e prasentnyaniion s grealed ysingifie siychyalizpased
everse ehgineering approach using all possﬂalfe combination of &mino
abTHS A at BT aT B adR poLtion s & orcthécreievetbsdhaences
apdaptigizadhy-ggatng thel icorapatibilityrwithbthesstidctidahtemplate:n
25 In adg:itior}go the methods used for sequence alignment, the sequence
MGt EhtF tHe Eorresponding database used in the sequence alignment
are alsBaf exricgilimportancecial thapresest invend e mathgerhiae
asaLenseIgssrAuense Aefliased here are defined.based AR IUGHIAL

analysis of the protein functions for antibody regions, 30 such as the CDR

InedranebRy, e orRY dnder DresyTeHaRGER BN AIREE RIAP B 8 SPaRTewWdiR

segionsl (kL dnd2s ERB-andtERYY) fior siippestingtibe castihodyrscatiold.
As an example, Genbhan d Kabat databases can be used to search for
B e e RS o R (D BB S
libfany Hetdiing thetCDReS éft tingbisdibs impedestougsuraiximizel die
binding affinity of-2 gegigned nntibegysQn-thg other band, human ereven

human germline sequence database is preferably -112 used to search for
Lgstrlewidiorrafiework design in order to decrease the chance of
creatingdistimionagenit: e pippesobnon: hwmaen ostgibsimidedesignedd
framework. This s n elegtion s far. i flexihili
B ol

eorRigeRiittheeventpiinrsrapRlutieRIppibatib AVethéodBaRghest antibody.
Tmm&ﬂa&fﬁ%aﬁm%f@m@éqﬁ@%@y Shminaing mb;rgﬂ@n@rsﬁqwg
and re-praofiled to get ore accurate HMM.ar PSI-BLAST profile. As
A A B o R G Ta A R T0 S o
acgording i® Cﬁh%eh(faﬁafrolasﬁﬁmatmﬂn@dn@f alsoth eismlcta_ceiwmﬁ) ofegage
QH@l?c,@{Zﬁ&’aﬁﬁ%ﬂ%@&@%@@&ﬂkﬂﬁ%%%%%@(‘3%‘]‘.’ iesaiduessflanking
them at N- or C-termini, was used as the lead sequence. The utilities
mwmmw%gg%f&emﬁ?ﬁggérmenuon is created using the

structurally-based reverse engineering approach using all possible
combination of amino acids that are allowed at each position, based on
the retrieved sequences and optirmized by scoring their compatibility
with the structural template.

In addition to the methods used for sequence alignment, the
sequence motif and the corresponding database used in the sequence
alipnment are also of critical importance in the present inventive
method. The sequence or sequence profile used here are defined based
on structural analysis of the protein functions for antibody regions,
such as the CDR motifs (CDR1, CDR2 and CDRS3)} for antigen binding
and the framework regions (FR1, FR2, FR3 and FR4) for supporting the
antibody scaffold. As an example, Genbank and Kabat databases can
be used to search for sequence hits from various species to increase the '
diversity of the hit library matching the CDRs of antibodies in order to
maximize the binding affinity of a designed antibody. On the other

hand, human or even human germline sequence database is preferably
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hmmalign) in HMMER 2.1.1 software package with default setting (Eddy
15 S in http:f /nmmer.wustl.eduhttp: / /hmmer.wustl.edu) were used to
build the HMM model, to calibrate HMM model against synthesized
random sequences, to search the database for hit sequences and align

thger Qi seguences it e s sngiiodhalead sequenge are

. . t
used for alignment and variant profile. Insertion or deletion in aﬁgned

Seqientedhantinarefeatis pistRResmHamRitaRafgRtaopduitions.

AsilfiusiiateddashigereBanbedk single leafsaquenta-abiheVf HRRS
Syenee AL A ANNECE anlioody Wag used as MM 10 el e
abat gatabase, 108 URiGUe sequences wers TOTRG Wit seq0ehes S8
ideptityeiangihgrropn 0010006 reletiveaiotive dead Sequente(iigufcthe

A8 LGN MaeR a multiple aligned sequence profile of this lead
sequence was used as HMM to search the same Kabat database, 251

unique SEGUERCHIS GBFeTEaRERTRH LR REeE sHaNmY tFaR g meRnY 5
teed06%cte thed eadpsefilience dHigunect8 GrcliheseHesM ts:shewrhats30 a
He H an fi ey S With F oteorreml? t _
et BRI e et At
SFGHRATWASGRI eXtarid the HigbrsigiarlicHitdibland skegudircelsetthechit
iy alse Hepend o thedatabaseusssdyForaxample: i replacing the

Kabat datﬁba%? witt Genp%Pt in rtl%e 35 above, hits tgat are different from
oSEH Kabar dHtaB5EL Were ToURdCERHEY WhET BT dRdtacdarf
m@@m&wﬁbm%ﬂiﬁsﬂ-[mwmmmmgamsmmsedsequence
pipflie.yvas) used aRiMM. 1 The sequencesin fae hitlinmy, fonsiructed by,
searching the databases can be analyzed (e.q., by profiling based on the
&&i@ﬁﬁfﬂé&@%%www%h@&éﬂ%ﬁé&%@
sardening iMBNitiodeintvivaliorihe desies et Hheas)tSee Redie=Hin

Fi 1 Figure 3. Optionally, equences.in the hit library are
A B B R e

iR SPY Vivosrstupacgesirdl firsctiome JesstRodle l9ad-igarerBeand
Rigueset0rdr Alseaptianaly, Jhadit libreayeis fillerasbbasedqpithg scoring
%fligned sequences can be also used fo profile the variants at aligned
positions.

As illustrated in Figure 3, when a single lead sequence of the Vu
CDR3 sequence of the anti-VEGF antibody was used as HMM to search
the Kabat database, 108 unique sequences were found with sequerice
identity ranging from 40 to 100% relative to the lead sequence (Figure
10A & 19C). When a multiple aligned sequence profile of this lead
sequence was used as HMM to search the same Kabat database, 251
unique sequence hits were found with sequence identity ranging from
15 to 100% to the lead sequence (Figure 19C). These results show that
a profile HMM can find sequences with remote homology to the lead
sequence. Thus, a sequence profile derived from the multiple structure-
alignment would extend the diversity of the hit ibrary.

Sequences of the hit ibrary also depend on the database used.
For example, by replacing the Kabat database with Genpept in the
above, hits that are different from those in Kabat database were found

either when the single lead sequence was used as HMM or when the
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their compatibility with the lead structural. template using methods such

as reverse threading or forcefield-based full atom representation. Based

on the resulting ranking of the scores, a hit variant library 1l is 15 selected
for screening in vitro or in vivo for the desired function(s). See Route lllin -

Fi%uretlc nd Figure 5. Also %%l'onally, the hit variant library | is filtered
bASEG A GHE Ko Rg BrRe P O paabiity A hd structural
templat@lusinggmethoglsstohlas treagingosforcefie liybasediuligatom

r@@@ﬁ@?@ig&% Based.on f@%.t,hefgha&fﬁ%{g%ﬁgmﬁh&@i%&é&%et

of multiply aligned sequences &re selected to create hit variant library I

alfaaderseheaRHATHRM A Tetithectasirel Yad clisprsy, SusrEamMg in

IRifrigurard Piandorighkeibsirbdt rnsistionef e itMareiddbran ol
f%rlhereeéolore the rich diversity encoded in the structure and sequence
sp%l%uers of proteins, the hits that are selected based on sequence

alignmetrdarenpridfilddi ateashrmeino dbkl ipésifionof ahe B Séeliencessod
ogNEsate A, varant Rrfile, Aunit Mariantlibrary is combinaloiaiWitro or in

enumerated using this variant profile. Figure 4 illustrates an exemplary
pYELEY R ORstFaE S HIP s THE JHRERE prBrfe gdieried
from the hit library (i.e., sequence hits or filtered sequence hits) is listed

o the . sequenc , i) is listed
couentus (ORI & OBy Pha A Bt Aok e O

eleallerrsratihy bRt forte leed rsmueing L trrbalo Nei nBr et 8cde me
cutoff values hased anthe frepugncies desds &MRAUSREY o P¥eES UM .

higher) or preferred variants of amipg acids at each.position, and/or __ .

AT ST A EE BRSBTS FSAES (e oo P A B
libedwyt (s éothecleweimpitiontof Bigureivd for atoutbffiatd 3% ofahéstotbak
ngmherof Mti;;igwgqé%ﬁg%é%%_me variants based on these highly

preferred amino acid residues at each position should offer a good pool of
recombiftift SBEGEEEs 1B Hhiry ButSebtmcky {itRrAlRaRRigFd™e
otheridestethiunctionsalidifhe dnfarmatienal sequencel eatraiyie using
calcuated based on ihe, YRVIAN! HeduRncY 35 8aPR RSN BIULS T Aion.
quantitative means to _
Based on the the relative ranking of the hits, a subset of multiply
aligned sequences are selected to create hit variant library I and
screened in vitro or in vivo for the desired function{s). See Route IV in

Figure 1D and Figure O.
4. Construction of the Hit Variant Library

To further explore the rich diversity encoded in the structure and
sequence spaces of proteins, the hits that are selected based on
sequence alignment are profiled at each amino acid position of the
sequences to generate a variant profile. A hit variant library is
combinatorially enumerated using this variant profile. Figure 4
iltustrates an exemplary process for constructing a hit variant library.
The variant profile generated from the hit library (i.e., sequence hits or
filtered sequence hits) is listed based on frequency of amino acid
appearing at each position in the hit sequences (Figures 11 & 19B).

The variants profiled provides an excellent starting point for
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measure how significant the residue identities in aligned sequences
deviates from a random distribution of amino acid residues, A relative
entropy can be used in the present invention to take into account highly 15
variable mutagenesis probabilities of the sequences involving protein

v&r@@%é&g oK rsq Ruczmskl Riddle DS, Thayer EC,
Buchwitz B. B ggﬁf a‘B (2000) J Mol Biol 298, 303-312). The

mvento%%@ﬁé\‘/’é‘%ﬁa‘t%?él’@ﬁ@é sietBatfopies prinide-a godd-apanestor
thecpasitionnantbmutaptethat shawld:he argaiacfarQ comptationabn -

and X erlmental Scre n|n |nce tle areb edo real evolutio ary

RO mOARPALRD §sead1p rE‘f & sk
méawnegtﬂéadwm&t;ﬁatheaohf@ogmdimroﬁ’éﬁmoracidlrﬁmduemoff at 10%

%@%@w@@ﬂ Qam‘f\&' HiiQn while Mpditaining ss}ruow{s @g}fﬂaﬁtm;g@eaf

It se uences. These SlteS are chosen to 25 recom ine for

ﬁ&%ﬁ%@@ﬁ%@ﬁtﬁp&%ﬁﬁ%@%ﬁb%%ﬁ@%@& theuld

rﬁssceﬂtmgcﬁmr;bmatﬁrt@cbmmﬂmt kbraryrssuteh fsnaligrothar dhahces
9e erﬁlteg[ by.-a. randomhconablnatgri) of %JI 20 amino acids at each
i

posi IOt 1S posg Bfe to carrizlséru@[ more accurate and detailed

computatierisforestinhtepminaiabsc e ningt b iise degudrice
eRlepRies-tesiiting H@@&éﬂ%&lﬂ@érﬁi@%s% nhiAveRtom are Nl -

related to the site entropies which others in. the tield have used to

SRS theSeiRtiisrib R idaid aiine H&u@%&uﬁ?%}?“&%g
fdemtteﬂdmsedmmm@enabmeihaﬂ fvaigb SAG Maydsk, ArneldiRid,

WaNd £C.L200LLENAR 9. HTTETEN. 30 Hlthova alorcelieldshaged.yy

pI‘OVI e some nove utants that may not yet ave een
SATipiE By osirishs (o 8RBIBHADEY eI auAEaTioT B 8RN ary

S%Quﬁ[t%e@ﬂuecotmﬁﬂﬂﬂgﬂﬁeseN{Qﬂ)ﬁsﬁhoﬁld@@mgemaﬁ%mn|ngful
R O Y ON R LISy P iR LSRR RO iy 2

information’inc ud|ng structur ineti ression and bidlogica
ddivitiesiroorporhtar. S Thib argjdbe inportarit foreargeeingao#fingd

JrHalres SHch AgeeR J8dianschantiRediasihrt precnatyet frily

understood or predicted by forcefield-based methods, but they can be

(AORABEANAR BORHIBHEE Uit (HE HatiBES AT REF RAtE ¥ gk
predemnioinuenticna oenhbmalegyhaSexhmetiwatthatciekes on the

evolutioméyrgingga&g@ entropy measures the diversity at each position
of amino acid residues accumulated during evolution while maintaining
structure and function of the hit sequences. These sites are chosen to
recombine for computational and experimental screening. Because the
size of the resulting combinatorial hit variant library is much smaller
than that .generated by a random combination of all 20 amino acids at
each position, it is possible to carry out more accurate and detailed
computational or even direct experimental screening.

The sequence entropies resulting from the hit library in the
present invention are not related to the site entropies which others in
the field have used to measure the structural tolerance toward amino
acid substitution, using force-field based computational method (Voigt
CA, Mayo SL, Arnold FH, Wang ZG (2001) PNAS 98, 3778-3783).
Although a forcefield-based method would provide some novel mutants

that may not yet have been sampled by evolution, the site entropy
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10 is still one of the most reliable ways to model loop structures that can
be augmented with forcefield-based simulations. As will he described in
detail in the Example section, the variant profile for an anti-VEGF
antibody (the lead antibody) was searched by using several different
apnioaghes. Based on. & sequence, of 2 GDR3 A5 fis dead Antlheg
the variant profiles’o (1S Trom Kab 1t genpeptqanéla

riorevédumdaintcdatabasec anmsinlrgaishies genpepraimioanddthers,
eclisted: ipeiant.mutanobsesmedity athersim affinityroriures

sequences from this antibody also appear with hi h,frequen(%{})n the

B S e S U ThE MU AE O LS Bl B 8B RAER:
Fariexample, inwas telicved dhge the siiifterlnestunportastniutantovas

197, in e ead seauenee seplaced b YO ROl SeAMRRR 1y

(Figure 9 ich Is almost 50% in the amino acid variants at this posi

(FrgerBeid b atisl apstodes B AiethB s oReHE prevdit RR8ftion have
seyerakadvaniagesHn pERLain debigi anRteZh RNGHTEEINEFdBea)invention.
recombinant library, the diyersity is necessarily limited by the ablity to..
RO RRER kS TS S Brb e s S vion
inspaithntfacfahin thestredtidncofay furctionidhleolpvanadibraey. thisé can

inventive, method.isan.itiliee- sationabdesignefprotein, in particular,
antibody. It begins with the 30 selection of functionally simjlar "natural”

polypepfideithfih SFECTIBR Batifated SheXpraseBt pistems B orm tAgt
hit-ipmansAnalysis-vi-speaiiic positiohallvatiationisdasthe dnatesadliied by

ofcuring.pepfide  aaments vies.evaionaty #2i2,80Rut IR/ AR of

tesand positions-the variant profi critica sis of the

verantsdamsb identieiigorahpresicass Hee h&rﬁﬁﬁ%é%leﬂs?&abat,
%ﬁﬁ%@tgﬂal Lagmerationiohthesedusedsshelselgat vatianisipags, to
the -116 generation of a hit variant library that is focgsed on fg}heO ers in
fifrdio Ofgﬁfarﬁrgéhﬁgﬁ(:e[@ BRLHRRG WHSRE VAT Brofite; themh
sifn igtionatdibrdre desigaofihe présentihvdntiwingenpeaesvitioeised
ianoribiarigs. olpolERliadneet based ulunglanahand e

structural data. To some extent, in silico recombination is similar in
PRFRSERE I TSION ShuToCs PR BAmily BrhERIIBEDIE Stz AERE BT fite
presentmentiveapRreactn? in the lead sequence replaced by Y97 in the

matured sequence (Figure 9B) which is almost 50% in the amino acid
variants at this position (Figure 11). The above-described methods of
the present invention have several advantages in protein design and
engineering. In any recombinant library, the diversity is necessarily
limited by the ability to screen, which means that allocation and, thus
design, of diversity is an important factor in the creation of a
functionally relevant library. The inventive method is an in silico
rational design of protein, in particular, antibody. It begins with the
selection of functionally similar “natural” polypeptide fragments from
databases of expressed proteins to form the hit library. Analysis of
specific positional variations in the “naturally” occurring peptide
fragments vields evolutionary data about preferred residues and
positions—the variant profile. A critical analysis of the variants can
identify important residues and combinations. Combinatorial

enumeration of the reduced set of select variants leads to the
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is a highly efficient sequence recombination procedure for a family of
protein sequences with widely distributed sequence homology. 10
Furthermore, in the present invention, the recombinations occur at the
amino acid level and can be localized to specific functional region to
enera > a Ilt%ra%}{vhose rp%@r ers are de§O ned GEathetrhth?n randoml

e(:%er% IﬂEd t1sho constralneadnf)y { omolo i/requwemen{laﬁﬁnc

seleetivelyaqodified.according to structural or experimental data. 15 For
examp'§tzﬂ1§:§g%@8{‘€ﬁ§ indhe RILIDERALY ave, seauenceddeniilies

relative to the [ead sequence ranging from 100 to 20, or even lowef
ds ity on PRESSEABRIFR HABIRBRACARAL B At dpaeeds bl amceamipansiss,

M%hﬁ&m&%&&m@m&t@ﬂa@ roeasshetwean @é@&elmeéafﬁa

uenceh mologues vvlth stringent r. u1remento the c
D B P S B R R ot

m éﬁﬁménpﬁﬁigm@k@mgs Feneficiabm Lﬁahtti'@cpmsm‘étmfamm@ |§1:mma?@hto

E@@H@W@HQ&%QQQ&@W&&B@H@GQ@BW&@ rolrHGikgrPased
Evaluation of Antlbod ariant lera% 25 The hit I|brary or a hit variant

R REAERRSHTINE Vel BisSiOH SASE VAT BRI 98m the hit
Ii-matrzyeamdaespnb ede ahevenmaydigievaltiated daseiranitheirgttuctarahe

BRI e leadirasein, Farstysiure:nased svaluation of e

antllbody variant rary e present invéntion addresses theYollowing

GoBstiars & ReW Yt SEaR ORI A66 i SERcHceHSTT AP s pand ey
pé%%%ﬂgﬁl@& aﬁtﬁerﬁb\é/hi}i{bf?ml%@ proteidcomplexsithirihe antibodyadi)
how to place side Cih Fier:s on ooSp backbo es to best fit t an Pbody
BAi6 eﬁHt‘fﬁgﬁIEﬁﬂbfu “and ﬂ% B SHBIN G CDREIBE Wit the 35

est dramaorikhmedeltoatiowféhm atibhtokstablkyartitpdyrantidertitits 7
QQfQBlF‘é(tW'{B@hQQcPQ‘!JE#YeA@M%&‘E@%“H&ﬁO%@U{@@@%ﬂ@@@ﬂh@@é&l

detail as follows. 1 |body structures and structure models 5 A .
CiRAHR et IR SRR IS Chr Hithas6 e Ricen TireBIR TSI
AN XEB GIHINMB: gtrI Chove mm@dﬁi@diusimg@imthmmempm@ﬂpnalated

ines d scrlb d below how EXA PLE §_ﬁgtgo &Qg
strgu’[urafztemp%te?%r I antl y“aeﬁél e

homology between recombined nucleic ac;d sequence; DNA shuffling is
inefficient in generating beneficial mutant recombination and it is prone

to random mutations during experimental recombination.
5. Structure-Based Evaluation of Antibody Variant Library

The hit library or a hit variant library, derived from the
recombination of the variant profile from the hit library as described
above, may be evaluated based on their structural compatibility with
the lead protein. For structure-based evaluation of the antibody variant
library, the present invention addresses the following questions: i} how
to model conformations of noncanonical loops in the presence of
antigen which forms a protein complex with the antibody; (ii) how to
place side chains on CDR loop backbones to best fit the antibody
and/or antigen structure; and {iii) how to combine CDR loops with the

best framework model to allow formation of stable antibody-antigen
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PDB databank, 1BJ1 for the parental antibody and 1CZ8 for the 10
matured antibody. Both templates were used in the presence and
absence of the antigen VEGF. The scoring listed in the examples is from
1CZ8 in the presence of the antigen VEGF. 2) Evaluation based on

shugiwrakiemnlatle %ﬁ%&aﬁ@?&@%@g A &xample, an aptibedy yith a

known 3D structure serves as 15 the lead protein. This requirement for a

il Stdcture (such as one obtained by X-ray crystallography) is

not absolute since alternative techniques, such as homology-based
odeling, may, be applied to _generate a reasonably defined template

S ructu?gdfé?%&t%ﬁge %%teeslna?ég’ie B%n‘écr%frele%?éf[%eneration of the hit

variantdibrarycteqairésiins20 detbrmiiratiantinodificatient tande taken

antinization.of the_ aming @ﬁi@h@ﬁ?&%{%&@é\@f%%@!@ﬁ'%ﬂg etk tural

sequence and sequences in the hit library and the hit variant library are

ceBred iAtAR et e IbPredrbetore ot tndess EntbedydidBebred
teafbainttie saniking distibpioadasthese sequencesh dtis actedibatrom
although the s C,O{fﬁg E?&”ﬁ%‘eep%(én %’1%&%0%0” Bﬂ&%%&%gmp'“c&'
all-atom energy function, any‘compu aflonal?y fractable scoring or fithess
fopsdordmay elap ghethtbesrpiatinacevalaateithdve sereancesndigure

arliustratesan exemplanrriecedire forstucial;eyai @Q%?fes is from
igg{fuences from the lead, the hit library and the hit variant 30 library. For

Thi it BIRIFGCThesE Setidded Bdtbuilt into the lead structural

template by substituting side chains from a backbone-
8ependéntlindiepe hdent rotastrerdibratyaDrinteagk RLIdncKarphusiy

(1993) 4 Mol Bigl 23R ?éﬁ'éﬁﬁbé@ﬁ%ﬁ&?&%B&ﬁ%@%@%@@&%ﬁs@l§

substituted segment are then locally energy minimized to relieve 35 loca

Shahiae 4 SHtictutB R SeBHEg s Arch st erén gy RinBasn < {18th A8
oieasbtaiihe belativeystabiliyi pitheBepitence ibdbrdeasd nskudtdraktive
R e kit
genmpatibifitycotthieabiridgs seduendss wisirhel load Stradangdt ersiataolt
isenat Hnasanakie 4o, eRtisra ety braad disHipUEen. With 0 2Ry
S e R O e A e IS AL PR SIS i
positional variant profile. The lead sequence and sequences in the hit
library and the hit variant library are scored in the context of the 3D
structure of the lead antibody and scored to obtain the ranking
distribution for these sequences. It is noted that, although the scoring
in the EXAMPLE section is based on an empirical all-atom energy
function, any computationally tractable scoring or fitness function may
be applied to structurally evaluate these sequences. _

Figure 5 illusirates an exemplary procedure for structural
evaluation of sequences from the lead, the hit library and the hit vartant
library. For scoring and ranking, these sequences are built into the
lead structural template by substituting side chains from a backbone-
dependent/independent rotamer library (Dunbrack RL Jr, Karplus M
(1993) J Mol Biol 230:543-574}. The side chains and the backbone of
the substituted segment are then locally energy minimized to relieve

local strain. Fach structure is scored using a custom energy function
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The focus is not to identify specific sequences (although permissible) but
to identify a population of sequences or a sequence ensemble with 10
average scores equal to or better than the lead sequences and share
ensemble properties in sequence that can be targeted simultaneously
using iSRRI RIGACRIES  The amming add sequenc
ensemble represents a sequence space that is Illlkéy to shiow good
stsrﬁ_&ﬁf’&r%%ﬁﬁﬁﬁﬁﬁy with better binding sites and orientation for 15

lggitope @m@mmﬂrw&uaefm%w%gﬁiw%{j&%ﬁ@Maﬁ%ﬁ%it
| seguyence ensembles distributed around the statistica
engén Ig%%&%%%ﬁ%ﬁ%ﬁﬁ%&éﬁ%&%@ﬁrﬁ%ﬁt figireotet i htidase
theRRAERlETilihg yeoaunatinatesawithitnphovied dffinity.+30:3)

- Enalyation trsschon lead sloiciural iemplale Inde RIESAnge alis digand
e

O‘B}{ﬁnx%'% sequences from the |ead, the hit library and the hit varian

liBrary Cah bECUHIARE2EEE O 1id Rt QRadiina B Hak Sivthmce.

préseiroa ofiitsiiganddensiftigprcir examaleca lert aREnEShi280le)
1pegdYd I ' G- SIhi roach iseu%e_ful when structure of

?rl?éi co?nxglgrf%};r%gj& t%lt\é{%é% p-)%gll‘%?%ga%ndﬁtsaliaa%dﬁ %C?ﬁgﬁﬁr%ﬁ?e%@

LS SAOTRYITE pre S e 6t itfe thatiget: thedcorapletethemrbdimamic

oysle-ofiderppipxfaeatior petweenan anthody.2pcan antigan.may.be
3193'1@9'“%‘3% in lgg ,ecglcclllgg%ré.gprﬁ conformation of the antibody,
espedia te, MEY BE moaeIBY B 86 g fisthoiaetal

h the comn ining'si
CORCIGOI: confomtaition $romdts-canericahfami\inity poefarredssiste-chain

retamets asavallasihenieractions belween.GRR '888%&:‘%’83\%@%“}9? of

conformations, including those of the side chains of amino aci

rEBIHURS HGFRGLEOHIAE E BR‘op¥irie shtigerrconTinifgrahinaanal
Bébsampled Hnd snqorporatedsinitoie maisdfiamemaik-(ora@ scaffaldsat-an

- iho i tige ent, such conformational modelin
e B A ek e
f%&ﬁéﬂ%%@ﬁ@%s@ﬁﬁé%ﬂﬁéﬁ%%ﬁdﬁl@d@éﬂé@"édiipfarameters,
and better representation of the natural process of 5 antibody production

aéld matburapon in the body. Cé)rrelation of the scores of antibody
quuencéjglﬁ%ﬂgrb CEER ARG structural template in the presence of its

ligand

Optionally, sequences from the lead, the hit library and the hit
variant library can be evaluated based on the lead structural template
in the presence of its ligand or antigen, for example, a lead anti-VEGF
antibody in complex with VEGF. This approach is useful when
structure of the complex formed by the lead protein and its ligand is
known or readily ascertained.

In the presence of the antigen, the complete thermodynamic
cycle of complex formation between an antibody and an antigen may be
included in the calculation. The conformation of the antibody, especially
in the combining site, may be modeled based on individual CDR loop -
conformation from its canonical family with preferred side-chain
rotamers as well as the interactions between CDR loops. A wide range
of conformations, including those of the side chains of amino acid
residues and those of the CDR loops in the antigen combining site, can

be sampled and incorporated into a main framework {or a scaffold} of an
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absence of an antigen It is desirable to have the complex structure
between an antigen 10 and its antibody to focus the antibody library
towards sequences with good probability of binding the antigen.
Unfortunately, for most antibodies of biomedical interest, the complex

structure b en the_antibody and antigen is pot yet.avajlable, The
S R AR e R R,
tapger ehtibeasrsearrapbrelarsgamoniih e seledetseshblaatsthat can
siabilizenthe sresiiaApthady-antgen- samplex even kiostheddE b L4IR3
that is involved directly in binding to the antigen. Correlation analysis
B T th BRI ESTPRER e AT SLBIES Tt

antiifodiysequbncésnmtive presenceand dhsdnekyof the 20 antigen
(Figure 12C). Further, a large population of sequences selected with

good scores is favorable in stabilizing the scaffolding of the binding motifs
stich asSPH@BRS RirthARvESTOSedulE. Jeeheitavls rbteer tsance and

witheutthercompleystructure, the antibody structure alone can still give a
population of sequences that 25 stabilize the target scaffold while

posseskirt e Hghibiidity SHB TS TRBISARIER RIS IR CoR B!
chahge apomantigerdindirigehastibedn ibseryedwitid netgleaidbs with
conformation.change is only one of many possible solutiops or is.an
R B s s
ideftifyapserisbinbledot segiertds B0 likeyrtsTorinu el Fusdionet Prdies
shisobound SHHEWEE I8 Ret 3efequirgipRNt as long as it does not
undergo major conformational shifts. Based on the available. structyres of
anto R T B R S GHAGCH SEABCHE (A GG SCnRah,
mtmzingmgmnﬂboﬂmdcmﬁmqtmaﬂowedomghbeapﬂmw taken
NEIEARRELINAT I a%@éim%p%'gggﬁg %&@%‘F‘Iea : fami. oL eAsaMPE e

structures. Alternatively, if the structure of the | antibody is not -120
dogiths|d GBS A iay e hsneritest By thbgufing Bnitbody "Srlcture
QrSitrueiteg: nelily e ¢ 15Nt alkthe Heshknovvwarexandleseold in
proteins for which structural models can be generated, using;homology,,
Bt R T A S Bt SafeHca s Thuar g e
possisie (Himrgetl2Shqlentedibradpfas trplelidion of sequences selected
with good scores is favorable in stabilizing the scaffolding of the binding

motifs such as Vy CDR3 for anti-VEGF used here.

It should be noted that, without the complex structure, the
antibody structure alone can still give a population of sequences that
stabilize the target scaffold while possessing the right binding site for
the antigen. Although conformational change upon antigen binding has
heen observed, it is not clear if conformation change is only one of many
possible solutions or is an absolute requirement for the antigen-
antibody interaction. The goal is to identify an ensemble of sequences
likely to form a functional proteins so the bound structure is not a
requirement as long as it does not undergo major conformational shifts.
Based on the available structures of antibodies int both bound and
unbound states, this is a good assumption. At least, some structure
fluctuations are allowed in the approach taken here {see 194) as far as
they belong to the same family of ensemble structures.

Alternatively, if the structure of the lead antibody is not
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sequence without using the lead structure template. As will be shown in
the EXAMPLE section, stretches of sequence libraries that cover the
target motifs can be synthesized and used to screen for antibody with
high affinity without relying on the structure of the lead antibody. 10 S)
Sietyral goeaa%@eeagﬁ:w s ManRiogramsAle axaliahlg.for

e

modeling and evaluating ibraries against the lead structural template.

HEHERARE SEHHOTEEN O e ARAATEL SERPARE RidNAHE &tHhHIBYE® for
thaseesnsses examples pic Simbich inCludeich b arerros dinetackto

CONGEN, SCWRL, UHBD NPOL an ER. CONGEN
BRGNS 128 Bua o o TG, Commaiienstal
‘SbarsHédoptdegrrsicofopratamsy(RdRecBascibrevy (b993)eNmsidcular
Siulaons il A5h:AAg (993N cf BEHECOIRTH B2 HaRE o s NOVEIRY,
(1988) Nature 335, 564-568 (1988); R. Bruccoleri, M. Karplus. (1987)
Bi6 oy AFL B e LA P 68 RS Fodt SEREEIGTIBRTEMS WREFBHEREeds
tergenstrottundetbrmined: leipsi ot grrehts incac dm dwnasitileidrewiid
aqlagy; S cati ersion
o e S S A e et
(Brooks BR, Bruccoleri BE, Olafson BD, States DJ, Swaminathan S,

-5arp|ug%&;9§1330;nﬁ@mg%g@m%54, 187-217). The basic energy

function used includes terms for bonds, angles, torsional angels, im%roper
e

angles MARIRF WRARIS 18 Bledtrbitatit tntstetasndirvaisates

Hepencenizdielectiie canstantiusinglAberad: . 36 dpreefialiwhich clapdiar
determined using CONGEN. (see EXAMP section). CONGEN program
et NS R (e S pa T oo s il

Yohaed ratlvaly bedurimg etricttirs Witk MOVieBNr SE B Rk g IBRkcoleri and
Kamhis1 (1987 xBiepatymers 26:137 35 168; and Bruccoleri and Novotny

(o0 OIBORINGS 0300 AL Glenen e Eotg e
struttiurestofthbdomrhan tre generatedod paothesdRelgidsroalouikated.
{T@?é’fﬁ/ﬁé@é@dﬂ% IOWENSRGIIN & S8/ected- (Toeprogram sanbE Useg to
perform both conformational

Haber, J. Novotny, (1988) Nature 335, 564-568 (1988); R. Bruccoleri, M.
Karplus. {1987) Biopolymers 26, 137-168. It is most suited to problems
where one needs to construct undetermined loops or segments in a
known structure, i.e. homology modeling. The program is a
modification of CHARMM version 16, and has most of the capabilities of
that version of CHARMM (Brooks BR, Bruccoleri BE, Olafson BD, States
DJ, Swaminathan S, Karplus M. {1983} J. Comput. Chem. 4, 187-217}.

The basic energy function used includes terms for bonds, angles,
torsional angels, improper angles, van der Waals and electrostatic
interactions with distance dependent dielectric constant using Amber94
forcefield which can be determined using CONGEN, (see EXAMPLE
section).

CONGEN program is used to search for low-energy conformers
that are close or correspond to the naturally occurring structure with
lowest free energy (Bruccoleri and Karplus (1987) Biopolymers 26:137-
168; and Bruccoleri and Novotny {1992} Immunomethods 96-106j.
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5 searches and structural evaluation using basic or refined scoring
function. The program can calculate other properties of the molecules
such as the solvent accessible surface area and conformational
entropies, given steric constraints. Each one of these properties in

combinationwith.gthes iesdescrib elow can be used to scar
101the di ita(I:,Iibraries.iﬁégclC)I;‘al@czltiig{rl(:::‘t§ (t}glt%%dpi%gﬁﬁr\?égﬁtfgﬁ%ﬁréc& me%? &‘e
BRI G EEl 5P R D FRE SBRS pUERCBRR svarht acanchied and

Cb#1 candz®)s exdentdord/xIGBRAe Wit & BR3LisIMB 1o, sRawlarge;

variationyj[L.i th and conformations, although progress has been
made in 15 rﬁ%%%g i‘%gncogﬁfc‘frsr’ﬁg]t%np AT %&nﬁofﬁhﬂw&\tibody
stifdithes Bedothing avral sl the1RBB 1 Epretsin datafbank s database.

GONGEN mray: 9&@@%@:{%@@%!étﬁ&@rﬁ%@}aBQJ;se%@é%%ﬂ%gcg&é&%s

Vx CDR3),if no ganonical structure is available, to replace the side chains

T8 PR SAdt e SR e R rE SRR S TR i EM Bonetamers
ofthestasgecamimetacids.onikindithie. ladel ean bethurthesroptimized by
ensrgy miaimizati - mics simulation or other protocols
to relie\r}g %gﬁg%%gﬁggﬁ%%gggsﬁ%ﬁ eed;}t?ﬁ?: r6Xhoger Sé)(({, REOR
aﬂgﬁj@@’?ﬁiﬁlﬁ’%ﬁﬁ;program that can be used to 25 generate side chain

rotamersaddombinatiopsaiatamers singibe dackbens depgndent
retainer libr unbrack r, Kar M (1993) J Mol Biol

BT PRI Eh R hrdcermt e85y ibitiorze)
1268282V T K IRPary prolittésitisteofohib chi2xchidechidrvatias iands
theiprelativeRrokahilifies forsrsidues a-39-gienRhipsl valies The
program can further explore these conformations to minimize

SRS BEckBOI NALRESSHY Sldsing SHeehairErHEsdDNce the
stericctlash iscminiimized;dietside: chaing> Bn@the:-hadkkbonaoftheitabase.

O B P B S 8 3R P
Y B8l peteteie oyt titatseraad beliopedr spluifically fote
upileling @ntiRothhsinactusegBAY DR MBaG for strushiahmodeing. O,
Y G RSt YRRt d e AR R OH AN 2.8 further
optimized by energy minimization or molecular dynamics sirmulation or
other protocols to relieve the steric clashes and strains in the structure
model.

SCWRL 1s a side chain placing program that can be used to
generate side chain rotamers and combinations of rotamers using the
backbone dependent rotamer library (Dunbrack RL Jr, Karplus M
{1993} J Mol Biol 230:543-574; Bower, MJ, Cohen FE, Dunbrack RL
{1997) J Mol Biol 267, 1268-1282). The library provides lists of chil-
chi2-chi3-chi4 values and their relative probabilities for residues at
given phi-psi values. The program can further explore these
conformations to minimize sidecham—béckbone clashes and sidechain-
sidechain clashes. Once the steric clash is minimized, the side chains
and the backbone of the substituted segment can be energy minimized
ta relieve local strain using CONGEN (Bruccoleri and Karplus {1987)
Biopelymers 26:137-168).
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automated antibody structure generation algorithm for obtaining 5
structural models of antibody fragments. Mandal et al. (1996) Nature
Biotech. 14:323-328. ABGEN utilizes a homology based scaffolding
technique and includes the use of invariant and strictly conserved
reSIdueS?é\?c’ trgftgﬁ%!)rrplggé OIt kn%Vr\ﬁnsFlgt Cag égallofegéuregc%caﬂ for
hypervaria le loops, torsi al constraints Tor residue’ repfgcementg and 10

eydntaraidondyisterdtions. Spedifictird fivs ABGENralgaftingGhsists

- altwedyrincipal predulasiBatign anth ARl NARUGAS thenprogram

A EEH S IanEat DAL e AE R BE he e e

somputes aligirirent sooiecstofemBhethightstdebrnglitiagysdintence
BRisgonsidesaddode thehestiitiodbe E@éﬁ&ﬁggﬁ%ﬁ%@é%@%]mﬁg UISGS

this best fit model output by ABalign to generate the three-dimensiona

terhRigHS R pRVINES CRRasSPESBTaIMARS 3T (IS BRI SIS dy
12equenses WAM AV hiteteg @ NB:bardriee saARN2Q0)Fretain T

{Efnecing. 30,43, 1024 e mproved version ol ARMch uscs o
combined agorithm Artine ACR® Chéetham, JE74R ces AR D89

IpNAS @6rco2B8: IR P imute FihecODRIzofor B oS alipytihe
Sanenica)r eppformationsREGRRS 19epsfromhy awiRPB database anghe
loop conformations generated using CONGEN, In short, the modular
YRR 25 G BTG st termatEsh PosSHB I hRsGEIR Stfithurd
ﬂ&ﬁ@@gﬁ&mﬁﬂqatmm pfaiehﬁﬁmd@aelag;omﬂe@&nd mmgm_ and
&%‘ﬁﬁ%’é‘%ﬁéﬁ%é’%‘ﬁf&‘?ﬁg smbodiment; e fllowing precedure will 8e..

used tom antibody structure. Because antibody is 0ne of the most

isosERdsagsr dtelis thobas sBY R ABE it shaictites hdRbIsYY Heaalsst

Bhsantinoglies alerrelatiel b straighiforvardexeeptfer caraiaicloRsloaps

tpat are not )éet det%mir&ed within existi anqnicallstructur s or..thgse
S cturefqn 6’)1‘8‘7‘.!' FS artesian COCH:] a%es or = desm—: T‘u‘l bO X
with insertion or deletions. However, these 100ps can’be modeled using

gigorittims that combine homology modeling with conformational search

(for exm@&e@ﬁ%ﬁ%m ke Heed fonRUSiPWINeSR )3 T AbS defined

canonical structures for five of the CDRs (L1,2,3 and H1,2) are used. H3
I vafiadote ey EHRRTGE L YRFEHRE) IRACWHTE B3 3R6W A e
AlgtistinminvisdenghGihoGenfdimatidit;, adthd ke profrasis o) PNAS 86,
9268-9272) to model the CDR conformations using the canonical
conformations of CDRs loops from x-ray PDB database and loop
conformations generated using CONGEN. In short, the modular nature

of antibody structure makes it possible to model its structure using a

' combination of protein homology modeling and structure predictions.

In a preferred embodiment, the following procedure will be used
to model antibody structure. Because antibody is one of the most
conserved proteins in both sequence and structure, homology models of
antibodies are relatively straightforward, except for certain CDR loops .
that are not yet determined within existing canonical structures or
those with insertion or deletions. However, these loops can be modeled
using algorithms that combine homology modeling with conformational
search (for example, CONGEN can be used for such purpose}.

The defined canonical structures for five of the CDRs {L1,2,3 and
H1,2) are used. H3 in variable heavy chain {i.e., Vg CDR3) is known to
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has been made in modeling its conformation as more antibody structures
became available. The modeling methods include protein structure
prediction methods such as threading, and comparative 5 modeling, which
aligns the sequence of unknown structure with at least one known

sirustuge bagedhe injlarity, medeled se ence..Jhe novo or ab
initio methods als,%g}%vﬁll}:%e%s%p%%ﬁ%e&??%acﬁcﬁlﬁga?ﬁéog dttirgress
6 LEGRiSRRERIBrE ofRERhKiSowWR Toop didproamatiors waribbéssampled
Hoor . Novotn. 1 (L0800 Nt Toe e e Do
ovotny. ture 355, 564-568). Alternatively, ab initio
e e ST 3 Bt i 1 AR i o
UBed tbrisretiicicintbisuy CDRsyuDtores! (Bdnnean Rrlisai: Rizinslddst
Gt RARRARLC SIS EBn BRI MBI DDA IURRLS: rhe de

119-126) without relying on similarity at the 15 fold level between the
MR L GHERBEHIEh P RAGRA SHiBETGRENA Iffors sictu prediostho dhe

thatwsesethie staieqefie: atoexplich salvento el esylar AMBAMIES AR .

implicit selvent free r alculations can_be used to.refine and select
R R el RO Y OB EN, o
RésseitdcabRitidlalethdd leeomR 20 783) NBakenDsKoimasHA
(2004 -1:Mal,Bigl 313 . Either - ructures as.used her
(1BJ1 ar:d/o# ICZ8) or %gﬁ%%%lgé%%ﬁ}g%édfégés%ﬁég§ f o%%%%ﬁ be

EREEP JE FHRCSH GEHIRT HiFp I FER R siring BnfiBoByslibraryfos
¢Rpenmental ewening: &essHbedhglon: 25 BoRtering functians ficer

r | gvaluation In iment of the present invention,
?%:(r%@: tigﬂ(%elgﬁagfs?ﬁgﬁjse@og %%gbrﬁ% (Al bUaRfoA o PR aBECR d e
delquistiebbtoreehdsenadnbalevaluation protessesdesarisedaheove im
seqtionsc3 And a0 Jhestruciuahevaluation is,pased.op,an armica!

an8§gr§meterized scorélﬁg function and is intended to reduce the number
S AHESHUBTP T FRGOmAGE Retssidrpertnemppralanatiersarrn be
assting stiiictuszaltesriplatéotosadve-alkaherartine-adid fibrarasigenerated.

Qﬁegggeaf @OknOéAﬁ‘ll g}r%&{f&ﬁ% a template, to assess
gntlbody-antlgneln Interaction assumes that (i} fia “Bymethod (Lee MR,
Tsai J, Baker D, Kollman PA (2001} J Mol Biol 313, 417-430).

Either the X-ray structures as used here (1BJ1 and/or 1CZ8) or

the modeled structure as described above can be used as the structural
template for designing antibody library for experimental screening

described below,

6} Scoring functions for structural evaluation

In one embodiment of the present invention, computational
analysis is used for structural evaluation of the selected sequences from
the sequence evaluation processes described above in Sections 3 and 4.
The structural evaluation is based on an empirical and parameterized
scoring function and is intended to reduce the number of subsequent in
vitro screenings necessary.

This approach uses an existing structural template to score all
the amino acid libraries generated. The use of a known structure as a

temnplate to assess antibody-antigen interaction assumes that (i} the
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structures of the antibody and antigen molecules do not change
significantly between bound and free states, (ii) the mutations in the
CDRs do not significantly alter the global as well as local structures and
(i) the energetic effects due to mutations in the CDRs are localized and 5

red.to assess functions directly related to,the mutations. An
g%?/é?ﬂ%ﬁgggg § ﬁ%ﬁiﬁrgl%gl?r%gwar{lgtr%% %na%%??&ﬁﬁ%fjé’ iShAIERER serve
signifeentitdranyasoindendesighfivm riveme fits tiathen thdiveompared to

theraate challepging-approact lﬂﬁ@%lmﬂﬂ%@%lﬁﬂﬁ%%%l lé}t%e & Dng

fiztri ution of thes:;ggf%uince hits should reveal how well 10 / cover
he fitiieds TUrTctioR G tRetaFJ&t SRARSIant terihs &f'tieirastirsaliged and
eem batﬂ.ﬂ:mydvim dhectrdeninos thiecatipue-tesdribat asEUTRLINNG An
dacensauboriadice, SEAGIUE (o ncerates I he stiyctures of the

mutants, it is likely that a sophisticated scoring fuhction wouls

S ETRE MBI TG tRgieebAt ifeRapigaioRE sttevet teashective) A
genercdlitovele esteddorcefighh fsepielom) was psechin dhesinitial res.
ﬁsglecglr(f\t,lrcms ng%lq% rplgldlegts%séemsgf %ntl-V GF aﬂgbody as shown in the
Example 8ection. It Thay avoid the- BIas SGilt i e b eetiras haemieth
Jetrerariniae griatesrefiuegion of the fitness landsddpe cambe@xplored

by-samping2Qsherensemhie seauenees implemented experimentally.
However, the present invention does not preclude the use of more

sophisticRtEd KeBRRECTOITOREIRS for- e SO PP EVaRIaHBY HMaPE sergy

¢unotioris can bewrsedtoiscanecthecompatiedity ibetwaen seqguencesand
L picall Jour. ' of ener é ionps can be used: (1),

e B B s et

rredisaioe fordTisisams s e ed Wi atarettisrivActroaisitptermiddel
CRRENURCS(R) &@&va@ﬁg@-b@%eg” s%f@tjﬁtli@}ﬂ ﬁ@ﬁ#@ﬁéﬁ(éﬁ%ﬁ@%@@
rotejn structures, '[_ ed potentia mean 1orce (r ort e
e S T Dt SO AP Gt oG
laymsaranvetetiretifor dafiddidy fitingphefforsefietd parameters sing
erinental «£4) . fembinati f veral terms
R A R S A L St

B OB WS SREtEa P LReEha s s TRk thip vareBetiised or
pneerpoliatethinte theescoong:ktiaiens e use of more sophisticated

scoring functions for the structural evaluation.

Many energy functions can be used to score the compatibility
between sequences and structures. Typically, four kinds of energy .
functions can be used: (1} empirical physical chemistry forcefields such
as standard molecular mechanic forcefields discussed below that are
derived from simple model compounds; (2} knowledge-based statistical
forcefields extracted from protein structures, the so called potential of
mean force (PMF} or the threading score derived from the structure-
based sequence profiling; (3) parameterized forcefield by fitting the
forcefield parameters using experimental model system; (4)
combinations of one or several terms from (1) to (3) with various
weighting factor for each term.

The following are some well-tested physical-chemistry
forcefields that can be used or incorporated into the scoring functions.

For example, amber 94 forcefield was used in CONGEN to score the
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For example, amber 94 forcefield was used in CONGEN to score the

-125 sequence-structure compatibility in the examples below. The
forcefields include but are not limited to the following forcefields which are
widely used by those skilled in the art: Amber 94 (Cornell, WD, Cieplak P,

I e r DC Fox T,
adw%l Jv‘%ﬁ%ﬁo’\? }%'%4% %g#f 5 Q’{‘)‘M??e%l%%%fgﬁ?lg%)
forakaiia mBebuke, bawr%ﬂfécbléﬂeﬁ r todavBpiosefekispilich
éwamﬁﬁmﬁbﬂw%@%mue@?lﬁ&hé Q@mnn%&mk R44 d&%&ﬂ;ﬁn
or ot rac
R At ST B AT S SRR R 10
1ana,, IFdﬁu’E,z@&ldWeﬂaHNFaﬁd(KMMﬁes; PA. I\Melﬁﬁdli OS5NYO7 TSNGENEIG7D
E u nkgi m|th tote
R S aub J; WataLﬁrtryeé/1¥ I\S/I’ %rﬁ%ﬁ%&%ﬁzgg J@ I%erfus
I&égzﬁ‘ﬂamw@ﬂ@%ﬁ EKaiuasds. 36155 Eils@@v@?évmm 4, 187-217 ;

I(/Q@Ilié@é‘IDSQ@ih?léﬁghPorBQbeéﬁ%MttAMQgﬁ%ﬁbﬁi@l@]:@LJ EWolEct 1
e e ro ucture tio
@%ﬁeﬁ?@s‘wf ﬁff éEéﬁ%’Pﬁ omany g l@l%??ﬁihé% nbér %e@c A.
Wi, B; S@M@aﬂ—llﬁm (FIV5); MRtyps, Chéfmcﬂ@;czsﬁl 1’288,1'5 Nemethy,
S Rale dh S &S60Er90%:. %Ax(%?gé’erﬂeﬁﬁyl%hcﬂﬁ%ﬁlh e

1883-1887.); GROMOS (Hermans, J., Berendsen, H.'J. €., van 2
HaHstEreRtWE B Jo Wakinabe, M WiqteswjBionekiterd éénl)D
MMARQANHAlgE) T PhyEl 992) =k AP 1 Chert 88086 114, TBREFIEB CVFR

en, 1996 hem 17,490-819.. Halgren, T. A (1996)
? ac%)mpgéﬁl 55 ‘i) %’0%2’%“5 |§/2‘r% %9%%3 Jq'ltg:()?mp ér‘r}1 17,
@%%BMH&IQQW 'F‘\AF SHPRBENDEINR:, %tfﬁl@%}fdméﬁﬁp)mﬁ@ﬁﬂ 17,

@5&%@15 éiaigrqng“éﬂ‘i:ﬁ%ﬁﬂﬁhéng;m& Cmu% @@@64@&@&8
ésee sen W..L., &Tlrado Rive m Soc 110,

gensen W L& TiaderRives, J.(4958) 9. Am, Chem
Nergeﬁgem{lm)]& Gordp. &;Me@&al%SMQM@ﬁﬂiﬁo&@la@hdm 87,

Gy . Brofprieins, ; A9RRLYal0Ron of he ceneral

30 Purpose Tripose 5.2 Force Field, J. Comp. Chem. 10, 982-1012.);
NS terang . I&A‘éﬁu‘ﬁ’@%ﬁnﬁ g @9@1)@9@8#@0@%%1%2 2iB6Lk99),

Mergensuctaseiieldsgocepg DigidingdMaye S, 1@|afemT B34 3. ;
At (19900 EPY e 98, B8975998) o rpeslis Prcefed ety
J. Comp. Chem. 17, 520-552.; Halgren, T. A. (1996) J. Comp. Chem. 17,
553-586.; Halgren, T. A., and Nachbar, R. B. {1996} J. Comp. Chem. 17,
587-615.; Halgren, T. A, {(1996) J. Comp. Chem. 17, 616-641.}; OPLS
{see Jorgensen, W. L., & Tirado-Rives, J.,(1988} J. Am. Chem. Soc. 110,
1657-1666.; Damm, W., A. Frontera, J. Tirado-Rives and W, L.
Jorgensen {1997} J. Comp. Chem. 18, 1955-1970.); Tripos (Clark, M.,
Cramer III, R. D., van Opdenheosch, N., {1989} Validation of the General
Purpose Tripose 3.2 Force Field, J. Comp. Chem. 10, 982-1012.); MM3
{Lii, J-H., & Allinger, N. L. (1991) J. Comp. Chem. 12, 186-199}. Other
generic forcefields such as Dreiding (Mayo SL, Olafson BD, Goddard
{1990) J Phy Chem 94, 8897-8909) or specific forcefield used for protein
folding or simulations like UNRES (United Residue Forcefield; Liwo et
al., (1993} Protein Science 2, 1697-1714; Liwo et al., {1993) Protein
Science 2, 1715-1731; Liwo et al., (1997} J. Comp. Chem. 18, 849-873;

-126-



10

15

30

35

folding or simulations like UNRES (United Residue Forcefield; Liwo et 35
al., (1993) Protein Science 2, 1697-1714; Liwo et al., (1993) Protein
Science 2, 1715-1731; Liwo et al., (1997) J. Comp. Chem. 18, 849-873;
-126 Liwo et al., (1997) J. Comp. Chem. 18:874-884; Liwo et al., (1998) J.

Comp:(Ghem.d7259.Ca6y). LavaIsohsused T hesatistical petgptials

rived from protejn structures can be also used to assess the
Sgorfln at%:ﬁ?%eﬁiév'gegé 's%%liéngé%ya bR5E&RIS structure using. These

potential Thstude thait erd tdiritetds bsited fiaim poteniialstMitazawass, be
JespigandR £19837) - 222, Jernigan RL, Bahar, |
1996) Curr. Opin. gs/lt}au%éqg}% %Hﬁ%é%%%%&%%egﬁ% gﬁ’t%lsé%?m%{#%%ce

%It‘é}fo?i‘i]éﬁ Sehig(1bepiePRish Ebinsisie brigoy hmitsdee usefins pair
caiculaite <hopofawmationatepsambiessy) Lpraigins (Siepid, 399%)sh.

Mgl § ,1859-883). er, some ljmitations of these forcefields
are al %Ed%lésgu}s%ﬁdrﬁ %@%ﬁnﬁﬁﬂ%’%‘jﬁw& Bidi 257746
BettnEm Al (1997 Pchdheplist 07 213698:3706) Mulothiel mdthods to

seTe 415 BARBAHRINYIEIMESR SEALGREES IR, AN RIUGIUIR IS 1818 ¢
se uenc?ﬁg{hng iBOWIe JU, Luthy R, Eisenberg DA (1991) Science

553 1! o thréading ¥ebrae J6h8s SBT- o F RIS THoRRBIE IM
(x0B2)iNature 1358 86:64 Bryant Sho Hawienee, CE/ALL3)PBrateing A6,

%;ééﬂ:f Rest &&%@?i@gﬁ'ﬁséa@%%%ﬁ?{%@&d‘%‘;o' B&?{eﬂ AL 80

Y, Xu D (2000) Proteins 40, 343 hese statistical forcefields
Ba28d 3 the quasichemical approximation or Boltzmann statistics or
Bayes theareme{SiroansiKTo Kopperkerg:Gphluang,t BakenRd994) s
Mocl IéglelllgggeZlOSQt-OZZS) are used to assess %le o%dness f the fit

ie Bt fedidtitbitma RI,

use seguence 3
etween a sequence andeg sf?uctﬁre OI‘I% r
Basabarg RANIEIRAH 2c{2000 25 PodtdinGoienbecdddl2818%s (Jones

Burtheyneranthe sliuctureaseddhermadynarsic parameters, relatgd to
Lhe thermo%\%mmlc stability of the %f{gteln structures can be " also used to
q

TRIUAE the Hthest hetnEdhS Rqlerde af@ st Srithreidatie Sander
StifuORITe -hadedite rATod i o ethods Xthat heomodynariie 300, 343-

duantiien sueh AR ER £APACI RINAIPY, CHIORY LN e calgulated
based on the structure of a protein to explain the temperature-
approgimation or Boltzmann statistics or Bayes theorem {Simons KT,
Kooperberg C, Huang E, Baker D (1997) J Mol Biol 268, 209-225) are
used to assess the goodness of the fit between a sequence and a
structure or for protein design (Dima RI, Banavar J R, Maritan A (2000)
Protein Science 9, 812-819).

Furthermore, the structure-based thermodynamic parameters
related to the thermodynamic stability of the protein structures can be
also used to evaluate the fitness between a sequence and a structure.
In the structure-based thermodynamic methods, the thermodynamic
quantities such as heat capacity, enthalpy, entropy can be calculated
based on the structure of a protein to explain the temperature-
dependence of the thermal unfolding using the thermodynamic data
from model compounds or protein calorimetry studies (Spolar RS,
Livingstone JR, Record MT (1992) Biochemistry 31, 3947-3955; Spolar
RS, Record MT (1994) Science 263, 777-784; Murphy KP, Freire E
(1992} Adv Protein Chem 43, 313-361; Privalov PL, Makhatédze GI
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dependence of the thermal unfolding using the thermodynamic data from
model compounds or protein calorimetry studies (Spolar RS, Livingstone
JR, Record MT (1992) Biochemistry 31, 3947-3955; Spolar 35 RS, Record
MT (1994) Science 263, 777-784; Murphy KP, Freire E (1992) Adv

Protein Chemg3: 353-36d Rivaloy L Makhatad %%% 4 %{&%%%g )
Mol Biol 232, 660-679° Makhatadze GI, Privalov BL (1993 J Mot Bidl

259 %f?é%%g) .%@%ctu?@%ﬁé@bcfﬁéﬁﬁmﬁ%ﬁ%f BaFMetsEs can be
usedie talsulaielstrustutabstabilipa of suiantSeqIepnas andhudiagen

rotection factors using ensemble 5 based statistical
P e RO o oo o w e
PRI®S 9519903 DdosPremodyrarnioparafhblers Vélding dy Statistisal
thermedypamicgogrels 0f s foanaliesos) he LRIl SeCaNIBY ameters

ctures have also been determined using experimental model systems

str

ﬁﬁ%%%&%éﬁe%%%&%&%m 81 Hivifekpetae arEata
(RotiCA-Baldwiy Rir(t998)s MetkadsEbheymdk2o, e uSemeano L
2000k Ay, Bralein Phem. B3, dor88) Agambination of various ferms
from molecular mechanic forcefields p?us som speuﬁc components has
pEeficlieas i bstrs prteideatign Pedd ams B drpreRin 6P S8)
embesiment-{hedoreafield:s cpmposed iong alsevasalicmssueh as

t _gdw, hydrogen bonding and electrostatic interactions from the
stand’a\'rd molecular mechanics forcefields such as Amber, Charmm,
OPLS, &y EGERPploseneos sevesdlitermsithatdre beliekedito control

thecatabiity,af prosains, 20-ke improve e seoring.fyungtion, additignal
energy terms are included in later steps that allow tuning of the scoring

RSB 6 B8R Hdarass dedisherfieinaxpesimentl tesdiecsfighd is

imftueneedbspeaeific antibaty-amtigandntesagtionaof ifaieskrobnding
nergy. term can.penalize arginine, mutation to reduce its

R B L e

Sechelidccontdrmatonbandibaonpe s fovthdSiESh asonemr

seoeing function.thad faverz-asainnesAnethei-enaraydenn sanssere the
charged and polar group solvent exposure hased on surface area

r
calcula '8HI§§ tREY %ﬁtﬁ?ﬁﬂ?g SR o AT SRCARY e A4S
asdodingitolesposegs that allow tuning of the scoring function to better

address deviations from experimental results and influence of specific
antibody-antigen interactions of interest. For example, one energy term
can penalize arginine mutation to reduce its contribution to the overall
score due to the uncertainty of prediction its sidechain conformation
and to compensate for the bias in the current scoring function that
favors arginine, Another energy term can score the charged and polar
group solvent exposure based on surface area calculation so that
mutations that lead to charge burial are penalized according to exposed
surface.

In practice, there are many scoring functions that can be used to
score the compatibility of sequences with a template structure or
structure ensemble. The refined scoring function is composed of several
terms including contributions from electrostatic and van der Waals
interactions, AGuum calculated using molecular mechanics forcefield,

contribution from solvation including electrostatic solvation and
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30 surface. In practice, there are many scoring functions that can be used
to score the compatibility of sequences with a template structure or
structure ensemble. The refined scoring function is composed of several
terms including contributions from electrostatic and van der Waals 35
[ ions, AGMM _calceulated.using molecular mechanics forcefield,
ngﬁ{'%fégt%%?f,%%& &aﬂf%ﬁefn% u‘iﬂ}l’n%%éjié’:&rr%&gﬂg%l f&hd -128
SSéaRdessbr s Shras iAan P tRbotionsfRmn B9e4s; Novotny
CrERBatie PRReNtIony: {Inarm KA. oy #“8: Ngv J,
Bruccolﬁri RE,ingis M, Sharp%ﬁ %&?ﬁﬂgﬁgﬂﬁ%}g%ﬁ%% )Qg‘ﬁj
simple fASEREY G EoRBUSH SRR REARTY Rer6 kg dosateudieal
Stabitity ofl & seyjlienod asinguhectotaliap abrbination efnenergydesns

j | ing.function that ingludes terms from molecular
AR T e S

lappsihangafigericatimed—EimpberBydw mfdiecensolvation

€bamt@nor alternatively, the binding free energy is calculated as the
difference between the bound and unbound states using a refined scoring
function 15 AGb = AGMM + AGanl -TASsa where: AGMM = AGele +
AGVAWAR) AGEals AGelesBlitACBRSA 2F.20The. AGELs. and-AGydw
electrostatic and van der Waals interaction energy are calculated using
Amber94 parameters implemented in CONGEN for AGMM, whereas the
RGBS et iEcte s imeingforreneydy redeivedod amobe difference
beteregeneousy diskibutedichargas ifea RLieinWith NQ:22 HEIBGHIS tion
boundary into an aqueous phase with dielectric boundary defined by the
shape of a protein. This is calculated by solving the Poisson-Boltzmann
equatickFortherelettrgsStatid' pBtential for the reference and mutant
structures. AGASA, the nonpolar energy is the energetic cost of moving
nonpolar solute groups into an aqueous 30 solvent, resulting in the

rgan ization of the solvent molecules. This has been shown to
correlate lineastyyith t@.solvaat accgssible surface

AGsa = AGele-set + AGasa (2)

The AGee and AGhaw electrostatic and van der Waals interaction energy
are calculated using Amber94 parameters implemented in CONGEN for
AGuu, whereas the AGuesol is electrostatic solvation energy required to
move a heterogeneously distributed charges in a protein with no
dielectric boundary into an aqueous phase with dielectric boundary
defined by the shape of a protein. This is calculated by solving the
Poisson-Boltzmann equation for the electrostatic potential for the
reference and mutant structures.  AGasa, the nonpolar energy is the
energetic cost of moving nonpolar solute groups into an aqueous
solvent, resulting in the reorgaﬁization of the solvent molecules. This
has been shown to correlate linearly with the solvent accessible siirface
area of the molecule (Sitkoff D, Sharp, KA, Honig B {1994) J Phys Chem
98, 1978-1988; Pascual-Ahir & Silla (1990) .J Comp Chem 11, 1047-
1060).

The change in the side chain entropy {AS.) is a measure of the
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area of the molecule (Sitkoff D, Sharp, KA, Honig B (1994) J Phys Chem
98, 1978-1988; Pascual-Ahir & Silla (1990) J Comp Chem 11, 1047-
1060). 35 The change in the side chain entropy (AS..) is a measure of the
-129 effect on the local side chain conformational space, particularly at the
biﬁgicrt] interface. Thig is calculated from the ratio of the number of

allowed side chain onTormAations IR e BEALSHAT bt st st the
denéraksooririg purfdsedss it dadepenident siderchiainmappraximatiands 5
apRieite;the mutated-Sidechaing i ofder Lo A%oid, Ing g, 4 states. For

computational demand imposed bEE/ saméollng conformational space of
R SI el R VRIS BAERBEREEEnTim shars arms Semaivesin
tapmitdlnary o thitteasianidibanyiateireyplvates dobtheir sthugiural

ibility with the target structure 10 and are m ed out qQn the
e i o F R Rl of
sesiEpipstie ahtibodipseriensdaiktve coresdéprmatidrabsence of

antigermaie goqrlated in 98Rakal HoRGPEERSS 2ilaragnumper of
ble of stabilizing the antibody. scaffold (see Figure 12C).

variants are capa ]

KRBT H0S78 R AR TR LT 5 e P S At e YRt Hre
caphble of findidg theotatet @pitpyelaAd sshpwoiniibe L XAMREERtion,
%@#@@W_&?ﬁﬂ@&ﬁ@@ﬁ%%Qﬁgea% {heir fitness scores, based

on the relative stabilify of the template an tibod - antigen complex
@eEsgcand experimentdiy ditsated c ssqudaced inedricnifidectRigereause
E’:ﬁ}gg%llﬂﬁmd miaiimd 'bi@p&blif&ﬁ@ﬂﬁ]ﬁllﬁ&é@@fﬁ%ﬂﬁ%@ﬁyth;
antigen,bound.and u nd gtates to eliminate any grossly unfavorable
R R R T e T Ve o e v rocion
addbratsiysoorestithadifferergesbbe tvibandite: bbundeayd epliopnd dtates

whileatilh effectivelymeducing the se8rehsRacesaq.Ehescaring fupgton is

used to scare the sequences in the hit library, hit variant library | or hit

VES I AR SO gtoRaRy PR e tBRdedalSin ekt iHE I 8adhe
sequeace ortiead sterciveal template ( Seg8enerdadibadibianyiseatiessel
[ I com therm amic cycle. Consequently,
§g§§§§§§ %é% %%%E%g %‘? Seoqf%t er experimental screening based
on any BfithBBlERiNg Emesribly, to determine the scores in both the

antigen bound and unbound states to eliminate any grossly unfavorable
sequences in either state. By doing so, we can avoid the need to
accurately score the differences between the bound and unbound states
while still effectively reducing the search space.

The scoring function is used to score the sequences in the hit
library, hit variant library I or hit variant library II and, optionally, the
differences between the lead sequence or lead structural template
sequence and the library sequence is calculated to complete a
thermodynamic cycle. Consequently, sequences can be selected for
further experimental screening based on any of the following criteria: 1}
sequences that score better than the lead sequence in stabilizing the
antibody structure are selected; 2) sequences that score better than the
lead sequence in stabilizing the antibody-antigen complex structure are
selected; 3) the difference in the score between the bound and
unbound states is better than the lead sequence, provided the scoring

function is sensitive enough to discriminate small differences between
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sequences that score better than the lead sequence in stabilizing the
antibody structure are selected; 2) sequences that score better than the
lead sequence in stabilizing the antibody-antigen complex structure are
selected; 3) the difference in the score between the bound and 35
nbound states ig.petfer than the lead sequence, provjded. the scoring
R B B UG 1S RS S U e cB BOREGE
-$60r lawgy g e 1 Tig Hagtiehiteromrsshitlid besed ed omhg ifligilyrrefined
sepring-iengtiens QEhighiguAlly snsembiehased:seotngifinGion S data
available and prefereably with systems where high quality mutant data
AE R AR G b PARER D P S T RIHEEEHOB: Sequences that
score belteithare thih leastsegbertes (2)ateharaba ed anchsetpdiato
dising, dusters, A camalion of e, Slusters should aouer Spfcient
sequence and structure spacent?'nat covers déesired regions’in fié Fitness
|sheicapsirigdreoreThiligisplosrirehseleathgt astbringhvined shaby
clusterng-the-sequencesisHOtakensasanefowt i peduop themhysical

library size. Anather benefit of the clystering approach is that combination
SRR HOBIEi GRS (@ C HALTEIE R IR RS A
digizeigurer :fforh tsevdratdidjointedsseding avindows may Btill benefiaof

large portion of a%%%g@ﬁqsaa%t&%%gﬁ@ﬁeowe'ﬁ}j%%@Jeéﬁ%&é%g%&f@e

lead 15 sequence. A desirable result of this clustering process is t
it TPRaR BT thdse thrstéretsEftieticbd redlifds a higrres R diier
physieal dibyary: sizedhandheicambined fiktany.shernuclieie aeiddibray

esréco&jﬁjn eea%cé] ftr(lz ULcrlilejs.gtersés sr&a{%&noug@ofgr a thor%llj'?ff screening in
VItr3 OF 1 VIVO. none ‘e?naﬁoaﬂflm_en of?ﬁe pr1é§en}f?ﬁ1ven ion. the
seotingnetthé disiratidntibvdrpisised toiseleat prpopulatichdf since

sequenReesQRtimized- Joir %ﬁ@ﬁ@@g funetien andtedosmuylate ﬁﬁ?s’i@ﬁ”g
design for hit _variant library.Il. S%oring of the resulting hit variant library Il

S 2Rt FIRc YPTRGHNBSIOHARG dekidiPeaRatie
ora(@5 eiarfantiprafies Hisweadhntbongn ol derivec: flomctre mugléicatider
library (described in detail in Section 7 below), is also scored to determine

the fitness of the library and to evaluate the effectiveness of the scoring
functiontih tRESETHY HEIEBE 9 AEE BREFSHEERTFE SpBedhRyoring of the

hit variant library is used to select a population of sequences optimized
for the desired function and to formulate the starting design for hit
variant library II. Scoring of the resulting hit variant library IT is used to
determine the effects of modification and design enhancements on
variant profile. Hit variant library III, derived from the nucleic acide
library {described in detail in Section 7 below), is also scored to
determine the fitness of the library and to evaluate the effectiveness of
the scoring function in mapping the sequence and structure space onto
the fitness landscape of the molecular target.

In a particular embodiment, standard terms from MM terms have
been combined with the solvation terms including electrostatic solvation
and solvent-accessible solvation term calculated with continuous
solvent model for electrostatic solvation; these MM-PBSA or MM-GBSA
method, together with contribution from the conformational entropy
including backbone and side chains, have shown good correlation

between experimental and calculated values in the free energy change
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the fitness landscape of the molecular target. 30 In a particular
embodiment, standard terms from MM terms have been combined with
the solvation terms including electrostatic solvation and
solvent-accessible solvation term calculated with continuous solvent

|f ] tiQn;,t =P M-GBSA thod,
R M e

[PAERB GETARE Bide Epamdshave shielwngoed donekeoanbaVeEBSA or

experimsakandcalcuidedvalvesindhedies enelaY-Lhande. nkal
Q//Van%W, Kggman P 2000}2 J Mol Biol 303, 567-582). Compared to other
SEOIRGS R REOHE LLRHR SFOtEIR'GRE HBE aSigR NMAAPES B or

MMEGBBA IS BletteppivysichEnodel fonktoiinggadiudesdiandisoivaribits
RECRIEMS With 6005 Eﬁ%&?@%?{%%@f@%%ﬁ#ﬁ %?CQMQ&%?A

expensive because multiple trajectories from molecular dynamic

SHtASIA Y S Watbearestequired erebieyiars relventensiel is still
avenagesfiontie sysiem andeoatoueus selvaptimedshis $itbvide a

omputationally slow. These.accurate methods should provide. a ..
b S e o RS R e iy 4
SERSHig oF ferstiaying sommechhhénginggnutativisthth atude Sinspleple
caleylationss 7) Examples of forcefields for protein design An important
interaction for scoring the correct packing interactions inside the core of

proteins, van der Waals (vdw) interaction . 15 was used to design. the
p/rg%ﬁ%{%ss@ﬁéﬁﬁg%@@g%ﬁ ﬁ%t%lffoq?‘fe%gfbtamer sequences in
enumerationifPondenyW | &R oltardsiEM:(3898%) thaviokBiet p88kivb-791. A

QR ofiSRAUERRES saNDESEIsIsAUNdeL A Rateplal lungy %%Q#tion

simulated evolution with stochastic algorithm; the ranking order of the
Sristgleschi S Sietitsn ‘SEqhENEE: foF FetiaUes s 2B tHEHhiREIvBie cores
obpiaieinscepisalatesnvethwithriteirbiplogieal Tactiviies (e ling o &Y, J
Rj d (1994). PNAS 91, 5803-5807). Similar gapproaches were also
koAt e it chioc £ Tt Re Renfe kG Cegiint
@9gstRidtETSeiensud, sP006 201 8y WlohoH Db JHETDOS) P ralgins hig;,
Hd-2ankiEfieriaf ¢hnetepialiunsiiomandhedesianed ssAvERERR. 1R

target scaffold has been evaluated by including van der Waals, ]
dhe hydranhobic corgs af proteins correlates well with their biological
activities (Hellinga HW, Richards FM {1994} PNAS 91, 5803-5807).

Similar approaches were also used to design proteins using
stochastic algorithm {Desjarlais J, Handel T, {1995) Protein Science 4,
2006-2018; Konto H, Doi J {1994) Proteins, 19, 244.255). Effect of
potential function on the designed sequences of a target scaffold has
been evaluated by including van der Waals, electrostatics, and surface-
dependent semi-empirical enﬁironmental free energy or combinations of
terms in an automatic protein design method that keeps the
composition of amino acid sequence unchanged. It was shown that
each additional term of the energy function increases progressively the
performance of the designed sequences with vdw for packing,
electrostatics for folding specificity and environmental solvation term for
burial of the hydrophobic residues and for exposure of the hydrophilic
residue (Koehl P, Levitt M (1999) J Mol Biol 293,. 1161-1181}).
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dependent semi-empirical environmental free energy or combinations of
terms in an automatic protein design method that keeps the composition
of amino acid sequence unchanged. It was shown that 30 each additional
term of the energy function increases progressively the performance of

the designgd saauences with.yaw 'RERACkNG Slesuesiatiasirrfaidina he

specificity and environmental solvation term for burial of the hydropl hObIC

[EaES EHa e IR R H50e SRy Rt SRiYRR: (ssine Me
(1999) PMoO |E@wm|;2930&aﬁﬁ}11ﬂ.810)9=132 ThecsglPctndisteatnndandiald.

r c u erdp fin
o e MR oo ro ey ) MAZHa e J36
_909615217{2(0&@@1 PR, P(/!L@b%)@ Cuot: BiBin239rwao Bis: Koehi P,
Rejanie M (1993) NaboSirues. Bfk?bﬁ%é%i@@sl@o%lsau@ﬁla@%bﬂ

1996) Curr. Opin, Struct. Biol. 6:222-226; Lee J. 199}#!?/! |oI 236,

@T\?ﬁ%é&eéﬁg%) Cﬁ%%ﬁ*é% 8 t%%nfoffo(% BIRSHEH of terms
flarcdleckitarvierhefible; dd otvle dgeab bsed Seddistivdidfdrer fistg g other
%@3{&% coueetion @&h@%&a@%y@g@l t&g@a&g@ glelnsequancesdat

are close 10 to the native sequence o e tar et sca fold (Kuhlmar{n)B

Bakbe DAy PNAS O 538 388if
thespm dnaRIe; tenmss; w&mggbude@msaﬂmmaﬁet@mecsmmmﬁmymm
the protein core Ji arid H Pistor E, .Farid.RS, (200
ﬁ?Bf%%@cﬁ‘éﬁ%%”éfﬁ!g‘f%f%] rrmiojc\jvlé 51§:exdsgu%entlafs r?é‘% %géeﬁn
used drd!gslgdzaﬁ@?btgmsc(%s@sﬁou\/ﬁ?c@m@ &S S0 Pmdfitarsalence
(§096233#@Eﬁ‘y%&h@@&g@aéé&cﬂﬁgtéﬁﬁmE%@%l&%lh@y&ib@ﬁ@ealgﬁ
optimized specificall rotein desi npurpose in é’ 3@ tio Wlth
GRratvene Gl or BRI - CE t HN S  CR G BB
StianaelR@Es008Y0T.he energy 20 function is decomposed into pairwise
functionalforms that Gembine. malecylar mechanic-anergy fsEpsowih

specific so vation term Is used for residues at the core, boundary and

sUPhige posHiowsieam BitR EiRalcaIgeHthAm s LEeiR S ﬁ%%ﬁﬁhm
heggpumbs! may@@blu@tgaahmwﬁﬁs@@ﬁqa@ac&% s stringeasyref

- force fields and 25 ri |d se foldln grotoco nf\é‘i@f'xedch ggﬁgﬁged
A

iNPIOHAR Ge8iEi RESS |nev I? Fedlitea 5 Sighiticant rate

negdtivelaejectibamt energy ferms with specific solvation term is used
for residues at the core, boundary and surface positions; dead end
elimination algorithm is used to sip through huge number of
combinatorial rotameric sequences. The stringency of force fields and
rigid inverse folding protocol with fixed backbone used in protein design
has inevitably resulted a significant rate of false negative: rejection of
many sequences that might be acceptable if soft energy function or
flexible backbone is allowed. Moreover, the energy function used for
protein design is quite different from general forcefields such as Amber
or Charmm that are widely used and tested for studying protein folding
or stahility (Gordon DB, Marshall SA, Mayo SL (1999) Curr Opin Stru
Biol 9, 509-513). Cautions should be exercised in comparing the
sequences designed using specific protocol with others from alternative
methods because a direct comparison among them may not be possible

due to the false negative issues involved in protein design protocols.
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many sequences that might be acceptable if soft energy function or
flexible backbone is allowed. Moreover, the energy function used for
protein design is quite different from general forcefields such as Amber 30
or Charmm that are widely used and tested for studying protein folding or

stability (Geden RByMarshal St Mayemk O SHL QPR S Bigk 2.
509-513). Cautions should be exercised in comparing the sequences

dES G HsTHG SR R IS Bt s romcae ianve v iHe dssts
beeatiseianlireds comparisos AN gibbraniray natbiepessiplet3m dysrto
the false negative issues involved i otein desi rotacals. -133 The
A2 T R ATt o RS o BB PR R o =
deBijwas rotaprebiensforarsigaiigtprotainevwithdesin resudtison, fis will

Pesa:seiioys problems:fey designingmiteins {or darunacestiedhoh only

application for which only small restrictive region is 5 allowed to have

altBfed s ERUES T iR ot iihEhen, Fof” BRATHBI, ity
va@amﬁlg&mmoeptﬁblbﬁmﬁvgi dEREG, mmahgﬁmﬁmwnﬂ{afe@ms, only
residyes, i the VHLOBR e YRGR anhadkpiauidaciualy mprove it
binding affinity, but for the framework regions, only a few mutants can be
tolerarEFTorHinsTatizatiBhe Trdferdreprad b crrprd@rinnpbptiapning that

seae RFspeedRfeampriationabsereprinathal: matiersthe mastifPrihose
fL%QctionaI imtpr%/ggpent in o:%er tq identify those few mutants in the

targetait BgiSH "Opfiorafy tdIEeMar dynamics or other computational
methods dantberadsd toodendeatd starcisrecensémblesanat Hie .51

CRREMDIR AVGI A SCRS %g&‘?@'r&&é anksedvences diglman P Massova
1, Reyes C, Kuhn B, Huo SH, Chong LT, Lee M, Lee TS, Duan Y, Wang

WEBBHIRI QAT EREIBOSAMALR Paita seAn sl BANERRR FEV 0005
Aer&hent Resha3p880:8 %), Thevavaraged operiesisituaied  fipahg
ensemble structures sh etter correlation with corr nding 2 ta
sl ARl

LiBfApYBAsed OnaredresSdeBra-F 8 pldtec2s mitsih aivekt temeaimhilated
antibady, ibrapidnay e arrsiticied ik Gy Rase s PR ie P stictide of

thaa lead antibody and thﬁn screened for desired function in vitro or vivo.
T

%tagﬁ%ghgﬁgg%eélt measurement.

6. Construction of Mutant Antibody Library Based on Lead

Structural Template

Alternatively, a mutant antibody library may be constructed
directly based on the 3D structure of the lead antibody and then
screened for desired function in vitro or vivo. This approach takes a
short cut by avoiding the construction of the hit variant library and
directly evalnates sequences from the hit library constructed by
screening protein databases. This approach is depicted as Route Il in
Fipures 1C or 1E-H.

As described in detail in section 3, there are several ways to
construct the hit library. One way of building the hit library is to
search in a protein database to find those segments that match in
sequence pattern with the amino acid sequence of the region to be
mutated, for example, CDR3 of the heavy chain (CDR H3} of the lead
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short cut by avoiding the construction of the hit variant library and directly
evaluates sequences from the hit library constructed by 30 screening
protein databases. This approach is depicted as Route Il in Figures 1C
or 1E-H. As described in detail in section 3, there are several ways to

%%Qﬁ%r%% the hit library, Qnesyvax-pthullding the hitlirary 55%@9 £ SERERN

a protein database to find those segments that match in 35 sequence

pRRtePAUTRIT e a himoeichrar]ognde Brarel?dgfdh 16 BeeRhttated, for

examplep&biale! the mavychaiy (GRRJdIafdhaleds stddantbody. A
onventional BLAS is may be emplo dtos arch .for.sequences

T RGR G0, e G e e e R T AT oy

be use@tmea@n@bsm@nd@rh@wmgmsmmﬂ TDRW i gaaneaest

'Qf%ﬁ?&&k@tea@m&@q%@télga&pw@ékmesmiaéﬁm@rﬁ%qq\%ae@m
multiple sequence a |gnment can be used to buijld a%boflle Hldgg25

Wik SMNG SRILA9M R, B PSR RRATS e e S0P fo B AR
angremate hirmana hemelagues:from dqnmbembsam}eaeé@ambéseasash

3 [sabal datanase. of proleins, AN e 1mAR gepmline mmnacigpuln

meworks.“The Kabat database of proteins of

ifremeistatical imdresefémakarsud spatidacahiBruseal asi e dr)sigt

diverse.seauensesifarcaDRsulhe spqueneesiy dha-hitlkyaneselected by
usér}g any of the above methods for sequence alignment or combinations

of can be 15 profiled to compare the type of amino acid and its
frequertizobegpearande imeichigositiond thedcbrresponding #&dion in

eS8 Q}B'@Eﬁo8@?99@)54&9:@&9%&#%9Q%mﬁgflehﬁﬁﬁéﬁé@@%l%e

grafted onto the corresponding region in the template antibody (e.g., CDR

By Esd fSsEerrorit D6 SRiciiraresm sttt Hreveacsi the

@ﬁt&lﬁd}éﬂ&d@i@&ﬁ%w@mﬁmaﬂms desedped dirgectignib iabdvetddsingte
S|m|I%r 3 roacftfiﬁ t)raries can be constructed based on lead
sequen eﬂ%m eren regions of the lead antibody, such as CDRl
CDR?2 dEdvl heemypenainthifdhigptenanisaar fedaor 9 setgipandin

cmRAtib iy with-1pe rest-aithajqag antibedysT hesetested for its
structural compatibility with the rest of the antibody by using scoring
functions described in section 5 above.

Using similar approaches, hit libraries can be constructed based
on lead sequences from different regions of the lead antibody, such as
CDR1, CDR2 of the heavy chain and light chain, and tested for
structural compatibility with the rest of the lead antibody. These
libraries may be combined to allow simultaneous mutations to different
regions of the lead antibody, thereby increasing the diversity of the
mutant antibody library.

All of the mutant antibody sequences selected in these processes
are pooled and screened for high affinity binding to the target antigen in

viiro or in viva,

7. Construction of Nucleic Acid Library for Experimental

Screening
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libraries may be combined to allow simultaneous mutations to different
regions of the lead antibody, thereby increasing the diversity of the
mutant antibody library. All of the mutant antibody sequences selected in
these processes 30 are pooled and screened for high affinity binding to

the targefa ;igﬁq iQ itro ar in vivo. 7. Construction of Nucleic Acid )
Library for EXpefimental 35 SRreshifg 1867 & it Yirbtongeic acid
sdreamiing iargittoortinuoivd, feucteicdacithdibralies arel ceastancies toat are

encededne,amine acitkseauenges hatare Selesles tﬁqeusgir%%éh iinvention.
d [ the

abgve-described methods of the present invention. The size o
nullSSHSPhbRT GG A G dsABTHG 8n Tesssdsatiedine wetud of
sqlectinglandrprofiling thelasting acid sesuensase Eaigsampladheesizes.
of uclei¢ acid may reach > 106 if too. many amino acid sequences
ar%tpé%h%saéﬁ%iﬁ d%:%%g }r%]/%i?]eg}eP%‘rtht%ﬁ ag 1anla‘lr@')éf- ' r%ﬂ ir%f%qf fﬁe LSRRG
aci s aeHt6S Map bes padoinredrtcrati ncedindisizé oPaht thucle aaidre-

libsaspita dasiliateeffisieni-anddhoraugh 10, screening expgrimenially. As.
descrlg)ﬁ%n Section 5 above, the profile used to generate the hit variant

iIGPAR 1, o7 BRGNS TRl ety (B bt imriBare sprdb firemzdeic

acic tibrang fax experimesifal ssredaing biedvitioSeritoviPabigeraBe profile

ill ) r ructing a 15 nucleic acid

T B e P nied A isde
valiaprale thitvariahtiisralclrFiure b r ars)oT s esnistrect the macivies
agighlibraryr theyyasiants in the amino acid profile are back translated into

oSS B D 0 spa e iy g
smualttst mustbictacid libarycbyeringiihadiveidibeghiargivenmineehaited
i al NG, RIRIRTEC, COrlPRs HSRE IBINE, AHRIANIPI N UPE) (98- E.
cofi) are selected tg encode the amino acid library. The corresponding
nGERYHHE T pBSiTBHAR Fafigi T (NIFBYBHE bHtdile done the baerfile
transiptiok 8% obtheAmBRVRAtdibadtigleic deid lorayisizeisng into
RTINS0y B COMRRACLB SRR g See example
For example, to obtain the simplest and smallest nucleic acid
library covering the diversity of a given amino acid library, only the
preferred codons used in the expression system (e.g., E. coli) are
selected to encode the amino acid library. The corresponding nucleotide
positional variant profile (NT-PVP) is obtained from the back translation
of the AA-PVP and the nucleic acid library size is determined from the
nucleotide combinatorial enumeration. See example in Figure 134-C.
If this size is less than 108, synthesis of the nucleic acid library or
libraries {e.g., nucleic acid library I, 1, ITI, etc., Figure 7) is performed
and experimental screening is then conducted. If the size is greater
than 108, the hit variant library Il is partitioned into a shorter library or
the scoring distribution is resampled to generate a new AA-PVP to
‘generate a smaller library size, as described in section 2 under
sequence space or reprofile.
By using NT-PVP, a degenerate nucleic acid library can be
constructed without synthesizing each of the selected nucleic acid

sequences individually. This approach reduces cost and time because
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If this size is less than 106, synthesis of the nucleic acid library or libraries
(e.g., nucleic acid library I, Il, Ill, etc., Figure 7) is performed and
experimental screening is then conducted. If the size is greater 30 than
106, the hit variant library Il is partitioned into a shorter library or the

sgor X%glstrlbutmls resam Ied t generate a pew AA-PVP fo _generate

Fg & I'ﬂlC 8. drl ? alé 3CCOI}1 lis
asm rary size, as ESC In section Z unaer seauence space or

rsfite. ByludiheaT (PR rale@geﬁ@@t% RudlbictsciFhpras Tahvbe 35
%@gﬁﬁiﬁ&@ﬂn\glm@eﬁﬁmﬁ%@meﬁg@ ebike-ssleatedinbiclpioAgitterent

sequences individually. This approach reduces cost and time because

TR ESsphtHEROIARR IR0 RO AT il PArids RS E e SBRHRNERCR one
passdarf eaehikipraryrte.g nuncicleieadidihrHr ¥l isetgnFigarel¥elrpanded
RreAram m‘&%ﬁé[lé%Htﬁmé}%ﬁf"%‘iﬂ&’&&%%'ﬂ%sé’ nihssEer With Jif EE%E“

mixtures of nucleotides for each position. As a result, the sequence 5

UBEREY G EAE U iharab rireNeTe GERT B L) is StRmcEy BxpaRded with
eﬁﬂnﬁnﬁgseltfbajy@mé Mthough shersizend tbeyneelels asig., ianiiant
tgansla s hit varlanthllb rary 0‘3 IS I@r%%r than the one falthfu%

enco ng’the 8e§3§ne8 amino &c seq%enc (e g hnfl%lﬁgn bral%/ ),
thisppasacty oﬁaémehmelftpbmmmamm alsly pOoguararitees to

include the designed seauances biialsg Rromises i dREESaRe NG vetter

chance of finding novel sequences with equivalent or better functions
fHas e shgrakrase ifssigyidoRgsurance, the nucleic acid library
generatad byassingaNTe RYP isitriaslatet [Back-tocan @mind Bgidsing NT-
%W%‘%%&IS‘{X&%Q etra&? it deovatignidibrany. | 'h%ﬁ‘»grp%; %%r&’e%@%

energy function to evaluate t € sequence and structure ce ctovered

HreTain G ARantiBrary i arer athé fithe se ofREdTblans (o l}fiee](%dtﬂw@e

- @Bﬁﬁ%&?c@oéﬁﬁaéi@gl&t&@lﬂﬁ%%@&@%k@@'ﬂiﬁ't&%'%ﬂ@ﬁrd@ﬁ% Imvahdatetbe

s of the es and.the eff eness of he scoring function in
%?naﬁﬁé)%@%zlhue ST VRS Pﬁ%x e Egace on tthe?‘%r%ssﬁandscape
8c QunstrasporiofeMuthatleibrariebapithoNe 18tructtine Xvaiabié 126 Mutant
iy A1eS CanPE R RIEH Y eﬁmoguegﬁgqﬂﬁeﬁ% ligrarigs it smaller

segments. This is advantegious if on%l
sequence and structure space onto the fitness landscape.

8. Construction of Mutant Libraries with No Structure

 Available.

Mutant libraries can be constructed by partitioning sequence
libraries into smaller segments. This is advantegious if only low
resultion structure or no structure is available. A composite library is
designed by partitioning sequences into overlapping consecutive
sequence segments. Each fragment can be targeted with a degenerate
nucleic acid library. It should be noted that if even low resolution
structural model or other structural information is available, the
variants that are determined to be structurally coupled should be
targeted simultaneously using degenerate nucleic acid libraries (see
example below). The idea has been described in 7) of Section 2 and is
lustrated in Example below {seec Figures 28A-D for design and Figures
30 and 36 for experimental results).
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resultion structure or no structure is available. A composite library is
designed by partitioning sequences into overlapping consecutive
sequence segments. Each fragment can be targeted with a degenerate 30
nucleic acid library. It should be noted that if even low resolution

structural mode| or other structural information is available, the variants
that are (RtBHinS89BE S raciariiNeanp ershowdisedtangetadalicr
sifnedtanedssly fisiog segensraje iucipiciaad ibrarias.(see. example
b%ﬂ\é’én@&é@ﬁé‘o sathethg (s)%rébeddirg of Section 2 and is 35
illustrated in Example below (see Figuras SBABIS tERigR Hirdicdures
304 P I S bkpeharentatbosalfsh sBTtn rief coegliendeveasianiifieann
capde: RASeR By RYment I - the structurally distant
se@r& nés are of nﬁﬁgﬁ:{gﬁeglrated SO ?@%u%%n%%%éﬁ%%%%@é%ﬁ
bea% zieﬁaﬁlr‘?&ep R DihBrisd thasdhraginentymbinfoupletivithieach
ottrsiinigspaceshailsdbettargeted sinylianeayslydy the cambinaiarial

ng@g}g?@@eﬁwggé. #;shouldhe.nated that the structural information is

desirable but not absolutély necessary in this case. (see details in
Example below and Figures 28A-D). 10 Advantages of the present

invantiandzy sanpliegpadacga sambingiarial space of amino acid
sequence and structural motifs and scoring the intermolecular

interactions between proteins, a library of amino acid sequences can be
screenedf 1 sauomiputatidaally chortthenspedifipanthgdyrantigen complesce
SR B sexerabiRcasies ofdhie aatibady.are designed and canstucted

bgsed on the lead sequence alone, the antibody structure an
c

RIBIER RFQEERS e liRaRRE e dyidnerantgens respdrtively e Atidof
therliprariesanpiases mfwa@siﬁ@d@aﬁ%@mgéﬂr?%mﬁég%%ﬂ%e@,
t fure: so, of them are air gte toyar t € Specirc antlgen
R B oo, AT foruagt et on
rélev dindrisa acasifeeliomn ot amtibdties framiatcDN Aribitary osfiprex a

rapdemmutrgroesisid aspesific antbodlead Thess liflariesate,, .
sg%een.ed experime tally for afflmti maturation with the spécific 25
a

Aogan: Varous 8eq JeRaas it drdrantitrrivad Abbe y e@atieie in
CDR¢wetesetocte d ¢see Higures 46 dhrdt24d) tSomaoiibeaspelasted

antigen in the complex. Thus, the antibody libraries are more focused
and relevant than a collection of antibodies from a cDNA Iibrary or from
a random mutagenesis of a specific antibody lead. These libraries are
screened experimentally for affinity maturation with the specific
antigen. Various sequences different from the lead antibédy seguence
in CDRs were selected (see Figures 16A and 27). Some of the selected
sequences show slower off-rate (suggesting higher affinity} than that of
the lead antibody {or pai"ental antibody). Among them, two of the
mutants (see Figures 30 & 36) are identical to the critical mutants in
the affinity-matured Vi CDR3 sequence reported in the literature such
as (H97Y and/or S101T), whereas one novel mutant (S101R) was found
to be even better in off-rate panning, determined by two independent
experimental systems, than S101T reported in the literature {ChenY,
Wiesmann C, Fuh G, Li B, Christinger HW, McKay P, de Vos AM (1999)
J Mol Biol 293, 865-881).
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sequences show slower off-rate (suggesting higher affinity) than that of
the lead antibody (or parental antibody). Among them, two of the mutants
(see Figures 30 & 36) are identical to the critical mutants in 30 the
affinity-matured VH CDR3 sequence reported in the literature such as

B s O B A B et

e, <
be even better in Off-rate panning, &tefmine

SfREihte ntal Sy dleim spiras S 10iizrsporddintheiteraturb{heiny to

\bligsmanh Cnfrulbfrk B HoRiSingenEVL M aY Ry fe Jos AM £1999)
35 J Mol Biol 29%, 865-881). -138 The present inventions are believed to

56 AHfVARtagE8 0 MESBERI L Sis PR Bt s SAppvis aBh At Zss the
evotationagly daterofiploteifit=tb asxfianthtiva dikibranyinbats sequence
angdy es,.J e searching methods, ranging from a
simpﬁgfé%%ﬁéﬁ'@%%?ﬁe% 5e i%%%%ggﬁgglgp%%%r%?%r(ﬁes %gge%reap%%oré%éﬁ% i
SERYeSE B ASPhRTCRAMMERt e 6 Erhiisyed iy seatchedr close

asquethas remajeshomelogyesiayleast-sasiuensce fiam H}%\@lﬂﬂ@@@f&'v
%@rrlcé]i%ges& uence tdgit%ggs%jh%iusle 0 se%Jence profile based on the

multiple’ Structure alighmentof HP I b RITE S S AUt re ditiwveiting

Shrmpiirer 1 6 olfurtargspeequbacelspaeel than 4y inaditidnalcquatipte

seguencs: alignment-appraaches, The ﬁ@@%@?&f%ﬁ%&gﬁe therelore, e

increase the diversity as well as the chance to find novel hits or
EovibiHatidh BF hithdRs R eh Hafoshsikeidy EfsigeRicsHen e
saniphing in Sequence spadedis eifpiiasizes the 15 choice of sequence
databa itable for t cific purpose. For example, the use of the
dive‘rsegs%%é#egﬁég%gﬁ%igggo?dse%gﬁ%ﬁeCS,B??CSC %1%8 t(ﬁg%seel%?etﬁé ©
RiAiSH Yerriimuscsrktgheneas brbindan Sryimsfofctheframewbok
esgionsshoedd:be sxpleitaddpsderigning-profeins.ior rpharmacenlicabrs
gggliﬁ%i%rés vgpgge 'ggmuno eniiiié)( IS a major concern. 20 ﬁﬂrd,_ )
Sequence degigh bsthg XISt g S e T HcBE TS U i ded sior
simprecarsavhighly efficierit silddonlydvokedianallysigniioh edsequefiges or
ek sopbinatansaieuasd-Adeined yel-compuiational axpensive.,

scoring function can be applied to score the 25 resulting sequence poo
manageable size, that incorporates,
Third, sequence design using existing sequences from various

databases is simple and highly efficient since only evolutionally
enriched sequences or their combinations are used. A refined, yet
computationally expensive scoring function can be applied to score the
resulting sequence pool of manageable size, that incorporates,
implicitly, the information involving folding and expression.

Fourth, the implementation of the structural template and
optimized scoring function can efficiently filter and reduce the size of
the combinatorial hit variant ibrary prior to any experimental
screening. Thus, a large virtual sequence space can be computationally
sampled and subsequent selection of ensembles of favorabie sequences
can direct the experimental synthesis of several small libraries that
cover a diverse seguernce space.

Fifth, the control of the library size (which is usually around 103
to 107 for nucleic acid library} may make it easier to implement

experimentally for direct functional screening. Because the direct
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implicitly, the information involving folding and expression. Fourth, the
implementation of the structural template and optimized scoring function
can efficiently filter and reduce the size of the combinatorial hit variant
library prior to any experimental 30 screening. Thus, a large virtual
sequence %ﬁ)eace can be computationally sampled and subsequent

slABAbIOT RSETIBIS bF tavothbreEdaeheastleaalitity tied accuracy of

experimesditaios mﬂmﬁ i ,%@%\éa‘@zmﬂl nal %mﬁréeﬁem@é?qu@ﬁ&ﬂg@rﬁ%lﬁcﬁm

s space. Fifth, the.control of the library size (which is usually

a?%gfjﬂr%% g%]’?;&&getée ?c?r:: r%ct?é?ccéﬁl ISP FTERER 8381 sested

infplefieRceigdbrimentally for direct functional screening. Because the

direct -139 functionalscreeningisdhe, Hﬁﬂ%tgéﬁ%gﬁo@%ovr@%ﬂ%%ﬁ%%g
edto

accuracy of the in silico methods, some intrinsic limits rela scorin

f C ( Ll
ruREEBR GRY ARIKUFR SRS 7 the EbRipuitatisnat Serbdhiity can be
testgetrenperiniientatiy a5caith vihe vse Dksimplestructyal cav@lation to
paytiti RETLIRNGES llows the control of the librayy size sq that it is
e%%%?f%;mm%y&manalgeaé e ﬁﬁ%%gqslfslﬁﬁﬁéﬁﬁr%slgso d i\a}e%ﬁ’t%.sﬁqgﬁ%ce

makds i HesEmie terabsigrrserjiencyibedries for a lead sequence with
little strugtisralinformatiop @vailable. d G Rinallyidhe Adapiaaiily anding

p%%mgterization of t_hf scorintgr) fu%ction permits refinement with each
experimentar BVfe. TFTHE CBpEHMERERT s GraRHER eiAL S el redditt an
ackR¢positivnsdlvanaatid elprofiledhatcan be used-Aadeedbackfoint in
resipngihe eeag fncilon By 1eRg e ¥arUR AEOND IRIMR 1D M jon
summary, exploring the function space by combining direct exper%nentaf
sCPESATHYGItHR EXPeRMEFRERRHETWth indirect computational screening

in sequenseanthsifyclkplspagetbkaiaiged rPEpRie IS apeWeHiWs direct
approa h to protein engineering and design as we demonstrate here for
anf%ggd%%%rép XAMPLE’ I‘\Wé odS 8 ﬁuéqﬁrr%%levilﬁlﬁvéﬂ]t on%%éfg Gsed for
in“siieH Eonetratfors ohmutiboaydibradesuThetvastutargndetiéliat guosith
protein is a powerful approach to protein engineering and design as we

demonstrate here for antibodies.
EXAMPLE

Methods of the present invention were used for in silico
construction of antibody libraries. The vascular endothelial growth
factor (VEGF) is chosen as the antigen for the present proof-of-principle
experiments in order to demonstrate the present invention in antibody
design. A rich collection of sequence and structure information is
available for VEGF and it receptor (Muller YA, Christinger HW, Keyt BA,
de Vos AM (1997) Structure 3, 1325-1338; Wiesmann C, Fuh G,
Christinger HW, Eigenbrot C, Wells JA, de Vos AM {1997) Cell 91, 695-
704), a complex between VEGF and its humanized antibody {Muller YA,
Christinger HW, Li B, Cunningham BC, Lowman HB, de Vos AM (1998)
Structure 6, 1153-1167, and a complex between VEGF and its matured
antibody (Chen Y, Wiesmann C, Fuh G, Li B, Christinger HW, McKay P,
de Vos AM ({1999) J Mol Biol 293, 865-881). These provide a good

platform for testing the methods of the present invention. By using the
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25 factor (VEGF) is chosen as the antigen for the present
proof-of-principle experiments in order to demonstrate the present
invention in antibody design. A rich collection of sequence and structure
information is available for VEGF and it receptor (Muller YA, Christinger
HW, Keyt BA, de Vos AM (1997) Structure 5, 1325-1338; Wiesmann C
P 030 eeded & HDY, BigRsiHr G e iRs S cER G AMIPrae P b
941, 895E To)naibodipiexxheldesadGh silidd$hunibringdrantibodytally
(Muller Y hristinger HW, Li B nningham BC, n d S
I B e et py iy S0, BTN PR AaS
natttsdlyantisody(okssiyiwieshh corah srtbebonmdihyarHgym-
MeK Yo 38 MRS AMIIRPAhIMekBiel 2 93r&6R-884 vithess piiptide a
good platform for testing the methods of the present inyention. By using
i O RRS pYBorlod By e BRSO, SAVFS ey
libyariea ofvahtiMEGHaritibddieswwerérd esigie driksilics o atilizing
incrementally enriched information from an antibody sequence, the
structure of an antibod%/ the complex structure between an antibody and

itd -aFtigehcs PepigatiohdBit it By LR e Screened in vitro
for high affinity binding to VEGF via two independent novel phage display
systems ja ntibgdy binding unit in single gr dauble chains, 1. In silico.
Design éﬁA ﬁi’\? ARtIBOGY Li rI;arcl:egrgﬁ %@’é@%ﬂ g%@)a/%%g?oléleréﬁc .
factoninglevelopfhenidhdisinp st iatie g rowiiietisalisclmot Byurine
stimulating endethelial cells rduroutina, mancelenakiaptiady wasi found to
block VEGF-dependent cell proliferation and slow the tugg)r qégw,w.ln"wt\fo
(KRR A PiAe 9™ 1Rea ﬂf%?@ll’é’tt‘ﬂl‘ﬂf‘% BEHS R AR
(1093 MNafuve 862e844; BAA)ipEHIEY obltineuanibOdp Blas dtumaiizeds4 1-
(eofa 15 SR RgganeLad 1hishalm Y Bend YG, &nummen L,
inkler M, Ferrara N (1997) Cancer Res. 57, 4593-4599; Baca M, Presta
LE @ meendd sThinkstisulk (o) Shisrensnee, Woskien Modurand N
affinjrmatued 20 bysing phagedisplay. and it vaid celectonfGhed Y,
Wiesmann% Fuh % : ,chr'?ﬂ g ’"#5 ay P, de Mas AM (1999) J
MBICBRY 29 ?%éfs“% i‘%f HaY' s fu%tt?r%% tf e%lcéo%gfiex ormed between
VEGEsiandthegeadésihantidooly-wis saperteen((@ifer YAVERspn C,
ChIisiRg]Y: B, Christinger HW, McKay P, de Vos AM (1999} J Mol Biol
203, 865-881). X-ray structure for the complex formed between VEGF
and the parental antibody was reported (Muller YA, Chen Y, Christinger
HW, Li B, Cunningham, BC, Lowman HB, de Vos AM (1998) Structure
6, 1153-1167.), as well as the one formed between VEGF and the
matured antibody {Chen Y, Wiesmann C, Fuh G, Li B, Christinger HW,
McKay P, de Vos AM, Lowman HB (1999) J. Mol Biol 293, 865-881).
Figure 9A shows the amino acid sequences of the variable
regions of the humanized anti-VEGF antibody (therein after referred to
as “parental anti-VEGF antibody”) and the antibody affinity matured
from the humanized anti-VEGF antibody (thercin after referred to as
“matured anti-VEGF antibody”). Each of the amino acid residues in the
Vi CDRs that were observed to be in contact with the antigen is labeled
as “c” underneath. Figure 9B is an alignment of the parental and
matured anti-VEGF antibody in the Vg CDRs. The framework and
CDRs are designated according to the Kabat criteria (Kabat EA, Redi-
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HW, Li B, Cunningham, BC, Lowman HB, de Vos AM (1998) Structure 25
6, 1153-1167.), as well as the one formed between VEGF and the

matured antibody (Chen Y, Wiesmann C, Fah G, Li B, Christinger HW,
McKay P, de Vos AM, Lowman HB (1999) J. Mol Biol 293, 865-881).
Figure 94y shows té&?r@ino acid sequences of the variable regions of the
humanized anti-VEGE anfibol ithereit AR6k P8RS HoPaetyiasctital
adiVEGH enitbbdytyend tHeahitibdyi attinity seatureddromdhe Bethesda,
h nNizeganti;V, | j er referred to as, "'matured
aﬁﬁ?‘%gep ooy ) ot o ite cranae i anada e MR e
thaP WePS BoSbRAEHTS BBir s At sndihadyamis labelsto astidb acid

umdeimhemfthléi%tare aBfis an a@mat%@ﬁ&@f@%%}ﬁﬁ%@%@mn
anti- Nnti i Vi s. T work and CDRs are
d%g}%g%%%é&%%&%gﬁ%gﬁ%?ﬁ ééﬁ% t E};‘?rﬁéﬁl Do ERAeM,
P Mitagothes afimiKSE98 73 Saguences of Proteins of Immunological
Interest 4theagie Nationgk Insituies of bisalth. Befhesda, MD); Differences
In_amino gc@ré%rsgd es are highlighted in bold Ietf[er. As shown nelglgure _
9 @%%e%gtu PSR L R B TR b teldteinthag Ahe chain
diffe@int NemHh&lpaenaliofedndmth Mt GRRHTIZ80Onansk N3k and VH
Y There.is no.change in .C after the affinit
e e R e GR B BT 4 T S Algg) e
bifiding (Heimity 19VEErEtREHae Pavarmatond witibbrutatioRsinetbeoyH
cluaian 1) (V28kh A3, ﬁ@ﬂ\@,@ﬁd@@%ﬁﬂ%@? 1y0 Qfiihe,Metafions in

Vi R3 indivi ' binding affinity by 14-fold (from H97Y) and

B A b T eI b dy (856 Tt efaicy
Chepr Y aiesmanmil] Falo@e bn B {Christh gesldWit MeKaynBlcde 34es

Ay eWRARE B (198,12 MRl Bi0l 293, 88288 4) 1 Ng L4-fold affinity, 15

improvement by H97Y alone in VH CDR3 makes it the smafc’elsmost

i B HAAL AR iSRS o SRR i twisidh % Evnsistdiiamish H-bonds
obseruatierbin He7y-ray: complewsisictute thatwoadditionahhbonds

 the preSe IO dLeRCHAIR o S O 2Rl 20 PR
thergitiedy ehiberifetbio wsingcamecisid rinisiiconevaliitionaniliesign
apRiRacth JRiSINGa|ap /AR ISHRRIGeHINAr desipn is depicted in
Figure 8. It has been understood that there are only a limited number
of conformations {called canonical structures) for each CDR. These
structural features of an antibody provide an excellent system for
testing the evolutionary sequence design by using structured motifs at
various regions of an antibody, such as CDR1, CDR2, and CDR3 in V, &
Vu as well as the framework regions from the extensive analysis of
antibody structures. These structure and sequence cohservation are
observed across different species. In fact, the scaffolding of antibodies,
or the immunoglobin fold, is one of the most abundant structure
observed in nature and is highly conserved among various antibodies
and related molecules.
The inventors believe that parental anti-VEGF antibody described
above can serve as a lead protein in a model system for directed

antibody affinity maturation using the methods of the present
invention. The matured anti-VEGF antibody {Chen et al., supra) can
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Figure 8. It has been understood that there are only a limited number of
conformations (called canonical structures) for each CDR. These
structural features of an antibody provide an excellent system for 25
testing the evolutionary sequence design by using structured motifs at
various re%igog of an antibody, such as CDR1, CDR2, and CDR3 in VL &

VIFRE RIFASTHE REmRIWSR WGIoRE frehtara idindhe mjsiobrained
ahtibody stiucturesa fite secstrodture and sequence conservation are

observe iff ies. Inf the scaffalding of antibodies, 30
o e R e L s S
irPhSiGrecanal s Hrgrnr e drrdaroed YRR pusidis panivddlew dhddeeledst
el Ao o S s 8 e P A L Aoy,
SCri above can serve as a lead protein in a model system for
LS 5 B0 SRR SR TG b FHeHBaE T e HBsent

iﬁ\ﬁ@mﬁ@w%mtakbfdthntwa@@mﬂm(mt@rﬁmmmn -142
SRINEASAASIIERLS YResilive eaniel dealidate e resiis obtained, by

u%ineﬂghe inventive methods. In addition, structural Superposition revealed
that tHe

eSS TRESH PR ROITRdE BERdsen VeGP Wit irrerparental
ardib bdy-admostcd ovédsips withithat formied hetween MEGhapethen
: ibody. Since the anfibody structures before and after affinity
e e I g
ntaitires ahfidbdiescweieuded dretndesign of digital libraries of anti-

VEGF aptibodies-using theiinventivemsthgdss The ipyantivednethd; 10y,
c&ggg alsghusled 0 des%;} ant qulezwnh_mduced fit upon antigen
bindirig UsiNG sequETEE: %%oé’a%b?‘b RISt & ERSEHiBN8s that
comtaimthe: ihdudet stiugture ghacgdsrtsingipareataRantie\|E G- wigtiiedy

apphe,lead PrRieinand el BR3 as the lead sequence, digital libraries
of VH CDR3 were 15 constructed by following the procedure outlined as

Route IVHf Egdrécq¢raag the & Srfguré errréabad Eaiftfefice
ingltidedyV HiCRRBwinaiastabanteVidGH: aothody aashadenwamiegaaid

T R DR, SRR EME 928 S
searching and selecting hit amino acid sequences with remote homology
to V4 CDR3. Variant profile was built to list all variants at each position
based on the hit library and filtered with certain cutoff value to reduce
of the size of the resulting hit variant library within computational or
experimental limit. Variant profiles were also built in order to facilitate
1) the sampling of the sequence space that covers the preferred region in
the fitness landscape; i} the partitioning and synthesis of degenerate
nucleic acid-libraries that target the preferred peptide ensemble
sequences; iii) the experimental screening of the antibody libraries for
the desired function; and iv) the analysis of experimental results with
feedback for further design and optimization.

The lead structural templates were obtained from the available
X-ray structures of the complexes formed between VEGF and anti-
VEGF antibodies. The complex structure of VEGF and parental anti-
VEGF antibody is designated as 1BJ1, and that formed between VEGF
and matured anti-VEGF antibody 1CZ8. The results from 1CZ8
structural template were similar to those from 1BJ1 in the relative
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20 searching and selecting hit amino acid sequences with remote
homology to VH CDR3. Variant profile was built to list all variants at each
position based on the hit library and filtered with certain cutoff value to
reduce of the size of the resulting hit variant library within computational
ok-2XRREMBeMalJinile \Grdantargfiles.were also built in order to facilitate
25 i) the sampling of the sequence ‘space that covers the preferred region
in the fitness landscape; ii) the partitioning and synthesis of degenerate
nu¢leizdaiddinrares that target the preferred peptide ensemble

sequencfleg é;?tge exBerlmelp kfscreenlng of the antlbodé libraries for the
desired fUREIOn: and 1v) the ahalysie BreEbéafieniarredtrsinensel anti-
fe‘élaﬁﬁckﬁ@ubmmp@eslgugamwmmanemcﬂamieaﬁwﬁr@@m{alat@mplates

Wﬁ&%él Lo thesaya s of he £0
é% bet%v@éqgnﬁ\%GF andggr%FeV%J%é%%g%n r{? %‘Eﬁﬁ%}ﬁ fde

FARGparentathnt- VEGE dRtiBouy ss mgﬁa@wﬁm«; SR thizs
forimoech betWaenry BBE 35 ankmatiiesd Mﬁﬁ&@%@xé&ﬁuﬁ&ﬁes
r uctural.tem ate wer those from 1BJ1 in
t%%%?agt%e %tqéﬁagrﬁ%ooafdler %ﬁp he’ gxé’ar(lgn%sié’ é&%%&e‘i‘)‘?_%%‘)f the
sEfTEHES Thehedy seruaned forbu CHRI TN dken fromdhampatentabtein
antithYERQF antibody according to Kabat classification with amino acid
residues CAK and WG from the adjacent framework regions flanking the
VH CDR3 sequence at N- and C- terminus, respectively (Figure 9B). As
sBown Intrigure 248 WH@DR&J%the parental and matured antibodies
differ o t |n aci itions. On H CDR3 sequence of the 10
parentz?l%r%u ody Was useéntgqb% Iglﬂ%ﬂﬁ%\;{%%é}%ﬁ%ﬂe{%r@%ﬁ
d&tiEse BY) mas ssvipyatnd wadartdrrofilecThehHim/Iauiliusing thee

s@ngtﬁmd seauena: SEQIBNPNE - (Rigue 1 98). yrag calibred,apd
d to searcré the Kabat dat base (Johnson, G and Wu, TT (2001)

cISe|8% HGE %Ee%’r%ﬁ% @g‘:?%‘éﬁ’ecﬁﬂlt%b’éﬁé% Wt@tﬁé&fré‘%ﬂo@‘@d
expécthgond/alsie gt A VEWIBR L listqthdngaligikerusin@HAMMER 2.1.1

Rackaas Afteh feme g e 1 edyndant and MeMaty RO SEIPISE (i,
SEQt ID NO: 6 by assuming
no matured sequence is available) from the hit list, the remaining
107 hit sequences for the lead HMM form the hit library.
As shown in Figure 104, the 107 hits have sequence identities
ranging from 38 to 95% of the lead sequence from the Kabat database.

The evolutionary distances between the hits are displayed in a

| phylogram in Figure 10B by using the program TreeView1.6.5

(http:/ /taxonomy.zoology.gla.ac.uk/rod/rod.html). The phylogenetic

tree was analyzed using the neighbor-joining method (Saitou N, Nei M
(1987) Mol Biol Evol 4, 406-425) in ClustalW 1.81 (Thompson JD,
Higgins DG, Gibson TJ (1994} Nucleic Acids Research 22, 4673-4680).
The variant profile at each position is shown in Figure 11. The
AA-PVP table in Figure 11 gives the number of occurrence of each
amino acid residue at each position. The variant profile below the table
lists, in the order of decreasing occurrence at each position, all variants
found from the database with the lead sequence as the reference
sequence. The dot indicates that the same amino acid as in the

reference is found at that position.
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20 that no matured sequence is available) from the hit list, the remaining
107 hit sequences for the lead HMM form the hit library. As shown in
Figure 10A, the 107 hits have sequence identities ranging from 35 to 95%
of the lead sequence from the Kabat database. The evolutionary
distances between the hits are displayed in a 25 phylogram in Figure 10B

by using thee G TPEENGelN 6 15 htay £ ase fromy oot jilgtaraocak be
rodded hinth): RhemiTyloganetia tEee was ARAYZedJIsng theind variability
ne&'}q bor-'ginir% Sm(E/'i(?o(%(Sai1 %rl}l Igei M (1987) Mol Biol'Evol 4,
406-%%% CISEAW 18P RSRsoff SB - Higding BECEEoRY?E094)
Nu¢elkeneitsoR e aate 22146738 4680) 36 1 SARGENprid ke at-ewgh
POSIIRn igSHowR Figiedd - The @@W&Eﬁ%‘?dﬁa@%ﬁ%lh?'ves the

numbey of occurrence of each amino acid residue at eac p%_sm%n. The
varBRt profie Belbyw frPeiotesier) meHedrdisdordesriagindivesnterreh
at astiposition, ) Verenish found forine daiabrseuith the inash

S : r 35.sequence. The, dot indicates that the same
e e eSS S oy
of theVioHit Setrudide SrbhPhemitdibracy EBN.DE cEeantndhe/AA4MP

tabledthat:shows both) theviayenaandsmeiahifity otaming acids.at sae.
posmgtn rg,om aring.the gﬂ‘f)eggnqe between_sequences of the parenta

ant PRatired %&ﬁ%@}? ntib&tly hORf BEHRE: 1B URL SRR s
(H9Y* ahth8 100aT usidgthidedumbBrngdni thenK atiat sigiem)aieportion
neliaggin variants Usted aleach osiion: HhedIant Wiiehwas eporteg
to be the most important mutant to increase the binding affinity of the
mﬁm’é&éédﬁéﬁc@‘@%ﬁffﬁw&h@m{ &-Fulfier ths fibhristhdebemntnes
Mckay B:der\3sAlnitOd owmaa ki Bf (L899) & Mol Bieh293,:865-881) is

readily.identified as the most frequent residue (-27%) in that position. The
S o e Ve e R b AU S CRHE T
right Y6werpékivmatErglre duesikowsighe bariartsorbfilesaftér &ltering
VaHigints: trak Qeeky S@b%lg%mygg gutoff frequency of 10. After the

filtering, ;Hlaecomes 15 ?Jb%ar that only a limited numbers of variants are
allowed at¥atH [0%it3R BF tHE Betit At IAnarssarenge pint ovides
mutértssieh ast-=SCORER iftHaenatuiedeequencéeamighthemissedetan

SURh W0 ricd or fixed. The sites can be divided into three categories:
1) Structurally conserved sites remain conserved over evolution. The
high frequency residues can be used to maintain the scaffold of the
target motif at these positions; i} variable functional hot spots should
be targeted with focused mutagenesis; iif) combination of both i} and 1i)
to stabilize the target scaffold while simultaneously providing variability
in the functional hot spots.

A set of the amino acids from the functional variants should be
included at the functional hot spots according to their frequencies in
the variant profile because they are evolutionarily selected or optimized.

Furthermore, the variants at each position can be filtered or prioritized
to include other potentially beneficial mutants or exclude potentially
undesirable mutants to meet the computational and experimental

canstraints.

3} Structure-based evaluation of combinatorial sequences of the hit library
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although energy scoring would keep it. The variant profile from the
evolutionary sequence pool provides 20 informative data to identify the
positions in the lead sequence that can be either varied or fixed. The sites
can be divided into three categories: i) Structurally conserved sites

remain coRseryad gver i igh freguency residues.can be .
used to rn_aintai%the sc%g%g oggﬂégt%?ggelir%g rﬁ%ltﬁo’l%‘ﬁhoc\a{?sgh SoBTone.5f) 2o
vAfiEbIE HitiadAAIEI POt b AR SRS ifie gevdantisioe umatorred order,
Mutagyediesi h'_ii; i‘sii_)mlﬁ&mai' iQiﬂ @hbﬂ&hdﬁld. ' g@ﬂ;&%p@%ﬁpﬁ&%ﬂhﬁ;@ﬁgﬁ Some
S while simultaneously praviding variability in the functional hot
R TS Vi b gerees

indiatiagest thebfunetbratcol s pom putarding! tectieeinfranue beies 30 the

variartiprafle-brcavse theyiare-aroluinnatly. selected QFoR ﬁﬁ' 84, fhe

Furthermore, the variants at each position can be filtered or prioritize
NG ORTS ot IR HE ACIT USRI BF ek crib prtermalipequences
utitesirebies mutants doemeetthe dompaational andiexpeimentalor

cQ yﬂg&é@ g() ) ture-based evaluation o nhinatorj equences
of the hit library -ﬁ%%%@gﬁﬁfﬁmgﬁﬁﬁgfgfiﬁe%?s{?nfgﬁnga?\ééi ilg the
preferred &MIHG AP rESIH GES AR 8 A2 lapiRsib roaitd spethic mutdmstin and

pf&feﬂgaaﬁfaaf;m%@@ﬁtkﬂe&sittﬁ_mb%f ' Saaﬂiﬁ(}gftmf%%ey .e@tiri]e chains
re s. Some filtering using frequency cutoff can reduce the
e Lo e o A Het o B R, Lo
STPETIHER @f tangmadoxd@exglymmxpmmubnﬁﬂﬁsiﬁweﬁw&him
cutplappiied g theariapLargliesherc issiihadarge SUIBenof. were
combinatorial sequences’ that needs to be scoreé and evaluate in the
iR GG ABEL B Ry Stem RIS Broarmty BESWRSEN TS Figure 13 Agng
aba-28AB) dt Pk Stiuciuia-basetbseorigus-applieddorseieen thr:Ribrack

li @'?J fnﬁ% inatorial sequences that form a hit variant library. Side
cﬁgg 0 %?’o?tt%ée%ar ntal anti-VEGF antibody were substituted
by rota%ﬁsﬁ@ﬁé@@é@p@@ﬁg Bniveaditheaieneetiorm thethinvasiantd
lipransateachHesidueposition The conirmations ofJdamsrs.weig 19

built imized_by using the program SCWRL(r)i (version 2. 1.) usin
A e Y, e R A B e 5i0N 2 1 L g ind

the presence and absence of the structure of the antigen VEGF. Figure
12A & B shows the energy scores of an anti-VEGF variant library based
on the total energy calculated with CONGEN with and/without VEGF
antigen, using the structures of the parental {1bjl) and matured (1cz8)
anti-VEGF antibodies, respectively. The scores of the parental and
matured sequences are marked in Figures 12A and B. The matured
sequence scores better than the parental sequence in both structures
with /without antigen, suggesting that the mutants of the matured
sequence stabilize both the antibody structure as well as its complex
with VEGF antigen. Figure 12C shows that the scoring of the
sequences in the presence and absence of antigen is in general
correlated, which suggests that screening sequences based on a
antibody structure alone would also provide good candidate sequences
with good binding affinity with its antigen.

As shown in Figures 12A and 12B, there are a large number of

sequences for various variant libraries with higher scores than the
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backbone-dependent rotamer library (Bower MJ, Cohen FE, Dunbrack RL
(1997) JMB 267, 1268-82). The scoring was done by searching the
optimal rotamers and minimizing the energy by 100 steps using the
Amber94 force field in 20 CONGEN [Bruccoleri and Karplus (1987)

Bj : - in the presence and absence of.the structure of
L A e S S
aREVEE B EMarRibE Y bEsen sriteviotal Bihewyy ddaufatetDwithected
C@M@Nﬁgiiﬁﬁmgmim@wﬁﬁﬁl f intigesy _{/ﬂféﬁ!:@ff@bﬁéd%ﬁigﬁ%ft&%ll
parent nd matu cz H anti- antibodies, respectively.
et Rl e A M e e
12Adati@lﬁl§fx]5heimamluﬁé@‘ sequierceegeoresdosttelithan dhie patental that
segyencain mmy&lg@efﬁén@etﬁmgk}@%fcepé@%@u%&!Qg%g%g%’%ﬁaéo&@semm

mutants of the matured Ssequence stabilize both the anti structure as
wEIFadHS EoRTIBEsAMRSEG R AhiigeRn Figife 1ershbws wahki B,
sCorifgtvfdheHSEQNRIRES N daeVpre S@NCE ANt D SEn e BIANIIgRR ISR
gspsral co te ich suggests,that screening sequences based on
oG08 Sctire Ao traL oA CUBt S TS S EReE®
wittig6Bdsindingr afiniytvithadaptigen: 85 A8 shewmdd Biglipéd pRAiENd.

128, 1bere Ake-a darge-BUBDEL of - SeAUENEeS fAsaLoUs yariant libraries
with _higher scores than the _-146 parental and matured sequences. The

dFBEBItIOACET tHEBHR Gy SRbTiHY i1 SHE ERRAG, AR stk mosition
Figurtd:d 34 fouifrgdiécted whguencasdripim il hitilatastibsary:eiMhbg of

GRSt eombinpienialReRlides ceminatorinlibian.ef ihe degenerate

nucleic acid library, 5 and the experimentally selected sequnences. The
scoring SAGWRShS? SPEEGH Bfedriatirsy sbHuencerangdys stores pegehe
tham 9 &reersistenitwithihe-experimentalohsgrvatian (Ghendé of a

Wiesmann C, .Plate G, Li Christinger HW, McKay P, de Vos ,
Lowman Bg?}f!g g?i.é Rﬁooi?%% 1%,3%%%E§§f)l\é lll%ga }lssbr% arté (Se\ger
ST Esfounddithetinattired 10 sutpsesideshairerodsopothiDapels are
eghlyipreferced in.19QRPOSIEOR; - Haus dbe StuciyreRAseA-0Re  erms

scoring provides another independent way to reprofile the occurrence of
VAR AT HRLR D GARGH 4or TR AR X aamb AstaP WA WS g iy
befttdarsad b profiliigiaihergy. There was an additional option to

calculate the backbone entropy for loops. The sidechain entropy was
calculated using the conformational search command CGEN in
CONGEN. Options under CGEN were defined to perform individual
sidechain conformational tree search using the torsion space at each
bond (nodej to expand the tree. These included the SEARCH DEPTH
and SIDE option for each sidechain with the SGRID parameter set to
AUTO so that each torsion angle was rotated at discrete intervals.
Specifically, the AUTO setting used torsion grid angle of 30 degrees for
bonds with rotational symmetry such as in the phenyl, tyrosyl,
carboxyl, and amino groups, and 10 degrees for all others. MIN option
set rotational sampling to start at a local energy minimum for each
specified torsion. Also VAVOID option was included to turn on van der
Waals repuision avoidance. MAXEVDW parameter was set to a relatively
high 100 kcal/mol so as to relax the van der Waals repulsion, leading to

a higher number of conformers in the enumeration.
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evolutionary sequences selected from protein databases. 15 In order to
gauge the accuracy of the scoring function using the simple energy
function implemented in CONGEN, the energies of a randomly selected
set of sequences were calculated using a refined custom scoring function

that incluges sidechain entrgpy, nanpolar solvation energy and
electrostatit’s %?Eﬁ%ﬁ@?ﬁ‘xﬁ%%“@*é‘@ ?&ﬂ@%ﬁeﬂﬁ%eéafElﬁlﬁ?é&
sitatiaaih erstidpy snbrgielar - sBhvatiodcenengy @ndhcctectrobtaticfdalvatian
enels Therg vas praddiionabenlion to.fRlcAR g backbona ntiony.

for loops. The sidechain entropy was calculated using the conformationa
s EBHPEGTENTRC CORBERS ORtMR oRter e\ sidesstiiad
tacpertermuinchddyah2thsidechaia qoniesmationakfee®eatoh usingthe
torsion space at each bond (node) to expand the tree. These included the
SEW&E%@B%E%%& SIoE 6p |c])l)r¥1 *%?%glécl?}rsﬁagc{:&ﬁlaelﬁ i gm%%ﬁ‘i’ﬁta‘:t
parsnfetetizat tiA UTOz o thap pachitwrsion. ditgleavabiotdted atdiscrete
irﬁ%&\éﬁ'ﬁaﬁp@&%@ume%A&E%@&@%Hﬁ%l&%%%%l@ﬂﬂ@%&é%%n

degrees for 30 bonds with rotational symmetry such as in the phenyl,

ty YOI OCRYEHTANE AR GRATH 08 R GRS S SHREHSENHN
optienivedt totgtional Sanmplindstecstatt@naitocatienesgybmifinaunfer-each
specifi rsign 0.VA [ included to, turn on van.de
yhidfusbt A e LSRR
35T 00 KealAnblisthsan felak e s depwiealsl repatsion, leading
tangrhighaidrember aheanfernets imtherenumeration.sid & This:sidechain
c nf%rmagonal S arc:t was re$eated for e?ch utant residye sidechain.
THE Code dllﬂ&hsglth% hERTBET OF BB CleaRO RAERES B fffe PSe
segiativin coafgrmationaiosyaceavwhith éntreohtimieg ofi Gomplefetd dree
S ADARARRIAKIMAHON he-SiEehaInR snformational search freats

each residue independently, so that computational time can be
minimized B PSS tREC RO BHEh e Bhis dRBtifeP e TEargdda the

appsxilationRoreesidigsunataany poteGiEy Contagi-end anaiher the
conformational enu tiop, will, tend.to overestimate the nu of
b et e T Sl e ok S S

il Brder trobténg & larder’ danptimyg;, theléplo(Rhrcvatedidue donkitis E
shpyighpg testierd OHBS 11, 1047-1060) command as implemented in

CONGEN. NDIV which specifies the division level for the triangles on the
surface is set to 3. Values range from 1 to 5 with 5 giving the highest
accuracy but with significant increase in CPU time requirement. RGRID
is set to 2.5A and describes the space grid used to find neighbor.

The electrostatic solvation energy is calculated using the finite-
difference PB {FDPB) method as immplemented in UHBD program (Davis
ME, Madura JD, Luty BA, McCammon JA (1991) Comput Phys
Commun 62, 187-197). The focusing method is used for the region
surrounding the mutation. An automated protocol generates three
grids: coarse, fine, and focus grids. The grid units are 1.5, 0.5, and 0.25
angstroms, respectively. The focusing grid is a cubic grid that spans the
Cartesian volume occupied by the mutated residues. The fine grid is a
cubic grid that spans the entire volume of the protein or the complex.
The coarse grid 1s a cubic grid that is set to approximately twice the size

of the fine grid in each axis and covers approximately 8 times the
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context of this artificial gauge of the conformational space. Furthermore,
the significance of the error due to residue contacts will tend to diminish
with greater number of conformations since the 15 relative change in

entropy is a difference of the logarithms of the number of conformations

nthednuiantapd hesrefeience.stuctures. Jhe donelssirostatic solvation

energy is made proportional to the molecular surtace, as calculate bythe
EEBO LS FGSHRS Rt fifés dbaihg e mmosrzoc/fslihe [marsid,
Sittai =y Rashuakihyitd kac20u(A 89 REo! 886tEs A4 460 48INGiGEP D khe
ual-Ahuir JL. Silla E (1993) J Comput Chem 11, 1047-1060).
O LB e AR PRSIk, i . he
dnAsro ATiel ot foihis tiharfgies dattils elitfackimbietfoclevialubsramtee

Bromakite> With Babingdhe.iahas! reconasyhutwith-sigpificant.ingrease
in CPU time regluw ment. RGR|D 25 is set to 2.5A and describes the

RECE G UBEK 16 NG FRAGHBOY - THE BB AP dheigy rnd
oaiculatechgsings thet finites@ifféde MEexBBU(RFDRBxhethedastrpdenented
[ ' A-uty BA, McCam
R arasa  AP R Dty ST HRR ot
HREA ST e regonosoiindtitdingause tnvthtrort Brealifbrened pestres!
@Baegadaﬁlt&;r%%s gsidsreparse, ﬁfa%,1@&@:1;%&%11%@5&%@@%&&%@[)6
15,05 .25 _angstroms, respectively. The focusing grid is a cubic
GHATRST g%%é%@élé%%%ncéﬁﬂ%ﬁ% %%E%ﬁ%%%‘iﬁe mutated residues.
The finét griebisiaoeubib ajridhthett Sivanssthei e gtitevolomerdithenptoteituor

%%&%@&&&ééhﬁ&%%@%ﬁé@d% fobiE i haigsa 19 appipximately
twice the size of the fine grid_in each axis and_covers approxmateéyébS
Ght

fEaHRE A8 vdRame! ot the e grith efheca drsigid s enVddAd s

fdMhé K- rHngersalyeritietfaots sinchsetsthe houadanneandiions for the
6 | : : | tatic contributi
o i £ S A

Prie s abrudgriducis dhsdmnEAdd 2R of Helstializéd effeéts Hile to
theydadiatiomckhetirlactd e constants 19 tha areteinipierei-and exterior
are s?t ¥004 and671§, rgﬁipecrtglﬁg/. Temé)eraturetis sett 1t10 09 Kelvin and
ionff:us?rén%"t;hairs SEL 0 158 MM MEXIMM itération is set 102007 The
catputaticneratetrepeated witksacunifdine disteolidesaviirabothitties energy
functions {Kollinan PA, Massova I, Reyes C, Kuhn B, Huo SH, Chong
LT, Lee M, Lee TS, Duan Y, Wang W, Donini O, Cieplak P, Srinivasan P,

Case DA, and Cheatham TE (2000} Acc. Chem Res. 33, 889-897).

4} Reduction of the variant profile of the hit variant library

The variant profile from the hit variant library as described above
was filtered in order to reduce the potential library size while
maintaining most of the preferred residues. The upper portion of _
Figure 13A shows the reduced variant profile of 10 selected sequences
with top ranking from a hit variant library after eliminating amino acids
with occurrences lower than the cutoff value and structure-based
evaluationn. The list was chosen as a blind test on the validation of the
current method in selecting for diverse sequences that can bind with a
target antigen. There are some common features shared among 10

selected sequences from one computationally screening variant library:
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10 interior and exterior dielectrics are set to 4 and the difference between
the two energies is computed. The latter calculations represent the
energies due to bringing the charges onto the grids. It was shown that the
custom scoring function or the molecular mechanics energy using
Ambero4 forcefield in CONGEN plus the 15 solvation terms from PB in
u:}%ﬁ &0 et Qhninredouma pESKoPativg GBS A Fhesremynding

fumcﬁdusbmﬁ@&ttéi@:gm&[r@mwtrfoﬁé@gm?ﬁ@' Q-data @gggl%h 500
(1 [ -48: Noyotny J, Bruccoleri RE, Davis M, Sharp KA
(19503 Vo) B BT L LSpRRNy e G e SHsen B 6y
mEEETREHPhaPIEs 20 ehldialonstmmusks shprovite o ks pesiurata al

methesisolo SEereSANIenes anddis yarams %ﬁ%&%&?%ﬁ“i mble
averages of theﬁnergy functions (Koliman PA, Massova I, Re es C,
ORGSO ERE TP HEN b AP B R PRV ARG iDionini O,
CiepsakiR;, BrinivasandBtiGasesDAanGheathan, TEXRO0).Ace. Lhgm
R - .25 4 Iction.of the varl rofile af the hit variant
Iib%i%%%rl ri&?a%%ﬁlégﬁ%tﬁggr#%e %%SE%ng%%?grgﬁass egg‘gri Qansksave
wa TR i brefef (B aeieer inagomshual bkapsidashifeatiaintaidng

mpstfofthe prefetied sagituesuiheupRel-RAienal30.Flguret3A shows,
thgvreer%gdag%rg}ar%gmﬁle of 10 selected sequences with top ranking
from a hit vanant 1ior

iy STRFIMINHSG'SMING &Litlke whA sBE dfveTiaan
lotfégwnan B BUSTT, valuei anah Staitufieshasedvevaluation. Fhelistwas
cheser anabling igston taeyalidatian.of the: current method in selecting
fcg diverse sequences that can bind Wlﬁl a 35 target antigen. There 8

s

hsgothmbrtaatifeS HarBaTambrill el S816LRT bddaind SdsciioR7Ehe
caDpTtationaity scveening veriank by 064% R4 Y 9% AR0R 1002218,

f r. than the correspondi residues at K94, H97 and
S R IR o i s vy drrebprest
Ic28eas M EipiersFtrdure thafdeprusense dpebsenceafVEGEds of

a@ﬂ@@ﬁnéﬁ ShHeWR 4R W%i%ﬁﬁktéﬁg Iﬁ?%?é%i é@%f‘%@g iﬁ%ure s
|ng§§9 2 ood mutant for affinity maturation. However, mutation suchr as
K and’'S100aR into arginine is an interesting case: on the one hand,

K94R islmotmalgood avoid missing some important mutants in a variant
profile, some residues such as lysine (such as K94R) from the wild type
might be included even though they are below the cutoff value used in
filtering hit library or they somehow score less well as arginine because
of the problems associated with assumption in computation involving
charged residues with long side chains or conformational change etc.
Therefore, for charged residues with long side chains, such as arginine
and lysine, the predicted residues as well as the wild type residue at the
samne position might be included in the design libraries. The reduced
variant profile was used to enumerate hit variant library II as the blind
test on the inventive method used here for designing functional library

with diverse sequences from the lead sequence.

5) Hit variant library IT-an amino acid library designed Jrom scoring
selection and optimization

A strategy that selects top sequences based on favorable score

and/or the presence of residues likely to participate in favorable
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mutant for affinity maturation although K94R lies in the boundary between
CDR and framework according to Kabat classification and is 10 preferred
evolutionally for human framework sequence. K94 is favored over R94 as
shown in. experimental selection of the current invention (Figures 30 &
36), consistent with the observation in literature that R94K mutation
iNCFEEELMR WG RIfH) (6 Qs e cliasipody dBatervhPredte Gid
Q@prneeSJoMalisnlA@o9wid B&bghga@,@ﬁzfxg&@w)s-megégc%
tg%&}‘lgegr& ntﬁ%%OaRutgrrgs oglt to ki% one of the most Important single
mutation for VH CDR3 Maturationsit s Avard el Fésures sl sy
irY thelNiRPatukRinarpb fSIdRmarp poativslof fpanning: pnder hiass lwahshing
CRRYIERPSA RIaEe ISPy S8 EigUTe8s3th&36): Zlqllc,?ﬁ% gaéos%\/%lgn e
mis mgg,ome important mutants in a variant profile, some residue such

S SIAE IR AL SACH RIS ke ittes e Rt b€ iReritandigure
tASdghAheyndvmbetois thideutpfualyerusacei biidediog hitdiprasy-ar they
e rginine.becau fthe p ms assogcjated
e R L AR T
JBiEERRihS B dbsfeHasatoR @ lBrar Tikief6Pdh dordivargbd variant

rpsidiues it longoside @hains ssyaBas arginingcad sing. ihe Padisied
rseés@lu%sg _ﬁ/gltl as fBe ng gpe residue at the same position might be
inCILTad (e HSibh TBPATTESS TS RS R kit o Wiy seb vt
eRamBratedsithaBiantdiaoyr [Vasihe blind! 301¥8st. on the inventive method
used here for designing functional library with diverse sequences from the
lead sequence. 5) Hit variant library H-an amino acid library designed from
Ui B tbictot sisgeptinie atisneasaridiitiayy thasedlecitopriant
seauenges based on favorable score and/or the presence of residues

likely to participate. in favorable -150 interactions was employed to identify
a clustcéIF?ber E&f t%‘??%ﬁ%ﬁ@f A SERRiEA ARG trsrgerstedend thorary

SV
dositn (Figure Z)e Asdiescribad libbave, Ehelustesrof segqiencesdard. 15
SRNENEGR L FIOBS LA 07 M C RRS G AN G 0R % 0 g on
respectively, from computational" evaluation 3 Choser Tof farther
SHRE MEH ER SR it Treosepiv eV sceDiee Bandd anaiitis arefibh a
plegiion-are Histeditn ipperdei-parienehgWR.d by incorporating a
mixture of bases into cach degenerate position. As a result of the
combinatorial effect of the synthesis, this degenerate nucleic acid
library encodes an expanded amino acid library (designated “hit variant
library III") with a size of 4608. Sec Figures 13B and C for Vi CDR1
and CDR2. -

The degenerate nucleic acid library constructed above was cloned
into a phage display system and the phage-displayed antibodies (ccFv)
were selected based on their binding to immobilized VEGF coated onto
96-well plates. As will be described in more detail in section 2 bélow,
with a small nucleic acid library size, one to three round of washing and
selection (i.e., panning) were performed and clones showing positive
ELISA reaction were selected and sequenced as shown in Figure 14B
for Vy CDR3. The positive clones show a diverse variant profile at
targeted position with the incorporation of degenerate codons into the
nucleic acid library.

The results of the designed versus the experimentally screened
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13A. A combinatorial library was generated based on the filtered variant
profile, forming hit variant library 11. For VH CDR3 of anti-VEGF (Figure
13A), the size of hit variant library Il is 72 based on the variant 10 profile of
the selected top 10 sequences with scores better than the lead sequence
(th%j_tl(%ﬂ)l ranked sequences among the variant library used). See

Figlres 198 S ESHVE CBRY A ‘e Bigmssd 6nkiudtohrtt, the
degenerateasuiokei¢:aCiibrary hasedeahitacsad Basarary HhIhg it iive
varjantli \ target ith g, single degenerate
nucleic gﬁi&ﬁtﬁﬁé?}%ﬁ (I%/vgvleﬂ? [%r}{v?glrif%xf gf{gf?r?e)\%gA% o@\g)i FAUERFE SR
sedtiEicpdRlriefinmectesis d durar e kaiopuisitigribliyoptimah & coli
codibnssfes Vbt CPREIBASCHRN thia piplle, 220 degenerale nygleis acid
library was :i)fﬂ{hésizgd b¥inf rporating a mixture of bases into each
degenerate posiion. AE A Fesé&?tﬁetageéﬁfﬁﬁéﬂbﬁﬁl FcerprBentally
syrtesisdihisdeyericate quelsieabidmibiatER T desran sxpanded
amipe-a¢id lipraryLdesi ~hit var ibrary IR with a_sjze, of 4608.
Se é:iguresb?f’%gan,d C%%%ﬂeéuDaRﬁﬁ%%hér%? Cl)é épé,g)ﬁeés d?e%séh%‘ra ersure
ol MR TLTARy DY didvestriscaionddeitisiespiagdatisplay

systemant thieqrhage iisplnye b rotibedies (eehp: Were selesied based

on their binding to immabilized VEGF coate 0. 96-well plates. As will
be%gg%#ége%%%ﬁw%%?%%Fﬁlqgé::&lcgnog Bibw 56 with @dmbiFmdcleic acid
libF&ApPsiardre Fatrse ¥danthofwastinglandnselectionfied paitning)

weB-Rerfarmes anciclenss,shawing pesitive &%I§éﬁgﬁ§z§9§ﬂ\%’?£ﬁ%ﬂy of

selected and sequenced as shown in Figure 14D for VH CDI
oSS SHAR L bRt Sl Vst SO 8F StafgsteapEsRRIPTIAN the
incrporatiow ehddgenaratdibeaans inteotie 35 pugieifacidlinmasd he
regults, i rsus the experimentally screened -151 aptibody
g s e et bid Co eheRd B
cgﬁfﬁegﬂaw%é%ﬁ Hesigresialesonanslinveitive chothoshdesciibed

abeyier in-detail fos Vi, GR5S: Tiopa) semeneeiands tQﬁi%XQH?élE @5@@'63

se%%g;gd E{rgm the &Q}Eg.utﬁﬂon 1II%/ %:re_ened 5 libraries for VH CRD3,

CDR2ahd CBRY, réspectively aradHatihamong dilferent libraries
depends on selection conditions, the effectiveness of library design, the
relative size of the selected colons versus library or number of
sequenced clones etc. Figure 17B shows a table delineating the
relationships among the four libraries (Figure 17A) and the distribution
of the experimentally seclected sequences of the positive clones for anti-
VEGF Vy CDR1, 2, 3 library.

Detailed analysis for Va CDR3 is discussed below. Figure 14A
shows UV reading of the ELISA positive clones identified in round 1 and
round 3 selections of functional anti-VEGF ccFv antibodies with Vi
CDR3 encoded by the designed nucleic acid library (Figure 13A).
Figure 14B shows Vi CDR3 sequences of the positive clones from
round 1 and 3 selection via phage display of the nucleic acid library
shown in Figure 13A. It is clear that many diverse sequences are
selected with large variations at several positions that are different from
Vi CDR3 of parental and matured anti-VEGF antibody (Figure 9B & C).
Figure 14C illustrates a phylogenic tree of the positive clones showing

the diversity of the screened sequences. The sequence identities of the
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Figures 13A-C. Figure 16A is a table that lists the experimentally selected
amino acids sequences from VH CDR1, CDR2 and CDR3 libraries of
degenerate nucleic acids shown in Figures 13A-C. Figure 16B shows the
distribution of the sequence identities of selected 10 sequences from VH

C CDPR2 and CDR3 libraries relative to the correspondi arental
o BB R S A RS A aabtns 1O g
thEdelationehip areag4rdiffeveric librariesc(dediynddiRdine@cichce.
sequanees: sherambinatorialibmn.ah amine acidyarianiatibe designed

S?‘%uences, and combinatarial 15 degenerate nucleic acid libraries
e

oA TS ORGSR ERE SetfanddBEAd tHa R SR Esserequps:
ndelsigracichlibiary) @dd the cdistibutintboidherexperimentally seleeieshs
pPasitl o) | Adsin -VEGF é—|CnDl 31l rar fggnr?nrougp
e e el s St S ot
différe Rt fibrafRCdotBpeRasSHhtSesiead Tieanaiions rheleiftertiveliosy of

litary designisthien ielativersize: of thesselectachealans:Versus Iany Lt
n%gfgggeaffgle ge@gggecloré?s etc FégiLJre 17B showj75ya tat%e delineating
the " relationahips Among e fatt Hbratey fEighre TAAJRAY tRA Hst#ition
obtis expaime titsll§edetéetesk seguens dsoof thespositivetslonasionantial

25 MEGE MY GRR I 2ic3ibrary;Retailed analysis for VH CDR3 is
discussed below. Figure 14A shows UV reading of the ELISA positive

clones ideMififeBRRTSME aEr RS bidtiohs BrriAchsTaIShId REF
cchy pntibadieswithidt BDRIencodemd e the designes: rucleiiacid
library. (Fi 3A). 30 Figure 14B shows VH CDR3 sequences of the
R R et e iR T
nhésasiseiiimeigrstosvnahiFiyure WBA. It ihelsaratfarnitasy divelses
seqrences are selected with large variations at several positions that are

different from VH_CDR3 of parental and matured anti-VEGE antibody
(Figure SHEES) L5 THURSTAC SPARE 5 IS EhIE 8 SRS BBLRS
clderegshowigg thediversityofithdscreened sequences cBhassequientage

idgptifies-pfiihe, s %%ﬁlﬁ%&d FP&HW%&'W%ﬂQ%\!‘B’iQB&% %Qfm e

Figures 14B ranged 7 to 73 percent relative to the parental VH
CORIRREER Eifrdearbresisrerpid b Ak WHGRIN g HredkaswH st

théaosigins ekarch, computationally screened combinatorial sequences in,
the hit variant Iibrary [, a selected group of designed amino acid
sequences {hit variant library I}, a degenerate nucleic acid library
derived from library II profile, and experimentally screened positive
clones and sequences. The process can be iterated with feedback from
experiments until the sequences with enhanced or desired properties
are selected.experimentally.

Figure 19A-D show the comparison of the sequence homology
distribution based on a lead sequence or a lead sequence derived from a
multiple structure-based alignment. Figure 19A shows the lead profile
generated from structure-based mutiple seqeuce alignment. The
structural motif of the lead sequence is used to search protein structure
database (PDB databank) for similar structures within certain distance
cutoff. The five structures-are superimposed using Ca atoms of the Vy
CDR3. The average root mean squire difference (RMSD) between each
structure and Vg CDR3 structure motif (colored in magenta) is within 2
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the screened sequences in the first and third rounds into three groups: 5
designed amino acid sequences, combinatorial amino acid sequences

from the designed sequences, and the unique combinatorial amino acid
sequences encoded by the synthesized degenerate nucleic acid library.

Beca only limited number .of positive clones from each round are
selcte Tt TR AL LR b T S T R R R iR
pereaitabBignre L8kctegeshquaritesfromPitiSigae dyits cdmbiiatorial

anmieAGigANE Myelgiaaeid libraries. These experiments demonstrated
that by using the methods of the present invention, antibodies could be

selected FEPERIY ARIFNVE & eLid RieiniPh i fodahit BStan SegUsTIees
alsd hithhiieBwant i gebiotagicabiinction, thg leakliliyqiochioel podhE: taf yet
anteRt a8 GhulVaie 18, AHIMDariZES 1oy BaIeRslVG RN
of the sequence design using the scoring results for frplno acid
setusreastitasehvemgat foliecbRangs &y ax@nbie Skroratidt e Hight,
It};)ﬁ-é@&r@@ ah%amm@%@,@rgma@Qf&@?ihﬁiﬁﬁﬂm&ﬁ_ ; gﬁtwmbd'rry
ibrar rate the database sear putatignally screene

com %rgaigﬁa 584 uéglnrgcoe%ﬁnsetﬁ%b “65%‘???6@5 -1 3%?80%’8 G Bre
desigired pmihs axidesdgdeness it vadasitdibeace [Py itlegenerate

nucleic agigl {jprany @eived fram iRkl lenand SReINC AN the nit

screened positive 25 clones and sequences. The process can be iterated
wittbrasapalatiree Expentents Jnt-RESeqoBRBes wilth eifrtaudérate
dasircskpropartiedearasealpaiedoexpariheniady (ihiguieskAthestiaw dhe
comparisgn of the seque omology Mdistribution based on a lead

e G R B S e

aligrirpestdrigors 1920 5hoWS tive188th prafilog&ritrdtegifagrihe lead
stciyeesbasedimutiple seqeuce alignment nThri s uciwrlmotiiiehitent.
lead sequence is used to search protein s ructuregr?atgb se (PDB |
dat B ER SR S TS WK EHAR G AR éﬁt"o‘fﬁ?er vt
stieetunestare slipgripnpbse disSIAgeCa dtonisaotf trepwir8s.CDR3. The
average IRGLIEd AU S ATRIPRGE LRMBI L haesn 36l Allieiie and

Va CDR3 ture motif (colored in magenta) is within 2 -153 A. The
comeSpeminecsh i et rbel i gRAR TS HRVRGR AR Scquence,

structure and function spaces. The basic idea here is to expand the
diversity of hits and variant libraries in sequence and structure space in
order to find the candidates with improved function in function space.
While the diversity and/or the size of the hit and variant library is
increased by, for example, finding remote homologues of the lead
sequence or sequence profile (as shown in Figure 194}, the intersection
among the sequence, structure and function spaces can be focused into
a smaller region with increased probability of finding sequences with
enhanced function.

It is clear that using structurally-based multiple sequence
alignment as the profile to build the HMM model makes it possible to
find remote homologues (to 20% sequence identity of the guery
sequence) of a lead sequence. The inventive method described here will
become more powerful for designing antibody CDR libraries with the
increase in available sequence and structure information and

improvement in the accuracy of the scoring functions.
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right of Figure 19A, together with their PDB IDs and color of the
corresponding structure. Figure 19B shows a variant profile for the 251
unique sequences 5 of the hit library generated based on the lead
sequence profile of VH CDR3 of parental anti-VEGF antibody. The lower
portion of the figure shows a filtered variant profile obtained by using a
5% cutoff of the frequency or 12 in this_case. Interestingly, important

AuERRSHERTY SrtFeniBEE Designed i etibedy fdbagiessy Fit=aso

observed in the 10 variant profile generated from the lead sequence
profile. ERigure 1.9C shews the distribution of the sequences from the hit
Fivary o o A R SR ST IR s
thadagadsscidentity oprersebaetin'BeiHarmtibadskiy weegingmethods
flﬁa@%&@%@@?&ﬁ lﬂé\ékétcﬁﬁ?r%}aeimﬁém?@ @&%'éﬁri@iﬁ%%ér@fg&@, 15
r.sequence identity up, to -2Q% can be found ysing the lea .
SN 5HE A% SRS SBRSEAT IRl A CRES g rhitber
The peqeetdesédretingrstrategycised: bedy can.dor  civerdeditstwitture-
remale HaMAlegu asIQM-AS 2050 19 e lead %ng%ﬁgﬁﬂ% e bPRch of

shows the conceptual evolution of the inventive 20 methods used here to
SEAFERIBE profhertis tanarfitesilusy Qb Rt gie Fhidki @ aiBadn e (see
spases:rhhe/bpsieiHea Bemis 10 Expardihe divgrsitwef disianchviawagt
braries In,sequence and sftuclre space in order (o find the candidates
Wi Wp%%/?éa nction in functon gpace. ife the diversity andior the
Sikes ot hitiarmd st ibiemp sl 25 iheteasddnyiferienarh Me Aodding.o
IrRIeIERRMeIRGNES afdhe.lead sedipnceatsaquapsainrafigyagshown

in Figure 19A), the_intersection among the sequence, strut(?:ture and

AR EFAGSs Eal'be TSNt A S AR YRgibnWith TAEFEh LR e
ptepabiitytefifinding seguénces withodnhasceddunction 130 dnslotebethat
%é?a%ﬁgéﬁ\%r§l§¥§§§%%ﬁlﬁj9&?a§§cﬂ}é‘?nCe alignment as the profile to

bui e M mo [

/ del makes it possible to find remote homologues (to
20% sedifsrEigbitigesr B s Bt satersiaiatcsiqiascd eTid’™:
invaBtivMecnsihed desprinadohese will ecamemprapoweritdaatesigning
antibod}%CD?Llilbrarilgg ith the 35 increase in available sequence and
CrEeTy e CccHv lbrary. : )
structire fformation an fan%rovement in the accuracy of the scoring
functions.

1) ccFuv—a heterodimeric coiled-coil stabilized antibody

The antibody Fv fragment is the smallest antibody fragment
containing the whole antigen-binding site. The Fv fragments have very
low interaction energy between their two Vy and Vi fragments, and are
often too unstable for many applications at physiological condition.
Naturally, Vu and V. domain are linked by an interchain disulfide bond
located in the constant domains, Cyl and Ci, to form a Fab fragment.
It has also been shown that the Vy and Vi, fragments can also be
artificially held together by a short peptide linker between the carboxy-
terminus of one fragment and amino-terminus of another to form a
single-chain Fv antibody fragment (scFv).

The present invention provides a new strategy to stabilize Vg and
Vi, heterodimer. A unique heterodimerization sequence pair was
designed and used to create a Fab-like, functional artificial Fv fragment
ccFv {Figure 20). Each of the heterodimeric sequence pair was derived
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-154 2. Functional Screening of Designed Antibody Libraries in Vitro The
antibody libraries that were designed in silico, based on a 5 lead
sequence of the parental anti-VEGF antibody by using the methods
described above were tested for their ability to bind to the antigen, VEGF,

byftising e aehphagedisplayssysten), THE siiyatyre-ef githerethe This

parental antibody or matured.antibody would be used for structure- based
comBUTATGTRT SCRESHING I COtact KA O R ABRGaER DBl s the

scherriimgahtisteiodiatoprtingoa fof B AinGE chalGamiboR2 (sefapt(sae
anesher, boyglLIMethge.shav i Figure:20,&:32), 34v9-ghaiy ankipgdy

library was expressed and displayed on the surface of bacten({ghage.

TREOHPS Shalii S iimdHy F8-fbiied B A VA Rhavd §R2,
funetienalbeminicthestahofianiboslyssHois-tinaschaimanibedy, is-dément,
designated as "¢GFVv". The ccFv.library was co ucted . based.on th )
R e B IS e Setbect coi
desigriedma dificedabydereribe abovslimeserdbud inf delbl detbWwidPe the

ratignale ol Aesigning e §eE%naRnsi ntion.andeaxpressiamar fhg.CcoFv

library, and functignal 20 screening of the ccFv library. 1) ccFv--a )
helstotiRteR¥ BoEaEBiISEBif RPSATIBOFTAR antbud HHRagHER is
thgssaliest@ntiihgoly ftdgtigmilctintaeniny| Bie@vio N @ntig§rrbinaitgesite.
The v draaments iy veny. 2adonieracion sasioy heieen felr two
VH and VL fragments, and are often too unstable for many applications at
physierdanesl bonaibng Nalirdiy NGy ans VR deritih grennkedasytan C-
in@ﬁﬂﬁiﬂcﬁ%ﬁ%@%@ﬂd'@@ﬁ&h Iﬂbg@(ﬁw‘&ﬁﬂ{@m%%&yéﬁmﬁ@%
to a Fab fragment. It has als en shown that V11 and V
SO BN A GBS A A RO N ) o b BRI s
bd®igereti®ealhoxyF rerminuspf ore drag dentlandhminoteriimuy aight
angthgito form a single-chain Fv antibody fragment (scFv). The present

invention provides a new strategy to stabilize VH and VL heterodimer. A
unique heterodimerization sequence pair was 35 designed and used to

crealea Falslikes funetiopphadifisiak spidingmentgeby-fRigure 20). Each

of the he{?éozgil@ i%%%ﬂ‘é%@%g 8{5‘ é&lng?tg%rﬁygg a:%l%%ody AM?2 are shown
in Fig. 22A~8. This is an antibody designed by modifying the parental
anti-VEGF antibody. Unique restriction sites were introduced in both
Vy and Vi genes of the parental anti-VEEGF antibody to facilitate an
efficient cloning of designed CDR sequence libraries. Both AM2 Vy and
Vi, genes were cloned into a phagemid vector to construct the phage
display vector pABMD12. Figures 23A and 23B show the vector map
and sequence [SEQ ID NO: 17], respectively. This vector will express
two fusion proteins: Vy-GR1 and Vi~-GR2-pll fusions. The expressed
Vu-GR1 and V,-GR2-plil fusions are secreted into periplasmic space,
where they heterodimerize to form a stable ccFv antibody (designated as
“AM2-ccEv”) via the coiled-coil domain.

To display AM2-ccFv on phage, pABMDI12 vector was

transformed into bacterial TGI cells. The TGl cells carrying the
PABMD 12 vector were further superinfected with KO7 helper phage.
The infected TG1 cells were grown in 2xYT/Amp/Kan at 30°C overnight.
The phagemid particles were precipitated twice by PEG/NaCl from

-156-



10

i5

30

35

from heterodimeric receptors GABAB R1 and R2, respectively. This
sequence pair specifically forms a coiled-coil structure and mediates the
functional heterodimerization of GABAB-R1 and GABA13-R2 receptors.
For the purpose of engineering a heterodimer of VH and VL of an 5
arggl?t%d ,S)CI;lAgl,_AI\lB-tthand G{BAB-RZ coiled coil domains (GR1 and GR2,
respectively) are Tieed 16 THe EEHEXT AU (A APl seligient,
resfsaotl emrTthibztve lideRordt palingwfs\vd Bitdiidg, cofvo(eaiashegits
Fyeis mediale ifi rodimerizagion and G
e o R g NS AL i o the
midaTiea By LabRAEHEible spacer or flexon "SerArgGlyGlyGlyGly"

[SEQ |DB£&h@ﬁﬁ%(@f dt'_ﬁdy@ly@d;é@@@d obPHAAP ;&é@ﬁ%@l& WSS ed by
S 2lerodimeric cc a cyslielng residues were

introgi%_ gleg %}%l%%cglﬁrvgl&%@@a%%@b %rﬂfgy Bisl%epﬁ@@’rgﬁfltﬁ%gc
teYfini biie [CR1cant: & Retediedidifsspl etvas thafooilbtbcoihG R & 55

GRAyedited helerpdigaen an hadnked gQualgnthyrby distifide band
(Flgure Z%é%igéch were expressed in E.coli with a molecular weight 35
|_

kDA 2T ARTVECE (AMBIEPVIARY B RSPIY SR PrisgEes e batian
andty [HERgenpesa0t dmaniti/BEGm ahtibpdys AM are-shovsat ipbigin

2 . This i ' j : odjfyi e parental. anti-VEGF
e e e R
gBRELHF thelPhreAtarant-PE Cramtissasto theiRbtecivisficiBhe closing
ofvdesighethGDBspighcp Hbiarias: Both AM2 VH and 25 VL genes were

I di h id tor t display t
SXE&A%;%% e 8 R SR e
[PEID=N @riz]espectiveiihTihis 4dtRocalilt expless: Mid $usibrscribed
proteiRs: MaGRA ANV IrGR2-PU fusions, The exprassedVH:CR! ane.

VL-GR2-plll fusions are secreted into periplasmic space, 30 whére they

hETEroRIABRZE IO AGEnIE CaFS aHoSH P e ighatoragsnitude
"AlMBachih vdibescBhilgshagd. dotnain iiTe display AM 2-caFvoon phegecry
p ) ransformed intp bacterial TG1 cells. The, TG1 cells
L B S B RAR T heper
phage. 35 The infected TGI cells were grown in 2XYT/Amp/Kan at 30C

ogpmightnEhe bhagayd aalisieswere R ciniaisd, wicg,hy PEG/NaCl
from To prove that AM2-ccFv displayed phages can be enriched from
background phages, we performed panning experiments to select for
AM2-ccFv phage from “medel libraries”. The model libraries were
prepared by mixing of AM2-ccFv phages with an unrelated AM 1-ccFv
displayed phage at a ratio of 1:10% or 1: 107. Two round of panning on
immobilized VEGF antigen were carried out. 100 ul of 2ug/ml VEGF
was coated on each well in a 96-wells plate. After blocking with 5%
milk in PBS, 1X10!2 library phages in 2% milk/PBS were added to the
well, and incubated for 2 hours at room temperature. Phage solution
was discarded and wells were washed 5 times with PBST {0.05% Tweern-
20 m PBS) and 5 times with PBS. Bound phages were eluted with 100
mM triethylamine, and were added to TG1 culture for infection. The
phages prepared from infected TG1 cells were used for the next round
panning and phage ELISA described above. After each round of
panning, the ratio of AM2-ccFv phage to AM1-ccFv phage recovered was
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-156 culture supernatants, and resuspended in PBS for library selection
against immobilized VEGF. After 2 hours of binding, unbound phages

were washed away and bound phages were eluted and amplified for the
next round of panning. 5 Binding of the ccFv displayed on phage patrticles
waksdefectad by anfigen hinding aetvit;yaphage ELISA. Briefly, the

ar&gli %ﬂﬁ(ee.%., VEggg) was firgthgolglt%gg %m‘ié%?&f Spl%i'"fstlas. te;D ue to
blocking ith o™ iHifk/ SR CHE D RAGEEoRION was asdetiNd thelEldGHe, a
plagsolhenphageshausidredne isprabilized antigep waiedateciad, @éne,

' | Wi -cenjugat ti-M ntibody against phage Coat
P The b L TG DDA A Mt Ary DO HhATES.

SO BRI tided frrn biguriehEnt mid RIR, aotivitys The Asaay HiES
shawiotmbet highlyispesificar A2 Jhe singlechain AM2 ﬂﬁqbﬂ% and
e

(AM2;scEy) phage was alsg 15 prepared for comparison with t
R P L R eI ity iors e
thB dpiierenchinding afimityiotMM2cBephphageatoimmobilized: BSF is
almppstoneerdes af magnitude. higher tha 2-SCEVv phage. Thus, it is
coiwclude,d that both AMZ-CCF\S/ and gi\/l -gcﬁg\ﬂa?eafgﬁ%ﬁ% AGRpRf round
R paYeFnBigHEG & PRticle. 20 3) Enrichment of ccFv phages from a
model antibody library To prove that AM2-ccFv displayed phages can be
e {i&.pnedtfroC ] bgg: round rpha e%,%we performed panning experiments to
select for LR PRAGE GaiamatRstera reberRl figralanties
were 25'prepagethibydniixifigof \Bl2acefod phagesorithanunrghaies AMyas
lesshyvdisplaysdiehage.at atatig of 41106 of 1: 107. Twa.round of
panning on immgbilized VEGF an%érﬁgrv%ge %%?ﬁgapgﬁﬁ%ﬁbaﬂjl%ug/ml

VERE RMERIBL SEASH A chReIPliRa Do Redl gl attibadior ol otking edtE B%
millnieRBS viXd 632 fibreine phagesinitemiliyRBR ware addgdtogthe 30

well apd.incubated for 2 hours at room temperature. Phage solution was
discarded and (\%e%%l v%e%eeﬁgg e%f’g%rﬁlegsvﬁ CEBS e BEURRe &S0 in

PESIHRSS it S \winPRE) Bbund phajes evereldlutett withAOPr dpMed
trigthgermingy andiwere adder 10 TGl elivte faninfsctio @ﬁ{c?f Ragss;
R R R o o R LR, S aoRs,
respectively. After ligation, DNA was transformed into TG1 cells.
Phages were prepared from TG1 cells by KO7 helper phage infection.
Three rounds of panning against immobilized VEGF were carried out as
described below. 100 ul of 2ug/ml VEGF was first coated onto each
well of a 96-well plate. After blocking with 5% milk in PBS, 1X1012
library phages in 2% milk/PBS were added to the well and incubated
for 2 hours at room temperature. The phage containing solution was
then discarded, and the wells were washed 5 times with PBST (0.05%
Tween-20 in PBS) and 5 times with PBS. Bound phages were finally
chuted with 100 mM triethylamine, and were added to TG1 culture for
infection. The phages prepared from infected TG1 cells were
consequently used for the next round of panning. For each round of
panning, 94 to 376 clones were picked for phage ELISA (Figures 26A
and B). Positive clones from the phage ELISA were amplified by PCR

and sequenced. DNA sequences were then translated to amino acid

sequences. The coding amino acid sequences from the three libraries
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35 panning and phage ELISA described above. After each round of
panning, the ratio of AM2-ecFv phage to AM 1-ccFv phage recovered was
-157 also determined by analysis of infected TG 1 colonies via PCR. Due
to the difference in the sequences of AM2-ccFv gene and AM |-ecFv
gene, a_pair of primers was designed to specifically amplify only

AMPESEF§EAE @O EARIEUEERY -As shown in Figure 25A, phages

from the second 5 round panning yielded very high ELISA reading,
suggesting that a high enrichment of AM2-ccFv phages was achieved
from both the 1:106 and the 1: 107 libraries after 2 rounds of panning.
PCR Eifatysisleofirieskdiva the seguerasceatarst BMPoegroprEgatvas

4.3;%,;@%?%&%9@/@@5%&;%%9&@ panning, and 100% after the

second round” 10 of panning (Figure 25B). 4) Construction and pannin
ofphage PR 6T tesitisad A AGSiFHE ?&@?ﬁﬁ%ﬁ’iﬁ@i@&f@s‘?’&
matihRseupiutienan appraachinad enployaddo-aonsitiehan antvadyure
ibraryfor.computational and 15 experimental sereenind, TG, 2Jg08 vicq
encb ing a?lf)rary 0 5e5|gne3 chi Sequences were synthesized ang
amplifiéid by PCR aFHb piimersdiér- tamplificaiprrcortalrethé g deiatiodow

sitesdonciane the synthelic, Gl -segyences intasthe, PABMB,12 veetore,

Three Vx libraries were prepared for AM2-ccFy, usin% restriction sites of

NHEIEEHE Y7 S Saas AP S 20U P ST UHE Sty for th&hEE AR of
CDREGEBRRDard GDR3cddspectivielyidftefligatidriyDNAwas profile for
ransfermed inie, Tirlealle Ehases wele diepated (TG cole RY5Q7
helper phage infection. Three rounds of panning against immobilized
VEGE (fefsBaratrénthat qastHeSsendiy o $osr 268 MnV/EGr Rag ed
firsl.caated-0ote aaghfhwelahatdsrwml platebAlterddlaskiagtivth Shis

Lo~ ; g
milk in P?nS% 1X1012 I|br%¥lﬁga&%%ggjzm mllk/PB§ wearﬁadded to.the

welPRREE RIS P67 S RoNS ATTSoM tomBShiurs STha Shage ant profile

contadmity solutidrevwase thext disdardmd]landaheniafisofilsre syabhegored
times with FBST (0. 08%, T Wean20inRES)-2pd:aitimeswith RBS, Baund

phages were finally 30 eluted with 100 mM triethylamine, and were added
to FEREHRGEYE! hfeltionP Rrephigesprasaesy Fom s 61tk
welel coasagueHtlytuseddhibshatapxbroutd of phweniag sEdrsegoteraund of
papning, Qéég@%@&g&eagﬁrs}picked for phage ELISA (Figures 26A

Figure 28A-D show the sequence library of anti-VEGFE Vg CDR3.
The library is parsed into 3 segments: Figure 28B covers the N- and C-
termini that might contain coupled variants (1-3}, Figure 28C contains
segment (4) and Figure 28D contains another segment (5). All three
segments are covered by nucleic acid libraries with a size around 108
(1-3) in Figure 28B are targeted by 3 degenerate nucleic acid libraries,
whereas (4} and (5) in Figures 28 C-D are targeted by a separate
degenerate nucleic acid library.

The rationale for designing these segment libraries is as follows.
Structurally distant segments are often uncorrelated so that mutations
widely separated in space can be treated independently. For the CDR3
loop, the sequence is partitioned into three segments: the first and third
segments (base of the loop) form one profile for library design, whereas
apex of the loop is parsed into two profiles for library design with a size

of 105 in the degenerate nucleic acid libraries. As shown in Figure 28B,
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and B). Positive clones from the phage ELISA were amplified by PCR 35
and sequenced. DNA sequences were then translated to amino acid
sequences. The coding amino acid sequences from the three libraries
-158 ware listed in a table in Figure 27. 5) Library design based on the
segy C%\E\gtgt d without constraints 5 from tertiary structure or
structural mo e??b\nacﬂ e% sﬁ?ﬁ%@?&%@&‘dﬂ AP EBRITRR T atrifie
th&C QPR EEivereeLite baserrd|tied and:cereiatedibegmentstivd due to
stideiy@osRAgEsIRIdeRda SEteRt dhe fayar st stru turaF _

o T S o

couh)l%i poSi i?gs such as the N- and C-termini regions o

(IO T Yo 5T EPG eI S Rt hass g fratp slieasatloptides (1-3).
example FFigwie 28Ashowsacompesitgiatiant profile for VH CDR3. of
anti- VEGF antibody obtained bff com ﬁrﬁ\éjaé&% terErié%rﬁt (f/%rrﬁag'rﬁ %}%fﬁénf% to
VeSS witrebitied vasarms thdareBigrinentn dolettiomtiietwntiich dke

to ng aggfsﬁt{ggt&g@t VQ{L%QtS frgm d(éverse sources can be combined 15 to
generate a composite vanant profils for Pary CoRtRitkidAP AR larmmrore
praéiteilspansechirtio:senatahsegmentmabsmalier & nt B, Anurden 4
to e gur that each smaller varignt profile can_be covered by a nucleic
ac@%b_rgryns/vﬁ}r‘lag Vel I’S%IEV%.{:‘%S n%n%éi-%ﬁl‘% W&H’ﬁ%‘%&%ﬁﬁ% A% the
VDB matire dedgedseawithtel97Y and S101T 20 (S 100aT in Kabat)

is delibergieh.aveidedin the-parsed sg 9eg] £l
2%%— ). Figure 28A-D sh;%vﬁthe sequer%:@%%%é%%f ia%ri?%il(§ Eéégggt%%
The

ATy [ SR SEF RS S mbhts: #ig (ResEricbuslesreratand C-
teotidnithalomight Komainscalspled varpants: (3-8} qhighite 286 eontANH AR
S : Figure. ntaing another segment (5). All three
Tt N e L TR P oottt o >
(175 R4S RSIS B B e Rt EsH bl 3t de e Rignsesug R BridTirariebould
whergasitibhand«elipFigees <8 SrDrarstargated M aseRAIAE all level

d%g?gcer t%rr}léfé%i&?dd Iibragl. 30 Th%. rationale for designing these
segmient Brafes 18 s FoHAE S ER{TaHy DSt sHy M i el
uheagre] argisotvatanubations iwidely separateth papace parbes reaieth
indepradentlys far (08, (DR3a10RHNESPAENES IR RATIEARELiNIq, three
segments: the first and third
generated.
The resulting re-profiling can be further modified and enhanced
based on observed experimental or structural or computational criteria.
These can include varying positions with known hydrogen bonds with
additional polar amino acids, region of high van der Waals contacts with
bulky aliphatic or aromatic groups, or region which might benefit from
increased flexibility with glycine. In an experimental feedback, variants
may be added based on assay results from earlier screening as a basis
for subsequent design improvement as shown the variant profile in
Figure 28A. A more sophisticated analysis might take into account the
coupling of amino acid groups such as salt bridges or hydrogen bonds

within the sequence.

6) Off-rate panning for ccFv library L14
In order to select high affinity aniibodies, off-rate panning
process was carried out for selection in library L14 (see Figure 28A-D).
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segments (base of the loop) form one profile for library design, whereas
35 apex of the loop is parsed into two profiles for library design with a size
of 106 in the degenerate nucleic acid libraries. As shown in Figure 28B,
-159 fragments at N- and C-termini that couple with each other in space

(6 SEQUEAG | s¢.qf.the loop are generally correlated due
to loop closurﬁ?g%%%%ﬁogééﬁgﬁnﬁléﬁeo&% ‘& ﬁ%&%ﬁiﬁ%@ﬁﬁge
RS aerdiBrarEs RhtHisrh s e ey arerate of dontsteotidesddsa) 5 -
Siffipleycriterishsichaasie,ca oy &9 distaneqmatixncap &%&&%@g&?ﬁdﬁ}%

i%ﬁ@}gyeC@[{eellag d segments {go%? Figure 28A for the structure an
distance COntatt mathix amey ¢ a AtGHS WEHIR B OIhtishAES more

dettiedlineéraietio affimitix carmip brappetboubftexplatecnumbenapedy of
bes.einteracions ke ungdenving pragibl s the A for.19
identjfying correlated segments. Libraries for the apex, such as (Blf) and (5)
iﬁ‘ﬂ’gﬂ%es %@é’gﬁ&%’@{lﬁi@%ﬂ’éﬁ retreRicuiariépin chardisteeringion
dégbnecate toligtinuciédtittesditratios alongdheiasisedUSRSE Bith
tj i lang.as each library is.limited to the. size range

e e e e LA Rl K selioe 240D,
PREEBRORP 5 phsitasabbukAtRdsewye e s Sragindntscoafiaintain a

swialhievels et dogakgomealationamens the sesuling iradies, i a similar

fﬁpﬁﬁn SIT{nege se% ents E?n be partitioned into overlapping Segments to
span- the lehigth GrHe'SEqUeHS Hnd theF chies ARy Merar e anpave
20cgensragbuh Theresulting resprifiling caw biifuethe tmbdifiediandes and

@ﬂb@@9%4&%@&9&8%%@&%@9%@%&%ﬁ%ﬁi&%@'ﬁ%gpﬁﬁaﬂ?@m

criteria. These can include varying positions with known rogen bonds

AB8foRbl PoaF AHIABSCTaLs redishrnidervansie weatereonisets
with-26 hutkyrialiphatin ©p BEGM e DIAIRE Al agiRp which mighl benefit
L RSV s S6Bhing as
Fhgrresa%apsedidnBliedign imprbienemntidsshibwrthe variant prafile
lofrigure280n Agrs sopbisticatad apalsis Midhliaks intg agcount the
R RS R A S
within the sequ : &
relative to the parental sequences.

L14 was prepared as anti-VEGF Vi CDR3 library by parsing the

Vi CDR3 sequence into short overlapping segments (see Figure 28A-D}.

In order to discriminate slow off-rates, a number of panning conditions
were manipulated. During the first two rounds of panning, wells were
bricfly washed 6 times with PBST and PBS to remove phages with lower
affinities. Starting from panning 3, the bound phages were further
washed with additional hours to remove those with faster off-rates
{dissociation). The duration and stringency of such a dissociation
period were increased with the number of panning (Figare 29) so that
more and more phages were allowed to dissociate and to be removed; n
contrast, those with slow off-rate {higher affinity} would remain bound
and are eventually enriched. As listed in Figure 29, panning 3 was
performed in PBS for 1 hour at 37°C (PBS was refreshed every 10 min.
and a brief wash was applied in between to remove the dissociated

phages); panning 4 was performed in PBS for 2 hours at 37°C; panning
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6) Off-rate panning for cCFv library LI4 In order to select high affinity
antibodies, off-rate panning 35 process was carried out for selection in
library L14 (see Figure 28A-D). -160 The strength of the interaction
between an antibody fragment on phage surface and an immobilized
antigen is measured by their interacting affinity, which is determined by its

on-Fte PR GErResk B EEAER) ahausftaronh tcraretvise deliaised. by
Aﬁmﬁ?ﬂ@th@ﬁ%i@USSWQI?épﬁdnﬁxﬁfgitiBQq»f?%Eﬂ%Qfﬁ@éﬁéﬁﬂ?‘%ﬁ%ﬂré large
S of11-r wner ntjho of low affinity usual ears fast o -rate,
W%ﬁo\e%rleréfsa régi%lf-?m%?e{ "SR agf“?ﬁ’g%#ﬁ%é%%%n’i‘ﬁé \?Vi r(‘i%%fgned to
faohitetetHc dis sovintiohi oEtISE hntidodies (it mbwendffinitesdnofdd hrs)

ipmekilzegantgen withiaraduaineresse;in harshogss, (SHNgSAEYHQ!
wash conditions. By 10 applying washes of increasing stringency, phages

WiATBWEr ARTIGES SR R ABREE AWy TERad be R pREGEORM
irerégsingtrhigheceaffinties ¢ ehdhaslignernaftraies)nthesefaretihose
urvive. | i .harsh washing conditions should haye
e B N O S o e
hﬁ}é HigNEragiAlIes 1 5 takhp SR pi e sEeUrrasEaTt@ivizechad

q@mgp@aﬁﬁgggﬂ%@m% %fﬂ@g@ﬁnﬁﬂgﬁ @H%ﬁ;g?%gﬂﬁ&%&ﬁ@@atwo _

| ISplay. atforms ures an unaer various panning
T R R e i Lt SO Be R g 3
cwé%mgge@mmmtphagmpamgiﬁgeﬂheuldrma@gﬁ&tgimgfys thialte to
SHME 29 SRAHENEES PhyATANtS should Bgi%%g%éa%ﬁaa%ﬁg (gg%%@} off-

antigen relative to the parental 'sequences. L14 was prepared as
ARFVESEPoRE BRI &R B pHrn § trE I H T DR ddderie it wroit
ofretta ppingiseoments (oetonigy feu28Addn o deste Miserbminaiaslew for
off-rates, a number anning conditions.25 were manipul ring the
B R e B e
aFldNmB & isoe o s a g withd dupar e té shs tartihdyiperapany g3,
thebeyag RhageswareiiheL wastied wWith, addiionahNQUIS iR BMBVEte

those with fati%aer,off-rates (dissociation). The duration and stringency of

SRR s B0 i SH R T e RS nErausas vith e WHrhbEr OF ARG
(Eigunec@ARosncthain mareandindre phagestyéeie aR\EdtpRiissbomiel 00a

ai’i]ldﬁglpﬁ)rm\é\%q;%s continuously enriched from 35% in panning 5 to
70% in panning 7 (Figure 30), which became the sole dominant clone
in the end. The presence of the HT {(H97, T101 or T100a in Kabat)
mutant (30%) remained unchanged in panning 5 and 7. The
enrichment of HR mutant from PO to P7 is shown in Figure 31, These
data suggest that both HR and HT mutant have higher affinity than
that of wild-type antibody. The affinity of HR mutant should be higher
than that of HT mutant, which has a threonine, rather than arginine, at
position 101 (or 100a in Kabat)}, as reported for the matured sequence
{Chen Y, Wiesmann C, Fuh G, Li B, Christinger HW, McKay P, de Vos
AM, Lowman HB (1999} J. Mol Biol 293, 865-881).

8} Panning of single-chain (scFv) anti-VEGF antibody library by adapter-

mediated phage display system.

The off-rate panning strategy was further tested using an
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contrast, those with slow off-rate (higher affinity) would remain bound and
are eventually enriched. As listed in Figure 29, panning 3 was performed
in PBS for 1 hour at 37C (PBS was refreshed every 10 min. 35 and a brief
wash was applied in between to remove the dissociated phages);

RARREhANASDeIMEdInLBR Jos 44purs at 37C; panning -161 5 was

performed in PBST for | hour at room temperature followed by PBS for 2
hours aP3 7S FARRRT B MIRees R AR GHEIFR_NAPLOE GV BIA T2
mMixeiRBS phtoentieriparadul; paoning gifutiherdacredsedittifiayed on
temperature (30C). volume (50.ml), and.duratian (24 hrs f.the wash.
IR L JOUER R RS U Qe iSehe
deasdies wbov & byvibivemsgrthescoprdniratiorcstdartigen, inper phage
cangeniation ofitherRRageipti-and lbareasing thepleppaiaivie.of{be

binding period, dissgciation is further enhanced. The surviving clones
RPN BTG WP Hah GO bicReEFRNP 0BEAYER M BHEGESELTSA
tozcoitii othiedr albifties 40 thing he yEGENIAO 0% £ bisAdpasitipeoatehaas

oftaingd fiom,clqnes inbota panning B a4 sSHIGRANIG t@%(})@%?éd

panning 5, all survival phages were able to'_bind to VEGF, and therefore,
pPaBRHBIRG WEBHEP RRAFHAY fddhsie s LN tHe It ShRie
weaksspositiveiin phagebkiSAC20 clunesibskamepanningbrand: Hclones
from pannin ere mly picked for DNA sequencing. The cadin
A A S bAAL T P CoRa B! Elerbaoen e pa A EPELige
fduéricyroftie ofifd-tyrses ot VRGHE - SRIHOD: WwaB2096drapah Hss.
After, two agditianabieundseof affirate panaing with high stingeseyrdbgion
frequency of the wild-type sequence 20 dropped to zero in pannjng.7..In
CHH BT (ORIt SRR IR R AP AR B BTy
epiiiche ddom35%uisipannihgoBteapedd i pamniGR2(E) wiep3d) Rigiote

b sol ' i . .
SRR YBS AT dRreh lbe Rl TNAPESISE AL e titme s

) a In Kadbat) mutan ) remained unchanged in
phwiirdesignated the oderrithireritoPrRPRREaHE RS iB)-
showninEigue3brdhigse datasuggesisthab ot (HR antlidd i utant
have higher affinity than that of wild-type antibody. The affinity of H
A a0 BEGTE PE A Ut S oiatndt Hictea
rathiér (RdRArgininellatpposiiegel Odh{oh Eo0aGRSKabEtR A4S repoHbd 6P

the matuied SPAUERGR erial periplasmic space. Therefore, scFv-GR1 and
GR2-CT of plll specifically form a heterodimer through a coiled-cod

In

interaction between GR1 and GR2, which ultimately assembles the scFv
onto the surface of the phage.

Using this system, we constructed an anti-VEGF scFv library
L17, equivalent to ccFv library L14 described above (anti-VEGF CDR3
Vy synthetic library). Similar to the selection of library L14, off-rate
panning was applied. Library DNA was transformed into TG1 cells and
then rescued with GMCT Uitra—Helper phage. Phages were prepared
following standard protocol and tested for binding against immobilized
VEGF in 96-well plate. As indicated in Figure 35A, wells from panning
1 and 2 were first washed 10 times with PBST and then 10 times with
PBS at room temperature, followed by a dissociation period in PBST for
1 hour at room temperature (PBST was refreshed every 10 min. and a

brief wash was applied in between to remove the dissociated phages);
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30 (Chen Y, Wiesmann C, Fuh G, Li B, Christinger HW, McKay P, de Vos
AM, Lowman HB (1999) J. Mol Biol 293, 865-881). 8) Panning of
single-chain (scFv) anti-VEGF antibody library by adapter- rnediated
phage display system. 35 The off-rate panning strategy was further tested
using an -162 independent system as described below. In the i
cHRGEHERAARPRRgRESPI LA Sy StErF 3 Priftem iRt S fited td 58
pbaggxansidyeieieiniauchamphl B, avdeptabecdisplayedoFifa::uaaEs,
of phage. This fusion_protein will be assembled into,ph 5 particles with
e R A R DR
Whhdirsedusioped alrewpradelanpiaEystias dameal PBST for 18 hrs

%@ﬁ%%ﬁﬁ%ﬁ@é’@ ﬁ&@@ﬁ?”@gﬁf‘?&rﬁx@%e'ﬁ‘&ﬁ isrestd eLISA
carried to the surface of the phage particle by a pair of adaptors that
sB@éPﬁE’&W’FBF& RAREEIS difret gr‘?§°6‘€ﬁ1& e RRIT e 8?%%95&‘3‘3)
prateiinlatexpreasiorvectoh ard theathdérdenh Bsad-wite a phagening
capsid protein in a r vector. The present.example for th i
s e IR A PR ATg Bekth e
3piarpr6ie it otirtdids s MRV EGTE Pis @xpleSielt 483 fikion isvith
an3aaplor-EGiRh) torform anconsttuet of sqvdzRin.aNaXRIRSSIN 1D
vector (Figure 33A and B%. GEZ was inserted in the genome of tf;lel er
R FHOPAT A ORI P B CHBST FRoRair [CSROCT BT B b e
arieh ByrAs:atrdsyli thedsétpertphdigewithiithe modifietcgeriopaeisnghénthe

d%§§g§§%gcx%‘§g§£g%Lglx@ﬂdgla%5m@9 1 GURUEe BAA ARG Bk 0 +J Sdos (4

cel ssion vector expresses scFv-GR1, which is then 20
sOtTetdd iAteHt terigl RIS saregy. TheaRNE Sre fUftneTHReEt R
with- GMGTWira-Helpe rphagnwhich BxpressestaRECIrofhplitoalsd0% to
secreted.into the.lgg erialbpg;i‘pé%smic sfpace.T refore ggFl\{-GRl and

, ¥ 1
GRZETS %rllﬁ getinically 1orm a heterodimer throug "a coiled-coft

inseractibntbetnident BRI e GRS whicheitindarstly shsambiesrtieestfy

25 onto the-surfagerof the phage. Using this system, we constructed an
anti-VEGF scFv library L17, equivalent to ccFv library L14 described

above (anti-VEGF CDR3 Vx synthetic library). Similar to the selection of

ligrasykd4-pHaie ippapiagsyas applieg. ddbragyNmAwas transformed

into TG E%ggisliatrs]dshown in both Figure 30 and 36 suggest that the off-
rate panning of two independent novel phage display systems used here
are able to select out a novel mutant, HR (H97, R101 or R100a Kabat).
The HR mutant has a higher binding affinity than the corresponding HT
{197, T101 or T100a Kabat) mutant in the reported matured sequence
(Figure 9B). Moreover, HR mutant binds the antigen better than the YS
(Y97, S101 or S101a Kabat) mutant (see Panning 4 of Figure 36}. The
YS mutant was reported previously to improve the binding affinity 14-
fold relative to the WT and was believed to be the single most important
mutant in Vg CDR3 of the matured anti-VEGF antibody (Figure 9B and
see Chen Y, Wiesmann C, Fuh G, Li B, Chﬁstingéi‘ HW, McKay P, de
Vos AM (1999) J Mol Biol 293, 865-881). This mutant HO7Y is also
found to be important in the designed library both by database
searching {Figure 11} and computational screening (Figure 13A).

K94 is an interesting case and deserves some discussion.
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30 then rescued with GMCT Ultra-Helper phage. Phages were prepared
following standard protocol and tested for binding against immobilized
VEGF in 96-well plate. As indicated in Figure 35A, wells from panning 1
and 2 were first washed 10 times with PEST and then 10 times with PBS

at mperature, followed by a dissociation period in PEST for 35 1
hogic at rgosrﬁ%%mpére{%%gg %/B \(}v?xg?%’ﬁe@ngﬁ SRRP BsRmdliBAdoatstief
washifh S applieddbbetwHenw tvaembvethe dissociated phagRs)erdB of
theyslissoriation pRigd PR RRIRERRAIN AP SILAAOOIN . HENG. oy,
phag%s recovered from panning,3, two parallel pamnings |gure§ B ;
paRning £EF AN BIvare B heyviaT sfdbesdanterentytce the
dis3ociatien®tiphages withddwsr affinities: 1amERBST B AT S @bRs,

2 ' at 37C,for.panni Ten clones of ELJSA . ‘
o b O ek on o

rahBe iy ders affirrintirpe thaRO4résshowd it figlireB6hle pabnihgtid
thel presencef WiT-sad u@ﬂﬁ%%%%%&@&ﬂﬁ%{ﬁ&%ti?é 91 0oth i, (K04
ote

mutant (30%) and H tant (30%) were equal. N hat there Is no
aréﬁésé 13Fléq’sﬁlt) uretgﬁg%gi% B’o&%ﬁ%‘ﬁ%ﬁ“{fb@&%ﬂﬁﬁéﬁﬁ%@%‘é%ﬂ@@ﬁés '
anaiyzel (igare S8 csed) gdstimdpitsil 619 Decrirapaevaithis:staged A the
coRtrast-Ry [ e} iafjon stri cy,at nin the. .
occurrenecpg g?%{%?r%r% i%]’ %%lst%grg %@ ’(?g%%éﬁﬁrgc%r%afss%% oo

out DI EIAESS il Br ey e PR B4Hing Be ieeoppluisins mieht
thedhmutant 'ﬁlml?]s frant 3680to &a@%@%gaet#\éwf%ﬁem ok Q.10

0, jstent. with t servation in Figure 30. This result suggests
SHEDY et e PR TR RO AR GANGA e e of the

matdAPeith e b Or)edidatinarytof thexlibrh i designy diversityrantiatured
affipiibmBtHAleN RESWES, ShoMEHR @9@&4%@ 30 gad ?@Ip%&‘%ﬁ%é'?%%

S e NE S BerE PRl s B (o A o 60l
KabatygThenkiR imntiant (fassahighe Obinaingafmity #ianihe1 997) J Biol
CQUIGSROPANG bl 782 (514 T 104 o | ]ag;g)%o:fa'%%%té mutantin. the reported
matured sequence (Figure 9B). Moreover, mutant binds the antigen
bétist Makige vy o daoginsibrhcamsprmiuerdeeeiPanhitiRef
Fighioe B6heTdwsi Y MUB icHas e nsstachpieyi Ao JrRrvethesidues
bi@dg%g@pﬁy&}}%{}? at 94) in the experimental library. These should be
reasonable and straightforward in this case because R and K are the
two major residues (~90% for R94 and ~10% for K94) preferred at this
posttion from the database search (see Figure 11); (3) sampling the
conformations at this position for R94 computationally by molecular
dynamics simulation and see if altered structure or structure ensemble
should be used with R94.

To summarize, the three important sites around Vi CDR3 region
of the anti-VEGF antibody have been found to have a direct impact on
the binding affinity of the antibody for VEGF. Two of the mutations o7
and R101 or R100a Kabat) in the three positions (K94, H97 and $101)
were found to be important for improved binding with antigen using
either the parental or matured antibody structure in the presénce
and/or absence of antigen, whereas R94 was not predicted correctly

because of the potential structural changes induced by the mutation at
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fold relative to the WT and was believed to be the single most important
30 mutant in VH CDR3 of the matured anti-VEGF antibody (Figure 9B and
see Chen Y, Wiesmann C, Fuh G, Li B, Christinger HW, McKay P, de
Vos AM (1999) J Mol Biol 293, 865-881). This mutant H97Y is also found
tql,tl)g .i(gnilgfrtant in desjgned library both by database searching

(Figure S EomputR SRV Bl SRy (B aniap et kion fempaffinity
infeEstiTg caderarhdese ives somendispaskiomtal €4rSticHy speaking,

SRR3 ' the Kabat I :
ﬁ?ﬁ@?&ﬁ%ﬁﬁ?&%‘% R P e e dtdes

i IREh SR BfRR M BtiRb SeREE this sEglisivehpu st oo sttt

on4lie boundary of the sequence motif. 5 Because CAK is the boundary

region b@lt jeer. arggleﬁ)rk aqd VHIC(%E% e consider it here to test the
impact of the mutation in this region o g%ﬂﬂﬁﬁa &Fﬁﬁl@lﬁhﬁtﬁ@lﬁfﬁ%
ish6uirénse tavsiabls imbbth thevddmibaseséarshaRigasmpltationg
sseeaningifigur A andel 3. KAh PInds 4 41in -
experim .I%al scFr%lenin (F'&Jreﬁé and 36}}8%](%? ér‘ﬁli;% %R%?{vrgsf%%%%ted
v'v"hehaBE;et‘rHW%Wan SSiasaeFRarRIBR{ribs (FigaeslisBrio

aib 86 )paithoughtbeRO44s kil actierinn bindingdoMEGK (sae Figuwias

)l n far this might be that R94 in the joint region
T A om SF ha Ve CORE 1 ST o RE e 65

irftEracti Rt btherdetionBitael Sartispuy the ey ingaligatngithe
cErponing S oo Mt BB vl e e Bty Sl oF
scre ng re r/e%q 1a would reduce the binding affinity o
e R ARG O
dec shnar8lavelissgAi (108 7y il BROICHems 2AZs 10078-d10684  Severat
anpaRebescan be e igavais20dhisRighian: hvaddesianing e,
ﬁ?l%ndaréé?e&dues‘lf only CDRs should be designed; (3) combine bot
Al TP fei RS YERIES (6 Chots RishPRedr g4 irethased
expetimentatlibian: Thesaspalt-beTrRosopabla andsiaightiopgrd in
this G %blg use R .and K are the two major resid esé-QO% for R94 and
O TR o AP TS BLG  aHARe kiR SEeH et
ﬁi@ﬁ@l@)‘? (@YikEn i te e fifo mreitionts aldbisipedifiemdan Redigning
compeRtenalRLTelesHINC dyamisssipation Al seeifalleed
stru%ture strg ture ensemble
mutants tfound here, such as Y97 and/or R101 or T101, have affinity
higher than that of the parental sequence by at least 10-fold (Y97 is
reported to account for a 14-fold improvement in affinity while R101 is
shown in our experiments to have a higher affinity {see Figure 36). By
extraploatoin, a combination of the mutants, such as Y97 and R101, 1s
likely to have a higher affinity than that reported for the matured
sequence,

The binding affinities of the affinity matured VH CDR3 were
determined using SPR (surface plasma resonance) instrument {BiAcore}
with VEGF immobilized on a biosensor chip as shown in Figure 37. The
proteins were expressed and purified. The X50 is in ccFv format and
contain the reference sequences for VH and VL shown in Figure 22A
and 22B. X63 contains H97Y and S101T in VH CDR3 with 6.3-fold
improvement in Kd vs 14-fold improvement in Fab format reported in

literature {see Table 6 of Chen Y, Wiesmann C, Fuh G, i B, Christinger
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should be used with R94. To summarize, the three important sites around
VH CDR3 region 30 of the anti-VEGF antibody have been found to have
a direct impact on the binding affinity of the antibody for VEGF. Two of
the mutations (Y97 and R101 or R100a Kabat) in the three positions

(K94 Jwere found to be t for improved hindin
e eiher e et S LTSk oAy Crctes e e
pt%%éhcg% SHifr didened G R ragéanivie rBs OB Ivas NGt préditted -
comectlychpeausaafibernorentiak et ah ghanaas nOLseIL DY G o
mutafion a -}65 ”gﬁg%;}t;g ian. Y97 is known to be an |mgort_ant _
mutation for affinity imnprovernant 5¢ ShowR i Reotas ek e e mare!
seEreEAIMGIdR 10T (R B0arkabat s &novetapataat canficngt by twastive
indepapgdent;p i copfer patentially higher -
i e e o oL die BOTYSY and
R &aﬁﬁéf‘aﬁ{oﬂastnas&mﬁaﬁwané%siﬁqﬁ@ﬁtfwﬁaﬁxqomeo@@e taken
flmneiih)bae%ﬁieﬁmrsim@k&mumme%mh mgﬂ@aﬁ@mgh@m
remLt It yau [ .In e-based screening of the variant |
ey LD o e e Sk A GG L St B e
ptEfiIE<EE Knenat WFlguida sSAnErenmditionsenibit sSequentesscaringding
paitihaly view, the pesling.And reprailingRiAheigequenses seaqng higher ¢

tg nt arental se ce, also ranks the observed variants at 94

(88% ,1&%@%}%‘?%@%??%%%&%&0@%,WW?«I@&M@@.
EbcBptCLE ifetitizeplilleMicissobiatedVisitAIRD4, dhenstatistical preferencs
fas; Y979 and 2104 Qr 7101 is apparent in our design. We have
demonstrated our library design, using sequence searching and/or
structure-based scoring to generate variant profiles. The experimental
screening or sEesiop&ISing the two independent novel phage display

S tgg}% ave sho\ utiljity of.the. jnventive methods described here
in e'sig_n{% g\.{1 s‘%g%%%ggék i earrel# oS ?ﬁ%r%?ﬁa%?glr s%&ﬁ%ﬁ‘é’é’ HVx .
SertEzdomutants found here, such as Y97 and/or RIOI or TiOl, have
affinity higher than that of the parental sequence by at least 10-fold (Y97

IS repor{rﬁﬁdﬁ% account for a 14-fold improvement in affinity while RIO1 is
25 show P ExPRF AR R HalRs B R ighEF SRR rRt @Rt i dras)vey

in the growth of solid tumor by stimulating endothelial cells. A murine
monoclonal antibody was found to block VEGF-dependent cell
proliferation and slow the tumor growth in vivo (Kim KJ, Li B, Winer J,
Armanini M, Gillett N, Phillips HS, Ferrara N (1993) Nature 362, 841-
844). This murine antibody was humanized (Presta LG, Chen H,
O’Connor SJ, Chisholm V, Meng YG, Krummen L, Winkler M, Ferrara N
{1997) Cancer Res. 57, 4593-4599; Baca M, Presta LG, O’Connor SJ ,
Wells JA (1997) J Biol Chem 272, 10678-10684) using random
mutagenesis at some key framework positions following grafting of
antigen-binding loops. Typically, after rounds of site-directed
mutagenesis and selection, humanized antibodies are generated by
replacing a human or concensus human framework with non-human
amino acids from the parental non-human antibody at certain pre-
determined key positions. These humanized antibodies will usually
bind to its cognate antigen of its parental antibody with the reduced
affinity relative its parental antibody (about 6-fold weaker for
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extraploatoin, a combination of the mutants, such as Y97 and R101, is
likely to have a higher affinity than that reported for the matured
sequence. The binding affinities of the affinity matured VH CDR3 were 30
determined using SPR (surface plasma resonance) instrument (BlAcore)
with\efk dnamabiiizedr eslabiesenserehtplas:ahpwnin fHigare Sde Bhea
roteins were.e ssed rified., T ) js4in v for,
R oo, MU o B R R s
2006546 3edntalnlioakentb S 200 thier VEr SRSt BiBsas! anti-

ipprorementbiad va: 1éfeld impravementdyFehigmal keporied inG,
literature (see Table 6 of Chen Y, Wiesmann C, Fuh G, Li B, %hri tin§§é_
| ES

FEBTRRC MUK B No& AN EdWan H5 T1568) s Sl Bior 293!

Ma&@A&mﬁaﬁ@h@’Sﬁﬁb@n&ﬁaﬁt&ﬁW@W witBR5dbkem 272,
INPERENGEL L .'a%msg&f&f%mﬁg%fmm@mﬁatﬁg%%%@é@%sy

exclusively from the on-rate increase. The importance of this novel 5
a6y SRe HsYavR b MIRA b e dV KitRotigR ExHdtRiveld B,
nHageness BhisiprsiHioN has/BeenvdanexAlsa, s freguengy ol Biol

datab is position is low. This demostrates the approach taken
h%é%l%sg%%ég biscover important mutants for affinity improvement. The

X65 corltaimezie7yeahdSE0tRe shovhirds 1 foldlinthrovdpsent disirycrod 2

the, sehviformat tnder ihe same,condilian, Whieh is $tengslnlpdipgy
affinity than the best mutant combination (H97Y and SID IT) Tfor X63 of
thefRmLAthitPaR ViAreTes ks aRUEREE e Rk Whe sk &/ Efrence

LiB: GiRistingeri by MelKasnPe de=y i Aive lamanaBHE: (1898130 Mdted
Biol 2 5-881). 15 .Example,2 Generation i- i
e R G e G S
debelopmetand s ifvolvbistinlme Vg riluaLof Solie WRBE D LstitinfEshd! -
e@&%&%@ (C%J@rrﬁ@%ﬁ%? H@Q@ﬁ!%?:?mmy' wasfouadie blgaktcd
VEGF-dependent cell proliferation slow the ju rowth in vivo (Kim
AR NATRARAT Ilgﬁﬁrﬁﬁi#‘%s‘%—@,%gﬁaréh ﬁlﬁ“g*g%f%ai‘”
Natunei 362y184¢ponding murine antibody, these two humanized
antibodies should have ~2-fold higher binding affinity upon

humanization than the corresponding murine antibody.
1. In silico Design of Anti-VEGF Antibody Framework Libraries

Figure 38A upper panel shows the amino acid sequences of the
framework fr123 regions of the murine anti-VEGF antibody (therein
after referred to as “murine anti-VEGF antibody or A4.6.17), the
humanized antibodies (HU2.0 and HU2.10 sellected from the libraries
and amino acids used for humanization at key positions for both VH
and VL (see Baca M, Presta LG, O’'Connor SJ, Wells JA (1997) J Biol
Chem 272, 10678-10684). The framework and CDRs are designated
according to the Kabat criteria (Kabat EA, Redi-Miller M, Perry HM,
Gottesman KS (1987) Sequences of Proteins of Immunological Interest
4t edit, National Institutes of Health, Bethesda, MD}, although other
classification can be used also. Figure 384 lower panel shows the

amino acid sequences of the framework fr123 regions of the murine
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25 844). This murine antibody was humanized (Presta LG, Chen H,
O'Connor SJ, Chisholm V, Meng YG, Krummen L, Winkler M, Ferrara N
(1997) Cancer Res. 57, 4593-4599; Baca M, Presta LG, O'Connor SJ,
Wells JA (1997) J Biol Chem 272, 10678-10684) using random
dAutagenesis, atsam e keyeiraaiewedepositions fotlawinggsaitirged 80
antigen-hinding loops. Typically, after rounds, of site-directed , mutagenesis
aghtﬁlgg tﬁ)rﬁggﬁ Fﬁrgﬁgle ghtibod %soé'{lyeugséer%lie?gté b?/arr‘cé%%(}:i%ﬁ(g human
sfoencerfsas huvranframéworkiwirbterorefunsahtcansinb aeigs fromahe-

parentalnepHmap aatifgdvat cectainpiesdeterminedkey Resitions.
These humanized antibaodies will usually 35 bind to its cogn te antigen of

R QAR hria BEUPIRIY 172 PR So AHTFH FBlit VE n PAE By
((EsotGaiotd weak el for SHEZ 4R eapniZhd AntpviGR relatinetidasarental
murine antibody.,see Baca Pr . ' s 97) J
|%?%Sf$elr¥11§‘f%,ydfé%?olOséf%lll’,t'ar%ﬁﬁﬁ%ﬁvog%%%%épgﬁoﬁ/g%%g%((l)}nglg}é
e $furrRARE aRE- VEGFSee pieserencabisnoretafidy sy FR2

Shisholm Y rideng.Y Ge SdsipnyaendiviMinileraMa hersara N g209R) if
Cancer Res. 57, 4593-4599, ‘J73§1%a M, Presta LG,b%)' osrimg&?\], Wells JA
159695 Bibi eHe © : ?)é‘é’fg)} is 1055 of Binding affinity would
dimrdcaneeds lyybusing affimity abtacgiiormits ODRex{Civeniyy\iésmann C,

Fuh G, LI By Ghiistinger W, MeKay 3, de ¥ osAMb 4 owismanHBri899) J.
Mol Biol 10 293, 865-881). Using present inventive methods described,
HeliaPR Aisce VarEerse i pHHAH A EOTE R RE Tk he Aot ighetin

binding @ffinitysdm ek vifanpat: upon-ramewoenuoplinizatioEt@n Hgure
parental/reference anti-VEGF antibody sequence (see Figure 22A & B for

8B Rinewiniver v s DGk SN b e RERErSSAEE R e B ature
Rresta 16, c&hendd, Quenaes Bds&hishele \allepgiéGeKunmBR 123
inkler M,. Ferrar. 97) Cancer.Res. 57, 4593-4599). Beca the
%’Zﬁ%ﬁéﬂ‘lﬁﬁﬁgﬁ%d anti- %tiglglgyv fgélﬁlrggrfél% ?3 é?’?s%-%%ﬁ Mes
vieaketlhamits camesposidingandiisesintbbby, iveserwdinorahiged 20

Aptibodies,shovldhave 13-feld-highsrioding affinity upon umapigation
than the corresponding murlne,antlbogﬁ. 1. In silica, DeS|Ogn O&Antl-VEGF
ErapeayFPAmenerk LisrRsgstively. All positional ammoacids

occurring 5 or less times or (13 or less) among the members of the hit
list are filtered. Figure 38B-continuous shows that the reprofiled variant
profile for the hit library generated using the human VH germline
sequences based on the lead sequence of Vi FR123 of the murine anti-
VEGF antibody without cutoff but the variant at each position is ranked
based on its structural compatibility with the antibody structure using
total energy or van der waals energy. Some reference amino acids are
found to be favorable at certain positions based on their total energy or
specific packing, although their occurrence frequency is very low {see
for instance, 4 positions (F68(F67), L72(L71), S77(S76) and K98(K94)
annotated using arrows). F68 and L72, for example are included in
library for selection. Figure 38C shows the variant profiles for the hit
library generated using the Kabat-derived human VH sequences based
on the lead sequence of Vi; FR123 of the murine anti-VEGF antibody

with a filtered variant profile at a cutoff of 19. The profile underscores
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25 Figure 38A upper panel shows the amino acid sequences of the
framework fr123 regions of the murine anti-VEGF antibody (therein after
referred to as "murine anti-VEGF antibody or A4.6.1"), the humanized
antibodies (HU2.0 and HUZ2. 10 sellected from the libraries and amino

acidg Used Sorhumapization at key positions for both VH 30 and VL (see
Baca M, Presta LG:%%'C ohnoray: Waﬁé SOFEYE TS BlolowHERRcy but

1067822068417 FeaaiiinoriChndCDIRs 31 designateduascerdingtodhe
Kahe eateriatcabas AR Mla N Rai o COlRIMAn XS (1987)
t

Sequences oJeProt%igls of Immunological Interest e%ﬁ?ﬁa iona
Institutes of HeaMh BSthe St S5 KiHERfvotmes 35idassitidition batvw

be tixedeilssl kiguréBsAlnierthanekshowsHesamimRasihsequanees.of

thezlsamenvork fr123-reaisns of g%etm rine -168 anti-VEGF antibody
(therein after r_eferre% to as%arr?urine SRE éﬁ %%%1%889- DRififeusing the

huMSZEd ahifsdy aSkEarmbysasniatiage méferorepiramenariiere 5
(theseirFajterd efenpdtaasdoumanizet @ty g %&;(k,pﬁgﬁo%?m rted in
, Chi

the literature (see Presta LG, Chen H, 5 O'Connor S > MEtgRee
YG? AR AOE ,Wﬁk@%ﬁ@?ﬁ?d@b%&@g'ﬁﬁ@&n ceniRestiSZ order including

459214699) Thaftamewerkd is, laneg, because it is related
constant. But it cgn be desi ned %%ﬁg%%r&fg’}%ﬁaﬁ%e%gnﬁg 5%%?%Sgﬁﬁher
AISET SEpaTte eyt atrerBrkiFRe orFR22orBRIENE ERACANral

beadesignéssi linglisidualiand-pasted, togaiher %&@@é&tew$%n- 0 acids
co%nka(é@g ofé:@}:%zL FIIFl{S can he de5|gned simultaneously g§/ ’
designﬁng ach segments’drEsHHETnE 6t [Lisgirrbied igsdapiadile at cutoff
appro&eh descritsbddvetdeThepoditgns eLGRRE @b EHR2aredadicaled,
usiRgREIWS Lt patiisted ' The CDRs recth?nsa as.in
Figure 913 EI!L m tﬁe muﬁﬁg‘%ﬁ%ﬁ&% I?‘ﬁ%%rg g‘sfé%ss OW§ the &gﬁéﬂt

profieSHEEthE MBI (genEPReanisAg aB nepafirve gemalinge-based
sesurenceshalsedion thiz [ad (swm,eﬂm(m?g/ﬁ t;ﬁﬂé%%%ﬁ@ lti;]%iﬁ% (the
anll- ; variant profile at the bottom OowSs the amino
R p RRA G e B
valiampidfiey ehiafted by trmeg acinofheidlfrequbroy BfS and pdedicted

repsentiel AesiionalaRIinD7agids: GCU G K 8h/esS HTSS.QL4L3 or
less amorlgo%le members of the hit _list are filtered. Figure

265 WERIRTOTE ShOwS (Ao Vet fid viffAY maturation,

Figure 38D lower panel shows the designer libraries with amino
acids used for humanization for VH 123, As shown in Figure 38D,
although the human vs non-human sequences differ in many positions
across the entire chain for VH, the amino acid libraries used in other
approaches are concentrated at a few key positions, whereas the
present invention targets various positions across both VH and VL
chains with a few mutants at those positions based on the designer
libraries for the starting antibody.

According to the present invention, each motif such as
frameworks FR1, FR2, FR3 and FR4 depicted in Figure 8, each
framework motif or its combination such as FR123 of the antibody can
be targeted using a modular in silico evolutionary design approach. It
has been understood that there are only a limited number of

conformations (called canonical structures) for each motif or its
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profile for the hit library generated using the human VH germline
sequences based on the lead sequence of VH FR123 of the murine anti
25 VEGF antibody without cutoff but the variant at each position is ranked
based on its structural compatibility with the antibody structure using total
energy, or van der waals energy. zome reference aminQ acids are found
(B RNBHBle ACSHAIT POSHBhEBHYSS 6h %ﬁqgécr%aw &Pecific
packifignaltiyaugh theitctdugréncefodguensysisvenctow (Bedz80bfonsing
'f&&%[‘&%é&&%%&&%&E@?ﬁ%@%@@%&éﬂ%@ﬂ% KPS

annotated using arrows). F L72, for example are included in Iibrary
foPbensetio ﬁnlav%f@ré SBEEHORE HENFARERY: praties f3F 1ieHR abrary
gsp@ratesk usingdhe Kabat-d ervedvbuman Ysgaruencescbase diromihe
lead se e of Vii FR123 of the murine anti-VEGF antibody 35 wijth a
BRI BB A S o b 16 T BRI ULl e e Fh e
importainendfcertdinamirocdsits odéumatiat | ewdreduaidy perserved
impastant iniscalfolding JThemuipeMd FRL23 aeguence s listed as the

.reference above the dotted line with position annqtated usin_g consecutjve

number. A R GREER S S i hagearalierid BEGH 8rHRYbHEEmEed
Thedlet dasthevariastyepraseni the samearhiheyatidndsinrithe-teference. -
Figure 38D shows the ' r Jibraries. usi i [ fi
s s gl e s aie .

seeridieeks ol e preivotatedcatisve tABFRIPBEEREABE-SHaked on the

kabatnemenelature (kabatag) anddis.censecutive-qrdanineluding 40 and
amino acids In its CDRs. This filtered variant profiléa can be furt

, er .
SERBHE e SMBORHSH AR et i 1 HRMESHIE: BPtHESHISIIIERe
campatikilityi€ ondtitelantibody structure is used. Two amino acids,

F70( F69{@2&&%@%&&5@&?&9&&%@};8@%&? red varantprofile agcuteffe

5 were also inclu ecause they are among the best preferred amino

15t camniseipositshshasss TS Rttt laneacstaling thedxirkmost

sukatiied iararyHar lepH1o0 ranked:seauEncesiiom siruahe hasesy.
screening also | clclajége F70(F69), L72(:LZ£{% éggﬂ(g@l) and K98(K94;jglhe

nOTMSEr SR BRRGE PR rESEHtInG Regtience hurm Al on Yabat
newlesiclatinBy, tecaasessomecining dsispeheni® evBsHEgitted 20

in the comautation for hothh 22k 1) apdKASH Ak as discHssedEGF

previously for K94R in the VH, CDR3 affinity maturation,
antibodies using the inventive methods.” The mventive method can be

also used to design antibody framework using sequence-based
approach or structure ensembles that contain the induced structure
changes in CDRs.

Using murine anti-VEGF antibody framework as the lead protein
and its Vy FR123 as the lead sequence, digital librartes of Vi FR123
were constructed by following the procedure outlined as Route IV in
Figure 1D and the diagram in Figure 2.

As an overview, a hit library was constructed by searching and
selecting hit amino acid sequences with remote homology to Vu FR123.
Variant profile was built to list all variants at each position based on the
hit library and filtered with certain cutoff value to reduce of the size of
the resulting hit variant library within computational or experimental
limit. Variant profiles were also built in order to facilitate ij the

sampling of the sequence space that covers the preferred region in the
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Figure 38D lower panel shows the designer libraries with amino acids
used for humanization for VH fr123. As shown in Figure 38D, although
the human vs non-human sequences differ in many positions 25 across
the entire chain for VH, the amino acid libraries used in other approaches

arg,¢Qn rated at a. key positians, whereas the present invention
targets \%Zﬁ%ﬁgcﬁ sﬁtigfg\ﬁ& c%%%‘ BOHRAFRACYR i el fasermnmte

mUtaHE Gt s puditiodwbasegeonitherdsigedr plipradie s ferthpistarting
aniprne30 Asperding jerthe present inyention gach metif such as
fr%{peévor.k%ﬁf FRz,QgRs and FR4 d%%[]i%? £ %%@&gggﬁcgmw for
frameNorkTHORFSHrS caRbitvAA snalais Ik erpesimenantitoalisawitbe
tafgelbdaising fumbdtlasdipsilicaieveltionarydesign approach. It has
been un re are only.a limited number of 35 conformations
(called cqaﬁ{grtll%%% %%%gﬁgfn a% Mot %ro?PstaéT?é Gsmbibsivriidse
stiutflr Al festwEs of sheanvmadyyrofide eh etvalen Vs mioriesting
thersuolfiansryiseauenes ganiieing stygued ptfs alvarious

regi of an antibody hased gn the _extensive analysis of an y
s%ﬁea& Efwaoeés]‘é 1§tﬁf(§ﬁ%‘?§a§ﬁ‘i}i 8Sshdbnes ddhedrinmpadabe GirarigaGr

aéryssrdifiereitespesiEs Mdacidhe Beagoldingofanthogies, octhe

inreyYRQgIgPiR i of the st,abundant sfructure gbseryed in

nature and is %%diﬁs?gréﬁiﬁn%%ﬁfﬁ%n{%{%ié% %hedrr%%h‘(‘—fﬂ
GIRETIBLTASE Ve sraBera etz rrentBhantiodeGh antitodye or

deseribed. 10 ahave-cansaue Be aleaRioteln N.amadal system for
dgr&%tgrgl antibod%n%gmization for therapeutic and other applications using

the methds df the present invention. The humanized anti-VEGF
antibodies (Baca et al., supra;, Presta et al., supra) can serve as a
referengesefResitive control to validate the results obtained by using 15
the inventive methods. In addition, structural superposition revealed that

the structifelgrie BERpRetefoVm R baRiisdm e dioanditherparerntalnti-
aviilsitiyalinodl, evesiaps mithihakiosmes MelweanMEGk aukihe

matured antibody. Since the antibody structures, especially framework
regions remain 20 substantially the same, structures of both parental and
matdfebibrary and Variant Profile

The HMM built using the single lead sequence, A4.6.1 (Figure
38A), was calibrated and used to search human heavy chain germline
sequence database and/or human sequence database including
human germlines and humanized sequences) derived from Kabat
database (Johnson, G and Wu, TT (2001) Nucleic Acids Research, 29,
205-206}. All sequence hits that are above expectation value or E-value
are listed and aligned using HAMMER 2.1.1 package. After removing
the redundant sequences from the hit list, the remaining hit sequences
for the lead HMM form the hit library.

The sequence identities of the hit sequences from the human VH
germline ranges from 40 to 68% of the lead sequence, whereas the
corresponding sequence identities of the hit sequences from human
mmunoglobin sequences derived from Kabat database (the database
are parsed to fr123 fragment in order to increase the sensitivity of the
search and their relative ranking) (other database would be used if the

contain the immunoglobin sequences of human origins) ranging from
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antibodies were used in the design of digital libraries of anti-VEGF
antibodies using the inventive methods. The inventive method can be
also used to design antibody framework using sequence-based approach
or structure ensembles that contain the induced structure 25 changes in

CRRS Heing Lérlél%ﬁﬂib}(gx?'fi%%ﬁ@y é%ac%% otk a5 e 'Sﬁ‘%gmtei”

and its VH FR123 as the lead sequence, digital libraries of VH FR123
T eesh S U ERED OB AaF R I BT prYdedr §utllned as Route IV in

fhigyre ﬂt@)@ﬂﬁniﬂ@ ztbagf@ﬁma.ﬁtgule/?faéﬂéehﬁazgve M%@yhﬁfghh@f&’_
WaS construct sear ing and. selectin it a G
With Tem R ology ﬁ%ﬁ% alrrlléllggprof{i1 e@ aéuc"l‘tlt&})ﬂl‘f{%FI a
VRNt at Eachosittort GaseibbmthduhialiBrdry arfdifiteesbwitideertain

Aueihyalee f&%%ﬁ@% z¢ R0 ihegaIRg it Manantdibran yujin

computational or experlmenta 35 limit. Variant _profiles were also buil in

order t8R5cittate’h Rblea i FigHamBi B BESHae S HRPES W s the
@dse{aﬂ@dcﬁegﬂmm therinb/dclitnessdapdscape ijdtie partiinpingrane .

lll'ue%le of degenera gspuclel amdcllbra@elsethgt tlag ett the.pr ferred
eensem e sequendes 1l the expenment eemngo the

,aamibmzrmanea feritad el Esired fupiaBn éﬁmﬁﬁé%%%éf%ﬁd

sxpesimpentaliesulis with & Jeqdback fanfuidbencesiogn and-aptimizatien.
The lead structur g& glates we;e obt me%from the. avaulabk\az;E ragjr
SRR HREHE & e fSriied He YECE URE anti ng

em.Udmemwammpmmmmtcﬁeqeeﬁmummmhwe@ FH
aotibedy.is designatedias ARhn and.hat farmed batwern AEGE.LO and

matured anti-VEGF antibody 1CZ8. The results from 1CZ8 structural
tampatE \Wete aRAEFIS tRESETREmIBT 1 ATt He Ao fiffe PRAAKRTY 'Srakr of

mee@anﬁe@@m@enﬁemmmaﬂﬁie@emugermwmmmme or
felhr_g\sg(%glelavae nzlat%mcan be §|a$01 < {_#l for creenln ue(fpc(ePI 15 1)

ad sequence Fea sequence 10 ﬁl]:%lls t rom the muririe
antiu VEGE fistilvsahracbotdinighd cheatfemesﬁheaﬁr@ﬁt(mgeﬁé@s\epan
antibody sequence or amino acids that are structurally important to
stabilize the scaffold of the target antibodies etc over the course of
evolution. For instance, F70 and L72 in Figure 42B are not identified at
AA-PVP from the VH3 germline family (sec Figure 42, only [ and R are
allowed at these two positions in human VH3 germiines). But on the
other hand, F75 and L77 are allowed in the human VH germline
sequences with very low frequency of occurrence. These amino acids '
F70 and L72 occur at relatively higher frequency in AA-PVP from the
Kabat-derived human sequences. All the variants of amino acids are
listed below the dotted line. The dot in the variant represent the same
amino acid as in the reference. Figure 38D shows the designer libraries
using the filtered variant profile from human VH germline sequences at
cutoff 5 (see Figure 38B). The sequence number annotated above the
FR123 sequence is based on the kabat nomenclature (kabataa) and its
consecutive order including and amino acids in its CDRs. This filtered
variant profile can be further screened computationally to reflect the
ranking order of the structural compatibility if only the antibody
structure is used. Two amino acids, F70(F69) and L72(L71}, missing
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20 2) Hit Library and Variant Profile The HMM built using the single lead
sequence, A4.6.1 (Figure 38A), was calibrated and used to search
human heavy chain germline sequence database and/or human
sequence database (including human germlines and humanized

sequenershderiedFamiKabal2adalabase (4ehnsen iGRRALWVY. Ll se
(ZBROD Nucleic Acids Research, 29, 205-206). All seguence hits that are
a

dve SXpedtatin VAl HPEVAIR feRad dRdAiGeen Bemtpns based
HAMMERt2E-bpsmkageriafierTembuinigsiberieduhdari:sefjrenge s from
t%ﬂéé@%é%ﬁéﬁ&@éiﬁig& @ﬁ%%ﬂﬂ?@%é&rs@%ésﬁggw f‘gg[ﬂye bit
e se rom the

library. 30 T uence identities of the hit sequences uman

VY GERRInk kg dd. frim (36 th TsddsitHetlathwnuanber Whthederdrdet
cotfespending seguenserdentte »atéaeohitisequaenses Ha BN ecanse

irg(r)nnlljgc%%?gin se gesrlll%?f éjseﬂv.%dogglm Ke@g;[ tabase g[he‘data%bas are
parsed 10 It 123 fragment in order (o Inerease the seRSifivifPor e s 0T

sbatbnldRdlihéirantbiis faRRing (Dtversdetabassonsiidde KoeRifihehe

confaiimite URmMuRogiokinsggquences of human origins) ranging from
-172 -30 1o 75%. T'he evolutionary distances between the hits can be

analysed 158G RS DO RIRALHFe8 thts T eadsheiiisdeny.
lalais. posaitieo d-bitmtheTherphivig gandtiorire e wvasanalyzedcusing: the

j rjoining.method (Saitou N, Nei M_5 87 | Biel Evol
i gr A R e
NUéreT: ineids meseakchr? on st 3 680 dnpre ide rijretap ey irpPigenal
3&5ﬁ&é@g@@&%ﬁﬁama@ﬂﬁﬁﬁfﬁ@g@ﬁﬁQﬁﬁﬁ@%?ﬁg@@&@ﬁﬁkﬁgﬂduefi

ch positign. The variant profjle below the table lists, in the order o
R P oY A A AT AN A AP
datetyase withthdtead cseguencdeasithengfdrengeesegquentbolives datiore
indigates hahife,sameqABIRe a5 JiindDe JEIRrensEs fong ahihah,

position. Comparing the difference in the identity of hit sequences

REREERE 8 RIFST RV HREER e s Hh B IR IERDEP R itnareded to
sespiencethdhediforeneadmis theiAA-RVR issppriert-wheieasall
utants at each position is of _human original for.the AA-PVP from human
L R L T s R RS (e e
neYEPRMh aNVeTiging Bredhfsly it will become better defined with increase in

their occurrence in database as more data are accumulated. Variants
can be re-profiled or prioritized to include other potentially beneficial

mutants using structurally-based criteria {see Figure 38B-continuous).

3} Structure-based evaluation of combinatorial sequences of the hit library
Although the variant profile is informative on the preferred amino
acid residues at each position and specific mutants in a preferred order,
unmodified, it embodies an enormous number of recombinants. The
scoring shows that F70 and L72 should be kept in the profile because
they are favored in the structure-based scoring, although their
frequency of occurrence is lower than the cutoff used for profile derived
from database search (Figure 38B-continuous). Thus, the structure-
based energy scoring provides another way to reprofile the occurrence of
variants at each position for the hit variant library which was originally

built based on profiling of evolutionary sequences selected from protein
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occurrence frequency that might come from the starting non-human
antibody sequence or amino acids that are structurally important to 20
stabilize the scaffold of the target antibodies etc over the course of
evolution. For instance, F70 and L72 in Figure 42B are not identified at

AARYR, the VH3.germline family (see Figure 42, only | and R are
allowed at% és??v%egb%ﬁlonr‘i%ﬁ %#fng\lﬁ%g&iﬁ? &Y BETORCHBE other
harf@PP7s aiedipl vearecakowdch tivedimiam Arkilgetedibe 25rspausneast

withorernlaw de ing,agids; F oy
ydempetacaur o e AN AR A

oc%L{Irta&relat%e% h%ler frequency in > fror

huran sequences” AtGNEVARLAL Biathsssia it e lnstsdbarwtied
dottethimeairetistinthevatiaat reprEsentibe SHNE (2 e acidas: i the
refgrence. FigHie 381 shows the designer libraries 30 using the filter, g
variant profile from humglg VH geﬁanﬁli?]%eseeraﬁ téless"‘ﬂ’%al'f) Eito fg%%lerg I§| Bre
38BYWPR&aBSHence number annotated above the FR123 sequence is-

based on thetkabatropaenalatisarkabaias)i anddtsccRsAcHENE QHRL, 4na
incll Sdicrbgn%qga minQ acids in its t DRs. This}%tered_ variant profile can be

further screened computatonaily %trg‘ﬁé%ﬁ SEFIRGHIPERESr SFdsechains
straétvirai RebipattiBiityiftony the antibody istruCEBeis 1Bt wikwe amino

acislep KTQ(REOL ARG kAR 1) daissing, - 473 Tam the fitered Va{isa%to the
profile at cutoff 5 were also included because they are amonéut}he &gt
ittt AR T A RSB BRSO BASEY SheuaBlareptised of

scotitgnéhedian bulimitted :li'quﬁyffé(lji @mﬂﬁagrawgeo@@aﬂ@e@m(ﬁrw)
struyciure- Jeeni o.include 5 F70(F69), L72(L71), S77(S76
] RO e e e ISR o ESBA SO hbber

baSed e KEbalHorreskiilrdP DecdiEe 26omé2Rit®hcids such as R is

over predigiedsin thecomputalionyae hetihd 20T andik 98K 94). as, 4
discussed Prev&%gsl}/l for K94R in the VH CDR3 affinity maturation. 10

Figure 47l Qiofetmat DotV R PP iibetie ATRBE HAPrisiiton
frofAN& Bahiiiny wehile omhd dbamirianst (193 TaBibeoidantificebat #7is1 68} in
poiop: dashartsingilifacent siatabase. LA Sriin o ramework
optimization would provide diverse but powerful choices frlamlno acids
for frame@@?@p#ﬁ&ﬁ@ﬁﬁc‘mﬁiﬁ&% itz SORTAsHIRgprovder VH
birfeingeaftinityambsipbityuWite she murine anti-VEGF using the human

VH germline sequences in relatively densely populated blue strips in
column 1 in x-axis, together with the murine and humanized
framework fr123 (see Presta et al. supra) sequence and a widely used
human VH germline DP47 in the relatively sparsely populated blue
strips m column 0 in x-axis, using 1bj1 (upper panel) and 1cz8 {lower
panel} as the template structures in the absence (leftmost column) and
presence(middle columnj of the VEGF antigen. The scores of sequences
in the presence and absence of antigen is correlated (in the rightmost
columnj, indicating the antibody structure for framework optimization
is sufficient for most of the framework optimization because they have
minimal contact with antigen. The scoring digrams for the
combinatorial sequence libraries are not shown here.

. Figure 39B depicts the ranking scoring in the left panel based on
the difference between sequences in the library and the reference

murine VH FR123 sequence and the phylogenetic distances in x-axis
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increase in our knowledges in developing therapeutic antibodies, more
and more antibody sequence data will be accumulated and guide our
design using present invention. No prior assumption is needed to assume
the key positions and amino acids associated with those 20 positions.

Braausc. s Iieunation is.{quealpd-aHiomatically using JHesesh ce,

inventive method, it will become better defined with increase in their

oCREFBRCH TN IR A a s oG RE dLta HRd b CGRANEGR AP Psira s 2k an HE 2
rerpeafilecior peEaritzed mmelutwgrwcpﬂmm@lyabﬁmflmm mﬁgﬁ%&
usiﬁp{gtl%ggcéura based %:E e%ure Hgggt{xq} %
shutiire-base eva nbinatora sequé’nce ¥hesn library

Ahbouggh mmmqéml@%%fo’%eﬁve aﬁQr@plef@rmeﬂmﬁ@s &ith

regidues @t sachPesitionapdsReciic Mutaysina peierefardaman
unmodified, it embodies an enormous number. of recombinants. The 30

SESFGRADAETH Foeeant Ey St BHIR#R VEht et piofiv i se
thelyvdsedasaradan shesstfucturgdiasedscoanghalthedghuheie fregbedgy

offPaﬁbﬁ%%SﬁE% !a%%rclﬁ A GHIH Hé‘?ﬁﬂ%&éﬁ@ £ SRUYSL WO, (e

ase searc (Figure 88 continuou hus, the structure- based

eﬁ@ﬁgwébwha% HameHECRNalRS réprsffe g dlrfdssesragence

v@Fiaptsateach 1ﬁ@ﬁﬁ&H&1fQﬁH1ﬁ1Bthﬁﬂaﬁld%aﬁ’QﬂBt€&\ﬂ@$rDl}!ﬁjflé(us)ée
blIyIt based nprof|I| g% evoILH ar quencesa cted from rqtein

75 4AEbAS BRHE usmg%ré’q Ay CUToT an reé)uce e ee
C@ﬁrgimbzt@gralméqdamegrmm nodd toibe mlatuatddy computatisnal

SGreening.ortargeledeinpedy, %%%R@@W@H)a 4@5@@@&5&9@ w&&la tﬂafe The

cutoff applied to the variant rofle there is still a large number of
T ABAAIS B A FIBBHS (BB -SETct e LOAILEECPthe
finahsequancesfosespasmerialiscreaningr@sethowntin thig e 38D

Iowe anel%l,éa%{ructure hased scoring is applied Qosscg?g%ﬁb&h thbrary

scom inatoria equences that form a hit Variant | rary. Side

ch?emsomotbﬁMWZ@@f%‘aWﬁVE@F Eiqapeyih eriEgisrEpyfardhe

substifvted DieraiainesseficairaspondingRBNg a¢id wariantsfapa dheidvt.
variant library at each residue position. The conformations of rotamers

were built and optimized by using the program SCWRL(r)
4) Reduction of the variant profile of the hit variant library

The variant profile from the hit variant library as described above
was filtered in order to reduce the potential library size while
maintaining most of the preferred residues as shown in Figure 388,
obtained from a hit variant library after eliminating amino acids with
occurrences lower than the cutoff value and/or by screening sequences
based on their compatibility with the structural scaffolding. For
example, some important mutants in a variant profile, such as F70 and
L72 from the wild type might be included even though they are below
the cutoff value used in filtering hit library. They are evaluated using
structure-based profiling and persist many rounds of panning under
harsh washing conditions in phage display (see Figures 42). The top
100 sequences from structure-based scoring were used, together with

F70 and L72 from structure-based profiling of original profile.

5) Construction of degenerate nucleic acid library based on hit variant
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(version 2.1) using backbone-dependent rotamer library (Bower MJ, 15
Cohen FE, Dunbrack RL (1997) JMB 267, 1268-82). The scoring was
done by searching the optimal retainers and minimizing the energy by
100 steps using the Amber94 force field in CONGEN [Bruccoleri and
Kgr@lus 1987) Biopolymers 26:137-168] in the presence and absence of
1Lf1er Hucture of the antigen VEGF. 20 Figure 39A depicts the distribution
of scorifigediagramidort iHrdramensirkifit23ahit se qguencegefe writie a

ALY EGR-UsG e luman, Mihagrmlipe-segusnsestind elaivaly densely

populated blue strips in column 1 in x-axis, together with the murine and
ROHEHi AR ReRD RO RSIDACISEerPRYE Y 2t SICSGHr H) ' Setubifas iRpiy
widelynused 2R hinnge dshaeredinaRdTcin (thervplative lyekparstlyased
populated blye strips in column, Q,in x-axis, using Ibj-L (upper.panel).and
L S e B S o R R
Eolahdivsin prasevcepeideiaeonemal BitraVBGEGHNSgEm Therscores

%ﬁﬂé’eﬂﬁﬁs i.the presenceand ahaenesalaptigendswagrselatedinde
tmost 30 column); indicating the antibody structure for framework |

8’%1i%&5ﬁo?1€iféssﬁ’ﬁf&e‘i}iﬁ8g‘?ﬁo%? SRS TRl Ok SPTmYATSH Betatiss:
theyhdvwen mimim dleentacbwithaantiged eflhecsi orint thgrams fordhkas a
i R e U

s&queniets fhase M eist amddere rdtefe ntecondi v R 93 sB Ghiéhee
andithe pvingenstie distamensti tiraXis thébgisianss cennegtingthemo

gﬁgﬁg\?ure %C also), for thefref ence, murine Vé—| FR&23$humanized

5 FPAIHE PHOESt L L PAT ST £ HEYY HAE eV ST AT Ll a
$00%rangd. thidhto phramieé it 200 drersign of tSegiilerroasiaag Prananaiéia
gegmiigesigluging.a widely used YH & pmangenming calledDP47. The

top 200 ranking sequences from structure-based screening of Qne variant

MIA- BB W girftive S ré Sasierelpith tetREr3Toia
germ Id‘ﬁ@dﬁ_nﬁm ang WI@@&@ME\&E gkyISiSS”E(I?Ed ﬁynke)t,lwhﬂ:raa:ythed&d
R S R e T e
arighoectirenes fMetnesrar mherrivgtaramed karth N6 sugiice
framdbh 1 (see

In order to generate a library that can cover such a wide range of

scattered distribution of degenerative positions, multiple overlapping
degenerative DNA oligos were synthesized with degenerative positions at
the sites where the library was designed. The assembly process
consisted of two PCR reactions, assembly PCR, and amplification PCR.
The assembly oligos were designed with 35-40mers and overlapped by
15-20 bases with melting temperature of about 60°C by average. One
additional pair of amplification oligo primers (Amp93 and Amp94) was
created for final amplification of the designed products. Accordingly,
the assembly PCR includes: equal amount of the assembly oligo pritners
in a final total concentration of 8 uM, dNTP of 0.8 uM, 1x pfu buffer
(Strategene), and 2.5 units of pfu turbo (Strategene}. The thermal cycle
was performed as follows: 940C x 457, 580C x 45", 720C x 457 for 30
cycles and a final extension of 10 minutes at 72°C. The PCR product

mix was diluted 10 folds and used as the template for the amplification
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Presta et at, supra), although the phylogenetic distance would change
slightly by including amino acids with relatively low occurrence frequency
such as F70(F69) and K98(K94) (see Figure 42C and D). The 1.5 y-axis
shows most of the designed framework VH fr123 have good structural
compatibility with atltfe struﬁ%%:re relative to the murine reference and
humanized TraméewdrK E L P57 ¢ Ee8 6P 27 h eseerl fgordghigion of
huthariike ifecatins ofithefsarh evoflneptimizatiorafosthel INVentivige

metheshdesgrbed hers. A defined e&a%@;yét&é%%ﬁ%%&%@%

Re c;¥1i0n qf the variant profile of the hit variant library The varlant’prgf‘)i%X
frofit the" PVATIRE fsters S8 eSEiBeP R0 Weis Rilteserf R20fle Tt final
regucdrtbiefetevitialibbrayy size whﬂiﬁeg}aiﬁg@dgtfm m%twﬁ@g;pé(lggfg%q
resi S in Figure,38B, 25 obtaiped fr it variant library
af&%é%?ﬁ%ﬂ%%%% %?desiovrvlﬁﬁ BeRurende @%@?ﬁ%ﬁ%ﬁ@éﬁfﬁff@ﬁlue
arfifsiy sersEnthy Beqlienbbsanase orsthelo corupeitibilitytwithstham -

stiuribra)ssiaffelying FosexampleSRMeimpesant HMBPIES;J%;QB&‘A%@%@
proflle,usgqg as I%J?O and L72 from the wild type might be inclu even
though they are éﬁ%ﬁﬁgﬁg(@atmﬁﬁ%’%bH?FPﬁﬁéﬁﬁ&‘Hﬂt}fﬁ?a?rﬁlplFﬁ@S

areléballibtedwsing st ustaneiiaseddprafiing and-persist prapysaunds of
panning under harsh washing conditions in phage display (see Figures
42). The top 100 sequences from structure-based scoring were used,

to§efrBr it oEpbarrIdizpitro b stacafrbupasatipiofihg ot uHyBEF

profile. 355} &epstretian af-fegraarate-Auslaic-acid ibrany hased on hit
variant -176 Iib{{gr g?The hit variant library constructed above was

y I (
targatad With d “Ed P BIgEn Y HEStiaE SR i R LBAS T ted
dégehsigtertedobeic@vidr litianyiconstringed: #ove. 0RI/CABE DIOFH 9.6)
p ol : sdlispl tihodies (ccEy) were
g B R A i b

pIFELs Ti5ee fhardkkighed Bunvarde sedidnderol WM befiev EGRgSs tibrary
shiiwindn frigems 404 Fopsema 180 amiRgacid sasisues af BR¥HLeb hrs.

enrVECE, St amnoasits ere chenged as s eshol g e
nonspecific binding. At the end of the incubation, the wells were
washed and the phages bound were subsequently eluted by 1.4%
triethylamine before infecting TG1 cells followed by rescue by KO7
helper phage for amplification. To amplify the phages, infected and
rescued TG1 cells were then grown at 30°C overnight in the presence of
carbenicilline and kanamycin before phage library was harvested. The
phages amplified were used as the input library for the next round of
panning. The panning procedure was summarized in Figure. 41.
Meanwhile, individual clones from 5t panning and on were randomly
sampled for phage ELISA, in which specific binding to immobilized
VEGF would be confirmed, and demonstrated 100% positives from the
S to 7% pannings. Finally, isolated clones grown on plates of
2xYT/carbenicilline (100 ug/ml}/kanamycin (70 ug/ml) were sampled
for sequencing beginning from the 5t panning (P5) to define the hit
positions and hit sequences against the design.

Summary of the sequence analysis of the hits from the above
library panning is illustrated in Figure 42A, where comparison of
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10 18 of them were fixed (in bold and underlined) and 16 were placed as a
result of determination by phage display library screening (labeled by "X")
using the ecFv system described. Accordingly, degeneracy of the DNA
sequence corresponding to the 16 positions was created in order to
gensrate mulinle options atprefered aming adg residues,during. 35,
screening. he theoretical cﬁversity of the h%rary IS appromma?é?f/J
ZexPnsdT hedibhany Witk isriledintesidpicagy disbidy et il paBmprea:
i@égﬂiﬁhégia\ﬂ? \%@@thﬁ%%\g@é ﬁ?ﬁ!ﬁﬁ%l_ miﬁg.llébﬁé%?%;aee&%@wg
and a variety of VH generated fro e liprary would pair.to form a
R SONA L0 Oh A DGR ot A DB S TEPAR S 0 (il
faifuitlydiipanpingreagaingt mpaobitized YiaGHE protbiresaitigert. pndicerstd,
Perie Dy ShaLieah couer e dhaiis (0GR RARIRISe (Figure

istribution'of degenerative positions, multiple overlapping degenera '
[IRR) orgBaiRiers hifddis st iRt gE Ry AtR & PB sttioRdrating e Eifelest
whergthe libraiyvas designed. rie ssemblyipince sertonsistad Obbie:
R T aR, and ampficaton PER. T8 SSSEMRIL, o

oligos were designe mers and overlappe ases

‘withedltihg temparatorétorabdoit 60C1 by Hieraget ADhet ahdisoskipmir of

%PQ&Q%E%@&%HQ@@&(M%@%&@Q@@ wasisRcre e siferdingl
amplification of the designed products, Accordingly, the assembly PCR

ineiBHE L o ARG R AEBEMBR- St Priftifss i AR
conesa ation oty MEP faftiig al, I pfu buffer (Strategene), and

25 Ui ShR sk Suaiessno) TOR Dl il s psoumed o

follows: -C x 45" tor 30 35 cycles'and a final

extansipresIoMmIRBE G FT Thesr dRpsalibr FscwaAs i aled YFCT,
folds and used Retheemplatador theramplificationink 7anBCREnIviigh all

reagents were remained same exc addition .of amplification
HBF Bt e LR TRGTE SR Sl P ChE T o 0 e £tk
pasfoimeahas fifpws ARUC $4311800C senBlime ER3450dy 39 dyaesethd

afipaliextension B0 minuiesatL2t- Lhedinal 5 preduat(he Yikiniaey)
was purified, digesied with Hindlll and Styl (Fig. 26), and fi alﬁ{bsubcloned
iNtBLVERTBE FABW B2 ?Bln%ﬁra%ﬁ%%ﬁ@fﬁaﬁmﬁ@%%ﬂg FEAF RS

used tnelecirically-teansior in phylogenetic distance to the human
germline VH3 family, while the murine VH framework is very distant
from the optimized VH frameworks and human germlines. The
phylogenic analysis of the hit sequences against the entire human
immunoglubin repertoire of VH suggests that they are indeed most
closely related to family III. The phylogenic analysis also demonstrates
that the final hit sequences are much closely related to family III of
hurman immunoglobin as compared to the murine-origin sequence of
anti-VEGF (Y. Chen et al., 1999). In summary, the result showed that
amino acid residues of human origin for majority of the 34 positions
were successfully determined.

Furthermore, five positions, namely, positions 6, 72, 77, 79, 98
in consecutive numbering (Figure 42B}, did not end up with preferred
human residues after the selection, whereas positions 70 and 74 in
consecutive numbering (Figure 42B) managed to pick up a minority

population that are residues of human origin. Although remaining

-179-



10

30

35

(electroporate?) TGl competent cells, which were in turn amplified and
rescued by helper phage KO7 (Amersham) before production of phages
10 of the library at 30-C overnight according to standard procedure. 6)
Panning of phage display library of humanized VH of anti-VEGF To
screen the library constructed described in the above. example, purified

hEMRb eithard R G BROIRTE SRS R W i RE P8 Ao SRR U S
chreshtratioh ancoatint Peffern(00%5V NaH@O3apHOBtamty indeed

inymabilizas an Mevisprhwels Nung) at.4"Cravarnight: The. GRated wells

were then blocked in 5% milk at 37C for 1 hr before phage library diluted

i PEShAL AP i BRREIR BFRefhetisHat SRCHE B hapd, the
ineubedion: ix-alaoattingbp atatained RYnmaik 6 fieized (position 70
non ific binding. At the end of the.incubatjan, the wells were washed
aﬁﬁ%ﬁigpﬁlaﬁgswﬁg& r% Were subse ife@r’léw %I%t%e%d) %?/L]f%%% rﬁ%ﬁyﬁg%ﬁine
befoleaiple étiag TG ke dligsiivrre disp rasstititryskK07 helper phage for
amplification. J.amplftbenlagss.ifgsiedand esgued el callsinod

were then grown at 3000 overnight in the presence of 25 carbenicilline
aHd KEHERY &P BEBE S hAG B RBFaR WwEL h Arbs sy rRe phygean-like
anfifiatcwerd tisedpisithecithputtliboaiy fod the:néxtg aunctheffiparmihg: ce

T nni efyre was. ized in. Eiqur .el%ni(!:e
S e Yy,
pHEg® RIS K ar eSS HIE BiRHIA PIos IMtbbIR 2T eV E BRWe e Be
canfikned: apd demensirated 100% pogiivessiiomthe sShta (dapannings.

Finally, isolated cl I f 2xYT/carbenicilline (100
A0 U K ere Sl ApREa 6 Sea BB bEgin 20
framtithet Sthpdmping: (P8)tocdefine FeeHit3pasiterisandrhitsequelicss
against thedasig %ﬁﬁéﬂ%@@%{ﬁkm %@ga%%iﬁﬂwﬁaﬁg%éms from

the above library panning is illustrated in Figure 42A, whére comparison
ofi5t#8%mino acid residues is made at the positions where the library
was degigireshiidgatarwiih darsinantdpsithsesaf Midsakfamilyd I8kl two

B R et e B B e
phaga B gispraldisrary Edeausifed, agithiar wittindacilvesidsaat VEGE
Positignsched lotldl, 20098, £12d Hhnlihadd 2 88 aNa8eiVE of human
e LA I G
7) Selection of humanized VH of anti-VEGF with high affinity
In order to increase stringency of the wash to select high
affinity binders, as summarized in Figure 41, procedures of applying
prolonged wash, increasing the volume of wash, reducing coating VEGF
concentration, reducing the input library phages, etc. were
implemented. All these measures would tend to facilitate dissociation of
those interactions of the relatively lower affinities, and selectively favor
survival of those of higher affinities. The clones of surviving phages
from this panning were then sampled for sequencing. The full-length
anti-VEGF VH sequences of top hits from this panning are listed in
Figure 42A. Using our inventive methods described, we have
discovered 3 (D36, D40 and D42) humanized frameworks with higher
binding affinity in ccFv format upon framework optimization (see
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42B) remained or became dominant from P5 (the 5t panning) to the last
(the 8th) panning, whereas the rest of the positions demonstrated some
fluctuations of the dominant residues. The final selection of residues at 10
nine of the sixteen positions (shaded in Figure 42B) at the end are

prqdominantlérggnsistent with the residues at equivalent positions at
taragneseth ﬁlﬂﬁ%@@&ﬂﬁ%ﬁﬂﬁﬁﬁf%ﬁ%%ﬁ@s@%@%&%ﬁ%@s
mesilikaly {aldriogarailpdlh Eigirerd2E shewsnhephylogeneatic analysis

of top hit V. ) ces from panning of a isplay, libraries of
R L S i T R AL e,
aliWwEGEMI, Hanidwodk FRRuZe 2 A hYRTAZewsrHREBNTE WGB398

anfQiated. AShU LRIgYrR 42y terhumangermiinadéHa mailnisate
clustered together in phylogepetic djstance as expected. The selected
T A A AL BRI 5 T§8t8|LL"§’t TABYSIREY \gﬁﬁ’t?f‘élﬁ%tﬁr?éﬁq?iB’aﬁ‘\'/H

sPipenc e JAcshannothticrgveny closetincphylogerdticidistamcevio kise

h rmline ' il DL N r i ry .
o e
phplsRRarREiaR BRI BTUMS HIE Seq oMo sy RES AT 438G HaRCpption
' kibirmsrepestaike Of Vi suggeststhatibey u@indaadmosbgether
closely related.to family Ill. The phyl ' lysis also demonstrates
T B R TR A A0 T St s,
infrnesioghtbih aspcenparethio shemUiis drigin seguencerbbeit-VIEGF
(GothanahalL 399k 3 summaty. the sesultishonedibal30.amingacid

residues of human origjn for majority of the 34 positions were
stiekasERmyaBiEnRINEU BT ERE: 4ie positions, namely, positions 6,
72, 77, 85 cirtGENseoutivehauffheting {Figuié 42Bhaid-appenthg with

brefened, waan esihies A ing selealion WheieasRasiions tatsho,
74'1n ohsecutive numbering (Figure 428) managed to pick up a
i ort- BBBT-HRAEY Araeisid dEa FisaiARAGHRATARNGUER HARFng
- 343 4ningQritysdBese nepiations consistanth: gueviazl fsenhdie cafivaus.
harsh wash and multiple, pannings, demonst{ﬁgr@lthatet%? indeed.
po Ség‘?‘ﬁﬁﬁlﬁfﬁ}ﬁ&tt%vﬁlﬁaet%é’ %ﬁ?@%‘ﬁ?‘fﬁose positions d)%ggo‘t1 B bse
a aldminantresiduesof) wintancopginfi@haht therhadd ith@ntigen (VEGF)
immobilized on the CM5 biochip at 25°C. Both the on-rate and off-rate
changes were determined from the data fitting using 1:1 Langmuir
binding model. 2 humanized frameworks D36 and D40 are ~4-folder
higher in binding affinity (in ccFv format) upon framework optimization
than the parental/reference anti-VEGF antibody sequence (see Figure
224 & B for the humanized anti-VEGF antibody framework reported in
the literature (Presta LG, Chen H, O’'Connor SJ, Chisholm V, Meng Y,
Krummen L, Winkler M, Ferrara N (1997} Cancer Res. 57, 4593-4599),
while D42 is sabout the same as the reference antibody. Because the
reported humanized anti-VEGF antibody (Figures 22 A & B)is ~ 2
times weaker than its corresponding murine antibody, these two
humanized antibodies should have ~2-fold higher binding affinity upon
humanization than the corresponding murine antibody.
Figure 44 shows the increased stability of the optimized VH
frameworks (D36 and D40). The y-axis shows the percentage of the
antibody remain active in binding to the immobilized VEGF antigen
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5 existence of a minority population of human-origin residues (position 70
and 74 in consecutive numbering (Figure 42B)) suggests that it is
probably feasible to humanize these positions. This supports the
conclusion that the present inventive method in designing optimized

fram ' I human:-like 10.sequences of the optimized
antibo %E:ggé%@er%i%g%lr%%%% %afe%%é e9 V%%%% Buraromehay + 37
coRpatbitidPivity Srver feridhsopatentalofilans foprireimentiencworks
SUDGGIrEre! BIROGIUIE GYEKAAR I BUEC,H 2EhisRAVISINE DEMQOENSG: o o
dig{gg &3 %the%ﬁs% uences i other tree view with annotation %r a
few weﬁﬂ har‘%‘xréterlzegl %%%Iﬁ%ﬁé:as SeraPils Serroas Figserdtbal
seEAeds 9e D36 is as human as or a little better than the humanized
sequencesapItad ig, Eﬂﬁ]{! i e.. Jhe full:-length sequ S
of top hits (top hits frorﬁ%ﬁ%‘lﬁgl two%ggn%r%?ﬁggﬁfsthoél ﬁﬁ %gﬁdp%gun%lazqﬁfﬁr%g)
AT RSV EGE YRIRBES TomaTiTResAledatderia mRigliAf2Also show
gd@ghmpmﬂ%%expmtﬁ@f&ﬁﬁﬁt&ﬂ@@&@ﬁfhﬁ}fﬂd]t\%/ﬁ )%{}Sﬂolody;
nce of fami of human immunoglobin VH. election
o%?nﬁgr%}glg%\% ot gﬁ%- éé ERIRSRIGH Sy %ﬁ 8HF to increase
sthihgénsperhssivaBittoselatnpigh affinity binders, as summarized in
Figure 4 procedwes of apPrivNg, L ﬁ&lﬁﬂ; increasing the volume
of wash, reducing coating VEGF cor%gntratlo\ﬁ;g?egéu%n(g%ﬁ%%%ﬁg nB?é%%

phAGEC BIE R &t BlERTEH Y Al e aas arly W shikasad and
fasiitatecdissoiatiorenb 3 dhose intenactions o hedalatielyewer
affialis,A0cSelRMBIn IRVOL SHIVIVA of tose of nigher afffities, The
clones of surviving phages fromt IS pann?f‘ng wiere then B4 Blgﬂlﬁor
sEERe T Re R e Ag izl VRGP ArHisstiudinee thof opigits Tromdithis
paping:ate dted incFigwip ARASINgALY IBYentiveMethads described.
we Chal}/:l }%% d{sg?\y roedO (eDStG, 40 and D42) humanized frameworks
with higher binding aHiRMty Tn cerd fErTat G805 Fee\toRoptiization
(seem a8t FHiguresiugABeRIctign diepaitenial wrarefer ehnecantiéEoF
bady; sRAMeRse (388 Flgurs Aafi:B L e ymgnized apti- vEGF
Zﬁ% framework (Presta LG, Chen H, O'Cor?ngrr&gﬁ &rw&ﬁolf{rﬁvn
Mﬁﬁﬂq%, which varies depending on the type of the cellular host,
including but not limited to calcium chloride transfection,
electroporation, lipofection, and viral transfection. The antibody may be
purified according to standard procedures of the art, including but not
lirnited to ammonium sulfate precipitation, affinity columns, column
chromatography, gel electrophoresis, and the like. Various
modifications may occur to those skilled in the art without departing
from the spirit and scope of the invention as defined by the appended
claims.

The antibodies designed by using the methods of present
mvention may be used for diagnosing or therapeutic treatment of
various diseases, including but not limited to, cancer, autoimmune
diseases such as multiple sclerosis, theumatoid arthritis, systemic
lupus erythematosus, Type I diabetes, and myasthenia gravis, graft-
versus-host disease, cardiovascular diseases, viral infection such as
HIV, hepatitis viruses, and herpes simplex virus, bacterial infection,

allergy, Type II diabetes, hematological disorders such as anemia.

-182-



10

Krummen L, Winkler M, Ferrara N (1997) Cancer Res. 57, 4593-4599). 5
These improvement comes mainly from a larger increase in the on-rate
and small decrease in the off-rate by framework humanization alone.
Figure 43A shows the sequences of the optimized VH frameworks

(FRlz%LthﬂF%b‘éﬁl%E@é}{'%?Qdeé iRl tomdiedey R liniced

optimizatio raries using cckv phage display system see scription 10
Tithighnes 292D aBBoEIPTHES /A 9192850 PD 36 coRPHIF DA Withgether

(VHQ&‘II'@”‘&@!‘!&E@&MB Wing angkeays v ER 3% andipydRBized seqsace
é?lires a et Wlth the same CDRs fr m murine,a tlbodg/ The dots
aé??)a?\r ge"fﬁe amlneovgé?ﬁga?eﬁﬂlé ggrﬁfeaagézﬁ?é FEtE Ehce

J(mutrmeﬂmbfrdmewmmdk%)mbﬁ bigarerd 8B shew stheaffinity slatzof 5

?1(@% i rks (D36,
D40 D4 and D?% e(%@%a%g EgGF angtl%%dy se%c%ﬁér%gggner

RBFARECTEY BTARSAS T BIoNan SR U e i d AR RS inacigiie
#43Bdontbeilsaequences) iyl h»eam@aslﬁﬁmﬂmagzﬁ@ﬂg by measuiingdtheia

cha e, of SPR uni Xis) v t|me an|s hen 2 urified antibody
R o R B i SR S Ty
Iﬁh‘@f%ﬁdm@@céhd W@%tl@ﬁéﬁﬂﬁswe@@é@mﬂﬁw from the data fitting

using gl Langruss binsing-mogRle2ihimapiaed fame yarks:PE6a s
D40 are -4-folder h{gher in binding affinity (in ccFv format) upon

TSR bPHTBISASE AR HE SRehtA FTEREINGS SR EEeE PUting
antibody sedueline (sderbiglingit22 AcsBiferdberhumanizedanttl/EGF -

%B%qgr aglk%’&%r %Eﬁda%lgﬁgrlﬁg Q@HA%W&%%EE%&%%‘E%&S

Connor 8J, Chisholm™V, Meng Y rummen L, Winkler M, Ferrara N
%1@9%%5@%@5& OB5GTS: ABYITIC/|Q 4D TRISHHRRCHRS Fa e S5 e
rEferanae eadibedy spaeausadberditreperted aummga@l@ﬁwEﬁF
antlbc%d(}/ (Fé;gfre§ 22 A & B) [ ex%cﬁr{]ea Wea [ than %res%ondén
Farne antibody, f'neS Vo humanize dles s?'n ave -2

degtver Hioding @fﬁﬁmﬁgmﬁcmﬁﬁanezandﬂ Wihe@@@ééppnﬁ@fg murine
a@&&%ﬂg@@&é@@wsl%maa\%ﬁgﬁ Ity ofitheQptimized M. 8%
(0}

frameworks (D36 and.D40). The y-axis shows the percentage of the
LR ?é%aﬁ?ereﬁ%wﬁlmﬁma%%ﬁﬂﬁ&&ﬁ% FantiféRats
disingzBl Ak skecatR@attesithe purified antibody is incubated at 4, 37

The patents, patent applications and publications cited above are

hereby incorporated by reference in their entirety.
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and 42C for 17 hours for the parental X50 and optimized frameworks
(D36 and D40). It shows that the optimized frameworks have higher
stability than the humanized VH framework reported (Presta et al. 5 supra,
1997). Figure 45 shows the improved expression of the optimized VH
frameworks. The optimized framewotest¥336, D40 and D42) also show
the improved expression relative to the parental/wild type antibody (X50)
d83kowh iflthEnfidld-expression detected by SDS 10 PAGE/coomassie
blue staining. It should be noted that the antibody libraries designed by
sing the methods of the present invention can not anly be expressed
gn'd sclrgeenr%ec]q}hoéé bagf’eﬁiop%%%settgysﬁgﬁn.?butaalsc} frk?lc)éﬂ ofé) grantibody
GrE@RIASS incdlidingeiiosoimhed 1o yeasesinseer laidt, and 15
mammaliasy celis.oA slesigned aptibady.dpchiding the aptigen binding region
fé%gmcegrgs %tnd.votheéhangiz?od forms, may bg éoroduc,ed by a variety of
r&combinant DNA of other tet iquoe%. c}rgexam‘ﬁ]i‘eafjtﬁe DKIA s%ﬁm@nt(%fad
éRéddingithe designed antibody may be cloned into an expression vector
and trangfertad intagha hestgellshy anel-knunL0-aethads whichararies, o
%%e%(%jn%ron heéype gf the cellular host, including but not limited to
caléium chioridé ?ranas?ecltllaé)r%y’electroporation, lipofection, and viral
transfeétidrecThaantibedy inay deChRisified acterdingdo Standagdon of the
procediesifdhe art, including but not limited to ammonium sulfate
precipitation, affinity columns, column 25 chromatography, gel _
eIectro6%(‘)3?"e‘l‘s$§,I’"a?nd’a the fike. \PAriBGs arﬁb‘&ifi%%ﬁ‘dﬁ@‘?ﬁaﬁﬁ uFt8iioses 2t
sléled ir thasewithouedepartinga frion tee spirkanthsdope ekthected COR,
iwentionas defingd py the arpendedclains, The aipadies designed by
using the methods of present 30 invention may be used for diagnosing or
therapSitiPiEalifehtsr SBiotRWisE55EETREIUMITG bt %Fﬁﬁt&e@’to‘i’f CDR
taster; geroimeimne: giseases such as multiple sclerosis, rheumatoid
arthritis; systemit, lupus.eryihiemalesys, T¥Re | diabelss, and myasthenia, ; |

gravis, graft- versus-host disease, cardiovascular diseases, viral infection

SGATERSS HAY, Heifttitis VitisBEPandhe ARE entfet bibs dGedd 1east
inFéctiergadergy, Tyjentidigbetes;ihematologioal disesdersssugiz8se, the

QQEQE%ed peptide segments forming a CDR hit library;
selecting one of the FRs in the Vy or V, region of the

lead antibody;

providing a second amino acid sequence that comprises
at least 3 consecutive amino acid residues in the selected
FR, the selected aminoe acid sequence being a FR lead
seguence;

comparing the FR lead sequence with a plurality of FR
tester protein sequences; and

selecting from the plurality of FR tester protein
sequences at least two peptide segments that have at least
15% sequence identity with the FR lead sequence, the selected
peptide segments forming a FR hit library ; and

combining the CDR hit library and the FR hit library to

form a hit library.

2. The method of claim 1, wherein the plurality of CDR
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-182 The antibodies can also be used as conjugates that are linked with
diagnostic or therapeutic moieties, or in combination with

chemotherapeutic or biological agents. The antibodies can also be
formulated for delivery via a wide variety of routes of administration. 5 For
example, theaatihodieguray be achipistetad entoadmibisieredqeealss of

tggjrg@rllyopaﬁggt_erg{%aigtrgpﬂg%@q%lgﬁ intravenously, intraarterially,

transdermally, sublingually, intramuscularly, rectally, transbuccally,
intranasally, via inhalation, vaginally, intraoccularly, via local delivery (for
examplethy aneatheter ©f a sterity, subcuiareeusly, 40-intpaadiposally, of  FR
inrgarticugily. tintatecally. The methods of presentinvention for, o ¢
designing pr.otelnqlbrarles in silico can be |mplementec?|n variou
CBPRJUralibn8 A #R computing systems, including but not limited to
supercomputers, personal computers, personal digital assistants (PDAS),

rlletworlﬁ%% compyters, 1o d'g_tgi?r%teq computers on the intﬁrnreg olrtothec( £ PR
microprocessor systems. The methods and systems 8es%r:%edl Rerein
A56VETs arRéRaBIg 0 ERBRRTESN VARSES fyjfes of BRBaniAsE metifiiody

aibeishana mamay deviea stch@s araRgdortaGeass Memory (RAM),
Other types of executable mediums can used, including but not limited to,

a computer 20 readable storage medium which can be any memory

device, BEMPRREREBC, ¥ip diskRBR fidppy disk Site pdtentslparehity of FR
applicatiops ek publications cited ahpyveare hareby ingorperated Byt i body
regeﬁeenncee@ their entirety. -183 CLAIMS What is claimed is: 1. A method
fsor%ons%ructing a library of antibody sequences, the method comprising

the steps of: providing an amino acid sequence of the variable region of

the heamyeChaint fv¥H) @relight ghain {YL)ofa-lead anrtibody;ideptifyingdhe e
ar];ulilr%o f\ﬁd s%(%uenDcE%s in stgg CDRstaen,d FRs of the lead anctlibgg X ;
Eelétfing ohe st the CORESIRhE PTG IL FEGIBRIRe *5 dirterent from

the plurality of FR tester protein sequences.

7. The method o¢f claim 1, wherein the plurality of CDR
tester protein sequences are human or non-human antibody
sequences and the plurality of FR tester protein sequences

are human antibody seguences.

8. The method of ciaim 1, further comprising the step of:
constructing a nucleic acid library comprising DNA segments

encoding the amino acid sequences of the hit library.

9, The method of claim 1, further comprising the steps of:
building an amino acid positional variant profile of
the CDR hit library:
converting the amino acid positional variant profile of
the CDR hit library into a first nucleic acid positional
variant profile by back-translating the amino acid positional

variants into their corresponding genetic codons; and
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lead antibody; providing a first amino acid sequence that comprises at

least 3 consecutive amino acid residues in the selected CDR, the

selected amino acid sequence being a CDR lead sequence; comparing

the CDR lead sequence with a plurality of CDR tester protein sequences;
selectingsrsrihetphugality cfeGBIR tester Pidkeinussguencesiat lddsttag of
peatide sggmentsthat have: atleast s55% segusnge-dentity with the.GDR s 4
lead sequence, the selected peptide segments forming a CDR hit library;

RIS BRE SFHEPERE in the V" or VL region of the lead antibody:

providing a second amino acid sequence that comprises at least 3

copsecytiye aRyRo Acid residues i the sglected BB, the selected aming .,
acid sequence being a FR lead sequence; comparing the FR lead

UM R PRI Rty Sr ERE 1856 ?)r8t‘bein sequences; and selecting
from theptoraditynof BER t@sieopreteéin sequences af least twepeptide region

ssgnesats.thathave.ableast $p% seAvense dentiyy withthe BR leads, g, ,
sequence, the selected peptide segments forming a FR hit library ; ancf
combiniitf e EDRGitlifbTaRTaRd tREER KERBRAGRD fRmthhithbtaRf 2the
Thke dnetiiotbotiglaim 1, wherein the plurality of CDR -184 tester protein
sequen prises amj id sequences of _h r non- an_ .
antibodigegsg‘%é:’%){?rl?e6 rr%e%thgggo%tiﬁg?rflg\?vh%ﬁrgin%% El%]ra |t%/ (5128 Fﬁpﬁteﬁeglon

BSToteif SeltRNcEL thRPice PANHGARR Seqtibfites BFLAGmaARLd sequence
antibodiesp4 1¥he methbedaaficlainzdn wharein/thespliality of FR-desteies in
ei es-gompyises.hymanized antihod quences having at
nglgét ;%O%E%r%gn%;%hugﬁgessi%liVH or%\le}Lé.l 5.3111' e%ﬁgt od of claim 1,b %mg 2

whérdinfiRelmaraity sisree

comparing the first lead FR sequence with a plurality
of FR tester protein sequences; and

selecting from the plurality of FR tester protein
sequences at least two peptide segments that have at least
15% sequence identity with the first FR lead seguence, the

selected peptide segments forming a first FR hit library.

11. The method of claim iO, further comprising the steps
of:

providing & second amino acid sequence that comprises
at least 3 consecutive amino acid residues in a FR that is
different from the selected FR, the selected amino acid
sequence being a second FR lead sequence;

comparing the second FR lead seguence with the
plurality of FR tester protein sequences;

selecting from the plurality of FR tester protein
seguences at least two peptide segments that have at least
15% sequence identity with the second FR lead sequence, the
selected peptide segments forming a second FR hit library;
and

combining the first FR hit library and the second FR
hit library to form a hit library.
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tester protein sequences comprises human germline antibody
sequences. 6. The method of claim 1, wherein at least one of the plurality
of CDR tester protein sequences is different from the plurality of FR tester
protein sequences. 7. The method of claim 1, wherein the plurality of CDR
tester protein sequences are human or non-human antibody sequences
&hd th@?ﬂurﬁﬁ%@@feﬁéﬁpmtéiﬁ,seqmm@e‘m athBUMAEANTROGY quence
saquences. 8cThedsethod of claim. & Lrthgr comerising e step ot
ggpégyecélngﬁ glé(ilgéctggldglbrary comprising DNA segments “encodi g
the amino acid Seguences of the htSibFHFED. TPRSFEEHOY obElaim IR1, Vy
FirtheV eoffigrisiNg tAR‘stefis GfRbuildingeRz aminomcid RRSIENAFNATRt 1.
yefileagt 1hedyDR hit library; converting the amino acid positional variant
profile of the CDR hit library into a first nucleic acid positional variant"
profile by back-translating the amino acid positional variants into their
*correspondivg tehett codams; land 185 herstEeiNG 8idRgansy a&%%@f;
nucleiescid Hhranynal DNA, men combipatorially combining the
Jnygleic acid nposjtiq%lal varia?qgtg%.% %etﬁgd oergcéonnes AIing W hbrdry 2cid
antibody sequences”dhe hfeth68 EoRiprisingtRedtegs dihgrowadingoanacid
S&RRe arid séquleackiaf thebvariahle region of the heavy chain(VH) or
light chain(VL) of a lead antibody; identifying the amino acid sequences in
lg1e Fl%g of the lead antibody; selecting at Ieast one of the FRs in the VH
6 VL Tegiofi 6P iie 184d AhfBBdy! Providieg aifirsteming lacid séquenrte FR
taconpridestat leaspid coaseassiveAni agid (e3d essin, {he selected.
chi theiselegted amino acid sequence being a first FR lead sequence;
comparing the first lead FR sequence with a plurality :

15.  The method of claim 10, wherein the plurality of ¥R
tester protein sequences comprises human antibody sequences
with CDRs deleted.
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of FR tester protein sequences; and selecting from the plurality of FR
tester protein sequences at least two peptide segments that have at least
15% sequence identity with the first FR lead sequence, the selected
peptide segments formlng a flrst FR hlt I|brary 11 The method of claim

sequence that comprises at least 3 consecutlve amino acid re5|dues ina

FR that is different from the selec d&@%&%ﬁ&?g selected amino acid

sequence being a second FR lea comparing the second FR
Sprasne e RBIRLY of FRAIRHGIBICIIN SAARRICGeREIEE dand

romt e plurality of FR tester protein sequences at least tw pti
s%ﬁﬁ?é}'ﬁg fiataralerafssder OptisRiZed B@?ﬁ%@ﬁ‘d’é’ﬁhﬂ?ﬁﬁﬂ?'@@‘@%@éﬁ?& fapgtions,
Ieadfsemjemmowhe seiem@daﬁﬁm}dmmem;&yﬁmg ar&ﬁ@ﬁnmeﬁao@m;cauy
nd combi | t ER_hit Ilbrar and, th secon tllbra
Rﬁ%?rhn §t h%’%ora%/& fﬁ]IL met réel% ‘% Coﬂqe)relnifhﬂ féaﬁ EFglgh
SeHRIHRIt CORPAEEY ﬁtfﬂ@%%i@(ﬁﬁ%@ﬁﬁﬁ@é'aﬁﬂ%aﬁéﬁﬁeﬁ%@@lm sheuences

ssienterhERsaaleetpd Ay thmaroup sansiabagiebMtHRdinYh rdrRéndidcting
4,V FRL VL FR2, VL FR3 L FR4 of the, lead

YHFR
anféf%w 93 %%“%%MS bPcARAE! '?8%1& LBRpTlsiRPHEgG e gimine acid
ceftencEndpEvRddisio acidedr rietpimci e minieicidaidqlibrasy teongpiisiipy ated

DNA segmeqiReacadingihs AR AP RRMENERS PhiaiRit BPratrifotein

The method of claim 10, wherein the plurality of FR tester protein
SEHLEREES: @&‘?16%&&%?8’6‘&{7%8&&’@%5& Wﬁﬁreﬁw&@eﬂs&%ﬁ lggsd two
rpefhidd ofagaientt0 tdhehaethe ghaslity b FRquence identity with the lead

sequence, the selected peptide segments forming a hit library; and forming a
library of designed proteins by substituting the lead sequence with the hit library.
The library of designed proteins can be expressed in vitro or in vivo to produce a
library of recombinant proteins that can be screened for novel or improved
function(s) over the lead protein, such as an antibody against therapeutically

important target.

{ho suitable figure)
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1

tester protein sequences comprises human antibody sequences with
CDRs deleted. - 187 GENERATION AND SELECTION OF PROTEIN
LIBRARY IN SILICO ABSTRACT The present invention provides a
methodology for efficiently generating and screening protein libraries for
optimized proteins with desirable biological functions, such as improved
binding affinity tovgassbislogisamyi@nd/or therapeutically important target
molecules. This process is carried out computationally in a high
throughput manner by mining the ever-expanding databases of protein
Luseqegrbes of all organisms, especially human. In one embodiment, a
Hsigﬂetm’igg for constructing a library of designed proteins, comprising the
stéps ofJ: providing an amino acid sequence derived from a lead protein,
Zhotige &nidy'aicid sequence being designated as a lead sequence;
Wan&pr@g@qipg the lead sequence with a plurality of tester protein sequences;
and selecting from the plurality of tester protein sequences at least two
Caopeptfd®8Bgments that have at least 15% sequence identity with the lead
LiuSeanancedhe selected peptide segments forming a hit library; and
forming a library of designed proteins by substituting the lead sequence
with the hit library. The library of designed proteins can be expressed in
GEMIEGOIGR VIND teEpFodios BFiBROTESNrédGRIiaRt préteirs that can be
screened for novel or improved function(s) over the lead protein, such as
an antibody against therapeutically important target. (no suitable figure)
26088-3EQUENCE LISTING <110> LUO, Peizhi Hsieh, Mark zhong,
Pingyu Wang, Caili cao, Yicheng Liu, shengjiang <120> GENERATION
AND SELECTION OF PROTEIN LIBRARY IN SILICO <130> 26050-710
Us<180:588176/153,176 <151> 2002-05-20

2002-05-20

us 10/153,159
2002-05-20

i31

patentIn version 3.1
1

123

PRT

Artificial Sequence

vit of parental anti-VEGF antibody
1

Glu val Gln teu val Glu Ser Gly Gly %gy Leu val Ggln Pro ggy Gly
5

Ser Leu Arg Leu Ser Cys Ala Ala ser Gly Tyr Thr phe Thr Asn Tyr

1/54



Gly Met

Gly Trp
50

65

Leu GIn

Ala Lvys

Trp Gly

<210>
<211>
<212>
<213>

<220>
<223>
<400>

2

<150> U5 10/153,159 <151> 2002-05-20 <160> 131 <170> Patentin
version 3.1 <210> 1 <211> 123 <212> PRT <213> Artificial Sequence
<220> <223> VH of parental anti-VEGF antibody <400> 1 Glu val GIn
Leu val Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Gly 15 10 15 Ser Leu
Arg Leu ser Cys Ala Ala Ser Gly Tyr Thr he Thr Asn Tyr 1/54 20 25 30
Gly Riet Asn Trp Val Arg Gl@*Ala Pro Gly Lys Gly L& Glu Trp Val 35 40
45 Gly Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 50
Bn60rysArgAsg BheATir Pre 88 Loy A3 ThiuSetd-ys-pevakhr Ala Tyr
$5 70 75 80 Leu GIn Mét Asn Ser Leu Arg Ala&Iu Asp Thr Ala Val Tyr
Tyr cys 8590 95 Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe
Asp Mal 100 106 110 Trp/Gly Ghr&lynFhiryeuaVal Thy MabSereSer 115
120 <210> 2 <213 108 <212> PRT <2$8> Artificial Sequence <220>
<223> VL of parental anti-VEGF antibody <400> 2

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
7 75 80

Met Asn ggr Leu Arg Ala Glu gsp Thr Ala val Tyr Tyr Cys
95

Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp val
100 105 110

GIn Gly Thr Leu val Thr val ser ser
115 120

108

PRT

Artificial sequence

VL of parental anti-VEGF antibody

2

ésp Ile GIn Met Thr Gin Ser Pro Ser Ser teu Ser Ala Ser val Gly
5

10 15

Asp Arg val Thr Ile Thr Cys Ser Ala Ser Gln Asp ITe Ser Asn Tyr

20 25 30

Leu Asn ggp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys val Leu Ile

40 45

Tyr Phe Thr Ser Ser Leu His Ser Gly val Pro ser Arg phe Sser Gly

50

55 60

ser Gly ser Gly Thr Asp pPhe Thr Leu Thr Ile Ser Ser Leu Gln Pro

65

70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys GlIn Gln Tyr Ser Thr val Pro Trp

85 90 95
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Asp lle GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 15 10
15 Asp Arg Val Thr lle Thr Cys Ser Ala Ser GIn Asp lle Ser Asn Tyr 20 25
30 Leu Asn Trp Tyr GIn GIn Lys Pro Gly LYS Ala Pro Lys Val Leu lle 35
40 45 Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe ser Gly
50 55 60 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu GIn
Thr Phe GProc65 Z0y75180 W@l Yasp Phe Rla THE BYidTyr Cys GIn Gin Tyr ser Thr
Val B Trp 85 90 95 2/54*FRr Phe Gly GIn Gly Thr Lys Val Glu lle Lys
Arg 100 105 <210> 3 <211> 123 <212> PRT <213> Artificial Sequence
<210> 3 <220> <223> VH of matured anti-VEGF antibody <400> 3 Glu Val GIn
<211> 178euVal Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Gly 1510 15 Ser Leu
Arg Leu Ser Cys Ala Ala Ser Gly Tyr Asp Phe Thr His Tyr 20 25 30 Gly
<212>  PR¥let Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 35 40 45
213>  aflyildplieAsaddreTyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 50 55 60
Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr 65 70
75 80 Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
<220> 8590 95 Ala Lys Tyr Pro Tyr Tyr Tyr Gly Thr ser His Trp Tyr Phe Asp Val

<223> VH of matured anti-VEGF antibody

<400> 3

Glu val ¢ln Leu val ¢lu ser Gly Gly Gly teu val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys ala Ala ggr Gly Tyr Asp Phe ggr His Tyr
20

GTy Met Asn Trp val Arg GlIn Ala Pro Gly Lys Gly zgu Glu Trp val
35 40

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr‘ggr Ala Ala asp Phe
50 55

Lys Arg Arg Phe Thr Phe Ser teu Asp Thr Ser Lys Ser Thr Ala Tyr
65 : 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu ggp Thr Ala val Tyr ggr Cys
85

Ala Lys Tyr Pro Tyr Tyr Tyr Gly Thr Ser His Trp Tyr Phe Asp val
100 105 110

Trp Gly GIn Gly Thr Leu val Thr val ser Ser
115 120

<210> 4
<211> 108
<212> PRT

<213> Artificial sequence

<220>
<223> VL of matured anti-VEGF antibody
<400> 4
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100 105 110 Trp Gly GIn Gly Thr Leu Val Thr Val Ser Ser 115 120 <210>
4 <211> 108 <212> PRT <213> Artificial Sequence <220> <223> VL of
matured anti-VEGF antibody <400> 4 3/54 Asp lle GIn Leu Thr GIn 5er
Pro Ser Ser Leu Ser Ala Ser Val Gly 1510 1s Asp Arg Val Thr lle Thr
Cys 5er Ala Ser GIn Asp lle 5er Asn Tyr 20 25 30 Leu Asn Trp Tyr GIn
GIn Lys Pro Gly Lys Ala Pro Lys Val Leu lle 35 40 45 Tyr Phe Thr Ser Ser
el tie ply, Fﬁé‘s?—ﬂ" dl’é Var§ SerhigFhe Sr By ’51)35366”0\1/%‘5&%}3/ Ser Gly
Thr Asp Phe Thr Leu Thr lle Ser Ser Leu GIn Pro 65 70 75 80 Glu Asp

Phe Ala Thr Tyr Tyr Cys GIn Gin_Tyr Ser Thr Vaj Pro Trp 85 90 95 Th
ASE Arg %h]g %?‘7 élkéﬁ@"Tﬁ iﬁe\?a%gﬂﬁ%@g/@a% ‘ic%’"lgii‘)%‘kzlp 1o

<212> PRT <213> Artificial Sequence <220> <223> VH CDR3 of

tal anti-VEGF antjbod 400 Cys Ala Lys. T is Tyr Tyr Gl
o wn R VSR et 000 R0/ M e b Bl T Tr S

Tyr gge Thr Ser Ser Leu His Ser Gly val Pro Ser Arg pPhe Ser Gly
55 60

ggr Gly Ser Gly Thr Asp pPhe Thr Leu Thr Ile Ser Ser Leu Gln Pro
70 75

Glu Asp phe Ala Thr Tyr Tyr Cys GIn Gln Tyr Ser Thr val Pro Trp
85 90 95

Thr Phe Gly GIn Gly Thr tys val Glu Ile Lys Arg
100 145

<2310> §
211> 19
<212> PRT

<213> Artificial Sequence

<220>
<223> VH CDR3 of parental anti-VEGF antibody
<400> 5

Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp
1 5 10 15
val Trp Gly

<210> ©
<211> 19
<212> PRT

<213> Artificial Sequence

<220>

<223> VH (DR3 of matured anti-VEGF antibody
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<400>

<210> 6 <211>19 <212> PRT <213> Atrtificial Sequence <220> <223>
VH CDR3 of matured anti-VEGF antibody 4/54 <400> 6 Cys Ala Lys Tyr
Pro Tyr Tyr Tyr Gly Thr Ser His Trp Tyr Phe Asp 151015 Val Trp Gly
<210> 7 <211>6 <212> PRT <213> Artificial Sequence <220> <223>
Flexon sequence <400> 7 Ser Arg Gly Gly Gly Gly 15 <210> 8 <211>4
g <212> PRT <213> Artificial sequence <220> <223> Spacer <400> 8 Val
GI Gly Cys 1<210>9 <211>146 <212> DNA <213> Art|f|C|aI

Cys Ala Lgéqﬁé”ntgé"o<’é%>"%§2§§ GRY dfinaif” His Tre Tyr The As

val Trp Gly

<2310>

<211>_

<212>
<213>

<220>
<223>
<400>

1

<210>
<Z211>
<212>
<213>

<220>
<223>
<400

7
6
PRT

Artificial Sequence

Flexon sequence

7

ser Arg Gly Gly Gly Gly
5

8
4
PRT

Artificial Sequence

Sspacer

8

val Gly Gly Cys

1

<210>
<211>
<212>
<213>

<220>
<223>
<400>

9
146
DNA

Aartificial Sequencé

GR1 domain
9

tctagaggty gaggaggiga ggagaagtco cggctgttygg agaaggagaa ccgtgaactg 60
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<400> 9 tctagaggtg gaggaggtga ggagaagtcc cggctgttgg agaaggagaa
ccgtgaactg 60 5/54 gaaaagatca ttgctgagaa agaggagcgt gtctctgaac
tgcgccatca actccagtct 120 gtaggaggtt gttaataggg cgcgec 146 <210> 10
<211> 44 <212> PRT <213> Artificial sequence <220> <223> GR1
domain <400> 10 ter Arg Gly Gly Gly Gly Glu Glu Lys Ser Arg Leu Leu

gaaaaga€sh Ly§dBlagAsnadegdalicbeuddiit tysalie liesAdaGhrhysdeht GJudrg Vabo
%;r 20 25 30 Glu Leu Arg His Gin Leu Gin ser Val Gly Gly Cys <210> 11
€JT'151§J§1<?‘9(_21< 1:9;2 5

<210>
<211>
<212>
<213>

<220>
<223>
<400>

A12999 559BNA <213> Artificial sequence <220> <223> GR2
domain <400> 11 tctcgaggag gtggtggaac atcccgcectg gagggcectac
tcagaaaa ccatcgcctg 60 cgaatgaaga tcacagagct ggataaagac
4tggaagaag tcaccatgca gctgcaagac 120 gttggcggtt gcgeggecegce t 141
P<210> 12 <211> 47 <212> PRT <213> Artificial sequence <220> 6/54
923> GR2 domain <400> 12 Ser Arg Gly Gly Gly Gly Thr Ser Arg Leu
/Bl Glyiladu GluSereGlu

GR1 domain
10

ger Arg Gly Gly g?y Gly Glu Glu Lys Ser Arg Leu Leu Glu Lys Glu
10

15

Asn Arg Glu sgu Glu Lys Tie Ite Ala Glu Lys Glu Glu Arg val ser

25 30

Glu Leu %gg His Gln Leu GIn Ser val Gly Gly Cys
40

<210>
<213>
<212>
<213>

<220>
<223>
<400>

11
141
DNA

Artificial Sequence

GRZ domain
i1

tctcgaggag gtggtggaac atcccgectyg gagggectac agtcagaaaa ccatcgectg 60

Cgaatgaaga tcacagagct ggataaagac ttggaagaag tcaccatgca gcetgcaagac 120

gttggeggtt gcgcggocge t 141

<210>
<211>
<212>
<213>

<220>

12
47
PRT

Artificial sequence
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151015 Asn His Arg Leu Arg Met Lys lle Thr Glu Leu Asp Lys Asp Leu
Glu 20 25 30 Glu Val Thr Met Gin Leu GIn Asp Val Gly Gly Cys Ala Ala
Ala 354045 <2110> 13 <211> 369 <212> DNA <213> Atrtificial
Sequence <220> <223> VH of AM2-ccFv <400> 13 gaggtgcagc

tggtggagtc tgggggaggc ctggtccage cggtggggte cctgagactc 60 tcctgtgcag
<223> Griagoggtta caccttcact aactatggca tgaactgggt ccgccaggcet 120 cccgggaagg

<a00- 199ctggagtg ggttggctgg ataaacacat atactggaga gccaacttat 180 gcagcetgact

tcaaaagacg attcaccttt tccctcgaca ctagtaagtc cacggcatat 240 ctgcaaatga
Ser Arg @bﬁg@ﬁgg@’a@&&gébga‘éﬁﬁc&@agy é&acfg]tgd@aa@}acg 300 cactactacg
1

gtagttccca ctggtacttc gacgtctggg gccaagggac ccttgtcact 360 gtctcctca

. 369 <210> 14 <211> .123 <212> PRT <213> Artificial Sequence <220>

Asn s aDpIey R ARR2lcerF12a8Rs RAUGIEVAPBIN R §Pal €L St Gly Gly

Gly Leu Val GIn Pro Gly Gly 1510 15 Ser Leu Arg Leu Ser Cys Ala Ala

3 Ser Gly Tyr Thr Phe Thr Asn Tyr 1/54 20 25 301 Gl MeL&Asn Trp Val Arg
Glu val glﬁ Kf %”Gﬁfy%}élﬁg_ped T Y 55°4 45 Xaﬂyﬂf% lle Asn Thr Tyr
Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 50 55 60

<210 13
<211> 369
<212> DNA

<213> Artificial Sequence

<220>
<223> VH of AMZ2-CcCFv

<400> 13
gaggtgcagc tggtggagtc tggggoagge ctggtccage ctggygygtc cctgagactc 60

tcctgtgeayg ctageggeta cacceticact aactatggea tgaactgggt ccgecagget 120
cccgggaagy ggctggagtg ggttgactgg ataaacacat atactggaga gocaacttat 180
gcagetgact tcaaaagacg attcaccttt tecctcegaca ctagtaagic cacggeatat 240
ctgcaaatga acagcctgag agcecgaggac actgcagtgt attactgtge gaégtaccct 300
cactactacg gtagttccca ctggtacttc gacgtctggg gccaagggac cctitgtcacc 360

gtctecica 369

<210> 14
<211> 123
<212> PRT

<213> Artificial Sequence

<220>
<223> VH of AM2-cCcCFv
<400> 14

Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val GlIn Pro Gly Giy
1 5 i0 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
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Gly Met

Gly Trp
50

Lys Arg
65

Leu Gln

Ala Lys

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr 65 70
75 80 Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
8590 95 Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110 Trp Gly GIn Gly Thr L.eu Val Thr Val Ser Ser 115 120
<210> 15 <211> 324 <212> DNA <213> Atrtificial Sequence <220>
<2238VL of AM2-CCFv <480> 1S gacatccaga tgaéacagtc tccatcctcc
ctgtctgcat ctgtaggaga cagggtcacc 60 atcacttgca gcgcaagtca ggacattagt
asctattaa Altggiatca g oagaaaccail20y gatagggegcdiaaggices patctatttc
aeatccagtt tgcactccgg dtcccatca 180 aggttcattg gcagtggate tgggacagat
ttcactctca ccatcagcag tctgcaaccc 240 gaagactttg caacttacta ctgtcaacag
tdeagtactghicctetggac tittggidagr3o0Tggtagcaady woagatcazhacgt 324
<210> 16 <211> 198 <212> PRT <213> H}tificial sequence <220> 8/54
<223> VL of AM2-CCFv <400> 16 Asp lle Gin Met Thr GIn Ser Pro Ser
Sur Pbg Sbr AhSEevalaBIyZwsh 5T 5 AsisARg VallThrlle ThirCys Ser
Ala ser GIn Agﬁ) lle Ser Asn Tyr 20 2830 Leu Asn Trp Tyr S GIn'Lys

Pro Gly Lys Ala Pro Lys Val Leu lle 35 40 45
Met Ash Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 a0 95 .

Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp val
100 105 110

Trp Gly GiIn Gly Thr teu val Thr val ser Ser

<210>
<211>
<212>
<213>

<220
<223>

<400>
gacatcc

atcactt

ggtaagy

115 120

15
324
DNA

Artificial Sequence

VL of AaM2-ccFv

15
aga tgacacagtc tccatectec ctgtetgeat ctgtaggaga cagggteace 60

gca gcgcaagtca ggacattagt aactatttaa attggtatca gcagaaacca 120

Cge ctaaggtcect gatctatttc acatccagtt tgcacteegy agtcccatca 180

aggttcagtyg gcagtggatc tgggacagat ttcactctca ccatcagcag tctgeaaccc 240

gaagact

ggtacca

<210>
<211>
<212>
<213>

<220>

ttg caacttacta ctgtcaacag tacagtactg tcccctggac tttcggtcag 300

aag tggagatcaa acgt 324

16
108
PRT

Artifticial Sequence
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Tyr Phe Thr Ser ser Leu His Ser Giy Val Pro Ser Arg Phe Ser Gly 50 55
60 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu GIn Pro 65
70 75 80 Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GIn Tyr Ser Thr Val Pro
Trp 8590 95 Thr Phe Gly GIn Gly Thr Lys Val Glu lle Lys Arg 100 105
<210> 17 <211> 5251 <212> DNA <213> Atrtificial Sequence <220>

- <223> vi<a23mpARIMD12 vector <400> 17 gcgcaacgca attaatgtga gttagctcac

<400>

ASp

1 dcattaggca ccccaggctt tacactttat 60 gettceggct cgtatgtigt gtggaattgt
gagcggataa caatttaccg gttctittaa 120 ctttagtaag gaggaattaa aaaatgaaaa
Ile dgtetttagtioctcdaagec teogtagecset8ledtgatacatt CHeic gadtaagcttcg
ctgaggtgta getggtggag tetggggddg 240 gectggicea gettgggggy
tccctgagac tetectgtge agetagegge tacaccttca 300 ctaactatgg catgaactgg

Asp Arg vgtc dde ctoecgygasegodhetgaciyydugoét 86se nostmaatac

atatactgga gagccaactt atgcagctga cttcaaaaga Cga%t%acct 420. tttccctcga
. cactagtaag tccacggcat atctgcaaat gaacagcctg agagccgagg 480 _

teu Asn THeatifcagfigfdifalift Jifaadtate Tréddtdcia dyatatitict BactdBtact 540
tcgacgtictg gggccaaggg acccttgtca ccgtctccte atctagaggt ggaggaggtg 600
9/54 aggagaagtc ccggctgtt ga%aag aga accgtgaact ggaaaagatc

yr fgge Tgﬁgéfg"aaﬁ%éﬁ“aggﬁgﬁa(g ¥g¥ati§aa @@Egﬁ%%t@%&%a@hf tgtaggaggt
tgttaatagg 720 gcgcgccaca atttcacagt aaggaggttt aacttatgaa aaaattatta
ttcgcaattc 780 ctttagttgt tcctttctat tetcactccg ctacgegtga.catccagatg

Zor Gly Sgéagzﬁtgtch%‘j05%(‘:%03:;&&Lg‘i‘étgw?@éqtccgetasgeg%gsaecraqg {248 Cacttgcage
gcaagtcagg 900 acattagtaa ctattaaaat tggtatcagc agaaaccagg taaggcgcct

Glu Asp p%%%%“ﬂ?ﬁ(fz% teiatticac ateeagiitg caclecogad geralcaag diicagtgge
agtggatctg 1 ggacagattt cagtetcacc atcagcagtc tgoggacccga agactttgca
acttactact 1080 gtcaacagta cagtactgtc ccctggactt tcggtcaggg taccaaagtg

Thr pPhe Gg§g§jfﬁa§‘?9 ]T:]'rArOLys val Glu Ile Lys Arg

100 105

<210> 17

<211> 5251

<212> DNA

<213> Artificial Sequence

<220>

<223> pABMD12 vector

<400> 17

gcgcaacgea attaatgtga gttagctcac tcattaggca ccccaggett tacactttat 60

gcrrccgget cgtatgttgt gtggaattgt gagcggataa caattitaccg gttcttttaa 120

ctttagtaag gaggaattaa aaaatgaaaa 'agtctttagt cctcaaagoc tcoogtagecg 180

tigctacccet cgticcgatyg ctaagetteg ctgaggtgca getggtggag totgggggag 240

gcetggtoca gectguguag tccctgagac' tctootgtge agetagegge tacaccttea 300

ctaactatgg catgasactgg gtccgccagg ctcccgggaa gaggetggag tgggttgget 360

ggataaacac atatactgga gagccaactt atgcagciga cttcaaaaga cgattcacct 420

tticcctecga cactagtaag tccacggcat atctgcaaat gaacagectyg agagoecgagy 480

acactgcagt gtattactgt gcgaagtacc ctcactacta cggtagttcc éactggtact 540 -

tégacgtolyg gggccaaggg acccttgtca cegtctecte atctagaggt ggaggaggtg 600
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gttctcgagg aggtggtgga acatcccgcec tggagggcct acagtcagaa aaccatcgcc
1200 tgcgaatgaa gatcacagag ctggataaag acttggaaga agtcaccatg
cagctgcaag 1260 acgttggcgg ttgcgcggcec gcettatccat acgacgtacc
agactacgca ggaggtcatc 1320 accatcatca ccattagaga tctggaggcg
gtactgttga aagttgttta gcaaaacctc 1380 atacagaaaa ttcatttact aacgtctgga
aggagaa@cagacg@ce@tagcﬁﬁ@gag ggitacgoigriddoe ma@aggg@tgmg@gaﬁtg Ctaceg
ttt tact t gacgaaactc 1500 agt ttac tt ctattggg
aagagga%é’?: cect aaa gﬁ% gtggcct%qu@& ct éL'g %%%ga% tgchg
gcgeg ccaﬂga@ggiwceggta@tmgtmcwmea a&wgamacttancagtggctatamo
teancee lplcoacqge Actiatecae 1650, Clogtacian, gganancaas getaatgely
Ctttagtt E%ctta 17gi 0@% 9% ggaat aal

tccttcict tgaggagtct cagcec Stactttcat taggttcc
catcctccgéaamggéa@gg@m@mgttmti@@@kg@g@é@@wacmggémwcc%&g

acattagt%%a%&{t@t‘%}éﬁ%a@&%%ﬁféﬁgkg@ééa%@@agat%%@@%@ég&%@f&%@ﬂg%o
acggtaaatt cagagactgc gctttccatt 1920 ctggctttaa tgaggatcca ttcgtttgt 3@8

tetatttastattashfl EEdafcyict GHctgEEtc 198 9adtERIGPaatgE e Tty
ggacagat@OHaeHE 901808004 g8 916:4040 0 CARGIEIA] 80 GisaGaaHIEIIa00H 0

cggctctgag gtggcggt tcc gtggc 2100 gctccggttc cggtgatttt gattatgaaa
gteaacagizy t&é%%&&aﬁ gttty Eﬁ%%@ég%i’éé%@: dodtgsadae 1140

gttctcga@‘wﬁ@fﬁﬁt@wmﬁé‘c&ggew@@@Q@mﬂgﬁ@@@%ﬁa@ﬁ@aﬂﬁ@@tgcwo
rqcaaat atcgatggtt tcatt %tgac tttccg thttt ctaatg 2280 gtaatg‘f%gc tact tgai2 60
9cd gt‘ﬁiltal ggc?%?ga cccﬁgaata ca{ég 9955‘315 E@’iﬂ ftE958E aatg

acgttggcg@taatgwcgmaatgutmmuaICtEcgacg{eacgga@é@@attgecatggag;g:ommgtc 1320

accatcatEngcc&%tQ aaacc 59%% “8%31:@&%9%% %é‘&@r aaa t&%%gétr?t%ccgtlsao

gtgtctttg C ctttt ata C acctitatgt attttc acgtttgct
atacagasgacataatytigeiataagia jueraag e gFedte 2R e 23803 hatttycrstcatagtghite
actatgag%@tm%kbc@ﬁgggfegct&.g&%ag@mggw@%%@%gg 98AAACC 1500

ctggcgttac ccaacttaat cgccttgcag cacatccccc tttcgccage 2700 tggcegtaata

agtgttacgty 3aFREHITEEgEAERGRITHC AT BERAJgRG R EGREIGEITIBGE 1560
ctgagg9tﬁi@cgﬁéﬂﬁgﬁﬁﬁ%‘i@%@g@&c%@%@é@@%%ﬁﬂ&ﬁgg@gﬂi@%@@gcgﬁﬁ20

2820 agcgtgaccg ctacacttgc cagcgcccta cgctc ctttcgcttt cttcccttce
acggtga%séc‘&’iét"c‘{jc%% gfityty cﬁF@é&@@f&&a %%%%@g&é%éf‘é‘é&&tagb@go
ctggtactd@4Qcitecgattta gigeitacgigcaeetngas cccannppas tgaliagegdoadgoticao
3000 c ccat ccct atagac tt tttcgccctt tgacgtt tccacg
ataCtttC%GBt%t? aaa%tg gac?&ggﬁ agaactg THER a%ccc ?gtc 'fc‘:‘itatt 51&)0
nggcac@12@&1mgaawcaagggatutg@cgmuegcgcetaitggtcmaatgagnjgatttaalBGO
catcaaa&%%Bgatgtatgac gcttactgga acggtdaaatt cagagactge gctttccatt 1920

ctggctttaa tgaggatcca ttcgtttgtg aatatcaagg ccaatcgtct gacctgecte 19880
aacctcctygt caatgctggce ggeggetctg gtggtggtte tggtggogge tetgagggig 2040 )
gcggetctga gggtggeggt tctgagggtg geggetctga gggtggeggt tceggtggeg 2100
gctecggttc cggtgatttt gattatgaaa aaatggcaaa cgctaataag ggggctatga 2160
Ccgaaaatgc cgatgaaaac gcgctacagt ctgacgctaa aggcaaactt gattctgtcg 2220
ctactgatta cggtgciget atcgatggtt tcattggtga cgtitccgge cttgoctaatg 2280
gtaatggtgc tactggtgat tttgetgget ctaattccca aatggctcaa gtcggtgacg 2340
gtgataattc acctttaatg aataatttcc gtcaatattt accttccctc cctcaatcgg 2400
ttgaatgtcg coccttitgtc titagegotg gtaaaccata tgaatitict atigattgtg 2460
acaaadataaa cttattccgt ggtgtctttg cotittctttt atatgttgcc acctttatgt 2520
atgtattttc tacgtttget aacatactygc gtaataagga gtcttaagte gacctcgace 2580

aattcgocct atagtgagtce gtattacaat‘tcactggccg tcgttttaca acgtcgtgac 2640
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caaaaattta acgcgaattt taacaaaata ttaacgctta caatttaggt ggcacttttc 3240
ggggaaatgt gcgcggaacc cctatttgtt tatttttcta aaaacattca aatatgtatc 3300
cgctcatgag acaataaccc tgataaatgc ttcaataata ttgaaaaagg aagagtatga 3360
gtattcaaca tttccgtgtc gcccttattc ccttttttgc ggcattttge cttcctgttt 3420
ttgctcaccc agaaacgctg gtgaaagtaa aagatgctga agatcagttg ggtgcacgag

3480 tgggttacat cgaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag
tgggaaaagh Ay I4eehiitcCadtGAlgagc SERHEIAE HAREIAG  fGGeEggas fRfEccgtd 00

tggcataa B3P YR HIAEHSE A JERALROCY £LCABICUCE Yeaiacacla dicjeagaai gactigatiy

3660 agtactcacc agtcacagaa aagcatctta cggatg%:at gacagtaaga

99°922T 944 AR S5 A RAGEEAT ERABHBEH ST e I§ELARBN Scoifala

agcgtgacargaieggas 7 S gaccgaaqgagetapceget tititgeaca acalggggga 2880
rttet tcat%t%actc cctggé%gcc 3840‘t q:tt% agcc-gg%?ct aat (lyaggct:é:&tgc 2940
ctegeed cUTigaoetn RteCccar CRARECt SR ARR

ttccgatticyeaaactat taaciggcgacgeiacttactetagettcoy 306 @y caatagtitaatagdoigy

g C a (o g 4 t gg t
cseag o et
tttaatag i apatigtadgccchtty e Raghcactagaegad 210t coggfgdgicect 3120

tttgatm:%%@5@&9&@%@%@@8%&%@99%%@99%9%‘9@9%%@9&93 3180

tgattaagca ttggt g tcagaccaag tttactcata tatactttag attgatttaa 4260
caaaaattigyRfeheeRbhktAaacagiatctdda igaag e CoRitG hRAaT cRASRIEEER 4320 240

agggaaatRRYEGEHFACHIGRHT tegliccagt grOcAlsaga Geacdta0aa @AYAIcAaag 1530
gatcttcttg agatcctttt tttctgcgcg taatctgctg cttgcaaaca aaaaaaccac 4440

cocteatory ASRRhR GotdgRIFERGEcoGaIE Akttt Ak ity A AE A tha 4500

gtattcaaciggeticagraagagegeag etaccaaata cigicelictagigiagcee tagiiaggcc 4560
accacttcaa aactct%ta g%gaccagaccta catacctcgc tctgctaatc ctgttaccag 4? 00

tracteacy ARGl ShGtihcaragatchgte ttiecgs gt GodSiiatd Watagttac

tgggttacb8gaegyataaggtyeagoggioy Hustyaacyyggpitcgig-gacacagosc 3540
{ c474 C ct facctac t t

sscoesse A e Ao, o0

troacgccaaagottiHl JYteyganiua g ARjtges U860 ctgagagagutattagiuyga 3660
| agtactca@Wﬁ&tﬁﬁ&%%%@cgggﬂwcg%ée?@@aa?&gﬁ%ﬁgé‘a%%cga@?zo

ttgtgatgct cgtcaggggg gcggagecta tggaaaaacg 4980 ccagcaacgc
gtoctgccajyAntaT ek CHTGCid BECRIG AR B0A0oRECESeGT 3780
gaccgaag@iCgeeigrlclrigtggata gesgiatiogregeetitoad dgagsiaata-5d o0 ¢RgCtconed

cagccgaacg accgagcgea geg

agtcagt gagcgaggaa gcggaagagc 5160
9tt90aa (g R AR AL RIROE QR Ca AR atb e T acg 520

tagcaatggc aacaacgttyg cgcaaactat taactggcega actacttact ctagettcecec 3960
ggcaacaatt aatagactgg atggaggcgg ataaagtigl aggaccactt ctgcgcetcgg 4020
cecetteegge tggctggtft attgctgata aatctggagc cggtgagegt gggtctecgeg 4080
gtatcattgc agcactggég ccagatggta agccctcccg tatcgtagtt atctacacga 4140
cggggagtca ggcaactatg gatgaacygaa atagacagat cgctgagata ggtgocctcac 4200
tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa 4260
aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca 4320
aaatccctta acgtgagttt tcgttccact gagcgtcaga ccccgtagaa aagatcaaag 4380
gatcttctig agatcctttt tttctgocgeg taatctgetg cttgcaaaca aaaaaaccac 4440
cgctaccage ggtggttigt ttgccggatc aagagctace aactcttttt ccgaaggtaa 4500
ctggettcag cagagcgcag ataccaaata ctgtcotict agtgtagogg tagtitaggee 4560
accacttcaa'gaactctgta gecaccgecta catacctcge tetgctaatc ctgrtaccag 4620
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acaggtttcc cgactggaaa gcgggcagtg a 5251 <210> 18 <211>5 <212>
PRT <213> Artificial Sequence <220> <223> Flexon <400> 18 Gly Gly
Gly Gly Ser 15 <210> 19 <211>9 <212> PRT <213> Artificial
sequence <220><223> VIl CORI variant <400> 19 Gly Tyr Asn Phe Thr
Arg Tyr Gly lle 15 <210> 20 <211>9 12/54 <212> PRT <213> Atrtificial
TYgCtgCEeqUaNte9£220>2 P03 Y4 COREALAANg 924002220 GHERAIASRCPhet T80

cggataaﬂg Exagélgggg%P <22%%%ﬂ32é8§

sequence <

gaacgaccta
ccgaagggag
cgagggagct
tctgacttga
ccagcaacgce
ttectgegtt
ccgetegecay
gcccaatacg

acaggtttcc

<210> 18
<21l> 5
<21Z2>

<213>

PRT

<220>
<223>

<400> 18

Artificial

caccgaactg
aaaggcggac
tccaggggga
gcgtegattt
ggccttitta
atcccctgat
cagccgaacy
caaaccgect

cgactggaaa

Flexon

Gly Gly Gly Gly Ser
1 5

<210> 19
<211> 9
<212> PRT
<213>
<220>
<223>
<400> 19

agatacctac agcgtgagct atgagaaagc

aggtatccgg
aacgcctggt
ttgtgatgct
cggttcctgy
tctygtggata
accgagegea
ctococogege

gcgggcagtyg

Seguence

Artificial sequence

VH CDRI variant

taagcggeag
atctttatag
cgtcaggggg
ccttttgetg
accgtattac
gcgagtcagt
gttggecgat

a

giy Tyr Asn Phe Thr Arg Tyr Gly Ile
5

<210> 20
<21i> 9

12/54

ggtcggaaca
tcetgtegag
géggagccta
geectiitget
cgcctttgag
gagcgaggaa
tcattaatge

gccacgcttc
ggagagcgea
tttecgecace
tggaaaaacy
cacatgttct
tgagctgata
gcggaagagce
agctggeacg

%@Eb?g<@§é§%5§?3h<§&§€%65359““ 4740

1 Variant

4800
4860
4920
4980
5040
5100
5160
5220
5251



<400> 21 Gly Tyr Asn Phe Asn Arg Tyr Gly lle 15 <210> 22 <211>9
<212> PRT <213> Atrtificial sequence <220> <223> VH CDR1 Variant
<400> 22 Gly Tyr Asp Phe Thr Arg Tyr Gly Val 15 <210> 23 <211>9
<212> PRT <213> Atrtificial Sequence <220> 13/54 <223>VH CDR1
Variant <400> 23 Gly Tyr Asp Phe Thr Arg Tyr Gly met 15 <210> 24
<212> PRP11>9 <212> PRT <213> Artificial Sequence <220> <223>VH CDR1

213> avayant <4Q0> 24 Gly Tyr Asp Phe Asn Arg Tyr Gly lle 15 <210> 25
<211>9 <21§'> PRT <213> Atrtificial Sequence

<220>

<223> VH CDR1 variant

<400> 20

%Ty Tyr Asn Phe 'ghr Arg Tyr Gly Met

<210> 21
<211> 9
<212> PRT

<213> Artificial sequence

<220>

<223> VH CDR1 variant

<400> 21

gTy Tyr Asn pPhe %sn Arg Tyr Gly Ile

<210> 22
<211> 9
<212> PRT

<213> Artificial sequence

<220>
<223> VH CDR1 variant
<400=> 22

Gly Tyr Asp phe Thr Arg Tyr Gly val
1 5

<210> 23

<211> 9

<212> PRT

<213> Artificial sequence

<220>
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<220> <223> VH CDRL1 variant <400> 25 Gly Tyr Asp Phe Asp Arg Tyr

Gly met <210> 26 <211>9 <212> PRT <213> Artificial Sequence <220>

<223> VH CDRL1 Variant <400> 26 Gly Tyr Asp Phe Asp Arg Tyr Gly lle

15 14/54 <210> 27 <211>9 <212> PRT <213> Atrtificial sequence

<220> <223> VH CDRL1 variant <400> 27 Gly Tyr Asp Phe Asp Arg Tyr

Gly Val 15<210>28 <211>9 <212> PRT <213> Artificial sequence
<223>  VE5BRIYIRIAGE cDRI Variant <400> 28 Gly Tyr Thr Phe Asn Arg Tyr
<400> MWlylle 15<210>29 <211>9 <212>PRT

g?y Tyr Asp Phe Thr Arg Tyr Gly Met
5

<210> 24
<211> 9
<212> PRT

<213> Artificial Sequence

<220>
<223> VH CDR1 variant
<400> 24

%1y Tyr Asp Phe Asn Arg Tyr Gly Ile
5

<210> 25
<211> 9
<212> PRT

<213> aArtificial Sequence

<220>
<223> VH CDR1 variant
<400> 25

g1y Tyr Asp Phe ?sp Arg Tyr Gly Met

<210> 26
<211> 9
<212> PRT

<213> Artificial Sequence

<220>
<223> VH bRl variant
<400> 26

gTy Tyr Asp Phe ésp Arg Tyr Gly Ile
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<210>
<211>
<212>
<213>

<220>
<223>
<400>

<213> Artificial sequence <220> <223> VH CDR1 variant <400> 29 Gly
Tyr Ala Phe Asn Arg Tyr Gly lle <210> 30 <211>9 <212> PRT 15/54
<213> Artificial Sequence <220> <223> VH CDR1 variant <400> 30 Gly
Tyr Ala Phe Asn Arg Tyr Gly met 15 <210> 31 <211> 17 <212> PRT
<213> Artificial Sequence <220> <223> VH CDR2 Variant <400> 31 Trp
lle Asn Thr Asn Asn Gly Glu Ser Thr Tyr Ala GIn Gly Phe Thr 15 10 15
,Arg <210> 32 <211> 17 <212> PRT <213> Artificial Sequence <220>
<223> VH CDR2 Variant <400> 32 Trp lle Asn Thr Asn Asn Gly Asp Thr
9Thr Tyr Ala GIn Glu Phe Thr 1510 15 Arg

PRT

artificial Sequence

VH CDRI1 variant
27

E?y Tyr Asp pPhe Asp Arg Tyr Gly val
5

<210>
<211>
<212>
<213>

<220>
<223>
<4 00>

28
9
PRT

Artificial Sequence

VH CDOR1 variant
28

§1y Tyr Thr phe gsn Arg Tyr Gly Ile

<210>
<211>
<212>
<213>

<220>
<223>
<400>

29
9
PRT

Artificial Sequence

VH CPBR1 variant
29

g]y Tyr Ala Phe Asn Arg Tyr Gly Ile
5

<210>
<211>
<212>

30
9

PRT

15154 "



<213>

<220>
<223>
<400>

ALGHGST

<210> 33 <211> 17 16/54 <212> PRT <213> Artificial Sequence <220>
<223> VH CDR2 variant <400> 33 Trp lle Asn Thr Asn Asn Gly Asn Ser
Thr Tyr Ala GIn Glu Phe Thr 1510 15 Arg <210> 34 <211> 17 <212>
PRT <213> Atrtificial Sequence <220> <223> VH CDR2 Variant <400>
34 Trp lle Asn Thr Asn Asn Gly Asp Thr Thr Tyr Val GIn Asp Phe Thr 15
10 15 Arg <210> 35 <211> 16 <212> PRT <213> Artificial Sequence

15&%§§W9‘@BR2 Variant <400> 35 Trp Val Asn Thr Asn Asn Gly
Asp Ser Thr Tyr Ala GIn Gly Phe Thr 15 10 15 <210> 36 <211> 15
17/54 <212> PRT <213> Artificial Sequence

vH CDR1 variant
30

clﬂy Tyr Ala Phe Asn Arg Tyr Gly Met
5

<210>
<211>
<212>
<213>

<220>
<223>
<400>

1

Arg

<210>
<211>
<212>
<213>

<220>
<223>
<400>

31
i7
PRT

Artificial Sequence

VH CDRZ variant
31

Trp Ile asn Thr gsn Asn Gly Glu Ser Thr Tyr Ata GIn Gly Phe Thr
10

15

32
17
PRT

Artificial Sequence

VH CDRZ variant
32

;rp Ile Asn Thr Asn Asn Gly Asp Thr Thr Tyr Ala GIn Glu Phe Thr
5 16

Arg

<210>
<211>

33
17
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<220> <223> VH CDR3 variant <400> 36 Arg Tyr Pro Tyr Tyr Tyr Ser Arg
Ser Ser Trp Tyr Phe Asp Leu 151015 <210> 37 <211> 15 <212> PRT
<213> Artificial sequence <220> <223> VH CDR3 variant <400> 37 Arg
Tyr Pro Tyr Tyr Tyr Ser Arg Ser Asn Trp Tyr Phe Asp Leu 1510 15
<210> 38 <211> 15 <212> PRT <213> Atrtificial sequence <220> <223>
<212> pRfH CDRS3 variant <400> 38 Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser Asn Trp

r13. aJ¥Phe Aspleu 151015 <210>39<211> 15 <212> PRT <213>
'Rrtificial seqtBHCE 18/54 <220> <223> VH CDR3 Variant <400> 39 Arg

Tyr Pro Tyr Tyr Tyr Gly Arg Ser Ser Trp Tyr Phe Asp Leu 1S 10 15
<220s <210> 40 <211> 15

<223> VH CDRZ variant

<400> 33

{rp Tle Asn Thr gsn Asn Gly Asn Ser *{gr Tyr Ala GIn Glu Phe Thr

Arg

<210> 34
<Z211> 17
<212> PRT

<213> Artificial Seaguence

<220>
<223> VH CDRZ variant
<400> 34

Irp Ile Asn Thr Asn Asn Gly Asp Thr Thr Tyr val GIn Asp Phe Thr
5 10 .15

Arg

<210> 35
<21i> 16
<212> PRT

<213> Artificial Sequence

<220>

<223> VH CDRZ variant

<400> 35

Trp val Asn Thr Asn Asn Gly Asp Ser Thr Tyr Ala GIn Gly Phe Thr
1 5 10 15
<210> 36

<211> 15

17754



<212> PRT <213> Artificial Sequence <220> <223> VH CDR3 variant
<400> 40 Arg Tyr Pro Tyr Tyr Tyr Gly Arg Thr Ser Trp Tyr Phe Asp Leu 1
S 1015 <210> 41 <211> 15 <212> PRT <213> Artificial Sequence
<220> <223> VH CDRS3 variant <400> 41 Arg Tyr Pro Tyr Tyr Tyr Ser Arg
Thr Ser Trp Tyr Phe Asp Leu 1510 15 <210> 42 <211> 15 <212> PRT
<213> Artificial Sequence <220> <223> VH CDR3 Variant <400> 42 Arg

<212>  PRYr Pro Tyr Tyr Ser Gly Arg ser Ser Trp Tyr Phe Asp Leu 19/54 15 10 15

213> AT #31<2ddedBe <212> PRT <213> Artificial Sequence <220> <223>
VH CDR3 Variant <400> 43 Arg Ala Pro Tyr Tyr Cys Gly Arg Ser Cys Trp
Tyr Phe Asp Leu 151015

<220>

<223> VH CDR3 variant

<400> 36

Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser Ser Trp Tyr Phe Asp Leu
1 5 190 15
<210> 37

<211> 15

<212> PRT

<213> Arvificial Seguence

<220>

<223> VH CDR3 variant

<400> 37

érg Tyr Pro Tyr Eyr Tyr sSer Arg Ser égn Trp Tyr Phe Asp igu
<210> 38

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> VH CDR3 variant
<400> 38

Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser Asn Trp Tyr Phe Asp Leu
1 5 10 15

<Z210> 39
<211> 15
<212> PRT

<213> Artificial Sequence
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<220>
<223>
<400>

<210> 44 <211> 15 <212> PRT <213> Atrtificial sequence <220> <223>

VH CDR3 variant <400> 44 Arg Tyr Pro Tyr Tyr Asp Gly Arg Ser Asn Trp

Tyr Phe Asp Leu 1510 15 <210> 45 <211> 15 <212> PRT <213>

Artificial Sequence <220> <223> VH CDR3 Variant <400> 45 Arg Tyr

Pro Tyr Tyr Cys Gly Arg Ser Asn Trp Tyr Phe Asp Leu 15 10 15 <210>

46 <211> 15 20/54 <212> PRT <213> Artificial Sequence <220> <223>

H CDR3 Variant <400> 46 Arg Asp Pro Tyr Tyr Cys Ser Arg Ser Cys

VH ﬁB”‘?’yP’ﬁH@%p Leu 151015 <210> 47 <211> 15 <212> PRT <213>
39Artificial Sequence <220> <223> VH CDR3 variant <400> 47

Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser Ser Trp Tyr Phe Asp Leu
1 5 10 15

<210>
<211
<212>
<213>

<220>
<223>
<400>

40
15
PRT

Artificial Sequence

VH CDR3 variant
40

Arg Tyr Pro Tyr Tyr Tyr Gly Arg Thr Ser Trp Tyr Phe Asp Leu
1 5 10 15

<210>
<211>
<212>
<213>

<220>
<223>
<400>

41
15
PRT

Artificial sequence

VH CDR3 variant

41

Arg Tyr Pro Tyr Tyr Tyr Ser Arg Thr Ser Trp Tyr Phe Asp Leu
1 5 10 15

<210>
<211>
<212>
<213>

<220>
<223>
<400>

42
15
PRT

Artificial Sequence

VH CDR3 variant
42

Arg Tyr Pro Tyr Tyr Ser Gly Arg Ser Ser Trp Tyr Phe Asp Leu
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Arg Tyr Pro Tyr Tyr Ser Gly Arg Ser Tyr Trp Tyr Phe Asp Leu 15 10 15
<210> 48 <211> 15 <212> PRT <213> Artificial Sequence <220> <223>
VH CDR3 variant <400> 48 Arg Pro Pro Tyr Tyr Tyr Gly ser ser His Trp
Tyr Phe Asp Val 151015 <210>49 <211> 19 <212> PRT <213>
Artificial Sequence <220> 21/54 <223> Variant #61 <400> 49 Cys Ala

1 Arg Asp Bro Tyr Tyr Tyr Gly Argsger Tyr Trp Tyr Phe Aggp 1510 15 Leu
Trp Gly <210> 50 <211> 19 <212> PRT <213> Atrtificial sequence

210> 45220> <223> variant #181 <400> 50 Cys Ala Arg Asp Pro Tyr Tyr Tyr Ser
Arg Ser Tyr Trp Tyr Phe Asp 151015 Leu Trp Gly <210> 51 <211> 19

<211> 1%212> PRT

<2312> PRT

<213> Artificial Sequence

<220

<223> VH CDR3 variant

<400> 43

Arg Ala Pro Tyr Tyr Cys Gly Arg Ser Cys Trp Tyr Phe Asp Leu
1 5 10 15
<210> 44

<211> 15

<212> PRT

<213> Artificial sequence

<220>

<223> VH CDR3 variant

<400> 44

Arg Tyr Pro Tyr Tyr Asp Gly Arg Ser Asn Trp fyr phe Asp Leu
1 5 10 is
<210> 45

<211> 15

<212> PRT

<213> Artificial sequence

<220>

<223> WVH CDR3 variant

<400> 45

Arg Tyr Pro Tyr Tyr Cys Gly Arg Ser Asn Trp Tyr Phe Asp Leu
1 5 10 15
«<210> 46

<211= 15

20154



<212>
<213>

<220>
<223>
<400>

<210>
<211>

<213> Artificial Sequence <220> <223> variant #19501 <400> 51 Cys
Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser Tyr Trp Tyr Phe Asp 151015
Leu Trp Gly <210> 52 <211> 19 <212> PRT 22/54 <213> Artificial
Sequence <220> <223> Variant #13165 <400> 52 Cys Ala Arg Thr Pro
Tyr Tyr Tyr Ser Arg Thr Tyr Trp Tyr Phe Asp 1510 15 Leu Trp Gly
pa210> 53 <211> 19 <212> PRT <213> Atrtificial Sequence <220> <223>
Variant #19525 <400> 53 Cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg Thr
Artji TeparySP@éensd 15 10 15 Leu Trp Gly <210> 54 <211> 19 <212>
PRT <213> Artificial Sequence <220> <223> variant #13021 <400> 54

VH CDR3 variant

46
Arg Asp Pro Tyr Tyr Cys Ser Arg Ser Cys Trp Tyr Phe Asp teu
1 5 10 15
47
15
PRT

<2i2>
<213>

<220>
<223>
<400>

Artificial Sequence

VH CDR3 variant
47

Arg Tyr Pro Tyr Tyr Ser Gly Arg Ser Tyr Trp Tyr Phe Asp Leu
1 5 10 15

<210>
<211>
<212>
<213>

<220>
<223>
<400>

1

<210>
<211>
<212>
<213>

<220>

48
15
PRT

Artificial sequence

VH CDR3 variant
48

Arg Pro Pro Tyr Tyr Tyr Gly Ser Ser His Yrp Tyr Phe Asp ¥§1
5

10

49
19
PRT

Artificial Sequence
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Cys Ala Arg Thr Pro Tyr Tyr Tyr Gly Arg Ser Tyr Trp Tyr Phe Asp 15 10
15 Leu Trp Gly <210> 55 23/54 <211> 19 <212> PRT <213> Artificial
sequence <220> <223> variant #19647 <400> 55 Cys Ala Arg Tyr Pro
Tyr Tyr Tyr Ser Arg Thr ser Trp Tyr Phe Asp 1510 15 Leu Trp Gly
<210>56 <211>19 <212> PRT <213> Atrtificial sequence <220> <223>
Variant #20005 <400> 56 Cys Ala Arg Tyr Pro Tyr Tyr Ser Gly Arg Thr
<223>  Vpgi I TEPhe Asp 1510 15 Leu Trp Gly <210> 57 <211> 19 <212>
<400> 4BRT <213> Atrtificial Sequence <220> <223> Variant #301 <400> 57 cys

Ala Arg Asp Pro Tyr Tyr Gly Gly 1rrg Ser Tyr Trp Tyr Phe Asp 1505
%ys Ala ?ﬂ%f‘ﬁ%@ﬁ’p@ﬁ/ Tyr Tyr Gly égg Ser Tyr Trp Tyr ige Asp

Leu Trp Gly

<210> 50
<211> 19
<212> PRT

<213> Artificial Sequence

<220>
<223> variant #181
<400> 50

Cys Ala Arg Asp Pro Tyr Tyr Tyr Ser Arg Ser Tyr Trp Tyr Phe Asp
1 5 10 15
Leu Trp Gly

<210> 51
<211> 19
<212> PRT

<213> Artificial Sequence

<220>
<223> variant #19501
<400> 51

: gys Ala Arg Tyr gro Tyr Tyr Tyr Gly Arg Ser Tyr Trp Tyr Phe Asp
10 15

Leu Trp Gly

<210> 52

<211> 19
<212> PRT

22154



<213>

<220>
<223>
<400>

<210> 58 <211>19 <212> PRT <213> Atrtificial sequence <220> <223>
Variant #541 <400> 58 Cys Ala Arg Asp Pro Tyr Tyr ser Gly Arg ser Tyr
Trp Tyr Phe Asp 151015 Leu Trp Gly <210> 59 <211>19 <212> PRT
<213> Artificial sequence <220> <223> Variant profile lead sequence
<400> 59 Cys Ala Arg Asp Pro Tyr Tyr Tyr Gly Arg Ser Tyr Trp Tyr Phe
ArAsHi di 5118 ddueneir Trp Gly <210> 60 <211> 57 <212> DNA <213>
Artificial sequence <220> <223> DNA encoding variant profile lead
sequence <400> 60 25/54 tgcgcgcegta acccgtacta caacggtcgt agctactggt
acttcgatct gtggggt 57 <210> 61 <211> 57 <212> DNA <213> Atrtificial
vaSegHenee; 720> <223> Degenerate nucleic acid sequence

52

Cys Ala Arg Thr Pro Tyr Tyr Tyr Sser ﬁgg Thr Tyr Trp Tyr i?e ASD
1 5

Lteu Trp Gly

<210>
<211>
<212>
<213>

<220>
<223>
<400>

53
19
PRT

Artificial Sequence

variant #19525
53

cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly igg Thr Tyr Trp Tyr g?e Asp
1 5

Lteu Trp Gly

<210>
<211>

<ZiZ>

<Z213>

<220>
<223>
<400

54
19

PRT

Artificial Sequence

variant #13021
54

Cys Ala Arg Thr Pro Tyr Tyr Tyr Gly igg ser Tyr Trp Tyr ige Asp
1 5

Leu Trp Gly

<210>

55
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<400> 61 tgcgcgegtd myccgtacta cdryrgycgt ascwrctggt acttcgatct
gtggggc 57 <210> 62 <211> 26 <212> PRT <213> Artificial sequence
<220> <223> Matured VH CDR3 <400> 62 Thr Ala Val Tyr Tyr Cys Ala
Lys Tyr Po O Tyr Tyr Tyr Gly is Ser 1 His Trp Tyr Phe Asp Val Trp Gly GIn
Gly 2025 <210> 63 <211> 26 <212> PRT <213> Artificial sequence
<220> <223> pVGD9-1-1B8 <400> 63 Thr Ala Val Tyr Tyr Cys Ala Arg

<211> Hr pro Tyr Tyr Cys Gly Arg Thr Cys Trp Tyr Phe Asp Leu Trp Gly GIn

<212> faly 20 25 26/54 <210> 64 <211> 26 <212> PRT <213> Atrtificial
Sequence <220> <223> pVGD9-1-1D7 <400> 64 Thr Ala Val Tyr Tyr

<213>  AEg ARG Al SAAMBRE ryr Tyr Cys Gly Arg Thr 1510 15 Cys Trp Tyr Phe
Asp Leu Trp Gly GIn Gly 20 25 <210> 65

<220>
<223> Variant #19647
<400> 55

Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Thr Ser Trp Tyr Phe Asp
1 5 10 15
lLeu Trp Gly

<210> 56
<21i> 19
<212> PRT

<213> Artificial sequence

<220>
<223> variant #20005
<400> 56

Cys Ala Arg Tyr Pro Tyr Tyr Ser Gly Arg Thr Tyr Trp Tyr Phe Asp
1 5 10 15
teu Trp Gly

<210> 57
<211> 19
<212> PRT

<213> Artificial Sequence

<220>
<223> Vvariant #301
<400> 57

gys Ala Arg Asp gro Tyr Tyr Gly Gly Agg Ser Tyr Trp Tyr Phe Asp
1 15
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<211> 26 <212> PRT <213> Artificial Sequence <220> <223>
pVGD9-1-2A6 <400> 65 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr
Cys Gly Arg Thr 1510 15 Cys Trp Tyr Phe Asp Lee Trp Giy Gin Gly 20
25 <210> 66 <211> 26 <212> PRT <213> Artificial Sequence <220>
<223> pVGD9-1-3D10 <400> 66 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro

Lteu Trp &liyr Tyr Cys Gly Arg Thr 27/54 151015 Cys Trp Tyr Phe Asp Leu Trp

<210>
<211>
<212>
<213>

<220>
<223>
<400>

Gly GIn Gly 20 25 <210> 67 <211> 26 <212> PRT <213> Atrtificial
sequence <220> <223> pVGD9-1-2A12 <400> 67 Thr Ala Val Tyr Tyr
58ys Ala Arg Tyr 10ro Tyr Tyr Cys Gly Arg Thr Cys Trp Tyr Phe Asp Leu

10/ TP Gly GIn Gly 20 25 <210> 68 <211> 26 <212> PRT

PRT

Artificial Sequence

varjant #541
58

Cys Ala Arg Asp Pro Tyr Tyr Ser Gly Agg Ser Tyr Trp Tyr i?e ASD
1 5 1

Leu Trp Gly

<210>
<211>
<212>
<213>

<220>
<223>
<400>

59
19
PRT

Artificial Sequence

variant profile Tead sequence

59

Cys Ala Arg Asp Pro Tyr Tyr Tyr Gly Qgg seér Tyr Trp Tyr i?e Asp
1 5

Leu Trp Gly

<2 10>
<211>
<212>
<213>

<220>
<223>
<400>

60
57
DNA

Artificial sequence

DNA encoding variant profile lead sequence

60
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<213> Artificial Sequence <220> <223> pVGD9-1-1F8 <400> 68 Thr Ala
Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg Ser 151015 Cys
Trp Tyr Phe Asp LeU Trp Gly GIn Gly 20 25 <210> 69 <211> 26 <212>
PRT <213> Artificial Sequence <220> 28/54 <223> pVGD9-1-3BS

<400> 69 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg Ser

tgcgegeq i 10:460 Gy T rpafyuPhesAspukeacT gy G lyGin Gilyc20t5ggat0> 70 57

<210>
<211>
<212>
<213>

<220>
<223>
<400>

<211> 26 <212> PRT <213> Atrtificial Sequence <220> <223>

pYGD9-1-1C4 <400> 70 Thr Ala Val Tyr Tyr CyS Ala Arg Tyr Pro Tyr Tyr

ggs ser Arg Ser .1 510i5 Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20
<210> 71 <211> 26 <212> PRT <213> Atrtificial Sequence

DNA

Artificial Seguence

begenerate nucleic acid sequence

61

tgcgcgegtd myccgtacta cdryrgycgt ascwrctggt acttcgatct gtgggac 57

<210>
<211>
<212>
<213>

<220>
<223>
<400>

1

62
26
PRT

Artificial sequence

Matured VH CDR3
62

Thr Ala val Tyr gyr Cys Ala Lys Tyr Pro Tyr Tyr Tyr Gly Thr Ser
10

15

His Trp Tyr Sge Asp val Trp Gly Gln Gly
25

<210>
<211>
<212>
<213>

<220>
<223>
<400>

63
26
PRT

Artificial sequence

pvGD9-1-1B8
63

;hr Ala val Tyr Eyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg Thr
10 15

Cys Trp Tyr gge Asp Leu Trp Gly Gln Gly
25
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<210>
<211>
<212>
<213>

<220>
<223>
<400>

1

<220> <223> pVGDY9-1-3F1 <400> 71 Thr Ala Val Tyr Tyr Cys Ala Arg

Tyr Pro Tyr Tyr Cys Ser Arg Ser 1510 15 Cys Trp Tyr Phe Asp Leu Trp

Gly GIn Gly 20 25 <210> 72 <211> 26 <212> PRT <213> Attificial

Sequence 29/54 <220> <223> pvGD9-1-2F7 <400> 72 Thr Ala Val Tyr

Tyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg Ser 151015 Asn Trp Tyr

Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 73 <211> 26 <212> PRT

4<213> Artificial Sequence <220> <223> pvGD9-1-3B11 <400> 73 Thr

Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Gly Ser Arg Thr 1510 15
26Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 74 <211> 26
pps212> PRT <213> Artificial sequence <220>

artificial Ssequence

pVGDI-1-1D7
64

Thr Ala val Tyr Tyr Cys Ala Arg Tyt igo Tyr Tyr Cys Gly ?gg Thr
5

Cys Trp Tyr phe asp Leu Trp Gly ggﬂ Gly
20

<210>
<211>
<212>
<213~

<220>
<223>
<400>

1

65
26
PRT

Artificial sequence

pvGDI-1-2A6
65

Thr Ala val Tyr Tyr Ccys Ala Arg Tyr Pro Tyr Tyr Cys Gly égg Thr
5

10

Cys Trp Tyr Phe Asp Leu Trp Giy Gin Giy
20 25

<210>
<211>
<212>
<213>

<220>
<223>
<400>

66
26
PRT

Artificial sequence

pvGb9-1-3p10
66

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg Thr

27154



1

<223> pvGD9-1-3B10 <400> 74 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro
Tyr Tyr Ser Gly Arg Ser 151015 Tyr Trp Tyr Phe Asp Leu Trp Gly GIn
Gly 20 25 <210> 75 30/54 <211> 26 <212> PRT <213> Artificial
Sequence <220> <223> pvGD9-1-1A11 <400> 75 Thr Ala Val Tyr Tyr
Cys Ala Arg Asp Pro Tyr Tyr Asp Ser Arg Ser 151015 Ser Trp Tyr Phe
Asp Leu Brp Gly GIn Gly 20 25 <€210> 76 <211> 26 <212> PRT <213>
Artificial Sequence <220> <223> pVGD9-1-2A1 <400> 76 Thr Ala Val

Cys Trp TyF T;m&xgﬁ@ﬁrg,@sgﬂr%wra'w ASP Ser Arg Ser 151015 Tyr Trp

<210>
<211>
<212>
<213>

L <220
<223>
<400>

1

Tyr Pite Asp Leu Trp Gly GIATGIly 20 25 <210> 77 <211> 26 <212> PRT
<213> Artificial Sequence <220> <223> pvGD9-1-3A6

67
26
PRT

Artificial Sequence

PVGD9-1-2A12
67

Thr Ala val Tyr Eyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg Thr
10 15

Cys Trp Tyr gge Asp Leu Trp Gly GIn Gly
25

<210>
<211>
<212>
<213>

<220>
<223>
<400

1

68
26
PRT

Artificial sequence

pvGDS-1-1F8
68

Thr Ala val Tyr gyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg Ser
10 15

Cys Trp Tyr g]ae Asp Leu Trp Gly GIn Gly
25

<210>
<211>
<212>
<213>

<220>

69
26
PRT

Artificial sequence
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<400> 77 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr Gly Gly Arg
Ser 151015 Tyr Trp Tyr Phe Asp Leu Trp Gly GIn Gly 31/54 20 25
<210> 78 <211> 26 <212> PRT <213> Atrtificial sequence <220> <223>
pVGD9-1-2G8 <400> 78 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr
Gly Gly Arg Thr 151015 Ser Trp Tyr Phe Asp Leu Trp Gly Gin Gly 20
«223> pvédo-R3@3 79 <211> 26 <212> PRT <213> Artificial sequence <220>
<223> pVGD9-1-3B8 <400> 79 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Pro
<400> 69Tyr Tyr cys Gly Arg Ser 151015 Asn Trp Tyr Phe Asp Leu Trp Gly GIn

Thr Ala vEIYRO 25 r<2}9n80 %24 1ry26pc212>» RRT €243 wﬂﬁglme&equence
<220> <P23> pVGD9-1-1B7 <490> 80

Cys Trp Tyr Phe Asp Leu Trp Gly g;n Gly
20

<210> 70
<211> 26
<212> PRT

<213> Artificial Seguence

<220>
<223> pvGDY-1-1C4
<400> 70

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Ser Arg 5er
1 5 10 15
Cys Trp Tyr Phe Asp Leu Trp Gly Sgn Gly

20

<210> 71
<211> 26
<212> PRT

<213> Artificial Sequence

<220>
<223> pvGDh9-1-3F1
<40 71

Thr aAla val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Ser Arg ser
1 5 10 15
Cys Trp Tyr Phe Asp Leu Trp Gly Gln Gly
20 25
<210> 72
<211> 26

<212> PRT

<213> Artificial Sequence

29/54



32/54 Thr Ala Val ser Tyr Cys Ala Arg Asp Pro Tyr Tyr Tyr Gly Argser 15
10 15 Aso Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 81 <211>
26 <212> PRT <213> Artificial Sequence <220> <223> pVGD9-1-3H3
<400> 81 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr Tyr Gly Arg Thr
151015 Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 82
<211> 26 <212> PRT <213> Artificial sequence <220> <223>
pvGD9-1-1D2 <400> 82 Thr Ala Val Tyr Tyr Cys Ala Arg Ala Pro Tyr Tyr
20> CysSerArg Thr 151015 Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20
25 <210> 83 <211> 26 <212> PRT <213> Artificial Sequence <220>
<223>  gEpR-dpZ8L pyGDY-1-2A2 <400> 83

<400> 72

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Cys Gly Arg ser
1 5 10 15 -
Asn Trp Tyr Phe Asp Leu Trp Gly Gin Gly

20 25

<210> 73
<211l> 26
«212> PRT

<213> Artificial Sequence

<220>
<223> pvGb9-1-3B11
<400> 73

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Gly Ser Arg Thr
1 5 10 15
Cys Trp Tyr phe Aép teu Trp Gly GIn Gly

20 25

<210> 74
<211l> 26
<212> PRT

<213> Artificial Sequence

<220>

<223> pvGDS-1-3B10

<400> 74

;hr Ala val Tyr Tyr Cys Ala Arg Tyr Pgo Tyr Tyr Ser Gly Arg Ser
5 1 15

Tyr Trp Tyr Phe Asp Leu Trp Gly GlIn Gly
: 20 25

<210> 75
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Thr Ala Val Tyr Tyr Cys Ala Arg Ala 10ro Tyr Tyr Cys Ser Arg Thr 55
Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 84 <211> 26
<212> PRT <213> Artificial Sequence <220> <223> pVGD9-1-2A11
<400> 84 Thr Ala Val Tyr Tyr Cys Ala Arg Ala 1rro Tyr Tyr Cys Gly Arg
Ser Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 85 <211> 26
<211> 26212> PRT <213> Atrtificial Sequence <220> <223> pvGD9-1-3A12
<400> 85 Thr Ala Val Tyr Tyr Cys Ala Arg Ala POro Tyr Tyr Cys Gly Arg
er 5Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 86 <211>
<213> A126 T4212b PRTSY/H4 <213> Artificial sequence <220> <223>
pVGD9-1-1C2 <400> 86 Thr Ala Val Tyr Tyr Tyr Ala Arg Ala Pro Tyr Tyr
Cys Gly Arg Ser 151015 Tyr Trp Tyr Phe Asp Leu Trp Gly GIn Gly

<212>

<220>

<223> pvGeDY-i-1all

<400> 75

Ihr Ala val Tyr Eyr Cys Ala Arg Asp ;60 Tyr Tyr Asp Sser ggg ser

Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly
20 25

<210> 76
<211> 26
<212> PRT

<213> aArtificial Seguence

<220>
<223> pvGDY9-1-2A1
<400> 76

The Ala val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr Asp Ser Arg 5Ser
1 5 10 15
Tyr Trp Tyr Phe Asp Leu Trp Gly ggn Gly

20

<210> 77
<211> 26
<212> PRT

<213> Artificial sequence

<220>
<223> pvGeD9-1-3A6
<400> 77

Thr Ala val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr Gly Gly igg Ser
1 5 10

Tyr Trp Tyr Phe Asp Leu Trp Gly Gin Gly
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<210>
<21i1>
<212>
<213>

<220>
<223>
<400>

20 25 <210> 87 <211> 26 <212> PRT <213> Artificial sequence <220>
<223> pVGD9-1-1812 <400> 87 Thr Ala Val Tyr Tyr Tyr Ala Arg Ala Pro
Tyr Tyr Cys Gly Arg ser 151015 Tyr Trp Tyr Phe Asp Leu Trp Gly GIn
Gly 20 25 <210> 88 <211> 26 <212> PRT <213> Artificial Sequence
<220> <223> pVGD9-1-2A3 <400> 88 Thr Ala Val Tyr Tyr Cys Ala Arg
Ser Pa®Tyr Tyr Cys Gly Arg Ser 1510 15 Cys Trp Tyr Phe Asp Leu Trp
Gly GIn Gly 20 25 <210> 89 35/54 <211> 26 <212> PRT <213> Artificial
sgquence <220> <223> pVGD9-1-2G5 <400> 89 Thr Ala Val Tyr Tyr
Cys Ala Arg Ser Prro Tyr Tyr Cys Gly Arg Ser 15 Cys Trp Tyr Phe Asp
Egu Trp Gly GIn Gly 20 25 <210> 90

PRT

Artificial sequence

pvGD3-1-2G8
78

Ihr Ala val 7Tyr Eyr Cys Ala Arg Asp Pro Tyr Tyr Gly Gly Arg Thr
10 15

Ser Trp Tyr Phe Asp Leu Trp Gly Gln Gly
20 25

<210>
<211>
<212>
<213>

<220
<223>
<400>

i

79
26
PRT

Artificial Sequence

pPVGD9-1-388
79

Thr Ala val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr Cys Gly Arg Ser
5 10 15

Asn Trp Tyr Phe Asp Leu Trp Gly Gin Gly
20 25

<210>
<211>
<212>
<213>

<220>
<223>
<400>

80
26
PRT

artificial sequence

nvGeb9-1-1B7
80
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Thr Ala
1
Asn Trp

<210>
<211>
<212>
<213>

<220>
<223>
<400>

Thr Ala
1
ser Trp

<210>
<211>
<212>
<213>

<220>
«223>
<400>
Thr Ala
1

Cys Trp

<210>
<211>
<212>
<213>

<220>

<211> 26 <212> PRT <213> Artificial Sequence <220> <223>
pVGD9-1-2A8 <400> 90 Thr Ala Val Tyr T5 yr Cys Ala Arg Ser PP~ Tyr
Tyr Cys Ser Arg Thr Cys Trp Tyr Phe ASP Leu Trp Gly GIn Gly 20 25
<210> 91 <211> 26 <212> PRT <213> Artificial Sequence <220> <223>
pVGD9-1-3A7 <400> 91 Thr Ala Val Tyr Tyr CYS Ala Arg ser PPOro Tyr

v %Wyﬁcgé%é 13 36(38 PO TH M Phe Aspile-irR&ly Gin Gly
20 25 <290> 92 <211> 26 <2128 PRT <213> AtrtificialiSequence <220>

<223> pvGD9-1-2B7 <400> 92 Thr Ala Val Tyr Tyr Cys Ala Arg Asn Pro
FYF PHCNS Gl Arg-ghe1d B0 &9y Cys Trp Tyr Phe Asp Leu Trp Gly Gin

Gly 2825 <210> 93 <211>236 <212> PRT <213> Artificial Sequence
81
26
PRT

Artificial Sequence

pVGDI-~1-3H3
81

val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr Tyr Gly Arg Thr
5 16 15
Tyr Phe Asp Leu Trp Gly Gln Gly
20 25

82
26
PRT

Artificial Saguence

pVGDI-1-1D2

82

val Tyr Tyr Cys Ala Arg Ala Pro Tyr Tyr Cys Ser ggg Thr
5 10

Tyr Phe Asp Leu Trp Gly Gin Gly
20 25

83

26

PRT

Artificial Sequence
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<220> <223> pvGD9-1-2G6 <400> 93 Thr Ala Val Tyr Tyr Cys Ala Arg
Asn Pro Tyr Tyr Cys Gly Arg Thr 1510 15 Cys Trp Tyr Phe Asp Leu Trp
Gly GIn Gly 20 25 <210> 94 <211> 26 <212> PRT <213> Attificial
sequence <220> <223> pvGD9-1-3A11 <400> 94 37/54 Thr Ala Val Tyr
Tyr Cys Ala Arg Thr Pro Tyr Tyr Gly Gly Arg Thr 151015 Asn Trp Tyr
Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 95 <211> 26 <212> PRT
<223>  poads INdffidial Sequence <220> <223> pVGD9-1-3H2 <400> 95 Thr Ala
<a00> &l Tyr Tyr Cys Ala Arg Thr Pro Tyr Tyr Tyr Gly Arg Thr 15 10 15 ser
Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 96 <211> 26 <212>
'{hr Map@i— EZES}VArﬁé%@edﬂ"@nﬁéa%JW Tyr Cys Ser Agg Thr

Cys Trp Tyr Phe Asp Leu Trp Gly Gin Gly
20 25

<210> 84
<211> 26
<212> PRT

<213> Artificial seguence

<220>

<223> pvGD9-1-2A11
<400> B4

{hr Ala val Tyr Eyr Cys Ala Arg Ala Ego Tyr Tyr Cys Gly Qgg Ser

Cys Trp Tyr ;ge Asp Leu Trp Gly Gin Gly
25

<210> 85
<211> 26
<212> PRT

<213> Artificial seguence

<220>
<223>  pvGDI-1-3A12
<400> 85

Thr Ala val Tyr Tyr Cys Ala Arg Ala Pro Tyr Tyr Cys Gly Arg Ser
1 5 10 15
Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly
20 25
<210> 86

<211> 26

<212> PRT

34154



<223> Library9 <220> <221> MISC_FEATURE <222> (9)..(9) <223> X =
Y,D, A, S, N, or T <220> <221> MISC_FEATURE <222> (13)..(13)
<223>x=Y, C, G, S, or D. 38/54 <220> <221> MISC_FEATURE <222>
(14)..(14) <223>X =G or S. <2205 <221> MISC_FEATURE <222>
(16)..(16) <223>x =S or T. <220><221> MISC_FEATURE <222>

213>  addifiddd] <¥3znée H, C, N, Y, or S. <400> 96 Thr Ala Val Tyr Tyr Cys
Ala Arg Xaa Pro Tyr Tyr Xaa Xaa Arg Xaa 15 10 15 xaa Trp Tyr Phe

Asp Leu Trp Gly GIn Gly 20 25 <210> 97 <211> 26 <212> PRT <213>
<220> Artificial sequence <220> <223> PVG9-3-1G6 <400> 97 Thr Ala Val Tyr
223 pV'IG'gg _Cl)[s1 é_l)a Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser
<400> 86

Thr Ala val Tyr Tyr Tyr Ala Arg Ala Pro Tyr Tyr Cys Gly Arg Ser
1 5 10 15
Tyr Trp Tyr Phe Asp Leu Trp Gly gén Gly

20

<210> 87
<211> 26
<212> PRT

<213> Artificial Sequerice

<220>
<223> pvGD9-1-1BI12
<400> 87

Thr Ala val Tyr Tyr Tyr Ala Arg Ala Pro Tyr Tyr Cys Gly Qgg ser
1 5 10

Tyr Trp Tyr Phe Asp Leu Trp Gly Gln Gly
20 25

<210> B8

<211> 26

<2iZ2> PRT

<213> Artificial sequence

<220>

<223> pvGDI-1-2A3

<400> 88§

Thr ATa val Tyr Tyr Cys Ala Arg Ser Pro Tyr Tyr Cys Gly Arg Sser
1 5 10 15

Cys Trp Tyr pPhe Asp Leu Trp Gly g}jn Gly
20

<210> 89
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<211>
<212>
<213>

<220>
<223>
<400>

151015 Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 98
<211> 26 39154 <212> PRT <213> Atrtificial sequence <220> <223>
PVG9-3-2A1 <400> 98 Thr Ala Val Tyr Tyr CyS Ala Arg Tyr Pro Tyr Tyr
Tyr Ser Arg Ser 151015 Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20
25 <210> 99 <211> 26 <212> PRT <213> Artificial Sequence <220>
<223> PVG9-3-1D3 <400> 99 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr PPOro
39r Tyr Tyr Ser 1rg Ser 55 Ser Trp Tyr Phe Asp Leu Trp Gly Gln Gly 20
ARr <210> 100 <211> 26 <212> PRT <213> Artificial Sequence <220>
<223> PVG9-3-1D5 <400> 100 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro
AGFVETS SRR Ser 15 10 15

pvGD9-1-2G5
89

{hr Ala val Tyr gyr Cys Ala Arg Ser Pro Tyr Tyr Cys Gly Arg Ser
10 15

Cys Trp Tyr Phe Asp teu Trp Gly Gin Gly
20 25

<210>
<211>
<212>
<213>

<220>
<223>
<400>

90
26
PRT

Artificial sequence

pvGD9-1-2A8
90

{hr Ala val Tyr gyr Cys Ala Arg Ser Pro Tyr Tyr Cys Ser Arg Thr
.10 15

Cys Trp Tyr ghe Asp Leu Trp Gly GIn Gly
0 25

<210>
<211>
<212>
<213>

<220>
<223>
<400

1

91
26
PRT

artificial Sequence

pvVGD9-1-3A7
91

Thr Ala val Tyr gyr Cys Ala Arg ser Pgo Tyr Tyr Gly Gly Arg Ser
1 15

36/54



Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 40/54 <210> 101 <211>
26 <212> PRT <213> Artificial sequence <220> <223> PVG9-3-1G4
<400> 101 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg
Ser 151015 Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210>
102 <211> 26 <212> PRT <213> Atrtificial Sequence <220> <223>

Tyr Trp TPV@Re3a3R1L «1400p X022 TimAd ¥al Tyr Tyr Cys Ala .Arg Tyr Pro Tyr Tyr
Tyr&er Arg Ser 1510 15%%er Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20
25 <210> 103 <211> 26 <212> PRT <213> Artificial Sequence <220>

<210>  92<223> PVG9-3-1E5 <400> 103 Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro

11> 261Yr Tyr Tyr Ser Arg ser 41/54 1510 15

<212> PRT

<213> Artificial Sequence

<220>

<223> pVvGDY9-1-287

<400> 92

;hr Ala val Tyr gyr Cys Ala Arg Asn igo Tyr Tyr Cys Gly igg Thr

Cys Trp Tyr Phe Asp Leu Trp Gly S;n Gly
20

<210> 93
<211> 26
<212> PRT

<213> Artificial Seguence

<220>

<223> pvGD9-1-2G6

<400> 93

Ihr Ala val Tyr gyr Cys Ala Arg Asn igo Tyr Tyr Cys Gly égg Thr

Cys Trp Tyr Phe Asp Leu Trp Gly ggn Gly
20

<210> 94
<211> 26
<212> PRT

<213> Artificial Sequence
<220>

<223> pvGeDY-1-3A11
<400> 94
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Thr Ala
1
Astt Trp

<210>
<211>
<212>
<213>

<220>
<223>
<400>
Thr Ala
1

ser Trp

<210>
<211>
<2312>
<213>

<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
«223>

Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 104 <211> 26
<212> PRT <213> Atrtificial Sequence <220> <223> PVG9-3-1A5 <400>
104 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr 10ro Tyr Tyr Tyr Ser Arg Ser Ser
Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 105 <211> 26 <212>
PRT <213> Artificial Sequence <220> <223> PVG9-3-1A10 <400> 105
Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser 1510 15
ot T THY PlEAY Lt TralC pn @ty Dor25 1% 23bs }g@ b 1> 26
<212> PRT <213> Atrtificial Sequence <220> 42/54 <223> PVG9-3-2E6

<400> 106 Thr Ala Val za/r Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg
3 ;g 1 RE-Re T fitp STy %l'ﬂe 5h Leu Trp Gly GIn Gly 20 25

g5
26

PRT

"Artificial sequence

pPVGD9-1-3H2
a5

val Tyr Tyr Cys Ala Arg Thr Pro Tyr Tyr Tyr Gly Arg Thr
5 10 15
Tyr Phe Asp Leu Trp Gly Glin Gly
20 25

96
26
PRT

Artificial Sequence
Library9
MISC_FEATURE

(9..(9
X=Y, D, A, S, N, or T

MISC_FEATURE
(13)..(13)
X=Y, ¢, G, 5, or D.

38/54



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222
<223>

<400

<210> 107 <211> 26 <212> PRT <213> Artificial Sequence <220>
<223> PVG9-3-1810 <400> 107 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro
Tyr Tyr Tyr Ser Arg Ser 1510 15 Asn Trp Tyr Phe Asp Leu Trp Gly GIn
Gly 20 25 <210> 108 <211> 26 <212> PRT <213> Atrtificial sequence
<220> <223> PvG9-3-1D6 <400> 108 Thr Ala Val Tyr Tyr Cys Ala Arg
Tyr Pro Tyr Tyr Tyr Ser Arg Ser 151015 Asn Trp Tyr Phe Asp Leu Trp
Gly GIn Gly 20 25 <210> 109 <211> 26 <212> PRT <213> Artificial
M%éﬁ%%ﬁsm <220> <223> PVG9-3-2F4 <400> 109 Thr Ala Val Tyr
(kyr. Cysamla Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser 151015 Asn Trp Tyr
x F;hg AO§pSLeu Trp Gly GIn Gly 20 25 <210> 110

MISC_FEATURE
(16)..(16)

X=5o0orrT.

MISC_FEATURE
(17)..047

X =H, C, N, Y, or 5.

96

Thr Ala val Tyr Tyr Cys Ala Arg Xaa Pgo Tyr Tyr Xaa Xaa %gg Xaa
1 5 1

Xaa Trp Tyr Phe Asp Leu Trp Gly ggn Gly
20

«210>
«<211>
<212>
<213>

<220>
<223>
<400

1

97
26
PRT

Artificial Sequence

PVGI-3-1G6
97

Thr Ala val Tyr Tvr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser égg Ser
10

5

Ser Trp Tyr She Asp Leu Trp Gly ggn Gly
0

<210>
<211>

98
26
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<212>
<213>

<220>
<223>
<400>

<211> 26 <212> PRT <213> Artificial Sequence <220> <223>
PVG9-3-1E3 <400> 110 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr
Tyr Gly Arg Ser 1510 15 Asn Trp Tyr Phe Asp Leu Trp Gly Gin Gly 20
25 <210> 111 <211> 26 <212> PRT <213> Artificial Sequence <220>
<223> PVG9-3-2A2 <400> 111 Thr Ala Val Tyr Tyr CYS Ala Arg Tyr Pro
Tyr Tyr Tyr Gly Arg Ser 1510 15 Asn Trp Tyr Phe Asp Leu Trp Gly GIn
Gy 20 25 <210> 112 44/54 <211> 26 <212> PRT <213> Atrtificial
REoU8NGE <§@c91>en<c.2e23> PVG9-3-1G7 <400> 112 Thr Ala Val Tyr Tyr
Cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser 1 S 10 15 Ser Trp Tyr Phe
Asp Leu Trp Gly GIn Gly 20 25 <210> 113 <211> 26

PVGY-3-2a1
98

;hr Ata val Tyr Tyr Cys Ala Arg Tyr ;ro Tyr Tyr Tyr Ser Arg Ser
5 0

15

Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly
20 25

<210>
<211>
<212>
<213>

<220>
<223>
<400>

99
26
PRT

artificial sequence

PVGO-3-1D3
99

{hr Ala val Tyr gyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser
10 15

Ser Trp Tyr Phe Asb Leu Trp Gly GIn Gly
20 25

<210>
<211>
<212>
<213>

<220>
<223>
<400>

100
26
PRT

Artificial Sequence

PVGEI9-3-1D5
160

;hr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser
5 10

15

ser Trp Tyr Phe Asp teu Trp Gly GIn Gly
20 25
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<212> PRT <213> Artificial sequence <220> <223> PVG9-3-1E2 <400>
113 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg 5er 15
10 15 Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 114 <211>
26 <212> PRT <213> Artificial Sequence <220> <223> PV(G9-3-2812
<400> 114 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr 10ro Tyr Tyr Tyr Gly Arg
Thr 5er Trp Tyr The Asp Lea Trp Gly GIn Gly 45/54 20 25 <210> 115
<211> 26 <212> PRT <213> Artificial sequence <220><223>

<210> 18Y,G9.3-2D6 <400> 115 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr
<211> 28yr Gly Arg Thr 151015 Ser Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20
<217 P% <210> 116 <211> 26 <212> PRT <213> Atrtificial Sequence

<213> Artificial Sequence

<220>

<223> PVGI-3-1G4

<400> 101

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser
1 5 10 15

ser Trp Tyr Phe Asp Leu Trp Gly Gln Gly
20 25

<210> 102
<211> 26
<212> PRT

<213> Artificial Seqguence

<220>

<223> PVGY-3-2E1

<400> 102

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser
1 5 10 15

Ser Trp Tyr Phe Asp Leu Trp Gly Gin Gly
20 25

<210> 103
<21%> 26
<212> PRT

<213> artificial Sequence

<220
<223> PVGY-3-1ES
<400> 103

Thr ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser
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<220> <223> PvG9-3-2F2 <400> 116 Thr Ala Val Tyr Tyr Cys Ala Arg
Tyr Pro Tyr Tyr Ser Gly Arg Ser 1510 15 Ser Trp Tyr Phe Asp Leu Trp
Gly GIn Gly 20 25 <210> 117 <211> 26 <212> PRT <213> Artificial
Sequence <220> <223> PVG9-3-1D1 <400> 117 46/54 Thr Ala Val Tyr
Tyr Cys Ala Arg Tyr Pro TyrTyr Ser Gly Arg Ser 1510 15 Ser Trp Tyr
1 Phe Asp Léu Trp Gly GIn Gly 20 289 <210> 118 <211> 285<212> PRT
<213> Artificial Sequence <220> <223> PvG9-3-1A11 <400> 118 Thr
ser TrpAlyVaheyndyriGys Wa Atg TmPedyTyr Tyr Ser Gly Arg Ser 15 10 15
Ser THPTyr Phe Asp Leu Trp?&ly Gin Gly 20 25 <210> 119 <211> 26

<212> PRT <213> Artificial Sequence <220>
<210> 104

211> 26
<212> PRT

<213> Artificial Sequence

<220>
<223> PVG9-3-1A5
<400> 104

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg Ser
1 5 10 15
ser Trp Tyr ghe Asp Leu Trp Gly 61n Gly

0 25

<210> 105
<211> 26
<212> PRT

<213> Artificial Sequence

<220>
<223> PVG3-3-1A10
<400> 105

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Ser Arg ser
1 5 10 15
ser Trp Tyr Phe Asp Leu Trp Gily Gln Gly
20 25
<210> 106
<211> 26

<212> PRT

<213> Artificial Sequence

<220>
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<223> PVG9-3-1E7 <400> 119 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro
Tyr Tyr Tyr Ser Arg Thr 151015 Ser Trp Tyr Phe Asp Leu Trp Gly GIn
Gly 20 25 <210> 120 <211> 26 <212> PRT <213> Artificial sequence
<220> 47/54 <223> PVG9-3-1010 <400> 120 Thr Ala Val Tyr Tyr Cys Ala
Arg Ala Pro Tyr Tyr Cys Gly Arg Ser 1510 15 Cys Trp Tyr Phe Asp Leu

<223> PUap-Giggain Gly 20 25 <210> 121 <211> 26 <212> PRT <213> Artificial

<400 :@ﬁquence <220> <223> PVG9-3-1F9 <400> 121 Thr Ala Val Tyr Tyr Cys

a Arg Tyr Pro Tyr Tyr Cys Gly Arg Ser 151015 Cys Trp Tyr Phe ASP

Thr Ala Y&eu Typ Gl GInsGhl 20028 RI1E0 T <IVT> PO SRI25MPRFPR213>

Artificial Sequence <220> <223¥PVG9-3-1F8 15

Asn Trp Tyr gge ASp Leu Trp Gly g;n Gly

<210> 107
<211> 26
<212> PRT

<213> Artificial Sequence

<220>

<223> PVGE9-3-1B10

<400> 107

{hr Ala val Tyr Eyr Cys Ala Arg Tyr 550 Tyr Tyr Tyr Ser égg ser

Asn Trp Tyr Phe Asp Leu Trp Gly GIn Gly
20 25

<210> 108
<211> 26
<212> PRT

<213> Artificial Seguence

«220>

<223> PVG9-3-1D6
<400> 108

{hr Ala val Tyr gyr Cys Ala Arg Tyr 550 Tyr Tyr Tyr Ser ?gg ser

Asn Trp Tyr phe Asp Leu Trp Gly Gin Gly
20 25

<210> 109

<211> 26

<212> PRT

<213> Artificial Sequence
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<400> 122 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Asp Gly Arg
Ser 151015 Asn Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210>
123 <211> 26 <212> PRT 48/54 <213> Atrtificial sequence <220> <223>
PVG9-3-2G5 <400> 123 Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr
Cys Gly Arg ser 151015 Asn Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20
25 <210> 124 <211> 26 <212> PRT <213> Artificial sequence <220>
<223> PVG9-3-2811 <400> 124 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Pro

<220> TyrTyr Cys Ser Arg Ser 151015 Cys. Trp Tyr Phe Asp Leu Trp Gly GIn
Gly 20 25 <210> 125 <211> 26 <212> PRT <213> Artificial Sequence

<223 B4 I DS PyGo.3.0G9 <4005 125

<400> 109

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tvr Tyr Tyr Gly Arg Ser
1 5 10 15
Asn Trp Tyr Phe Asp Leu Trp Gly Gin Gly

20 . 25

<210> 110
<211> 26
<212> PRT

<213> Artificial Seqguence

<220>
<223> PVGY-3-1E3
<400> 110

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser
1 5 io 15
Asn Trp Tyr Phe Asp bLeu Trp Gly Gln Gly
20 25
<210> 111
<211> 26

<212> PRT

<213> Artificial sequence

<220>

<223> PVGY9-3-2A2

<400> 111

;hr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser
5 10 15

Asn Trp Tyr gge Asp Leu Trp Gly g%n Gly

<210> 112
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Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Ser Gly Arg Ser 15 10
15 Tyr Trp Tyr Phe Asp Leu Trp Gly GIn Gly 20 25 <210> 126 49/54
<211> 123 <212> PRT <213> Artificial sequence <220> <223> VH of
antibody X64 <400> 126 Glu Val GIn Leu Val Glu Ser Gly Gly Gly Leu Val
GIn Pro Gly Gly 151015 Ser Leo Arg Leu Ser Cys Ala Ala Ser Gly Tyr
<211> 2fhr Phe Thr Asn Tyr 20 25 30 Gly Met Asn Trp Val Arg GIn Ala Pro Gly
<212> phyS Gly Leu Glu Trp Val 35 40 45 Gly Trp lle Asn Thr Tyr Thr Gly Glu Pro
Thr Tyr Ala Ala Asp Phe 50 55 60 Lys Arg Arg Phe Thr Phe Ser Leu Asp
<213> A TEEiq | SEWEPRR Ala Tyr 65 70 75 80 Leu GIn Met Asn Ser Leu Arg
Ala Glu Asp Thr Ala Val Tyr Tyr Cys 85 90 95 Ala Lys Tyr Pro His Tyr Tyr
Gly Arg Ser His Trp Tyr Phe Asp Val 100 105 110 Trp Gly GIn Gly Thr
<220> | euval Thr Val Ser Ser 115 120 <210> 127 <211> 108 <212> PRT
<223> pvadlk3>1aitificial Sequence’ <220> <223> VL of antibody x64,x65, D36,
400> 1940 and D42 <400> 127
Thr ATa val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser
1 5 10 15

ser Trp Tyr Sge ASp Leu Trp Gly Gln Gly
25

<210> 113
<211> 26
<212> PRT

<213> Artificial sequence

<220>
<223> PVG9-3-1E2
<400= 113

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Tyr Gly Arg Ser
1 5 10 15
Ser Trp Tyr Phe Asp Leu Trp Gly Gin Gly

20 25

<210> 114
<21l> 26
<212> PRT

<213> Artificial Sequence

<220>

<223> PVG9-3-2B12
<400> 114

Ihr‘ Ala val Tyr ‘é‘yr Cys Ala Arg Tyr ]PBO Tyr Tyr Tyr Gly ?gg Thr

Ser Trp Tyr Phe Asp Leu Trp Gly 6In Gly

45/54



<210>
<211>
<212>
<213>

<220>
<223>
<400

1

Asp lle Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 15 10
15 50/54 Asp Arg Val Thr lle Thr Cys Ser Ala Ser GIn Asp lle Ser Asn Tyr
20 25 30 Leu Asn Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Val Lein lle
3540 45 Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser
Gly 50 55 60 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu
Gln P 65 70 75 80 Glu Agp Phe Ala Thr Tyr Tyr Cys GIn GIn Tyr Ser
Thr Val Pro Trp 85 90 95 Thr Phe Gly GIn Gly Thr Lys Val Glu lle Lys Arg
1390 105 <210> 128 <211> 123 <212> PRT <213> Artificial Sequence
<220> <223> VH of antibody x65 <400> 128 Glu Val GIn Leu Val Glu Ser
261y Gly Gly Leu Val GIn Pro Gly Gly 1510 15 Ser Leu Arg Leu Ser Cys
p,ata Ala Ser Gly Tyr Thr Phe Thr Asn Tyr 20 25 30 Gly Met Asn Trp Val
?$ a Pro GI Lys Gly Leu Glu Trp Val 3540 45 Gly Trp lle Asn Thr
'3 yﬁ aI'hr Tyr Ala Ala Asp Phe 50 55 60 Lys Arg Arg Phe
Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr 65 70 7580 Leu GIn
Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 85 90 95 Ala

Lys Tyr Pro Tyr Tyr Tyr Gly Arg Ser His Trp Tyr Phe Asp Val
PVGS-3-2D6

115

Thr Ala val Tyr Tyr Cys Ala Arg Tyr igo Tyr Tyr Tyr Gly ggg Thr
5

Ser Trp Tyr Phe Asp Leu Trp Gly g%n Gly
20

<210>
<211>
<212>
<213>

<220>
<223>
<400>

116
26
PRT

Artificial Sequence

PVGO-3-2F2
116

Thr Ala val Tyr Tyr Cys Ala Arg Tyr ggo Tyr Tyr Ser Gly §gg ser
1 5

Ser Trp Tyr Phe Asp Leu Trp Gly gén Gly
20

<210>
<211>
<212>
<213>

<220>
<223>
<400>

117
26
PRT

Artificial sequence

PVG9-3-1D1
117
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100 105 110 51/54 Trp Gly GIn Gly Thr Leu Val Thr Val Ser Ser 115 120
<210> 129 <211> 123 <212> PRT <213> Artificial Sequence <220>
<223> VH of antibody 036 <400> 129 Glu Val GIn Leu Val Gin Ser Gly
Gly Gly Val Val GIn Pro Gly Gly 1510 15 Ser Leu Arg Leu Ser Cys Ala
Ala Ser Gly Tyr Thr Phe Thr Asn Tyr 20 25 30 Gly Met Asn Trp Val Arg
{hr Ala il A4 PISGRYEyA B L@l Biu "Tip Vel 3BTAG S Gy TigIIeeAsn Thr Tyr
Thr Gly Glu Pro Thr Tyr Ala Ala A(sp Phe 5055 60 Lys'Arg Arg Phe Thr
Phe Ser Leu Asp Thr Ser Lys Ser_Thr Ala Tyr 65 70 75 80 Leu GIn Met
Ser Tre R¥h SBF 'R AP ARG KspThf fa Val Tyr Tyr Cys 85 90 95 Ala Lys
Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val 100 105 110 Trp
géy GIn Gly Thr Leu Val Thr Val Ser Ser 115 120 <210> 130 <211> 123
<210> 1 12> PRT <213> Artificial sequence <220> <223> VH of antibody 040

<211> 262/54 <400> 130 - :
<212> PRT

<213> artificial sequence

<220>

<223> PVGY-3-1A11
<400> 118

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Ser Gly Arg Ser
1 5 10 15

Ser Trp Tyr Phe Asp Leu Trp Gly GlIn Gly
20 25

<210> 119
<211> 26
<212> PRT

<213> Artificial Sequence

<220>

<223> PVvG9-3-1E7
<400> 119

{hr Ala val Tyr 1S‘yr Cys Ala Arg Tyr igo Tyr Tyr Tyr Ser igg Thr

ser Trp Tyr Phe Asp Leu Trp Gly Gin Gly
20 25

<210>= 120

<211> 26

<212> PRT

<213> Artificial sequence

<220>
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Glu Val GIn Leu val GIn ser Gly Gly Gly Val Val GIn Pro Gly Gly 15 10 15
ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr 20 25
30 Gly Met Asn Trp lle Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val 35
40 45 Gly Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 50
55 60 Lys Arg Arg Val Thr Phe Ser Leu Asp Thr 5er Lys 5er Thr Ala Tyr
65 70 75 80 Leu GIn Leu Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr
223> pf’)ﬁgcay_slg%%o 95 Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe
<400> 1&sp Val 100 105 110 Trp Gly GIn Gly Thr Leu Val Thr Val Ser 5er 115
Thr Ala 1%3 5{2{10T> 13% <2}\ 2 123 }3212? PRT <213> Arti%ciial Sequence <220>
1 : 3>yVH55F anﬁ%ody pY% & 50%)10;31yélu Val%f’n u %ﬂ fh Ser Gly
Gly Gly Val Val GIn Pro Gly Gly 15 10 15 Thr Leu Arg Leu Thr Cys Ala
Ser Gly Tyr Thr Phe Thr 20 25 30 Gly Met Asn Trp Val Arg
Cys Tre é%,@é %élgﬁtgs &EIIyGITgu%T‘S (%T?g Val 3540 45 Gly Trp lle Asn Thr Tyr
Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 50 55 60 Lys Arg Arg Val Thr
210> 13He SerLeu Asp Thr Ser Lys Ser Thr Ala Tyr 53/54 65 70 75 80 Leu Gin
Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
<211> 26
<212> PRT

<213> Artificial sequence

<220>

<223> PVG9-3-1F9
<400> 121

Ehr Ala val Tyr gyr Cys Ala Arg Tyr ;50 Tyr Tyr Cys Gly ﬁgg Ser

Cys Trp Tyr Phe Asp Leu Trp Gly GIn Gly
20 25

«<210> 122

<211> 26

<212> PRT

<213> Artificial Sequence

<220>

. <223> PVGY9-3-1F8

<400> 122

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Asp Gly Arg Ser
1 5 10 15
Asn Trp Tyr Phe Asp Leu Trp Gly Gln Gly
20 25
<2310> 123

<211> 26
<212> PRT
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8590 95 Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110 Trp Gly GIn Gly Thr Leu Val Thr Val Ser Ser 115 120 54/54

<213> Artificial Sequence

<220>

<223> PVGY-3-2G5

<400> 123

{hr Ala val Tyr gyr Cys Ala Arg Tyr 550 Tyr Tyr Cys Gly ?gg ser

Asn Trp Tyr gge Asp Leu Trp Gly ggn Gly

<210> 124
<21i> 26
<212> PRT

<213> Artificial Seguence

<220>
<223> PVGY-3-2811
<400> 124

Thr Ala val Tyr Tyr Cys Ala Arg Asp Pro Tyr Tyr Cys Ser Arg ser
1 5 10 15
Cys Trp Tyr pPhe Asp Leu Trp Gly GIn Gly

20 25

<210> 125
<211> 26
<212> PRT

<213> Artificial sequence

<220>

<223> PVGY-3-2G9

<400> 125

Thr Ala val Tyr Tyr Cys Ala Arg Tyr Pro Tyr Tyr Ser Gly igg ser
1 5 10

Tyr Trp Tyr Phe Asp Leu Trp Gly Gln Giy
20 25

<210> 126
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<211> 123
<212> PRT

<213> Artificial Sequence

<220

<223> VH of antibody X64

<400> 126

g?u val Gln Leu \S/aT Glu Ser Gly Gly %y teu val ¢in pPro %y Gly

Ser Leu Arg Leu Ser Cys Ala Ala ;er Gly Tyr Thr prhe Thr Asn Tyr
20 5 30

Gly Met Asn Trp val Arg 6ln Ala Pro Gly Lys Gly Leu Glu Trp val
35 40 45

Gly ggp Ite asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 70 75 80

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 30 95

Ala Lys Tyr Pro His Tyr Tyr Gly Arg Ser His Trp Tyr Phe Asp val
160 ‘ 105 110

Trp Gly GIn Gly Thr Leu val Thr val Ser Ser

115 120
<210> 127
<211> 108
<212> PRT

«213> Artificial Sequence

<220>
<223> vbL of antibody X64, X65, D36, D40 and D42
<400> 127

?Sp ITe GIn Met Thr GlIn Ser Pro Ser Sgr teu Ser Ala Ser val Gly
5 1 15
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Asp Arg

Leu Asn

val Thr Ile Thr Cys
20

;rp Tyr Gln GIn Lys
5

Tyr Phe Thr Ser Ser Leu His

50

Ser Gly
65

Glu Asp

Tht Phe

<210>
<211>
<212>
<213>

<220>
<223>
<400>
Glu val
1

ser Leu

Gly Met

Gly Trp

50

Lys Arg

Leu Gln

Ala Lys

55

Ser Gly Thr Asp Phe
70

Phe Ala Thr Tyr Tyr
85

Gly ¢ln Gly Thr Lys
100

128

123

PRT

Artificial Sequence

VH of antibody X65
128

Gin Leu val Glu Ser
5

Arg Leu Ser Cys Ala
20

Asn Trp val Arg Glin
35

Ile Asn Thr Tyr Thr
55

Arg Phe Thr Phe Ser
70

Met Asn Ser Leu Arg
85

Tyr Pro Tyr Tyr Tyr
100

5er

Pro

40

S5er

Thr

Cys

va'l

Gly

Ala

Ala

40

Gly

Leu

Ala

Gly

Ala

25

Gly

Gly

Leu

Glin

Glu
105

Gly

ser

25

Pro

Glu

AsSp

Glu

ser

Lys

val

Thr

Glin

80

Ile

Gly
10

Gly
Gly
Pro
Thr
Asp
90

Ser

Gin

Ala

Pro

Ile

75

Tyr

Lys

Leu

Ty

Lys

Thr

ser

75

Thr

His
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ASp

Pro

ser

60

Ser

ser

Arg

val

Thr

Gly

Tyr

60

Lys

Ala

Trp

Ile

Arg

ser

Thr

Gin

Phe

Leu

45

Ala

ser

val

Tyr

ser
30

val
rPhe

Leu

val

Pro
Thi
30

Glu
Ala
Thr

Tyr

Phe
110

Asn

Leu

ser

Gln

Pro
a5

Gly

i5

Asn

Trp

Asp

Ala

Tyr

95

Asp

Tyr

Ile

Gly

Pro

80

Trp

Gly

Tyr

val

Phe

TYr

80

Cys

val



Trp Gly GIn Giy Thr Leu val
115

<210>
<211>
<212>

<213>

<220>
<223>

<400>

129
123
PRT

Artificial Sequence

vH of antibody D36

129

gWu val Glin Leu val GIn Ser

Ser

Gly

Gly

Lys

65

Leu

Ala

Trp

teu

Met

Trp

50

Arg

Gln

LYS

Gly

<210>

<211>

<212>

<213>

<220>
<223>

Arg

Asn
35

Tle

Arg

Met

Tyr

Gin

115

130
123
PRT

Leu

20

Trp

Asn

Phe

ASn

Pro

100

Gly

5

Ser

val

Thr

Thr

Ser

85

His

Thr

Ccys

Arg

TYT

Phe

70

Leu

Tyr

Leu

Ala

Gin

The

55

ser

Arg

Tyr

val

ArtiTicial sequence

vH of antibody D40

Thr val Ser Ser

120

Gly

Ala

Ala

40

Gly

Leu

Ala

Gly

Thr
120

Gly

ser

25

Pro

Glu

Asp

Glu

Ser

105

val

Gly val
10

Gly Tyr

Gly Lys

Pro Thr

Thr ser

75

Asp Thr
30

Ser His

ser Ser

52154

val

Thr

Gly

TYr

60

Lys

Ala

Trp

Phe

Leu

45

Ala

Ser

vatl

Tyr

Pro

Thr

30

Glu

Ala

Thr

Tyr

Phe
110

Gly
15

ASH
Trp
ASD
Ala
Tyr
g5

Asp

Gly

TYr

val

Phe

Tyr

80

Cys

val



<400> 130

Glu val Gin
1

Ser Leu Arg

Gly Met Asn

35

Trp Ile

50

Lys
65

Arg Arg

Leu GIn Leu

Ala Lys Tyr

Gin
115

Trp Gly

<210> 131
<Z11> 123
<Z212>

<213>

PRT

<220>
<223>

<400> 131

Glu val GlIn
1
Thr Leu Arg
Gly Met Asn
35
Gly Trp Ile
50

LYS Arg Arg

Leu

ey

20

Trp

Asn

val

Asn

Pro

100

Gly

lLeu

Leu

20

Trp

Asn

val

val Glin ser

Ser Cys Ala

ITe Arg Glin

Thr
55

Thr Tyr

Phe Ser

70

Thr

Ser Leu

85

His Tyr Tyr

Thr Leu val

Artificial Sequence

vH of antibody D42

val Gin Ser
5

Thr Cys Ala
val Arg Gin

Thr Tyr Thr
55

Thr Phe ser

Arg.

Gly

Ala

Ala

40

Gly

Leu

Ala

Gly

Thr
120

Gly
Ala
Ala
40

Gly

L.eu

Gly

Ser

25

Pro

Giu

ASD

Glu

Ser

165

val

Gly
ser
25

Pro

Glu

ASp

Gly

10

Gly

Gly

Pro

Thr

Asp

90

ser

ser

Gly

10

Gly

Gly

Pro

Thr

val

TYr

Lys

Thr

Ser

75

Thr

His

ser

val

Tyr

LYS

Thr

Ser

53/54

val Gin

Thr phe

Leu
45

Gly

Tyr Ala

60

Lys Ser

Ala val

Trp Tyr

val G1n

Thr Phe

Gly Leu
45

Tyr Ala
60

Lys Ser

Pro Gly

15

Gly

Thr
30

Asn Tyr

Glu Trp val

Ala Asp Phe

Thr Ala Tyr

80

Tyr Tyr

95

Cys

Phe val

110

Asp

Pro Gly Gly
15

Thr
30

Asn Tyr
Glu Trp val
Ala

Asp Phe

Thr Ala Tyr



65 70 ’ ‘ 75 80

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp val
106 105 110

Trp Gly Gln Gly Thr teu val Thr val ser Ser
115 120
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