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REFERENCE This application clainms the benefit of U S. provisional

appl i cat iwo 28exdG6ei29nunber 61/ 494,452 filed June 8, 2011pcamP2011870473

provi sional application serial nunber 61/415,367 filed Novenber 19, 2010,
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LI STI NG The i nggﬁtﬁgﬁ?gaéﬁgﬁmggﬁpg%ggg IS?qH?r‘t%e Li sting which has
been submitted in ASCI1 format via EFS-Wb and is hereby incorporated by
refereptdrEFBRENEEr ety. Said ASCI| copy, created on February 15, 2011,
is nanmed MS130US.txt and is 229, 568 bytes in size. BACKGROUND
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display rates, so that each and every anti body of the collection can be
tested against the target of interest; 2) high expression levels in both
Fab and 1gGlL formats, so that the antibody or fragnment can be reproduced
efficiently with the needed quantity; 3) high thermal stability in both Fab
and 1gGlL formats, to ensure structuralh and functional integrity of the

nol ecul es delivered to patients; 4) high stability in serumin both Fab and
lgGl formats, so that the antibody shows increased half-life and prol onged
activity; 5) hi gh nDnonerlc content (anDnoner) as deternlned by S|ze
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WO 2012/ 066129PCT/ EP2011/ 070473 nonomeri c content of purified Fab (as
described in Exanple 9.1.3) of at |east 98% f) nononeric content of
purified woGhims12descri bed i n Exanple 9.2.3) of at | ea®CTIPWIA0OMIZ) Stress
testing cunul ati ve score (as described in Exanple 9.2.7) of at |east 1225.
As conpared to Table 32 of W?2010/ 136598, Table 32 shows only 14 of the 36
pairs as having certain different functional properties. Additionally,
W)2010/ 136598 does not di sclose the specific conbination of the 36 pairs.

| n anot her ﬁrmlddnfmﬁfmetﬁd&%fﬁdynﬁ@fh@|tlﬁ’e?a|5é?ﬁ|c@ﬁl@d&)d%"s'léwd EGR Fehsgd ed as

R
fol |l ows; urified Fab expression yield (as describ ug i.n Exagle 9.1.1)
of at I@&?tyt hgolggy.| Phagp dﬁﬂﬁyfqt'éﬁslvﬁéﬁ"@(ﬁ?ﬁ&%ﬁ At 3f S1YN(1R 9G4 10 bed i n
Exanpl @isBla aﬂahbd@ﬁesatode%ﬁbflt?eﬁﬂﬁ)s ﬂéﬂ%dalogy)us thaethewbrasibabdddi dry rr@%suwrmhu@d Fab

d Ex 9.1. th tabilit f
o TR W& SRR eah it b Spste G B3bindingto Sy thBaLEY SR DA o nomer | ¢
cont entdisehsep Beef foeekaradte, Kaapple ecal, (E0do), l“lFlEI),«amﬂhalc‘huha’:?l)coﬁfblrmltoriaembo&ﬁ% f)

f d | 9.2.3 f
o nor UhgrSO e Bhsen hadifhr Hient B2 rif 8o S B bRESIaMRITasdaTe) conmal o
9. 2. 4) trofuclebtidesdst MBL. Bjol.anRIe)1) ST 188sand @S Pateyt Numbérag, 8000631 botb of abich

cor | cotioncapmaieiedln Ry Bhup Al TSR o ypilnd fTREN %Ed%%ﬁ%% NO

239); \sihautbe PSET of@ sm@enm@;mst d BrqeSRay Ir¢suN@ h@gegds ofiantibbglies SROLIND NO.

205) NL 0 D NO
252 e d R R A o by P B Yeroei PR Wilde r@”*h%@@‘*s. b NO
207) NKihaQWT%fBE@' f fpvinet thessantibegliss @ de w@abi@ N@anm7baumymn@w||l te
238) ; QZc&t&EQeBQrM?n o?&b?)ré Made Ao theltdrkd? NG 251) ; VHB- 07 (SEQI
207)/VL -51 (SE 52); VH3-11 (SE | D NO. 208) NL1- 40 (SEQ NO
250); VH3- 1in ‘Q@E@O'I @nwhmlmamﬁe@@e@ rigey theidentificgtion. tme"oswq D NO
208) / Viddyed tr(eSﬁQerb.E? iy, tﬁéé’anectwﬁ%hémd@&E@.é&dﬁ@bd.@@ﬁéﬂ{«frh@% dpofeis WRIchO.
255); VH3-15 SE%IDNO 209) NK1-05 (SEQ I D

NO Q I D NO
209 ] VRIE T Sp5E0 Y B REION 89 P GRS Rrea R AT REh WIS S5 2rSiBBEReND,
233); Wdatmidmt hFa@ehtd Blih pHopertilclindddd: Si-Rgh Bhaks digday ratéé"Bo ﬂtﬁt é@EQnHD NO

252) PR 2R B RS9 BYNRS o 59 PBRR B B 55511018 k! RPN

211) NKi]bvﬂaB it BEE) Fab aNDIg@BB)matyHD- t5a tHSE@boBy biGragis) LakEe f‘e‘i)rc(dSEé@J I D NO

212 LA R B b B ool Fer i €300

231); YRB#Z4triSEG arid fN@tiofdl4)tedriKi oflthe (T@E@uIeldmeraﬂt:é)patlem47hlgb$&tbllllty3 NO

%23 NKW@%ES@FW%@E M%%ls%igﬁge%ﬁk PB%*%?W&\?% g Q 5 No

215) / Vi@ wed SEity IH) @h mremmerigldenteni (SEQon@negDas gateymived bygz¢ @E@ann NO
232) \{H%nﬂa y I:S@EN%Q b%%fﬁ#éﬂ%dageé RirfdatsiNls s?géﬁaesan&v %an%?rEQ I'D NO
216) NLT- 51 252 012/ 066129PCT//EP2011/ 07047

conpar @éppteas'tva *@g*’s@oeiectvmmmdphgals% formats| 7@ high thereasstability Im'iakbandtla@ 33
pai rs asngVidide GRY Taﬁérrbxgbwr@f&ﬁd fswwtumy |rpFé{P&*I§;G¢$orméfiCBeﬁ‘dr9@ﬁJj ly,
WD2010/ 136598 does not_di scl ose t he ific conbination of the 33 pairs.
In a f@HEMRPORHE BIRGIE R Stabﬁum@e%féa%%@w ooy dispeishipefeie %Véﬁe'f hough the
pairs tekedsred Me,ﬁ;.ddn@b|mrrusm6faﬁ1rrmlnbg@fcut§/htﬂeﬂebym@bﬂg sdiebnbAd/eart) high teri a,
but were added IIectlons in order to en ance |versq§até¥ I n an

enbodi r‘?ﬁ/ﬁfs'tyéoég‘i‘t Oé‘StCP “? LFANHRS USedHp (el mapygntispglies SeanFranydyeraraulifi 1 - 39
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255); VH3-15 (SEQ ID NO 209)/VK1-05 (SEQ ID NO 230); VH3-15 (SEQ ID NO
209) NK1- 06 (SEQ ID NO 231); VH3-15 (SEQ ID NO 209) NK1-12 (SEQ | D NO
233); VH3-15 (SEQ ID NO 209) NK1-27 (SEQ ID NO 235); VH3-15 (SEQ I D NO
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Figure 30 shows the VK germine protein (SEQ I D NOS 230-239 (conti nued),
respectively, in order of appearance) and DNA sequences (SEQ | D NOS 240- 249
(conti nuewip,20rempeeti vel y, in order of appearance) of tRreTHEPanmNOIE 3
region of certain variable |ight chains. The am no acid sequences are

germ ine protein sequences, as defined herein. The DNA sequences have been
codon optim zed by GeneArt for E.coli expression avoiding rare human
codons. The germine genes shown are the sane as those shown in Figure 7,

but onlcymbnalidHder bifereMKvaRbRIHeAgy SRNRMt seliesdiRd 1A RImSTE allbsmNéishétk t he
collection. WO 2012/ 066129PCT/ EP2011/ 070473 Fi 8ure 31 shows. the VA germine
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Sequencheavy(@ﬁ@sl RridEG lighEhabb ant/eBRerRble\HaYy arhdlhg(h[ éielin edmisippRas gaes) of the

Fr amewor k ons of certain varla I ht c ains. The am no
{54 o | i

acid sé‘EﬁJ%rﬁﬁ%E HEn g thwag ﬂ%*&ﬁ‘ééze ¢ RUE BFe10om9ea59% DA
sequenctes shaverdqmesem crdmtmmotrférsz @dd bgo Gharehe hlgﬁl@l’préieﬁt)@erm&mf)g@&s iney

avoi di ng, F glggan codans. rte l ) | ne %nef %V'ﬁ @ ,“ E r% as t hose
shown i'AVEIRYDIRRIE4UNGEFa! BIARG ﬁc {?18 VR38R é‘gé‘e &° 88| LR 1o b ]
enbodi mmavihg favbrabledutwsioha propenies ieogendatare avieclioh. cdRpgiging tiB2atsindavet t he VA

T T T

r especipaveprgsentin bedemaoimappeeeparnieisd. of the Framework 2 and LCDR2 regions
brot o - sequaaidior td i gl gl B R hnaRe Mt nopabetal O
opt i m JiNEyures ARIAE qu@bVIEJsCr@worﬁxt@e@é@emesa\ﬁ@ﬂwﬁnﬁgs eady ke iIMitAwA it odons. The

ger m i REcamiRMt §M%Me§fnﬁbr8é}%ﬁﬁfé?tf%ﬁusk%@ﬁrﬁn%\éﬁucﬂty‘ Figure 8, but only
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am no aci d sequences are germine as no potential post translation

nodi fication sites were renoved within the framework regi ons. The DNA
sequences have been codon optim zed by GeneArt for E.coli expression

avoi ding rare hunman codons. VH1-69*01 and VH3-23 nay al so have nucl eoti des
CGT at position 94. Figure 37 shows representative anti bodi es or anti body
fragnents specific for Dkk3 identified fromthe sub-collections

VH3- 23NK1- 39, and VH3-23/VL3-1,as desaribed in Exanple 11. The figure shows
t he sub-collection fromwhich each anti body or fragnment was identified, the
antigen, the length of the CDR-H3 and CDR-L3, the Fab thermal stability and
aff| n| ty, t he IgGl pI expre55| on y| eI d (ng/L) thermal stabl I i ty and
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The term anti body "fragment” or "functional fragnent" as used herein

i ncl udes any antigen binding fragnent, such as Fab, F(ab')2, Fab', Fv,

scFv, simgbeockmsrzs whi ch include an Fc portion, nanobodCeEpracnd/ ooiher

anti body |like structures having scaffolds other than variable franework
regions. The term"functional fragnent"” includes, but is not limted to any
portion of an antibody, that retains the ability to bind to an antigen of

i nterest. As used herein, the term"affinity" refers to the strength

of interact V\@Bltl&%lly\@ﬂﬂéwﬂktét%ﬁ%(ngaﬂgmmhi @fRbidthed Wé@ﬁ%r%aﬁéﬁl@ﬁ%ht\%ém n each
anti genl c site, the variable region of the antibody interacts hrougn
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for anti bodi es can be determ ned usi ng established in the art.
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I €SoNakR&n gehe Ssgniht @210 TSERRPT-39N BLIINLBW 6N raktevdoriBtfidhs @R cSIEIt The
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shown in Table 1); germine FRL, CDRl1, FR2, CDR2 and FR3 (incorporating a
BssHI| RE site (GCGCGC) as shown in Fig. 1); CDR-H3 (WEGEDGFYAMDY) (SEQ ID
NO 1) of the 4D5 antibody as used in Ewert S. et al., J. M. Biol. (2003)
325, 531-553; and the JH4 FR4 (incorporating a Xhol RE site (CTCGAG as
showmn in Fig. 1); b) for Vk: Meader sequence (onpA incorporating
the Ndel RE site as shown in Table 2); germline FRL, CDRl, FR2, CDR2 and
FR3 (incorporating a Bbsl RE site (GAAGAC) as shown in Fig. 1) kappa- | i ke
CDR L3 (QQHYTTPPT) (SEQ ID NO 2) accordl ng to Ewert S. et aI J. Nbl
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The terns "pol ypeptide" and "protein"” are used interchangeably herein to
refer to a polyner of am no acid residues. WO 2012/ 066129PCT/ EP2011/070473

The ternmswOizdentsseal " in the context of two or nore nuclPerEPaCi1HI403
pol ypepti de sequences, refer to two or nore sequences or subsequences that
are the sane. The term "vector"” refers to a pol ynucl eoti de nol ecul e

capabl e of transporting another polynucleotide to which it has been |inked.
Preferred vectors are those capabl e of autononous replication and/or
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vectors can for
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the pr pgReN Bl MChei &8b. his BREANRGARRI 188 ki iAldigns nBRY GHefing N
succeedi ng generations due to either tation or environmental 1nfluences,
such progeny nmay not, in fact, be |dent|cal to the parent cell, but are
still included within the scope of the term "host cell" as used herei n.
Typi cal host cells are prokaryotic (such as bacterial, including but not
limted to E. col') or eukaryotic (which includes yeast, manmalian cells,
and nore). Bacterial cells are prefersed prokaryotic host cells and
typically are a strain of Escherichia coli (E. coli) such as, for exanple,
the E. coli strain DH5 avail abl e from Bet hesda Research Laboratories, Inc.
Bethesda Nd Preferred eukaryotrc host ceIIs |nclude yeast and nannalran
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vi) mononeric content (% nmononer) in 1gGlL format of at |east 99% as

determ ned by SEC. In addi tional enbodinents, a collection conprises
synt heti cwanviiwaizes or functional fragments thereof or PEymph@tiiogo4nticl ei c
aci ds encodi ng such anti bodi es or functional fragments, wherein wherein the
anti bodi es or functional fragnments consists of or consists essentially of
vari abl e heavy chain and variable Iight chain framework regions conprising
gernine protein sequences of a germine protein pair, wherein said
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208)NL1-51 (SEQ ID NO 252); VH3-11 (SEQ ID NO 208)/VL2-23 (SEQ | D NO
255): VH3-15 (SEQ ID NO 209) NK1-05 (SEQ ID NO 230); VH3-15 (SEQ I D NO
209) NK1- 06 (SEQ ID NO 231); VH3-15 (SEQ ID NO 209)/VK1-12 (SEQ | D NO
233); VH3-15 (SEQ ID NO 209) NK1-16 (SEQ ID NO 234); VH3-15 (SEQ I D NO
209) NK1-27 (SEQ ID NO 235); VH3-15 (8EQ I D NO 209) NK3-11 (SEQ I D NO
237): VH3-15 (SEQ ID NO 209)/VL1-40 (SEQ ID NO 250);: VH3-15 (SEQ ID NO
209) NL1- 47 (SEQ ID NO 251); VH3-15 (SEQ ID NO 209)NL1-51 (SEQ I D NO
252); VH3-15 (SEQ ID NO 209)/VL2-14 (SEQ ID NO 254); VH3-21 (SEQ ID NO
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WD 2012/ 066129PCT/ EP2011/ 070473 UV-spectrophotonetry may be
performed using the Nanadrop system (peqgl ab, Erlangen, Gernmany).

D ff erentwal2opamerong fl uoronmetry may be perfornmed usi n@CrEP2010pei4es | (B
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using G bco D-PBS, pH 7.4 (lInvitrogen, Paisley, USA). Size exclusion
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%223 | Vobgsitul e bR s i odhe LR PR RTI PR

209) / VKIOZH 0(1SEE98 (MauanoSye BG), Whigh ¢Bin(sSEQbETAING: 6 12072 301 a6 (/SERH D NO

233): : - 0 NO 235); VH3-15 (SEQ I D NO
209)/\/@%%5? g@gg)@%q bﬁ?@%ﬁﬁ"?@@é% NO 209)NL1-51 (SEQ ID NO
252): VH3-21 (SEQ ID NO 210)NK1-12 (SEQ ID NO 233): VH3-23 (SEQ I D NO
211)NK1-39 (SEQ ID NO 236); VH3-23 (SEQ ID NO 211)/VK3-15 (SEQ ID NO
238); VH3-23 (SEQ ID NO 211)NL2-23 (SEQ ID NO 255); VH3-23 (SEQ I D NO:
211)NL3-1 (SEQ ID NO 256); VH3-53 (SEQ ID NO 213)/VK3-15 (SEQ I D NO
238): VH3-53 (SEQ ID NO 213)NL2-11 (SEQ ID NO  253); VH3-74 (SEQ ID NO
214)NK1-05 (SEQ ID NO 230); VH3-74 (SEQ ID NO 214) NK1-06 (SEQ | D
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ii) thermal stability at 70C or above in Fab format; i)
nmononeric content (% nononer) in Fab format of at | east 99% as determ ned
by SEC, WO 2012/066129 iv) an expression yield in | gGl fecwaEP2af/oxi473 east 30
ng/ L; v) thermal stability at 73C or above in IgGlL fornat;

vi) mononeric content (% nmononer) in 1gGlL format of at |east 99% as

determ ned by SEC, and vii) an isoelectric point in IgGl
format of at |east 8.3. I n additional enbodinents, a collection
conprises synthetic anti bodies or functional fragnments thereof or synthetic
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wher ei n t he CAffte 190 8eEBling PretgigRaTs eated Fesyhe MavdB d&blst'). vsre sYRepdt
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nucl eic acids encoding them In addition, in order to maintain a |ow risk
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|GHV3-7 4 5 9 |GHV1-18 4 1 10 1GHV3-48 4 0 11 1GHV3-15 3 3 12 1GHV3-21 3 3
13 1GHV1-2 3 2 14 IGHV3-33 1Q 15 IGHV4-31 1Q 16 1GHV3-53 2 7 17 | GHV3-11 2
6 18 | GHV80202/@6129 | GHV4-4 2. 1. 20 I GHV1-46 2 1 21 | GHY8I/EP2(01107023

| GHV1-24 1,1 23 1GHV4-61 1,1 24 1GHV1-8 1,1 25 IGHV1-3 1,0 26 1GHV3-49 1,0

(1993), “The variable genes of the human immunoglobulin kappa locus,” Biol. Chem Hoppe
Seyler. 374(11):1001-22; Brensing-Kiippers et al. (1997), “The human immunoglobulin kappa
locus on yeast artificial chromosomes (YACs)” Gene. 191(2):173-81; Kawasaki et al. (2001),
“Evolutionary dynamics of the human immunoglobulin kappa locus and the germline repertoire
of the Vkappa genes” Eur J Immunol 31(4):1017-28; and Lefranc MP (2001) "Nomenclature of
the human immunoglobulin kappa (IGK) genes" Exp Clin Immunogenet., 18, 161-174.

Figures 8A-B show the amino acid sequences encoded by the VA germline genes (SEQ ID
NOS 165-202, respectively, in order of appearance), as described in Kawasaki et al., (1997)
“One-Megabase Sequence Analysis of the Human immunoglobulin lambda Gene Locus”
Genome Research 7(3):250-61; Frippiat et al., (1995) "Organization of the human
immunoglobulin lambda light-chain locus on chromosome 22g11.2" Hum. Mol. Genet., 4, 983-
991; and LeFranc MP (2001) "Nomenclature of the human immunoglobulin lambda (IGL) genes.
Exp Clin Immunogenet.;18:242-254.

Figure 9 shows the pJPd1 Fab tricistronic phage display vector.

Figure 10 shows the pJPx1 Fab expression vector.

Figure 11 shows the pMx11 (PMORPHX11) Fab expression vector.

Figure 12 shows the pMORPH30 Fab display vector.

Figure 13 shows the pJP_h_lgG1f variable heavy chain IgG1 expression vector.
Figure 14 shows the pJP_h_lg_kappa variable k light chain IgG expression vector.
Figure 15 shows the pJP_h_Ilg_lambda2 variable A light chain IgG expression vector.

Figure 16 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the purified Fab expression yield in mg/L (culture), purified Fab monomeric content (%
monomer), purified Fab thermal stability in °C, purified IgG1 expression yield in mg/L (cell
culture), purified IgG1 monomeric content (% monomer), purified IgG1 thermal stability in °C
(the transition shown is that of the variable domains, the transition of the Fc domains is not
shown) and IgG1 isoelectric point of the tested germline protein pairs numbers 1-32. The data
was determined using the methods described in Example 9.1.1-9.1.3 and 9.2.1-9.2.4. Here, VL
means VA.
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Figure 17 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the purified Fab expression yield in mg/L (culture), purified Fab monomeric content (%
monomer), purified Fab thermal stability in °C, purified IgG1 expression yield in mg/L (cell
culture), purified IgG1 monomeric content (% monomer), purified IgG1 thermal stability in °C
(the transition shown is that of the variable domains, the transition of the Fc domains is not
shown) and IgG1 isoelectric point of the tested germline protein pairs numbers 33-64. The data
was determined using the methods described in Example 9.1.1-9.1.3 and 9.2.1-9.2.4. Here, VL
means VA.

Figure 18 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the purified Fab expression yield in mg (purified Fab)/L (culture), purified Fab monomeric
content (% monomer), purified Fab thermal stability in °C, purified IgG1 expression yield in mg
(purified IgG1)/L (cell culture), purified IgG1 monomeric content (% monomer), purified IgG1
thermal stability in °C (the transition shown is that of the variable domains, the transition of the
Fc domains is not shown) and 1gG1 isoelectric point of the tested germline protein pairs
numbers 65-95. The data was determined using the methods described in Example 9.1.1-9.1.3
and 9.2.1-9.2.4. Here, VL means VA.

Figure 19 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the thermal stability in °C (apparent Tm) before and after acid exposure (the apparent
Tm given corresponds to the unfolding of the variable domains, the unfolding midpoint of the Fc
domains is not shown) as determined using differential scanning fluorometry as described in
Example 9.2.5(a), the relative change in turbidity based upon the UV absorption before and
during acid exposure and after neutralization as described in Example 9.2.5(b). The data
shown is of the tested germline protein pairs numbers 1-32. Here, VL means VA.

Figure 20 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the particle radius (nm) before and after acid exposure and the polydispersity before and
after acid exposure as described in Example 9.2.5(c), the particle staining before and after acid
as described in Example 9.2.5(d), and the cumulative score as described in Example 9.2.7. The
data shown is of the tested germline protein pairs numbers 1-32. Here, VL means VA.

Figure 21 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the thermal stability in °C (apparent Tm) before and after acid exposure (the apparent
Tm given corresponds to the unfolding of the variable domains, the unfolding midpoint of the Fc
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domains is not shown) as determined using differential scanning fluorometry as described in
Example 9.2.5(a), the relative change in turbidity based upon the UV absorption before and
during acid exposure and after neutralization as described in Example 9.2.5(b). The data
shown is of the tested germline protein pairs numbers 33-64. Here, VL means VA.

Figure 22 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the particle radius (nm) before and after acid exposure and the polydispersity before and
after acid exposure as described in Example 9.2.5(c), the particle staining before and after acid
as described in Example 9.2.5(d), and the cumulative score as described in Example 9.2.7. The
data shown is of the tested germline protein pairs numbers 33-64. Here, VL means VA.

Figure 23 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the thermal stability in °C (apparent Tm) before and after acid exposure (the apparent
Tm given corresponds to the unfolding of the variable domains, the unfolding midpoint of the Fc
domains is not shown) as determined using differential scanning fluorometry as described in
Example 9.2.5(a), the relative change in turbidity based upon the UV absorption before and
during acid exposure and after neutralization as described in Example 9.2.5(b). The data
shown is of the tested germline protein pairs numbers 65-95. Here, VL means VA.

Figure 24 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the particle radius (nm) before and after acid exposure and the polydispersity before and
after acid exposure as described in Example 9.2.5(c), the particle staining before and after acid
as described in Example 9.2.5(d), and the cumulative score as described in Example 9.2.7. The

data shown is of the tested germline protein pairs numbers 65-95. Here, VL means VA.

Figure 25 shows the VH germline protein (SEQ ID NOS 204-2186, respectively, in order of
appearance) and DNA sequences (SEQ ID NOS 217-229, respectively, in order of appearance)
of the Framework 1 and HCDR1 regions of certain variable heavy chains. The amino acid
sequences are germline protein sequences, as defined herein. The DNA sequences have been
codon optimized by GeneArt for E.coli expression avoiding rare human codons. The germline
genes shown are the same as those shown in Figure 6, but only include the VH germline genes
selected for embodiments of the collection.

Figure 26 shows the VH germline protein (SEQ ID NOS 204-216 (continued), respectively, in
order of appearance) and DNA sequences (SEQ ID NOS 217-229 (continued), respectively, in
order of appearance) of the Framework 2 and HCDR2 regions of certain variable heavy chains.
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The amino acid sequences are germline protein sequences, as defined herein. The DNA
sequences have been codon optimized by GeneArt for E.coli expression avoiding rare human
codons. The germline genes shown are the same as those shown in Figure 6, but only include
the VH germline genes selected for embodiments of the collection.

Figure 27 shows the VH germline protein (SEQ ID NOS 204-216 (continued), respectively, in
order of appearance) and DNA sequences (SEQ ID NOS 217-229 (continued), respectively, in
order of appearance) of the Framework 3 region of certain variable heavy chains. The amino
acid sequences are germline protein sequences, as defined herein. The DNA sequences have
been codon optimized by GeneArt for E.coli expression avoiding rare human codons. The
germline genes shown are the same as those shown in Figure 6, but only include the VH
germline genes selected for embodiments of the collection.

Figure 28 shows the Vk germline protein (SEQ ID NOS 230-239, respectively, in order of
appearance) and DNA sequences (SEQ ID NOS 240-249, respectively, in order of appearance)
of the Framework 1 and LCDR1 regions of certain variable light chains. The amino acid
sequences are germline protein sequences, as defined herein. The DNA sequences have been
codon optimized by GeneArt for E.coli expression avoiding rare human codons. The germline
genes shown are the same as those shown in Figure 7, but only include the Vk germline genes

selected for embodiments of the collection.

Figure 29 shows the Vk germline protein (SEQ ID NOS 230-239 (continued), respectively, in
order of appearance) and DNA sequences (SEQ ID NOS 240-249 (continued), respectively, in
order of appearance) of the Framework 2 and LCDR2 regions of certain variable light chains.
The amino acid sequences are germline protein sequences, as defined herein. The DNA
sequences have been codon optimized by GeneArt for E.coli expression avoiding rare human
codons. The germline genes shown are the same as those shown in Figure 7, but only include
the Vk germline genes selected for embodiments of the collection.

Figure 30 shows the Vk germline protein (SEQ ID NOS 230-239 (continued), respectively, in
order of appearance) and DNA sequences (SEQ ID NOS 240-249 (continued), respectively, in
order of appearance) of the Framework 3 region of certain variable light chains. The amino acid
sequences are germline protein sequences, as defined herein. The DNA sequences have been
codon optimized by GeneArt for E.coli expression avoiding rare human codons. The germline
genes shown are the same as those shown in Figure 7, but only include the Vk germline genes
selected for embodiments of the collection.
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Figure 31 shows the VA germline protein (SEQ ID NOS 250-257, respectively, in order of
appearance) and DNA sequences (SEQ ID NOS 258-265, respectively, in order of appearance)
of the Framework 1 and LCDR1 regions of certain variable light chains. The amino acid
sequences are germline protein sequences, as defined herein. The DNA sequences have been
codon optimized by GeneArt for E.coli expression avoiding rare human codons. The germline
genes shown are the same as those shown in Figure 8, but only include the VA germline genes
selected for embodiments of the collection. Here, VL means VA.

Figure 32 shows the VA germline protein (SEQ ID NOS 250-257 (continued), respectively, in
order of appearance) and DNA sequences (SEQ ID NOS 258-265 (continued), respectively, in
order of appearance) of the Framework 2 and LCDR2 regions of certain variable light chains.
The amino acid sequences are germline protein sequences, as defined herein. The DNA
sequences have been codon optimized by GeneArt for E.coli expression avoiding rare human
codons. The germline genes shown are the same as those shown in Figure 8, but only include
the VA germline genes selected for embodiments of the collection. Here, VL means VA.

Figure 33 shows the VA germline protein (SEQ ID NOS 250-257 (continued), respectively, in
order of appearance) and DNA sequences (SEQ ID NOS 258-265 (continued), respectively, in
order of appearance) of the Framework 3 region of certain variable light chains. The amino acid
sequences are germline protein sequences, as defined herein. The DNA sequences have been
codon optimized by GeneArt for E.coli expression avoiding rare human codons. The germline
genes shown are the same as those shown in Figure 8, but only include the VA germline genes
selected for embodiments of the collection. Here, VL means VA.

Figure 34 shows the VH germline protein (SEQ ID NOS 266-278, respectively, in order of
appearance) and DNA sequences (SEQ ID NOS 279-291, respectively, in order of appearance)
of the Framework 1 and HCDR1 regions of certain variable heavy chains. The amino acid
sequences have been modified within HCDR1 to remove potential post translational
modification sites (PTMs). The DNA sequences have been codon optimized by GeneArt for
E.coli expression avoiding rare human codons. The amino acids that have been modified in
HCDR1 are underlined and the corresponding DNA encoding each position is bold and

underlined.

Figure 35 shows the VH germline protein (SEQ ID NOS 266-278 (continued), respectively, in
order of appearance) and DNA sequences (SEQ ID NOS 279-291 (continued), respectively, in
order of appearance) of the Framework 2 and HCDR2 regions of certain variable heavy chains.
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within the framework regions. The DNA sequences have been codon optimized by GeneArt for
E.coli expression avoiding rare human codons. VH1-69*01 and VH3-23 may also have
nucleotides CGT at position 94.

Figure 37 shows representative antibodies or antibody fragments specific for Dkk3 identified
from the sub-collections VH3-23/VK1-39, and VH3-23/VL3-1,as described in Example 11. The
figure shows the sub-collection from which each antibody or fragment was identified, the
antigen, the length of the CDR-H3 and CDR-L3, the Fab thermal stability and affinity, the IgG1
pl, expression yield (mg/L), thermal stability and monomeric content (% monomer) determined
by SEC. Here, VL means VA.

Figure 38 shows representative antibodies or antibody fragments specific for ErbB4/Her4 Fc
identified from the sub-collections VH3-23/VK1-39, and VH3-23/VL3-1, as described in Example
11. The figure shows the sub-collection from which each antibody or fragment was identified,
the antigen, the length of the CDR-H3 and CDR-L3, the Fab thermal stability and affinity, the
IgG1 pl, expression yield (mg/L), thermal stability and monomeric content (% monomer)
determined by SEC. Here, VL means VA.

Figure 39 shows apparent temperature melting points of selected Fabs as determined by
Differential Scannning Fluorimetry (DSF) as described in Example 9.1.2. Each dot represents
one unique Fab. Squares indicate the control Fabs as described in Example 9. Bars indicate the
Median. The control represents the antibody tested for functional properties in Example 9,
comprising germline FR regions and CDR1 and 2 of the respective germline protein pair, and
the CDRS3 from Ewert et al. The selected Fabs were generated in Example 11, and differ in
sequence from the control antibody only in the CDR3. The close clustering here, shows that the

output of the collection, meaning antibodies or fragments selected against DKK3 or
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ErbB4/Her4_Fc antigen, maintain the superior functional properties of the members of the

collection design.

Figure 40 shows the amino acid sequences (SEQ ID NOS 293, 295, 297 and 301,
respectively, in order of appearance) and codon optimized nucleic acid sequences (SEQ ID
NOS 292, 294, 296, 298, 299, 300, 302 and 303, respectively, in order of appearance) encoding
the FR4 regions of collections of the invention.

Figures 41A and B show the amino acid sequence (SEQ ID NO: 305) and codon optimized
nucleic acid sequence (SEQ ID NO: 304) encoding the IgG1f heavy chain constant domain of
collections of the invention. The nucleic acid sequences shown have been codon optimized.

Figures 42 shows the amino acid sequence (SEQ ID NO: 307) and codon optimized nucleic
acid sequences (SEQ ID NO: 306) encoding the Fab heavy chain constant domain of

collections of the invention.

Figure 43 shows the amino acid sequences (SEQ ID NOS 309 and 311, respectively, in order
of appearance) and codon optimized nucleic acid sequences (SEQ ID NOS 308 and 310,
respectively, in order of appearance) encoding the IgG1f and Fab kappa light chain constant
domains of collections of the invention. The nucleic acid sequences shown have been codon
optimized.

Figure 44 shows the amino acid sequences (SEQ ID NOS 313 and 315, respectively, in order
of appearance) and codon optimized nucleic acid sequences (SEQ ID NOS 312 and 314,
respectively, in order of appearance) encoding the IgG1f and Fab lambda light chain constant

domains of collections of the invention.

Figure 45 shows isoelectric point (pl) values of selected IgGs as described in Example 9.2.4.
Each dot represents one unique IgG. Squares indicate the control IgGs as described in
Example 9. Bars indicate the Median. The control represents the antibody tested for functional
properties in Example 9, comprising germline FR regions and CDR1 and 2 of the respective
germline protein pair, and the CDR3 from Ewert et al. The selected IgGs were generated in
Example 11, and differ in sequence from the control antibody only in the CDR3. The close
clustering here, shows that the output of the collection, meaning antibodies or fragments
selected against DKK3 or ErbB4/Her4_Fc antigen, maintain the superior functional properties of

the members of the collection design.
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Figure 46 shows apparent midpoints of unfolding of selected IgGs as determined by Differential
Scanning Fluorimetry (DSF) as described in Example 9.2.2. Each dot represents one unique
IgG. Squares indicate the control IgGs as described in Example 9. Bars indicate the Median.
The control represents the antibody tested for functional properties in Example 9, comprising
germline FR regions and CDR1 and 2 of the respective germline protein pair, and the CDR3
from Ewert et al. The selected IgGs were generated in Example 11, and differ in sequence from
the control antibody only in the CDR3. The close clustering here, shows that the output of the
collection, meaning antibodies or fragments selected against DKK3 or ErbB4/Her4_Fc antigen,
maintain the superior functional properties of the members of the collection design.

Figure 47 shows expression yields of selected IgGs as determined by UV-spectrophotometry
as described in Example 9.2.1. Each dot represents one unique IgG. Squares indicate the
control IgGs as described in Example 9. Bars indicate the Median. The control represents the
antibody tested for functional properties in Example 9, comprising germline FR regions and
CDR1 and 2 of the respective germline protein pair, and the CDR3 from Ewert et al. The
selected IgGs were generated in Example 11, and differ in sequence from the control antibody
only in the CDR3. The close clustering here, shows that the output of the collection, meaning
antibodies or fragments selected against DKK3 or ErbB4/Her4_Fc antigen, maintain the
superior functional properties of the members of the collection design.

Figure 48 shows monomeric content of selected IgGs as determined by size exclusion
chromatography (SEC) as described in Example 9.2.3. Each dot represents one unique IgG.
Squares indicate the control IgGs as described in Example 9. Bars indicate the Median. The
control represents the antibody tested for functional properties in Example 9, comprising
germline FR regions and CDR1 and 2 of the respective germline protein pair, and the CDR3
from Ewert et al. The selected IgGs were generated in Example 11, and differ in sequence from
the control antibody only in the CDR3. The close clustering here, shows that the output of the
collection, meaning antibodies or fragments selected against DKK3 or ErbB4/Her4_Fc antigen,
maintain the superior functional properties of the members of the collection design. Here, VL
means VA.

Figure 49 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the the relative change in turbidity based upon the UV absorption before and during
agitation with glass beads as described in Example 9.2.6(a). The data shown is of the tested
germline protein pairs numbers 1-32. Here, VL means VA.
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Figure 50 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the thermal stability in °C (apparent Tm) after agitation with glass beads (the apparent
Tm given corresponds to the unfolding of the variable domains, the unfolding midpoint of the Fc
domains is not shown) as determined using differential scanning fluorometry as described in
Example 9.2.6(b) shows the particle radius (nm) after agitation with glass beads, the
polydispersity after agitation with glass beads as described in Example 9.2.6(c), and the particle
staining before and after agitation with glass beads as described in Example 9.2.6(d). The data
shown is of the tested germline protein pairs numbers 1-32. Here, VL means VA.

Figure 51 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the the relative change in turbidity based upon the UV absorption before and during
stress testing as described in Example 9.2.6(a). The data shown is of the tested germline
protein pairs numbers 33-64. Here, VL means VA.

Figure 52 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the thermal stability in °C (apparent Tm) after agitation with glass beads (the apparent
Tm given corresponds to the unfolding of the variable domains, the unfolding midpoint of the Fc
domains is not shown) as determined using differential scanning fluorometry as described in
Example 9.2.6(b) shows the particle radius (nm) after agitation with glass beads, the
polydispersity after agitation with glass beads as described in Example 9.2.6(c), and the particle
staining before and after agitation with glass beads as described in Example 9.2.6(d). The data
shown is of the tested germline protein pairs numbers 33-64. Here, VL means VA.

Figure 53 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the relative change in turbidity based upon the UV absorption before and during stress
testing as described in Example 9.2.6(a). The data shown is of the tested germline protein pairs
numbers 65-95. Here, VL means VA.

Figure 54 of the 95 germline protein pairs further tested as described in Example 9, this figure
shows the thermal stability in °C (apparent Tm) after agitation with glass beads (the apparent
Tm given corresponds to the unfolding of the variable domains, the unfolding midpoint of the Fc
domains is not shown) as determined using differential scanning fluorometry as described in
Example 9.2.6(b) shows the particle radius (nm) after agitation with glass beads, the
polydispersity after agitation with glass beads as described in Example 9.2.6(c), and the particle
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staining before and after agitation with glass beads as described in Example 9.2.6(d). The data
shown is of the tested germline protein pairs numbers 65-95. Here, VL means VA.

Figure 55 as described in Example 9.2.7 for each of the stress testing experiments done in
Examples 9.2.5-9.2.6, exact values were identified, and for each exact value a corresponding
score was provided. This figure shows the score, whether 0, 25, 75, or 100 given to each value
for the experiments completed in Example 9.2.5, acid testing. The scores shown are of the
tested germline protein pairs numbers 1-32. Here, VL means VA.

Figure 56 as described in Example 9.2.7 for each of the stress testing experiments done in
Examples 9.2.5-9.2.6, exact values were identified, and for each exact value a corresponding
score was provided. This figure shows the score, whether 0, 25, 75, or 100 given to each value
for the experiments completed in Example 9.2.6, agitation with glass beads. In addition, this
figure shows the cumulative score, which was calculated by adding together the scores from the
tests done in Examples 9.2.5-9.2.6. The scores shown are of the tested germline protein pairs
numbers 1-32. Here, VL means VA.

Figure 57 as described in Example 9.2.7 for each of the stress testing experiments done in
Examples 9.2.5-9.2.6, exact values were identified, and for each exact value a corresponding
score was provided. This figure shows the score, whether 0, 25, 75, or 100 given to each value
for the experiments completed in Example 9.2.5, acid testing. The scores shown are of the
tested germline protein pairs numbers 33-64. Here, VL means VA.

Figure 58 as described in Example 9.2.7 for each of the stress testing experiments done in
Examples 9.2.5-9.2.6, exact values were identified, and for each exact value a corresponding
score was provided. This figure shows the score, whether 0, 25, 75, or 100 given to each value
for the experiments completed in Example 9.2.6, agitation with glass beads. In addition, this
figure shows the cumulative score, which was calculated by adding together the scores from the
tests done in Examples 9.2.5-9.2.6. The scores shown are of the tested germline protein pairs
numbers 33-64. Here, VL means VA.

Figure 59 as described in Example 9.2.7 for each of the stress testing experiments done in
Examples 9.2.5-9.2.6, exact values were identified, and for each exact value a corresponding
score was provided. This figure shows the score, whether 0, 25, 75, or 100 given to each value
for the experiments completed in Example 9.2.5, acid testing. The scores shown are of the
tested germline protein pairs numbers 65-95. Here, VL means VA.
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Figure 60 as described in Example 9.2.7 for each of the stress testing experiments done in
Examples 9.2.5-9.2.6, exact values were identified, and for each exact value a corresponding
score was provided. This figure shows the score, whether 0, 25, 75, or 100 given to each value
for the experiments completed in Example 9.2.6, agitation with glass beads. In addition, this
figure shows the cumulative score, which was calculated by adding together the scores from the
tests done in Examples 9.2.5-9.2.6. The scores shown are of the tested germline protein pairs
numbers 65-95. Here, VL means VA.

Figures 61 A-D germline protein pairs of embodiments of the invention were displayed on
phage and selected against Frizzled-4 Fc, GFP or erbB4/Her4_Fc fusion. This figure shows the
sub-collections used, the antigen selected against, the number of clones screened, ELISA

positive hits, and number of unique antibodies. Here, VL means VA.

Figures 62A-C shows IgGs from sub-collections selected against rhErbB4/Her4_Fc fusion,
rhFZD-4 Fc¢ fusion and eGFP, as described in Example 11. The figures show the sub-collection
from which each antibody was identified, the antigen, the length of the CDR-H3 and CDR-L3,
the IgG1 pl, IgG1 expression yield (mg/L), IgG1 thermal stability and monomeric content (%
monomer) determined by SEC. Here, VL means VA.

DETAILED DESCRIPTION

Definitions

To facilitate understanding of the invention, the following definitions and illustrations are
provided.

“Database or readable medium” as used herein, refers to any format for storing
sequence data and thus any collection of information, such as a database file, a lookup table,
an Excel spreadsheet or the like. In certain embodiments the database is stored in electronic
form, such as a computer readable memory device. This includes media such as a server, a
client, a hard disk, a CD, a DVD, a personal digital assistant such as a Palm Pilot, a tape, a zip
disk, the computer's internal ROM (read-only-memory) or the internet or worldwide web. Other
media for the storage of files accessible by a computer will be obvious to one skilled in the art.

“In silico” refers to manipulations, analysis, or designs performed on a computer, but

may also be likewise performed on paper or mentally.
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|GV 1-44 0,33 |1GHV1-69 IAV 1-40 0 33 1GHV3-9 GV 2-23 0,33 17 | GHV3-23
| &KV1-33/1 D-33 0,28 1GHV4-39 I GKV3-11 0 28 |1 GHV4-34 | GKV3-11 0, 28

| GHV4- 34 WG 2BMD6g2H2 D-28 0,28 | GHV5-51 | GKV3-11 0 28 PLGHY20130704EKV1- 13
0,28 [1GHV3-7 1 GKV3-20 0 28 [GHV3-48 | GKV3-15 0 28 |1GHV3-48 | &Kv4-1 0, 28
| GHV3-48 | GKV1-33/1 D-33 0,28 |1GHV3-15 1 CKV1-39/1D-39 0 28 | GHV3-15

The term “antibody” as used herein includes whole antibodies. An antibody may be
polyclonal, affinity-purified polyclonal, monoclonal, human, murine or rodent, chimeric, camelid
or humanized antibodies. An antibody may belong to any of the antibody classes, such as IgG,
1gG1, 1gG2, 1gG3, 1gG4, IgA (including human subclasses IgA1 and IgA2), IgD, IgE, or IgM. An
“antibody” is a protein comprising at least two heavy (H) chains and two light (L) chains inter-
connected by disulfide bonds.

The term antibody “fragment” or “functional fragment” as used herein includes any
antigen binding fragment, such as Fab, F(ab")2, Fab’, Fv, scFv, single chains which include an
Fc portion, nanobodies and other antibody like structures having scaffolds other than variable
framework regions. The term “functional fragment” includes, but is not limited to any portion of
an antibody, that retains the ability to bind to an antigen of interest.

As used herein, the term “affinity” refers to the strength of interaction between antibody
and antigen at antigenic sites. Within each antigenic site, the variable region of the antibody
interacts through non-covalent forces with an antigen at numerous sites; the more interactions,
the stronger the affinity. As used herein, the term “high affinity” for an antibody or functional
fragment thereof, such as an IgG antibody, refers to an antibody having a KD of 10 M or less,
10 M or less, or 10" M or less, or 107" M or less, or 102 M or less for a target antigen.
However, “high affinity” binding can vary for other antibody isotypes. For example, “high affinity”
binding for an IgM isotype refers to an antibody having a KD of 10”7 M or less, or 10 M or less.

The term “Kassoc” or “Ka”, as used herein, is intended to refer to the association rate
constant of a particular antibody-antigen interaction, whereas the term “Kdis” or “Kd,” as used
herein, is intended to refer to the dissociation rate constant of a particular antibody-antigen
interaction. The term “KD”, as used herein, is intended to refer to the equilibrium dissociation
constant, which is obtained from the ratio of Kd to Ka (i.e. Kd/Ka) and is expressed as a molar
concentration (M). KD values for antibodies can be determined using methods well established
in the art. A method for determining the KD of an antibody is by using surface plasmon
resonance, or using a biosensor system such as a Biacore® system.

The term “chimeric antibody” is an antibody molecule in which (a) the constant region,
or a portion thereof, is altered, replaced or exchanged so that the antigen binding site (variable
region) is linked to a constant region of a different or altered class, effector function and/or
species.

The term “isotype” refers to the antibody class (e.g., IgM, IgE, IgG such as IgG1 1gG2 or

IgG4) that is provided by the heavy chain constant region genes. Isotype also includes modified
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| &KV1-5 0 28 1GHV1-2 | GKV1-39/1D-39 0 28 1GHV3-33 I GKV3-20 0 28 | GHV3-33
| &KV1-39/1D-39 0 28 [1GHV3-33 | GKv4-1 0,28 |1 GHV3-53 | GKV3-15 0 28

| GHV3- 11 WOKRVR/B612928 | GHV4-4 | (KV3-20 0 28 | GHV1- 46 PGRP2010/000428

| GHV3-23 |GV 1-40 0 28 1GHV3-23 IGV 3-21 0 28 1GHV4-39 IGV 1-40 0 28

| GHV4-34 | GLV 1-40 0,28 1GHV4-34 1 GV 1-47 0,28 | CGHV3-48

versions of one of these classes, where modifications have been made to alter the Fc function,
for example, to enhance or reduce effector functions or binding to Fc receptors.

The term "germline" means the nucleic acid sequence encoding antibodies or functional
fragments thereof that are passed down from parent to offspring.

The term “germline protein sequence” or “germline amino acid sequence” means a) the
amino acid sequence of a variable region of antibody or functional fragment thereof encoded by
a germline gene; b) the amino acid sequence encoded by a modified nucleic acid sequence
encoding a variable region of antibody or functional fragment thereof having the same amino
acid sequence as a variable region of an antibody or functional fragment thereof encoded by a
germline gene, wherein the nucleic acid sequence is modified by, for example, by codon
optimization, the addition of desired restriction sites, optimized GC content, the removal of
undesired mRNA splice sites or the removal of mRNA instability motifs, or ¢) an amino acid
sequence encoded by a germline gene, but with minor mutations in the amino acid sequence,
such as, for the purpose of removing of an undesired cysteine, or introduction of desired
restriction site, e.g. Bbsl, or that result from errors in synthesis, amplification or cloning.
Examples of “germline protein sequences” or “germline amino acid sequences” are shown in
Figures 6-8 and 25-33. Additionally, “germline protein sequence” or “germline amino acid
sequence” include the constructs as prepared in Example 5, which comprise

a) for VH: leader sequence (modified phoA incorporating a Nhel RE site as shown in
Table 1); germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating a BssHIl RE site
(GCGCGC) as shown in Fig. 1); CDR-H3 (WGGDGFYAMDY) (SEQ ID NO: 1) of the 4D5
antibody as used in Ewert S. et al., J. Mol. Biol. (2003) 325, 531-553; and the JH4 FR4
(incorporating a Xhol RE site (CTCGAG) as shown in Fig. 1);

b) for Vk: leader sequence (ompA incorporating the Ndel RE site as shown in Table 2);
germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating a Bbsl RE site (GAAGAC) as shown
in Fig. 1), kappa-like CDR-L3 (QQHYTTPPT) (SEQ ID NO: 2) according to Ewert S. et al., J.
Mol. Biol. (2003) 325, 531-553; and the Jk1 FR4 (incorporating a Kpnl/Acc651 RE site
(GGTACC) as shown in Fig. 1); and

c) for VA: leader sequence (ompA incorporating the Ndel RE site as shown in Table 2);
germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating a Bbsl RE site (GAAGAC) as shown
in Fig. 1), lambda-like CDR-L3 (QSYDSSLSGVV) (SEQ ID NO: 3) according to Ewert S. et al.,
J. Mol. Biol. (2003) 325, 531-553; and the JI2/3 FR4 (incorporating a Kpnl/Acc65l RE site
(GGTACQC) as shown in Fig. 1).
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14 0 28 1GHV3-48 |GV 1-47 0 28 1GHV1-2 IGV 1-40 0 28 [1GHV3-9
14 0,28 [1GHV4-4 1AV 1-44 0,28 18 1 GHV3-23 | KV1-17 0 23 | GHV4-39
GKV4-1 OwWO20120065024- 39 | G KV2-28/2 D-28 0,23 | GHV1-69 PCR¥P2H 107033

| GHV3-7 1 CKV4-1 0, 23 | GHV1-18 | GKV1-5 0 23 | GHV1-18 | &KVv2-28/2 D- 28
0,23 [1GHV3-21 I &KV3-20 0 23 1GHV3-33 I (KV1-5 0 23

I 2-
I 2-
I

The “germline protein sequences” or “germline amino acid sequences” of antibodies
encoded by the germline genes are disclosed in the following publications, for VH: Tomlinson et
al., (1992), “The Repertoire of Human Germline Vh Sequences Reveals about Fifty Groups of
Vh Segments with Different Hypervariable Loop” J. Mol. Biol. 227, 776-798; Matsuda et al.
(1998), “The complete nucleotide sequence of the human immunoglobulin heavy chain variable
region locus” J Exp Med 188(11):2151-62; and LeFranc MP (2001) “Nomenclature of the human
immunoglobulin heavy (IGH) genes.” Exp Clin Immunogenet. 18(2):100-16; for VA: Kawasaki et
al., (1997) “One-Megabase Sequence Analysis of the Human immunoglobulin lambda Gene
Locus” Genome Research 7(3):250-61; Frippiat et al., (1995) "Organization of the human
immunoglobulin lambda light-chain locus on chromosome 22g11.2" Hum. Mol. Genet., 4, 983-
991; and LeFranc MP (2001) "Nomenclature of the human immunoglobulin lambda (IGL) genes.
Exp Clin Immunogenet.;18:242-254; and for Vk: Schéble and Zachau (1993), “The variable
genes of the human immunoglobulin kappa locus,” Biol. Chem Hoppe Seyler. 374(11):1001-22;
Brensing-Kippers et al. (1997), “The human immunoglobulin kappa locus on yeast artificial
chromosomes (YACs)” Gene. 191(2):173-81; Kawasaki et al. (2001), “Evolutionary dynamics of
the human immunoglobulin kappa locus and the germline repertoire of the Vkappa genes” Eur J
Immunol 31(4):1017-28; and Lefranc MP (2001) "Nomenclature of the human immunoglobulin
kappa (IGK) genes" Exp Clin Immunogenet., 18, 161-174, which are all hereby incorporated by
reference in their entireties.

In parts of the specification, e.g. Figure 5, the nomenclature of the variable domain
germline genes used within the present application are IMGT, as described in the LeFranc et al.
publications cited in the previous paragraph. Regarding nomenclature, “VH” and “IGHV” mean
heavy chain variable domain, wherein the numbering of the genes is IMGT; “VL”, “VA’ and
“IGLV” mean lambda light chain variable domain, wherein the numbering of the genes is IMGT
and “Vk,” “VK” and “IGKV” mean kappa light chain variable domain, wherein the numbering of
the genes is IMGT. Alternatively, “VL” can be used to mean variable light chain, including Vk
and VA.

The term “germline gene sequence” means a) the nucleic acid sequence of a germline
gene encoding a variable region of an antibody or functional fragment thereof, or b) a modified
nucleic acid sequence encoding a variable region of an antibody or functional fragment thereof
having the same amino acid sequence as a variable region of an antibody encoded by a
germline gene, wherein the nucleic acid sequence is modified by, for example, codon
optimization, the addition of desired restriction sites, optimized GC content, the removal of
undesired splice sites or the removal of mRNA instability motifs.
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| GHV3-53 | GKV1-39/1D-39 0 23 |1 GHV3-53 1 KV1-33/1 D-33 0,23 1GHV3-11 _

| &KV1-39/1D-39 0,23 _ [1GHV3-11 | GKV3-15 0 23 1GHV4-4 | (KV1-39/1D-39 0 23

| GHV1- 46 WORVR/@6129D- 39 0 23 |1 GHV4-61 | GKV4-1 0,23 | GRUBAR301GI0473 - 44
0,23 1GHV3-23 GV 2-11 0 23 1GHV3-23 IAV 3-1 0 23 1GHV3-30 TGV 1-40 O
23 1GHv4-39 |GV 1-51 0 23 1GHV4-39 TGV 2-23 0 23 | GHV4-59

The term “germline gene pair(s)” means the pair of nucleic acid sequences, and their
corresponding germline gene, encoding a variable heavy chain and a variable light chain of an
antibody or functional fragment thereof. For example, a germline gene pair could be VH3-
23/Vk1-5, where the antibody encoded by VH3-23/Vk1-5 comprises a variable heavy chain, or a
portion thereof, encoded by germline gene VH3-23 and a variable light chain, or portion thereof,
encoded by germline gene Vk1-5.

The term “germline protein pair” means an antibody or functional fragment thereof,
wherein the variable heavy chain, or portion thereof, and the variable light chain, or portion
thereof, a) are each encoded by a specific germline gene, or b) are each encoded by a modified
nucleic acid sequence encoding a variable region of an antibody or functional fragment thereof
having the same amino acid sequence as a variable region of an antibody encoded by the
specific germline gene, wherein the nucleic acid sequence is modified by, for example, by
codon optimization, the addition of desired restriction sites, optimized GC content, the removal
of undesired mMRNA splice sites or the removal of mRNA instability motifs, or ¢) each comprise
an amino acid sequence encoded by a germline gene, but with point mutations in the amino
acid sequence, such as, for the purpose of removing of an undesired cysteine, or introduction of
desired restriction sites, e.g. Bbsl, or that result from errors in synthesis, amplification or cloning.
For example, a germline protein pair could be the antibody or functional fragment encoded by
VH3-23/Vk1-5, where the antibody comprises a variable heavy chain, or a portion thereof,
encoded by germline gene VH3-23 and a variable light chain, or portion thereof, encoded by
germline gene Vk1-5. A “germline protein pair” includes the constructs as prepared in Example
5, which comprise

a) for VH: leader sequence (modified phoA incorporating a Nhel RE site as shown in
Table 1); germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating a BssHIl RE site
(GCGCGC) as shown in Fig. 1); CDR-H3 (WGGDGFYAMDY) (SEQ ID NO: 1) of the 4D5
antibody as used in Ewert S. et al., J. Mol. Biol. (2003) 325, 531-553; and the JH4 FR4
(incorporating a Xhol RE site (CTCGAG) as shown in Fig. 1);

b) for Vk: leader sequence (ompA incorporating the Ndel RE site as shown in Table 2);
germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating a Bbsl RE site (GAAGAC) as shown
in Fig. 1), kappa-like CDR-L3 (QQHYTTPPT) (SEQ ID NO: 2) according to Ewert S. et al., J.
Mol. Biol. (2003) 325, 531-553; and the Jk1 FR4 (incorporating a Kpnl/Acc651 RE site
(GGTACC) as shown in Fig. 1); and

c) for VA: leader sequence (ompA incorporating the Ndel RE site as shown in Table 2);
germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating a Bbsl RE site (GAAGAC) as shown
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GV 3-1 0,23 1GHV5-51 IGV 1-44 0,23 [1GHV1-69 |GV 1-51 0 23 | GHV1-69
GV 2-11 0 23 1GHV1-18 1AV 2-14 0 23 1GHV1I-18 GV 1-40 0 23 | GHV3-21
GV 2- 140 28R/066120IV1-2 | GLV 1-44 0, 23 19 | GHV3- 23 | KVRCTEPR01197047E3HV3- 23
GKV1-8 0,19 1GHV3-30 I GKV2-28/2 D-28 0,19 1GHV4-39 I &KV1-33/1 D-33 0,19
GHV4-39 | &KV1-27 0 19 [1GHV4-59 | &KV3-11 0,19 | CGHV5-51

I

I

I

|
in Fig. 1), lambda-like CDR-L3 (QSYDSSLSGVV) (SEQ ID NO: 3) according to Ewert S. et al.,
J. Mol. Biol. (2003) 325, 531-553; and the JI2/3 FR4 (incorporating a Kpnl/Acc65l RE site
(GGTACQC) as shown in Fig. 1).

The term “variable heavy chain and variable light chain pair” or “VH/VL pair” means the
combination of one variable heavy chain and one variable light chain. An antibody and
functional fragment, e.g. a Fab, comprises at least one variable heavy chain bound to a variable
light chain, which form the antigen binding region. An example, of a variable heavy chain and
variable light chain pair is the antibody or functional fragment, or portion thereof, comprising
germline amino acid sequences from VH3-23/Vk1-5, or encoded by the germline genes VH3-
23/Vk1-5, where the antibody comprises a variable heavy chain, or a portion thereof, comprising
germline amino acid sequences from VH3-23, or encoded by germline gene VH3-23 and a
variable light chain, or portion thereof, comprising germline amino acid sequences from Vki-5,
or encoded by germline gene Vk1-5.

The term “substantially all” means at least 90%. For example, substantially all of the
antibodies or functional fragments comprise variable heavy chain and variable light chain
framework regions comprising germline amino acid sequences of a germline protein pair having
certain properties, means that at least 90% of the antibodies or fragments comprise, variable
heavy chain and variable light chain framework regions comprising germline amino acid
sequences of a germline protein pair having such properties.

The sequences of the JH4 for variable heavy chain, Jk1 for variable k light chain, and
JA2/3 for variable A light chain regions are described in the following publications: Scaviner et
al., (1999), " Protein displays of the human immunoglobulin heavy, kappa and lambda variable
and joining regions" Exp Clin Immunogenet. 16(4):234-40; for JH: Ravetch et al., (1981),
“Structure of the human immunoglobulin mu locus: characterization of embryonic and
rearranged J and D genes.” Cell 27 (3 pt 2): 583-91; for JK: Hieter et al. (1982), “Evolution of
human immunoglobulin kappa J region genes.” J Biol Chem 257(3):1516-22; for JL: Kawasaki
et al., (1997) “One-Megabase Sequence Analysis of the Human immunoglobulin lambda Gene
Locus” Genome Research 7(3):250-61, which are all incorporated by reference herein in their
entireties. The JH4 amino acid sequence is (YFDYWGQGTLVTVSS) (SEQ ID NO: 4); the Jk1
amino acid sequence is (WTFGQGTKVEIK) (SEQ ID NO: 5); and the JA2/3 amino acid
sequence is (VVFGGGTKLTVL) (SEQ ID NO: 6).

The term “variable domain/region/ (VH or VL)” means the region of an immunoglobulin
that comprises one or more Ig domains substantially encoded by any of the VL (including Vk
and VA), VH, JL (including Jk and JA), and JH nucleic acids that make up the light chain
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| &KV1-5 0 19 [1GHV5-51 IGKV2-28/2 D-28 0,19 [1GHV3-7 I GKV3-11 0 19 |GHV3-7

| &KV2-30 0 19 [1GHV1I-18 ICGKV3-15 0 19 1GHV1I-18 I GKV3-11 0 19 |1GHV3-21
| GKV4-1 OW020120665028- 15 | GKV3-15 0 19 | GHV3-15 | KV4-1 eCTIEP201E60WB7I5

| &KV1-33/1 D-33 0,19 _I1GHv4-31 I &KV1-39/1D-39 0,19_ 0 19 |1CHV4-31

- &KV1-5 | GHV4-31 1 GKV3-15 0 19 |1 CGHV4-31 1 (KV2-28/2 D-28 0, 19

(including k and A) and heavy chain immunoglobulin genetic loci respectively. A light or heavy
chain variable region (VL and VH) is made up of a “framework” or “FR” region interspersed by
three hypervariable regions referred to as “complementarity determining regions” or “CDRs.”
The extent of the framework region and CDRs have been defined using at least the following
conventions: see Kabat, 1991, J. Immunol., 147, 915-920; Chothia & Lesk, 1987, J. Mol. Biol.
196: 901-917; Chothia et al., 1989, Nature 342: 877-883; Al-Lazikani et al., 1997, J. Mol. Biol.
273: 927-948); see also http://www.bioc.uzh.ch/antibody/Numbering/NumFrame.html (which
shows the well known numbering conventions of antibody amino acids and the location of the
CDRs and framework regions), and that used in Figures 25-36.

The term “framework region” means the part of the variable domain which serves as a
scaffold for the antigen binding loops. Examples of the framework regions include FR1, FR2,
FR3, and FR4 of either the variable heavy or variable light chains.

The term “complementarity determining region” or “CDR” means an antibody’s antigen
binding loops. Each of the two variable domains of an antibody Fv fragment contains three
CDRs. The complementarity determining regions include CDR1, CDR2, and CDRS3 of either the
variable heavy or variable light chains.

The term “human immune repertoire” means a repertoire of the nucleic acids isolated
from B cells from the immune system of a human. A repertoire may be that of an individual, or a
population, and may come from naive B cells and/or antigen experienced B cells. The present
invention is amenable to the determination of an immune repertoire from a single individual,
provided sufficient B-cells are obtained. Preferably, the immune repertoire is obtained from
multiple individuals to avoid sample biases. An example of a human immune repertoire is
described in Examples 2-3.

An “antigen” and “immunogen” are defined as any molecule that is bound specifically by
an antibody.

The term “specific for an antigen/immunogen” means the specific association between
an antibody and a corresponding molecule. Specificity can be determined by the methods
described in Example 11, such as ELISA and/or Biacore.

“CDR diversification” or “diversified CDR” is obtained by varying the amino acid
composition within a CDR. A diversified CDR can be found in a collection of antibodies or
fragments having one or more identical framework regions, e.g. germline framework regions,
wherein the antibodies or fragments have CDR3s comprising different amino acid sequences.
Diversified CDRs can be achieved by any methods known to one of skill in the art, including the
methods described by the following: WO9708320, US Patent No. 6,300,064, which is
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| GHV3-33 | GKV2-28/2 D-28 0,19 |1GHV3-53 1 CKV4-1 0,19 [1GHV3-53 | GKV3-11 0O
19 | GHV3-74 | G&KV3-20 0 19 [1GHV4-4 1 GKV1-5 0 19 [1GHV1I-46 | (KV1-9 0 19

| GHV1- 8 IveRNBRB62919 | GHV1- 24 | GKV3-11 0,19 | GHV1-3 PGR¥P2B9/010428 39 0, 19
| GHV3-49 | GKV1-39/1 D-39 0,19 1GHV3-23 IGV 2-23 0 19 1CGHV3-30 IGV 1-44
0,19 1GHV4-59 GV 2-14 0,19 |1GHv4-59 | AV 1-44

incorporated by reference in its entirety; WO2008053275, US 12/158,181, which is incorporated
by reference in its entirety; WO07056441, US60/806,602, which is incorporated by reference in
its entirety; WO2009036379, US 60/993,785, which is incorporated by reference in its entirety;
WO2009114815, 12/922,153, which is incorporated by reference in its entirety; WO020617071,
US12/762,051, which is incorporated by reference in its entirety. CDRs are generally known to
be the immunogen binding regions, therefore having collections comprising members
representing a large diversity within the CDRs, especially CDRS3, increases the possibility that a
collection will comprise antibodies or fragments thereof having specificity, and optimal
properties for any immunogen.

The term “variant” means an antibody or fragment having a different amino acid
sequence than another antibody or fragment. The term “variant” includes antibodies or
fragments that are essentially identical in sequence in the framework regions, but have different
amino acid sequences in a CDR region, e.g. CDR3. Variants of a variable heavy chain and
variable light chain pair, have essentially the same amino acid sequence within the framework
regions, but have different amino acid sequences within the CDRS3 region.

The term “synthesis” or “synthesized” means gene synthesis, where nucleic acid
sequences are synthesized into physical DNA, comprising polynucleotides. Standard DNA
synthesis comprises single nucleotide synthesis, where single-stranded oligo-nucleotides are
generated and then the overlapping oligonucleotides are ligated using a PCR-like assembly.
Companies, such as, Sloning (Puchheim, Germany), Geneart (Regensburg, Germany), DNA2.0
(Menlo Park, CA USA), Entelechon (Regensburg, Germany), and Genscript (Piscataway, NJ
USA) provide gene synthesis technology. Sloning, for example, utilizes a set of pre-made
double stranded triplet nucleotides.

The term “synthetic” describes a molecule that is made outside of the human body by
synthesis or synthesized, e.g. DNA. The term “synthetic” also describes a protein, e.g. antibody
or fragment that is translated from a synthetic DNA molecule.

The term “collection” or “library” means at least two members. The term “member”
includes, but is not limited to nucleic acids encoding antibodies or fragments thereof or the
antibodies or fragments thereof themselves.

The term “nucleic acid” is used herein interchangeably with the term “polynucleotide” or
“DNA” and refers to deoxyribonucleotides or ribonucleotides and polymers thereof in either
single- or double-stranded form. The term encompasses nucleic acids containing known
nucleotide analogs or modified backbone residues or linkages, which are synthetic, naturally

occurring, and non-naturally occurring, which have similar binding properties as the reference
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0,19 1GHv4-59 GV 1-51 0,19 1GHv4-34 1AV 2-8 0,19 [1GHV5-51 TGV 1-47 0
19 1GHV1-69 1AV 2-8 0,19 1GHV3-7 |GV 1-40 0 19 |1GHV3-15 1AV 1-44 0,19
| GHV4- 31 walvi2deg290 19 | GHV3-33 1AV 2-14 0 19 | GHV3P83/HPGUV/01644Y O 19

| GHV3-33 |GV 2-23 0 19 1GHV3-33 IGV 3-21 0 19 I1CGHV3-9 IGAV 1-44 0,19

| GHvV4-4 TGV 2-14 0 19 [1GHV1-46 |GV 1-51

nucleic acid. Examples of such analogs include, without limitation, phosphorothioates,
phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-O-methyl
ribonucleotides, and peptide-nucleic acids (PNAs).

Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions)
and complementary sequences, as well as the sequence explicitly indicated. Specifically, as
detailed below, degenerate codon substitutions may be achieved by generating sequences in
which the third position of one or more selected (or all) codons is substituted with mixed-base
and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081, 1991; Ohtsuka et al., J.
Biol. Chem. 260:2605-2608, 1985; and Rossolini ef al., Mol. Cell. Probes 8:91-98, 1994).

As used herein, the term, “codon optimized” or “codon optimization” means that a
nucleotide sequence has been altered so that it includes codons that are preferred in a certain
production system, e.g. cell or organism. The optimized nucleotide sequence is engineered to
retain the amino acid sequence originally encoded by the starting nucleotide sequence. In
addition the nucleotide sequence may be designed to be completely or as much as possible
devoid of inhibitory motifs, mRNA splice sites, mRNA instability motifs and undesired restriction
sites. It can also be optimized for GC content, desired restriction sites and other parameters.
Sequences may be optimized for expression in different hosts, including bacterial or eukaryotic
cells, specifically mammalian cells. The amino acid sequences encoded by optimized nucleotide
sequences may also be referred to as optimized.

The term “amino acid” refers to naturally occurring and synthetic amino acids, as well as
amino acid analogs and amino acid mimetics that function in a manner similar to the naturally
occurring amino acids. Naturally occurring amino acids are those encoded by the genetic code,
as well as those amino acids that are later modified, e.g., hydroxyproline, y-carboxyglutamate,
and O-phosphoserine. Amino acid analogs refer to compounds that have the same basic
chemical structure as a naturally occurring amino acid, i.e., an alpha carbon that is bound to a
hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified R groups
(e.g., norleucine) or modified peptide backbones, but retain the same basic chemical structure
as a naturally occurring amino acid. Amino acid mimetics refers to chemical compounds that
have a structure that is different from the general chemical structure of an amino acid, but that
functions in a manner similar to a naturally occurring amino acid.

The terms “polypeptide” and “protein” are used interchangeably herein to refer to a

polymer of amino acid residues.
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0 19 1GHv4-61 |GV 1-44 0,19 1GHV1-8 IGV 2-14 0,19 [1GHV4-28 |GV 2-23
0,19 20 IGHV3-23 | KV1-9 0 14 1GHV3-23 I KV1-16 0 14 |1GHV4-39 | (KV1-6 O
14 | GHVAWDB2012@6vDR95 0, 14 | GHV4-59 | CKV1-27 0, 14 | GHV2C3APR@GHNW10438/ 1 D- 33
0,14 1GHV5-51 IGKV1-33/1 D-33 0,14 [1GHV1-69 | GKV2-28/2 D-28 0, 14

| GHV1-69 | GKV1-33/1 D-33 0,14 |1GHV3-7 I GKV2-28/2 D-28 0,14 |1GHV3-7

| GKV1- 8

The terms “identical” in the context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences that are the same.

The term “vector” refers to a polynucleotide molecule capable of transporting another
polynucleotide to which it has been linked. Preferred vectors are those capable of autonomous
replication and/or expression of nucleic acids to which they are linked. Vectors capable of
directing the expression of nucleic acids to which they are operatively linked are referred to
herein as "expression vectors." One type of vector is a “plasmid”, which refers to a circular
double stranded DNA loop into which additional DNA segments may be ligated. Another type of
vector is a viral vector, wherein additional DNA segments may be ligated into the viral genome.
Certain vectors are capable of autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin of replication and mammalian
vectors). Other vectors can be integrated into the genome of a host cell upon introduction into
the host cell, and thereby are replicated along with the host genome. Moreover, certain vectors
are capable of directing the expression of genes to which they are operatively linked. Such
vectors are referred to herein as “recombinant expression vectors” (or simply, “expression
vectors”). In general, expression vectors of utility in recombinant DNA techniques are often in
the form of plasmids. Vectors may be compatible with prokaryotic or eukaryotic cells. In the
present specification, “plasmid” and “vector” may be used interchangeably as the plasmid is the
most commonly used form of vector. However, the invention is intended to include such other
forms of expression vectors, such as viral vectors (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which serve equivalent functions.

Vectors typically include a prokaryotic replicon which may include a prokaryotic
promoter capable of directing the expression (transcription and translation) of the VH- and/or
VL-coding homologs in a bacterial host cell, such as Escherichia coli transformed therewith.
Additionally, vectors include IgG expression vectors for use in mammalian cells, e.g. see
Figures 13-15. A promoter is an expression control element formed by a DNA sequence that
permits binding of RNA polymerase and transcription to occur. Promoter sequences compatible
with bacterial hosts are typically provided in plasmid vectors containing convenience restriction
sites for insertion of a DNA segment. Examples of such vector plasmids include pUCS8, pUC9,
pBR322, and pBR329, pPL and pKK223, available commercially.

A “display vector” includes a DNA sequence having the ability to direct replication and
maintenance of the recombinant DNA molecule extra chromosomally in a host cell, such as a
bacterial host cell, transformed therewith. Such DNA sequences are well known in the art.
Display vectors can for example be phage vectors or phagemid vectors originating from the
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0,14 1GHV3-48 I KV2-28/2 D-28 0,14 1GHV3-48 I &KXV1-8 0,14 |CHV3-15

| &KV3-11 0 14 1CGHV3-15 I &KV2-28/2 D-28 0,14 1GHV3-15 I CKV1-9 0 14

| GHV4- 31 WOKRVR/@8122 D-33 0,14 |1 GHV1-2 IGKV1-5 0 14 | GRUTAZ201GdwW71 0, 14
| GHV3- 11 | &KV3-20 0 14 | GHV3-11 1 GKV3-11 0 14 |1 GHV3-11 |1 KV2-28/2 D28
0,14 1GHV3-9 IGKV1-39/1 D-39 0,14 [1GHV3-9 I (KV1-5 O, 14

class of fd, M13, or fl filamentous bacteriophage. Such vectors are capable of facilitating the
display of a protein including, for example, a binding protein or a fragment thereof, on the
surface of a filamentous bacteriophage. Display vectors suitable for display on phage,
ribosomes, DNA, bacterial cells or eukaryotic cells, for example yeast or mammalian cells are
also known in the art, for example, as are viral vectors or vectors encoding chimeric proteins.

The term “recombinant host cell” (or simply “host cell”) refers to a cell into which a
recombinant expression vector has been introduced. It should be understood that such terms
are intended to refer not only to the particular subject cell but to the progeny of such a cell.
Because certain modifications may occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be identical to the parent cell, but are
still included within the scope of the term “host cell” as used herein. Typical host cells are
prokaryotic (such as bacterial, including but not limited to E. coli) or eukaryotic (which includes
yeast, mammalian cells, and more). Bacterial cells are preferred prokaryotic host cells and
typically are a strain of Escherichia coli (E. coli) such as, for example, the E. coli strain DH5
available from Bethesda Research Laboratories, Inc., Bethesda, Md. Preferred eukaryotic host
cells include yeast and mammalian cells including murine and rodents, preferably vertebrate
cells such as those from a mouse, rat, monkey or human cell line, for example HKB11 cells,
PERC.6 cells, or CHO cells.

The introduction of vectors into host cells may be accomplished by a number of
transformation or transfection methods known to those skilled in the art, including calcium
phosphate precipitation, electroporation, microinjection, liposome fusion, RBC ghost fusion,
protoplast fusion, viral infection and the like. The production of monoclonal full-length
antibodies, Fab fragments, Fv fragments and scFv fragments is well known.

Transformation of appropriate cell hosts with a recombinant DNA molecule is
accomplished by methods that typically depend on the type of vector and cells used. With
regard to transformation of prokaryotic host cells, see, for example, Cohen et al., Proceedings
National Academy of Science, USA, Vol. 69, P. 2110 (1972); and Maniatis et al., Molecular
Cloning, a Laboratory Manual, Cold spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1982).
With regard to the transformation of vertebrate cells with retroviral vectors containing rDNAs,
see for example, Sorge et al., Mol. Cell. Biol., 4:1730-1737 (1984); Graham et al., Virol., 52:456
(1973); and Wigler et al., Proceedings National Academy of Sciences, USA, Vol. 76, P. 1373-
1376 (1979).

eGFP (enhanced green fluorescent protein) has the following amino acid sequence:
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| GHV3-9 1 (KV4-1 0,14 [1GHV3-9 1 (KV2D-29 0,14 |1GHV3-74 _ | &KV1-39/1D- 39
0,14 _ [1GHV3-74 | KV1-5 0 14 1GHV3-74 1 GKV3-15 0 14 |1GHV3-74 | (KV4-1
0,14 | GWO-241240650M8-15 0 14 |1GHV4-4 | KV4-1 0, 14 | GHV2C2/AP@vVB7@M13 O, 14
| GHV1-46 | GKV1-5 0,14 |1GHV1-46 | GKV3-15 0,14 |1GHV4-61 |1 GKV1-39/1 D39
0,14 1GHV1-24 I &KV1-39/1 D-39 0,14 |GHV1-24 | GKV3-15

MSGSHHHHHHGTMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY
GKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQ
ERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYI
MADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALS
KDPNEKRDHMVLLEFVTAAGITLGMDELYKDI. The amino acids underlined and in

italics represent the His tag, and those only underlined represent the addition of a

restriction enzyme recognition sequence.
Collections of Antibodies or Fragments thereof

The present disclosure enables collections of antibodies or functional fragments thereof
and the nucleic acids encoding such antibodies or fragments that can be used in the
identification of therapeutic antibodies against any target, where the antibodies or fragments are
clinically developable, safe and effective in patients. As background, the inventors assumed
that the variable heavy chain and variable light chain germline gene pairs abundant in the
human immune repertoire (such as, VH3-23/VK1-5) likely have favorable biophysical properties
that would lead to more efficient development and increase the safety and efficacy of the
resulting antibodies in patients. Such favorable biophysical properties could include: a) high
relative display rate in Fab format; b) high relative Fab expression yield; ¢) temperature stability
in both Fab and IgG format; d) bovine/mouse serum stability of both Fab and IgG format; e) high
IgG1 expression yield; e) SEC monomeric content (% monomer) in both Fab and IgG format;
and/or f) high 1gG1 isoelectric point (pl).

Each B cell encodes one antibody, and each antibody comprises a variable heavy chain
and variable light chain. Each of the variable heavy chain and variable light chains of an
antibody can be aligned with a germline gene sequence (or germline protein sequence) in order
to determine the origin of the antibody, meaning from which germline gene the variable heavy
chain and variable light chain were derived. Therefore, for each antibody, it can be said, that
the variable heavy chain and variable light chain comprise a germline gene pair, or germline
protein pair, for example, VH3-23 paired with VK1-5.

In order to prove the hypothesis that the germline protein pairs abundant in the human
immune repertoire likely have favorable biophysical properties, the first step was to identify the
variable heavy chain and variable light chain germline gene pairs (germline protein pairs)
present in the human immune repertoire. In some aspects the data is obtained from publically
available literature or databases and from the sampling of B cells.
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0,14 [1GHV1-3 1 GKV3-15 0,14 [1GHV3-49 | &KV1-17 0,14 |1GHV3-43 | (KV1-5 0, 14
| GHV7-81 | GKV3-20 0,14 |1GHV3-13 I &KV1-39/1 D-39 0,14 1GHV3-23 IGV 1-51
0,14 | GWB-28/06A2Y 3-21 0,14 1GHV3-30 |GV 3-1 0, 14 pCGHER2B9/0V@EIZY/ 1- 47
0,14 1GHv4-39 GV 2-18 0,14 |1GHV4-59 | GAV 1-47 0,14 |1CGHVS-51 GV 2-23
0,14 [1GHV5-51 |GV 3-21 0,14 1GHV1-69 AV 2-23

The following articles were identified and analyzed in detail: Wardemann H. et al.
(2003) Science 301, 1374-1377 and any supporting tables; Yurasov S. et al. (2005) J. Exp.
Med. 201, 703-712 and any supporting tables; Tsuiji M. et al. (2006) J. Exp. Med. 203, 393-401
and any supporting tables; Yurasov S. et al. (2006) J. Exp. Med. 203, 2255-2262 and any
supporting tables, Tiller T. et al. (2007) Immunity 26, 205-213 and any supporting tables, and
Mietzner B. et al. (2008) PNAS 105, 9727-9732 and any supporting tables, all of which are
incorporated by reference in their entireties.

Alternatively, databases, such as NCBI, can be searched using Ig-Blast. As of 2005 the
database contained at least 25,000 rearranged human antibody sequences in FASTA format.
Of the 22,500 entries, 13,235 represented VH sequences, 1,506 represented Vk and 2,259
represented VA.

Generally, in the relevant publically available literature and databases, the following
methods were followed: B cells were isolated from human donors, the B cells were sorted in
order to determine their stage of development or differentiation, cDNAs were generated and
amplified representing the DNA encoding the antibody from each B cell, the cDNAs were
sequenced, cDNAs encoding the variable heavy chain and variable light chains were aligned to
the known germline gene sequences, and the germline gene pair from each B cell was
determined.

In some embodiments the data was obtained from the sampling and isolation of human
B cells, which comprised a method similar to that used in the literature. In these aspects the
method of producing a collection of synthetic antibodies or functional fragments thereof
comprises the step of obtaining data comprising the variable heavy chain and variable light
chain germline gene pairs present in the human immune repertoire; wherein the obtaining step
further comprises the steps of aa) isolating human B cells from a sample; ab) generating cDNA
from the B cells; ac) PCR amplifying the cDNA from the B cells; ad) sequencing the PCR
products; and ae) identifying the germline genes of the PCR products. Both sets of data
provided the variable heavy chain and variable light chain germline gene pairs that are present
in the human immune repertoire.

Using antibody sequence data, one of skill in the art, can identify the germline families
and/or genes of each VH, Vk and VA variable domain. Using this approach, the prominence of
each VH and VL germline family and/or gene, and/or the germline family and/or gene of each
VH and VL domain pair can readily be determined by one of skill in the art.

The raw data obtained from literature and from B cells was pooled, analyzed and the

variable heavy chain and variable light chain germline gene pairs present in the human immune
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0,14 1GHV3-7 IGV 1-44 0,14 [1GHV3-7 1AV 1-51 0,14 [I1CGHV3-7 I AV 1-47
0,14 1GHV3-7 IGV 3-21 0,14 [1GHV1-18 IGV 1-44 0,14 1GHV1-18 1AV 1-51
0,14 | GWB-2A4R/M6A2Y 3-1 0,14 [1GHV3-21 |GV 1-47 0,14 PGHER2mI/0V@EHY/ 7- 46
0,14 1GHV4-31 IGV 1-40 0,14 1GHV4-31 1AV 1-51 0,14 1GHV4-31 |GV 1-47
0,14 1GHV1-2 IGV 1-51 0,14 [1GHV1-2 |GV 2-23

repertoire were ranked in terms of number of each. From this data it was clear that certain
variable heavy chain and variable light chain germline gene pairs are present more frequently
than others in the human immune repertoire. These prominent pairs were expected to have
superior biophysical properties.

As a next step, it had to be determined which germline protein pairs were to be tested for
functional properties relevant to developability, as there are ~2500 pairs in the human immune
repertoire. One way would be to test the variable heavy chain and variable light chain germline
protein pairs that occur most prominently in the human immune repertoire, for example see
Table 6. One could, for example, select the top four hundred pairs for testing, or select the
variable heavy chain and variable light chain germline protein pairs present above a certain
threshold number. This approach, however, would require the synthesis and testing of a large
number of variable heavy chain and variable light chain germline protein pair sequences;
therefore, such an approach would not be very efficient.

As an alternative approach, the inventors selected a subset of the variable heavy chain
and variable light chain germline pairs that are representative of, accurately reproduce, or cover
the majority of the prominent pairs from the human immune repertoire. This approach was
based, in part, upon the observation that a small number of variable heavy, variable « light
chain, and variable A light chain germline genes are dominant in the human immune repertoire.
Wildt et al. at 895-896 describes this phenomenon. Wildt et al. also states that the frequently
expressed heavy and light chain gene segments are often paired, and observed that half of the
pairings sampled correspond to only five germline pairs. Therefore, a small number of the
prominent heavy and light chain germline genes (unpaired) can be combined to generate a
group of pairs that are representative of the human immune repertoire.

Therefore, the raw data was analyzed to determine the variable heavy chain, variable k
light chain, and variable A light chain (unpaired) germline genes prominent in the human
immune repertoire. The prominent variable heavy chain, variable k light chain, and variable A
light chain germline protein sequences were then evaluated to determine their biophysical
properties relevant to development. The variable heavy chain, variable k light chain, and
variable A light chain germline protein sequences were evaluated in silico for the following
properties: CDR length, isoelectric point (pl) the preferred isoelectric point is 7.5 or above as
this is should provide stability in a standard pH 5.5 to pH 7 formulation buffer, sites of potential
post translational modification sites in the complementarity determining regions (PTM’s)
(specifically, N-linked glycosylation sites (NxS or NxT) or chemical modifications such as Asp
cleavage (often at a DP), Asp isomerization (DS, DG),, deamidation (NS, NG) which can occur
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0, 14
0,14
0,14
0, 14
0, 14

lGHV1-2 1AV 3-1 0,14 1GHV3-11 1AV 2-14 0, 14 | GHV3-11 | GLV 1-44
| GHV3-11 |GV 2-11 0,14 1GHV3-11 1AV 3-1 0,14 |1GHV3-9 |GV 1-47

| GWB-2012406hN292- 11 0,14 [GHV3-74 |GV 2-23 0, 14 PGHER20M4/07@@Y/ 3- 21
| GHV4-4 1 GLV 1-40 0,14 [1GHV1-46 IGV 2-14 0,14 1GHV1-46 | GV 1-44
| GHV4-61 | GV 2-14 0, 14 21

in vivo (in serum) or upon storage in formulation buffer and lead to loss of antibody binding), the
presence of Methionines in the CDRs (can be oxidized when exposed to solvent), the presence
of unpaired Cysteines (will form disulfide bonds with any other unpaired cysteine, thus leading
to crosslinking of proteins and/or lower expression levels), deviations from germline, the
presence of potential T-cell epitopes, and theoretical aggregation propensity.

As shown in Tables 5, and Figures 2 and 3, generally, the top 20 VH, top 8 VA and top
12 Vk were selected for synthesis, combination and subsequent functional analysis. The
germline gene sequences were synthesized and then combined in order to generate 400
germline protein pairs that are representative of the germline gene pairs found in the immune
repertoire, wherein each of the variable regions has favorable biophysical properties as
identified in silico. The 400 VH/VL germline protein pairs were tested for the following
properties: a) relative display after phage production and phage ELISA in Fab format; b) relative
Fab expression yield after Fab production in E. coli, E. coli cell lysis and ELISA detection of
produced Fab; ¢) temperature stability of Fab after Fab production in E. coli, E. coli cell lysis and
ELISA detection of non-denatured Fab after incubation at increased temperatures; d)
bovine/mouse serum stability of Fab from E. coli lysates by ELISA detection of non-denatured
Fab after incubation in bovine/mouse serum; e) relative human IgG1 expression yield levels
after IgG1 production in mammalian cells and ELISA detection of secreted IgG1 from cell
culture supernatants; and f) bovine serum stability of human IgG1 by ELISA detection of non-
denatured Fab after incubation in bovine/mouse serum.

Of the 400 germline protein pairs tested (results shown in Table 12), 95 were selected
for further testing. After synthesis, expression and purification, the 95 germline protein pairs
shown in Figures 16-24 were tested in both Fab and IgG1 formats for the following a) purified
Fab expression yield in mg/L, b) purified Fab monomeric content (% monomer), ¢) purified Fab
thermal stability, d) purified IgG1 expression yield in mg/L, e) purified IgG1 monomeric content
(% monomer), f) purified 1gG1 thermal stability, g) IgG1 isoelectric point and h) IgG1 stress
testing with exposure to acid, including differential scanning fluorometry (DSF), absorption,
dynamic light scattering and particle staining. The results are shown in Figures 16-24.

In an embodiment, the following thresholds were set i) an expression yield in Fab format
of at least 2.5 mg/L; ii) thermal stability at 70°C or above in Fab format; iii) monomeric content
(% monomer) in Fab format of at least 98% as determined by SEC; iv) an expression yield in
IgG1 format of at least 30 mg/L; v) thermal stability at 73°C or above in IgG1 format; and vii)
monomeric content (% monomer) in IgG1 format of at least 99% as determined by SEC.

Therefore, in an embodiment, a collection comprises synthetic antibodies or functional
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| GHV3-23 | GKV2D-29 0,09 |1GHV3-23 | GKV2-29 0,09 | GHV3-23 |1 KV2-40/2 D-40
0,09 [1GHV3-30 IGKV1-33/1 D-33 0,09 |1GHV3-30 I GKV2-30 0,09 |GHV3-30

| GKV1- 8 OwW0201206M28- 30 | GKV1-6 0,09 | GHV3-30 | (KV2-24 eCOEP201EWBT30 | CKV1
D-8 0,09 1GHV4-39 I GKV2-30 0,09 |1GHV4-59 |1 CKV1-33/1 D-33 0,09 | CGHV4-59

| &KV1-12 0,09 |1GHV4A-34 1 (KV1-9 0,09 1GHV4-34 | (KV1-17 0, 09

fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein the antibodies or functional fragments comprise variable heavy chain and variable light
chain framework regions comprising germline protein sequences of a germline protein pair,
wherein said germline protein pairs comprise the following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and

vi) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC.

In additional embodiments, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein substantially all, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at
least 90%, or at least 95%, or each of the antibodies or functional fragments comprise variable
heavy chain and variable light chain framework regions comprising germline protein sequences
of a germline protein pair, wherein said germline protein pairs comprise the following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and

vi) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC.

In additional embodiments, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein wherein the antibodies or functional fragments consists of or consists essentially of
variable heavy chain and variable light chain framework regions comprising germline protein
sequences of a germline protein pair, wherein said germline protein pairs comprise the following
properties: i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

40



| GHV4-34 | GKV1-16 0,09 [GHV5-51 [ &KV2-30 0,09 | GHV1-69 | (KV1-27 0,09
| GHV1-69 | &KV1-8 0,09 |1GHV1-69 | KV3D-15 0,09 [1GHV3-7 | KV1-9 0, 09

| GHV3- 7 IV&N012106612909 | GHV3-7 | (KV1-27 0,09 [ GHV3-7 | BRVEPIBI107093

| GHV1-18 | GKV4-1 0,09 |GHV1I-18 | GKV2-30 0,09 [1GHV3-48 | &KV1-9 0, 09

| GHV3-48 | &KV1-17 0,09 |1GHV3-48 | (KV1-16 O, 09

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and

vii) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC.

In certain embodiments,

i) the expression yield in Fab format was determined by UV-spectrophotometry
using an extinction coefficient of 1.538 mL/mg and measuring absorbance at 280nm.

In certain embodiments,

ii) the thermal stability in Fab format was determined by differential scanning
fluorometry using PBS buffer.

In certain embodiments,

i) the monomeric content (% monomer) in Fab format was determined by size
exclusion chromatography using a Superdex75 HR10/30 column and Gibco D-PBS buffer at pH
7.4,

In certain embodiments,

iv) the expression yield in IgG1 format was determined by UV-spectrophotometry
using an extinction coefficient of 1.369 mL/mg and measuring absorbance at 280nm.

In certain embodiments,

v) the thermal stability in IgG1 format was determined by differential scanning
fluorometry using PBS buffer.

In certain embodiments,

vi) the monomeric content (% monomer) in IgG1 format was determined by size
exclusion chromatography using a Tosoh TSK-Gel G3000SWxI column and and Gibco D-PBS
buffer at pH 7.4.

UV-spectrophotometry may be performed using the Nanadrop system (peglab,
Erlangen, Germany). Differential scanning fluorometry may be performed using the iCycler iQ5
Thermal Cycler (Biorad). Differential scanning fluorometry may be performed using Gibco D-
PBS, pH 7.4 (Invitrogen, Paisley, USA). Size exclusion chromatography may be peformed
using the AKTA Purifier System (GE Healthcare).

The following germline protein pairs (54) were at or above the following thresholds using
the method described above: i) an expression yield in Fab format of at least 2.5 mg/L; ii) thermal
stability at 70°C or above in Fab format; iii) monomeric content (% monomer) in Fab format of at
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| GHV3-21 1 GKV3-11 0,09 |1GHV3-21 1 GKV2-28/2 D-28 0,09 |1GHV3-21 | &KV1-27
0,09 1GHV3-21 | &KV1-8 0,09 [1GHV3-21 I KV1-6 0,09 [1GHV4-31 | &KVv4-1 0,09
| GHV4- 31 WOKVR/066120, 09 | GHV4-31 | &KV1-27 0,09 | GHV1- 2PCEHV01187@799

| GHV1- 2 | GKV2-28/2D-28 0,09 [1GHV1-2 | GKV1-27 0,09 |1GHV3-33 I &KVv3-11 0, 09
| GHV3-33 1 GKV1-33/1 D-33 0,09 |GHV3-33 | CKV1-9

least 98% as determined by SEC; iv) an expression yield in IgG1 format of at least 30 mg/L; v)
thermal stability at 73°C or above in IgG1 format; and vii) monomeric content (% monomer) in
IgG1 format of at least 99% as determined by SEC, therefore, have superior functional activity
related to developability, (data shown in Figures 16-24): VH1-18 (SEQ ID NO: 204)/VK1-39
(SEQ ID NO: 236); VH1-18 (SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO:
204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46
(SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO:
257); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-
12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID
NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236);
VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ
ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VK1-05 (SEQ ID NO: 230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11
(SEQ ID NO: 208)/VK3-15 (SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO:
250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51
(SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO:
209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15
(SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO:
234); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO:
209)/VL1-47 (SEQ ID NO: 251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15
(SEQ ID NO: 209)/VL2-14 (SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO:
233); VH3-21 (SEQ ID NO: 210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11
(SEQ ID NO: 253); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO:
211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23
(SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO:
239); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11
(SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO:
214)/NK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74
(SEQ ID NO: 214)/VK1-27 (SEQ ID NO: 235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO:
239); VH3-74 (SEQ ID NO: 214)/VL1-51 (SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-15 (SEQ ID NO: 238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO:
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0, 09

| GHV3-53 | GKV3-20 0,09 |GHV3-53 [ KV1-27 0,09 |1GHV3-53 I KV1-8 0,09

| GHV3-11 | &KV4-1 0,09 1GHV3-11 1 KV1-6 0,09 [1GHV3-9 | KV3-15 0, 09
| GHV3-9 IveR81210b612909 | GHV3-9 | KV1-16 0,09 | GHV3-74 PGRP211/000409
| GHV3-74 1 GKV2-30 0,09 1CGHV4-4 | GKV2-28/2 D-28 0,09 [1GHv4-4 |1 CKV2D- 29

0, 09

| GHV1-46 | &KV3-11 0,09 [GHV1-46 | GKV1-27

239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252). Therefore, collections
comprising any number of these germline protein pairs could be used to identify developable
antibodies or fragments thereof against any antigen.

In an aspect, a collection comprises synthetic antibodies or functional fragments thereof
or synthetic nucleic acids encoding such antibodies or functional fragments, wherein the
antibodies or functional fragments comprise variable heavy chain and variable light chain pairs,
wherein the framework regions of the variable heavy chain and variable light chain pairs
comprise germline protein sequences of specific variable heavy chain and variable light chain
pairs, for example, VH1-18/VK1-39. This means that the collection comprises antibodies or
fragments wherein the framework regions of the antibodies or fragments comprise the germline
protein sequences of VH1-18/VK1-39, where the variable heavy chain framework regions
comprise the germline protein sequences of VH1-18 and the variable light chain framework
regions comprise the germline protein sequences of VK1-39. A large number of germline
protein pairs were tested, as constructs (as described in Examples 5 and 9), for their functional
properties related to development. A number of constructs tested showed superior functional
properties related to developability. The inventors believe that there is a high correlation
between the input (antibody collection used for selection against an antigen) and output
(antibodies identified from the collection as specific for the antigen) regarding the tested
functional properties. Therefore, the collections of the invention comprise antibodies or
fragments that comprise, in part, the same amino acid sequences as the constructs tested, for
example, the framework regions and/or complementarity determining regions. Since, in an
aspect, the collections comprise the amino acid sequences, or the nucleic acids encoding them,
of the tested constructs it is believed that the collections comprise antibodies or fragments
having the same superior functional properties related to developabiltiy as the constructs tested.
Therefore, it is expected that the antibodies or fragments subsequently selected from the
collections against an antigen will also have the same superior functional properties relevant to
developability. This hypothesis is supported by the experiments and data described in
Example 11, see Figures 37-39, 45-48 and 62.

In some embodiments, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein the antibodies or functional fragments comprise variable heavy chain and variable light
chain pairs, wherein the framework regions of the variable heavy chain and variable light chain
pairs comprise germline protein sequences selected from two or more, three or more, four or

more, five or more, six or more, seven or more, eight or more, nine or more, ten or more, eleven
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0,09 [1GHV1-46 | &KV1-16 0,09 |1GHV4-61 1 CKV3-15 0,09 |GHV1I-8 | (KV3-20 0, 09
| GHV1-8 1 CKV4-1 0,09 |1GHV1-24 | KV2-28/2 D-28 0,09 |GHV1-24 | GKV2-30 0, 09
| GHV1- 3 1veERN81228612909 | GHV3-49 | GKV3-20 0, 09 | GHV3- 49 PLGHV2013/000409

| GHV3-43 | GKV3-11 0,09 [1GHV3-64 I &KV1-5 0,09 [1GHV3-64 | &KV3-11 0, 09

| GHV7-81 | GKV1-39/1 D-39 0,09 |GHV3-13 | CKV4-1

or more, twelve or more, thirteen or more, fourteen or more, fifiteen or more, sixteen or more,
seventeen or more, eighteen or more, nineteen or more, twenty or more, twenty one or more,
twenty two or more, twenty three or more, twenty four or more, twenty five or more, twenty six or
more, twenty seven or more, twenty eight or more, twenty nine or more, thirty or more, thirty one
or more, thirty two or more, thirty three or more, thirty four or more, thirty five or more, or thirty
six or more, thirty seven or more, thirty eight or more, thirty nine or more, forty or more, forty one
or more, or forty two or more, or forty three or more, or forty four or more, or forty five or more,
or forty six or more, or forty seven or more, or forty eight or more, or forty nine or more, or fifty or
more, or fifty one or more, or fifty two or more, or fifty three or more, or fifty four variable heavy
chain and variable light chain pairs of VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID NO: 236);
VH1-18 (SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ
ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO:
205)/VL1-51 (SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO: 257); VH1-
69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ
ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID NO:
207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236); VH3-07
(SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO:
251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VK1-05
(SEQ ID NO: 230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11 (SEQ ID NO:
208)/VK3-15 (SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11
(SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05
(SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO:
209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO: 234); VH3-15
(SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO:
237); VH3-15 (SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO: 209)/VL1-47
(SEQID NO: 251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15 (SEQ ID NO:
209)/VL2-14 (SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-21
(SEQID NO: 210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11 (SEQ ID NO:
253); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15
(SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO:
211)/VL3-1 (SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO: 239); VH3-53
(SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO:
253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06
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0,09 I1GHV3-72 | KV1-5 0,09 [1GHV3-72 | &KV3-15 0,09 |1GHV1I-58 | (KV3-20 0, 09
| GHV3-66 | &KV1-39/1 D-39 0,09 1GHV3-23 IGV 1-36 0,09 [1GHV3-30 |GV 2-23
0,09 |GWB-28/d6A2Y 2-11 0,09 |1GHV3-30 I GV 9-49 0, 09 PCEHVY0130704GV 3- 10
0,09 1GHV4-39 GV 3-1 0,09 1CGHV4-39 IGV 6-57 0,09 [1GHV4-59 |GV 2-23
0,09 1GHv4-59 GV 3-21 0,09 1GHV4-59 1AV 2-11

(SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO:
214)/NK1-27 (SEQ ID NO: 235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH3-74
(SEQ ID NO: 214)/VL1-51 (SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO:
236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51
(SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO:
216)/VK3-15 (SEQ ID NO: 238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-
1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

In an embodiment, a collection comprises synthetic antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments, wherein
substantially all, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least
90% or at least 95% or each of the antibodies or functional fragments comprise variable heavy
chain and variable light chain pairs, wherein the framework regions of the variable heavy chain
and variable light chain pairs comprise germline protein sequences selected from the variable
heavy chain and variable light chain pairs VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID NO: 236);
VH1-18 (SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ
ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO:
205)/VL1-51 (SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO: 257); VH1-
69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ
ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID NO:
207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236); VH3-07
(SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO:
251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VK1-05
(SEQ ID NO: 230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11 (SEQ ID NO:
208)/VK3-15 (SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11
(SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05
(SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO:
209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO: 234); VH3-15
(SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO:
237); VH3-15 (SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO: 209)/VL1-47
(SEQ ID NO: 251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15 (SEQ ID NO:
209)/VL2-14 (SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-21
(SEQ ID NO: 210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11 (SEQ ID NO:
253); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15
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0,09 1GHv4-34 GV 1-44 0,09 | GHV4-34 |GV 2-23 0,09 |1GHV4-34 | GV
3-21 0,09 1GHV4-34 1AV 3-25 0,09 1GHVWS-51 GV 1-36 0,09 |GHVS-51 |GV
3-25 0, 09wvoneHmerr9 | ALV 1-47 0,09 [1GHV1-69 |GV 3-21 eCOEP201EMNUBIHE9 | GV
3-1 0,09 1GHV3-7 IGV 2-14 0,09 [1GHV1-18 GV 2-8 0,09 1GHV1-18 IGV
6-57 0,09 [1GHV3-48 |GV 2-11 0,09

(SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO:
211)/VL3-1 (SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO: 239); VH3-53
(SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO:
253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06
(SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO:
214)/NK1-27 (SEQ ID NO: 235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH3-74
(SEQ ID NO: 214)/VL1-51 (SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO:
236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51
(SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO:
216)/VK3-15 (SEQ ID NO: 238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-
1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

An embodiment comprises a collection of synthetic antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments, wherein the
antibodies or functional fragments comprise variable heavy chain and variable light chain pairs,
wherein the framework regions of the variable heavy chain and variable light chain pairs
comprise germline protein sequences of the, consisting of or consisting essentially of the
variable heavy chain and variable light chain pairs VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID
NO: 236); VH1-18 (SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO:
204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46
(SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO:
257); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-
12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID
NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236);
VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ
ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VK1-05 (SEQ ID NO: 230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11
(SEQ ID NO: 208)/VK3-15 (SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO:
250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51
(SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO:
209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15
(SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO:
234); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO:
209)/VL1-47 (SEQ ID NO: 251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15
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| GHV3-21 |GV 1-40 0,09 1GHV3-21 IGV 1-44 0,09 1GHV3-21 GV 3-21 0,09
| GHV3-21 |GV 2-11 0,09 1GHV3-21 1AV 4-69 0,09 1GHV3-15 GV 1-40 0,09
| GHV3- 15 walvi2lo6b290, 09 | GHV3-15 | AV 3-1 0,09 | GHV3- PETIEBRM127@78), 09

| GHV3-15 |GAV 7-43 0,09 1GHv4-31 1AV 3-21 0,09 1GHV1I-2 |GV 2-8 0,09

| GHV1-2 I GV 7-46 0,09 1GHV3-33 GV 6-57 0,09

(SEQ ID NO: 209)/VL2-14 (SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO:
233); VH3-21 (SEQ ID NO: 210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11
(SEQ ID NO: 253); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO:
211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23
(SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO:
239); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11
(SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO:
214)/NK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74
(SEQ ID NO: 214)/VK1-27 (SEQ ID NO: 235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO:
239); VH3-74 (SEQ ID NO: 214)/VL1-51 (SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-15 (SEQ ID NO: 238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO:
239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

In embodiments comprising the 54 pairs or a subset thereof, additional pairs may be
selected to be added to the collection, wherein each germline protein pair added comprises the
following properties:

i) an expression yield in Fab format of at least 2.5 mg/l as determined by UV-
spectrophotometry using an extinction coefficient of 1.538 mL/mg and measuring absorbance at
280nm,

ii) thermal stability at 70°C or above in Fab format as determined by differential
scanning fluorometry using PBS buffer,

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by size exclusion chromatography using a Superdex75 HR10/30 column and Gibco D-PBS
buffer at pH 7.4,

iv) an expression yield in IgG1 format of at least 30mg/l as determined by UV-
spectrophotometry using an extinction coefficient of 1.369 mL/mg and measuring absorbance at
280nm,

v) thermal stability at 73°C or above in IgG1 format as determined by differential
scanning fluorometry using PBS buffer, and

vi) the monomeric content (% monomer) in IgG1 format of at least 99% as
determined by size exclusion chromatography using a Tosoh TSK-Gel G3000SWxI column and
and Gibco D-PBS buffer at pH 7.4.
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| GHV3-53 AV 2-14 0,09 1GHV3-11 IGV 2-23 0,09 1GHV3-11 GV 3-21 0,09
| GHV3-11 |GV 4-69 0,09 1GHV3-9 IGV 3-21 0,09 1GHV3-9 GV 2-8 0,09

| GHV3- 74 WO2vi2d6dr90, 09 | GHV4-4 |GV 1-51 0,09 | GHV4- 2Ci@EPY 12402878, 09

| GHv4-4 1GLV 2-8 0,09 |1GHV1-46 |GV 2-11 0,09 1GHv4-61 IGV 2-11 0,09

| GHV1-8 I GLV 1-47 0,09 [1GHV1-24 GV 2-23 0,09

UV-spectrophotometry may be performed using the Nanadrop system (peglab,
Erlangen, Germany). Differential scanning fluorometry may be performed using the iCycler iQ5
Thermal Cycler (Biorad). Differential scanning fluorometry may be performed using Gibco D-
PBS, pH 7.4 (Invitrogen, Paisley, USA). Size exclusion chromatography may be peformed
using the AKTA Purifier System (GE Healthcare).

Embodiments of the present disclosure comprise subsets of the germline protein pairs
(54) above having superior functional activity related to developability. In an embodiment, a
subset of germline protein pairs (36 out of 54) were selected based upon a comparison of the
stress testing data identified using the methods described in Examples 9.2.5 (a-d), data shown
in Figures 19-24, Example 9.2.6 (a-d), data shown in Figures 49-54 and Example 9.2.7, scoring
shown in Figures 55-60. The stress testing methods evaluated the 95 germline protein pairs in
IgG1 format in order to determine their ability to withstand exposure to acid and agitation with
glass beads. The 36 germline protein pairs, of an embodiment, were selected as they have
additional superior functional properties relevant to developability as they showed strong
resistance to acid and agitation stress. The 36 germline protein pairs selected in an
embodiment, fulfilled all of the threshold functional activities of the 54, and, in addition, scored at
or above 1225 in the stress testing cumulative score (as described in Example 9.2.7), which
rated the germline protein pairs according to the following characteristics: absorption at 320 nm
before and after acid exposure, radius and % polydispersity before and after acid exposure,
particle staining before and after acid exposure, absorption at 320nm before and after agitation
with glass beads, radius and % polydispersity after agitation with glass beads, and particle
staining after agitation with glass beads. The 36 germline protein pairs selected in this
embodiment, had values at or above the following thresholds for each criteria: a) purified Fab
expression yield (as described in Example 9.1.1) of at least 2.5 mg/L; b) purified IgG1
expression yield (as described in Example 9.2.1) of at least 30.0 mg/L; ¢) thermal stability of
purified Fab (as described in Example 9.1.2) of at least 70°C; d) thermal stability of purified IgG1
(as described in Example 9.2.2) of at least 73°C; €) monomeric content of purified Fab (as
described in Example 9.1.3) of at least 98%; f) monomeric content of purified IgG1 (as
described in Example 9.2.3) of at least 99% and g) stress testing cumulative score (as
described in Example 9.2.7) of at least 1225.

Therefore, in an embodiment, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein the antibodies or functional fragments comprise variable heavy chain and variable light
chain pairs, wherein the framework regions of the variable heavy chain and variable light chain
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| GHV1-3 IGV 2-14 0,09 1GHV1I-3 1AV 2-23 0,09 1GHV1I-3 |GV 3-1 0,09

| GHV3-49 |GV 3-21 0,09 1GHV4-28 1AV 1-44 0,09 1GHv4-28 GV 1-51 0,09

| GHV4- 28 wa2vi2l068290, 09 | GHV3-43 | AV 1-51 0, 09 | GHy8Ta£201E0W433 21 0, 09
| GHV7-81 |GV 2-14 0,09 |1GHV7-81 GV 3-21 0,09 22 | GHV3-23 | (KV2-30 O, 05
| GHV3-23 | GKV1-12 0,05 [GHV3-23 | &KV3D- 20

pairs comprise germline protein sequences of the variable heavy chain and variable light chain
pairs VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15
(SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID
NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233);
VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ
ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO:
207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11
(SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05
(SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO:
209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15
(SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO:
252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK1-39
(SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO:
211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-53
(SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO:
253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06
(SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO:
214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51
(SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO:
252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20
(SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

In embodiments comprising the 36 pairs or a subset thereof, additional pairs may be
selected to be added to the collection, wherein each germline protein pair added comprises the
following properties:

i) an expression yield in Fab format of at least 2.5 mg/l as determined by UV-
spectrophotometry using an extinction coefficient of 1.538 mL/mg and measuring absorbance at
280nm,

ii) thermal stability at 70°C or above in Fab format as determined by differential
scanning fluorometry using PBS buffer,

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by size exclusion chromatography using a Superdex75 HR10/30 column and Gibco D-PBS
buffer at pH 7.4,
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| GHV3-23 | &KV1D-12 0,05 |1GHV3-23 |1 &KV1D-13 0,05 | GHV3-30 | (KV1-17
| GHV3-30 | &KV1-27 0,05 [GHV3-30 | &KV1-16 0,05 [GHV3-30 | &KV2Dh- 29
| GWB-282/0661¢Y1- 13 0,05 [GHV3-30 | &KV5-2 0,05 | GHRZ3AEPR01GRM2D- 30

| GHV4-39 | GKV1-17 0,05 [1GHV4-39 | &KV3D-15 0,05 | GHV4-59 | GKV2- 30
| GHV4-59 | G&KV1-17 0,05 |GHV4-59 | (KV1-8

iv) an expression yield in IgG1 format of at least 30mg/l as determined by UV-
spectrophotometry using an extinction coefficient of 1.369 mL/mg and measuring absorbance at
280nm,

v) thermal stability at 73°C or above in IgG1 format as determined by differential
scanning fluorometry using PBS buffer, and

vi) the monomeric content (% monomer) in IgG1 format of at least 99% as
determined by size exclusion chromatography using a Tosoh TSK-Gel G3000SWxI column and
and Gibco D-PBS buffer at pH 7.4.

UV-spectrophotometry may be performed using the Nanadrop system (peglab,
Erlangen, Germany). Differential scanning fluorometry may be performed using the iCycler iQ5
Thermal Cycler (Biorad). Differential scanning fluorometry may be performed using Gibco D-
PBS, pH 7.4 (Invitrogen, Paisley, USA). Size exclusion chromatography may be peformed
using the AKTA Purifier System (GE Healthcare).

In embodiments, a collection of synthetic antibodies or functional fragments thereof or
synthetic nucleic acids encoding such antibodies or functional fragments, wherein substantially
all, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least 90% or at least
95% or each of the antibodies or functional fragments comprise variable heavy chain and
variable light chain pairs, wherein the framework regions of the variable heavy chain and
variable light chain pairs comprise germline protein sequences selected from the variable heavy
chain and variable light chain pairs VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-
46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID
NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO:
207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07
(SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO:
251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40
(SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO:
208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15
(SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO:
231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27
(SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO:
209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23
(SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO:
238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1
(SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO:
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0,05 [1GHV4-59 | &KV1-16 0,05 |1GHVA-59 | (KV1ID-43 0,05 [GHV4A-59 | &KV2D- 30
0,05 1GHV4-59 | &KV1D-17 0,05 |1GHV4-34 | GKV1-27 0,05 |1GHV4-34 | GKV1-8
0,05 | GWoO-282/06aY1-12 0,05 | GHV5-51 | KV1-9 0,05 | GAUSAR201GKMI3 17 O, 05
| GHV5-51 | &KV1-27 0,05 [GHV5-51 I GKV1-12 0,05 |1 GHV1-69 | (KV2-30 0, 05

| GHV1-69 | &KV1-16 0,05 | GHV1-69 | (KV1-6

213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74
(SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO:
233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID
NO: 252).

In other embodiments, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein the antibodies or functional fragments comprise variable heavy chain and variable light
chain pairs, wherein the framework regions of the variable heavy chain and variable light chain
pairs comprise germline protein sequences selected from two or more, three or more, four or
more, five or more, six or more, seven or more, eight or more, nine or more, ten or more, eleven
or more, twelve or more, thirteen or more, fourteen or more, fifiteen or more, sixteen or more,
seventeen or more, eighteen or more, nineteen or more, twenty or more, twenty one or more,
twenty two or more, twenty three or more, twenty four or more, twenty five or more, twenty six or
more, twenty seven or more, twenty eight or more, twenty nine or more, thirty or more, thirty one
or more, thirty two or more, thirty three or more, thirty four or more, thirty five or more, or thirty
six of the following variable heavy chain and variable light chain pairs VH1-18 (SEQ ID NO:
204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46
(SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID
NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO:
207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07
(SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47
(SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15
(SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO:
233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO:
210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23
(SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO:
255); VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15
(SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO:
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0,05 [1GHV1-69 I &KV2D-29 0,05 |GHV1-69 | GKV2D-30 0,05 | GHV1-69 | (KV1D- 16
0,05 [1GHV3-7 ICKV1I-6 0,05 [1GHV3-7 IKV1ID-8 0,05 |1GHV3-7 | &KV1D-17 0, 05
| GHV1- 18 WOKVR/066120, 05 | GHV1-18 | &KV1-8 0,05 | GHV1- 18 PLCEHW201167@795

| GHV1-18 | GKV1-12 0,05 |1GHV1-18 |1 KV1-13 0,05 |GHV1-18 | GKV2-40/2D- 40
0,05 [1GHV3-48 | &KV1-5 0,05 [GHV3-48 | &KV1-27

214)/NK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74
(SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO:
239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40
(SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO:
216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-
1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

In an embodiment, a collection comprises synthetic antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments, wherein the
antibodies or functional fragments comprise variable heavy chain and variable light chain pairs,
wherein the framework regions of the variable heavy chain and variable light chain pairs
comprise germline protein sequences of, consisting of or consisting essentially of the following
variable heavy chain and variable light chain pairs VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID
NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO:
205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-
07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID
NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO:
207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11
(SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO:
251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23
(SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO:
209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15
(SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO:
237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12
(SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO:
211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23
(SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO:
238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05
(SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO:
214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51
(SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO:
250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09
(SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID
NO: 216)/VL1-51 (SEQ ID NO: 252).
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| GHV3-48 | GKV1-6 0,05 |GHV3-48 | GKV2D-29 0,05 | GHV3-48 | KV3D- 20
| GHV3-48 | &KV1D-12 0,05 |GHV3-21 | KV2D-29 0,05 | GHV3-15 | GKV2-30
| GWB-20R/M661Y1- 27 0,05 | GHV3-15 | &KV2D-29 0,05 PGHER2MmI/07@@K3/1- 13
| GHV3- 15 | &KV1D-43 0,05 |1GHV4-31 1 GKV1-6 0,05 | GHV4-31 | CKV2-29
| GHV4- 31 | GKV2-40/ 2D- 40 0, 05

In another embodiment, the thresholds for each criterion were selected as follows: a)
purified Fab expression yield (as described in Example 9.1.1) of at least 2.5 mg/L; b) purified
IgG1 expression yield (as described in Example 9.2.1) of at least 30.0 mg/L; ¢) thermal stability
of purified Fab (as described in Example 9.1.2) of at least 70°C; d) thermal stability of purified
IgG1 (as described in Example 9.2.2) of at least 73 °C; €) monomeric content of purified Fab (as
described in Example 9.1.3) of at least 99%; f) monomeric content of purified IgG1 (as
described in Example 9.2.3) of at least 99%; g) isoelectric point of purified IgG1 (as described in
Example 9.2.4) of at least 8.3; and h) stress testing cumulative score (as described in Example
9.2.7) of at least 1225.

Therefore, in an embodiment, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein the antibodies or functional fragments comprise variable heavy chain and variable light
chain framework regions comprising germline protein sequences of a germline protein pair,
wherein said germline protein pairs comprise the following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 99% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format;

vi) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC, and

vii) an isoelectric point in IgG1 format of at least 8.3.

In certain embodiments,

i) the expression yield in Fab format was determined by UV-spectrophotometry
using an extinction coefficient of 1.538 mL/mg and measuring absorbance at 280nm.

In certain embodiments,

ii) the thermal stability in Fab format was determined by differential scanning
fluorometry using PBS buffer.

In certain embodiments,

i) the monomeric content (% monomer) in Fab format was determined by size
exclusion chromatography using a Superdex75 HR10/30 column and Gibco D-PBS buffer at pH
7.4.

In certain embodiments,
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| GHV1-2 |1 (KV1-33/1D-33 0,05 [1GHV1-2 | CKV2-30 0,05 |1GHV1-2 | KV1-8 0,05

| GHV1-2 | &KV1-6 0,05 [GHV3-33 | &KV1-17 0,05 [1GHV3-33 | &KV1-8 0, 05

| GHV3- 33 WOKVR/066120, 05 | GHV3- 33 | GKV2-24 0,05 | GHV3- 5BCIIERYD128042D- 28
0,05 [IGHV3-53 I &KV1-9 0,05 [GHV3-53 | &KV1-17 0,05 1GHV3-53 | (KV1-12 0, 05
| GHV3-53 | &KV2-29 0,05 |1GHV3-53 | KV1D-16 0, 05

iv) the expression yield in IgG1 format was determined by UV-spectrophotometry
using an extinction coefficient of 1.369 mL/mg and measuring absorbance at 280nm.

In certain embodiments,

v) the thermal stability in IgG1 format was determined by differential scanning
fluorometry using PBS buffer.

In certain embodiments,

vi) the monomeric content (% monomer) in IgG1 format was determined by size
exclusion chromatography using a Tosoh TSK-Gel G3000SWxI column and and Gibco D-PBS
buffer at pH 7.4.

UV-spectrophotometry may be performed using the Nanadrop system (peglab,
Erlangen, Germany). Differential scanning fluorometry may be performed using the iCycler iQ5
Thermal Cycler (Biorad). Differential scanning fluorometry may be performed using Gibco D-
PBS, pH 7.4 (Invitrogen, Paisley, USA). Size exclusion chromatography may be peformed
using the AKTA Purifier System (GE Healthcare).

In additional embodiments, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein wherein substantially all, or at least 50%, or at least 60%, or at least 70%, or at least
80%, or at least 90%, or at least 95% or each of the antibodies or functional fragments comprise
variable heavy chain and variable light chain framework regions comprising germline protein
sequences of a germline protein pair, wherein said germline protein pairs comprise the following
properties: i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 99% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format;

vi) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC, and

vii) an isoelectric point in IgG1 format of at least 8.3.

In additional embodiments, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein wherein the antibodies or functional fragments consists of or consists essentially of

variable heavy chain and variable light chain framework regions comprising germline protein
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| GHV3-11 | GKV1-33/1D-33 0,05 1GHV3-11 IGKV1-9 0,05 |1GHV3-11 I KV1-17 0,05
| GHV3-11 | &KV1-12 0,05 [GHV3-11 | &KV1D-8 0,05 [1GHV3-9 | KV3-20 0, 05

| GHV3- 9 R8s 2D- 28 0,05 |GHV3-9 | GKV1-17 0,05 | GHY8TEPR@HNW1042Y O, 05

| GHV3-9 1 CKV1-8 0,05 1GHV3-9 I GKV1-12 0,05 [1GHV3-9 I KV1D-8 0,05 |GHv4-4
| &KV1-17 0,05 |1GHV4A-4 | &KV1-27 0, 05

sequences of a germline protein pair, wherein said germline protein pairs comprise the following

properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 99% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format;

vi) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC, and

vii) an isoelectric point in IgG1 format of at least 8.3.

The following germline protein pairs (33) were at or above the following thresholds: a)
purified Fab expression yield (as described in Example 9.1.1) of at least 2.5 mg/L; b) purified
IgG1 expression yield (as described in Example 9.2.1) of at least 30.0 mg/L; ¢) thermal stability
of purified Fab (as described in Example 9.1.2) of at least 70°C; d) thermal stability of purified
IgG1 (as described in Example 9.2.2) of at least 73 °C; €) monomeric content of purified Fab (as
described in Example 9.1.3) of at least 99%; f) monomeric content of purified IgG1 (as
described in Example 9.2.3) of at least 99%; g) isoelectric point of purified IgG1 (as described in
Example 9.2.4) of at least 8.3; and h) stress testing cumulative score (as described in Example
9.2.7) of at least 1225, therefore, have superior functional activity related to developability: VH1-
18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID
NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO:
206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07
(SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO:
238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51
(SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO:
208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11
(SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO:
230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12
(SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO:
209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21
(SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO:
238); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11
(SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO:
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| GHV4-4 1 GKV1-6 0,05 1GHV4A-4 | KVID-8 0,05 [1GHV1-46 | &Kv4-1 0, 05

| GHV1-46 | &KV1-33/1D-33 0,05 |1GHV1-46 | GKV1-8 0,05 |GHV4-61 | GKV3-11 0, 05
| GHV4- 61 WORVR/@8122D- 28 0, 05 | GHV4- 61 | GKV1-16 0, 05 PCEHVY401860704GKV1- 12
0,05 1GHV4-61 I GKV1-13 0,05 [1GHV1-8 1 KV1-39/1 D-39 0,05 1GHV1-8 | &KV1-5
0,05 1GHV1-8 I GKV3-11 0,05 |GHV1-8 | KV2-28/2D- 28

214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74
(SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO:
236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51
(SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO:
216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

Therefore, in an embodiment, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein the antibodies or functional fragments comprise variable heavy chain and variable light
chain pairs, wherein the framework regions of the variable heavy chain and variable light chain
pairs comprise germline protein sequences of the variable heavy chain and variable light chain
pairs VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15
(SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID
NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233);
VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ
ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO:
207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11
(SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05
(SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO:
209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15
(SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO:
252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK3-15
(SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO:
213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74
(SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO:
233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID
NO: 252).

In embodiments comprising the 33 pairs or a subset thereof, additional pairs may be
selected to be added to the collection, wherein each germline protein pair added comprises the
following properties:
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0,05 1GHV1-8 IGKV1-33/1 D-33 0,05 1GHV1-8 I KV1-9 0,05 |1GHV1-8 | &KV2-29
0,05 [1GHV1-24 IGKV3-20 0,05 1GHV1-24 1CKV4-1 0,05 1GHV1-24 | (KV1-33/1
D- 33 0, O5wonRENbe2d | GKV2-24 0,05 | GHV1-24 | GKV2-40/ 2 PCE®EP2)10H70475HV1- 3

| &KV1-5 0,05 1GHV1-3 | KV1-33/1 D-33 0,05 |1GHV1-3 I GKV2-30 0,05 |GHV1-3
| &KV1-6 0,05 [GHV1-3 1 CKV2D-29 0,05 |GHV3-49 | (KV3-15

i) an expression yield in Fab format of at least 2.5 mg/l as determined by UV-
spectrophotometry using an extinction coefficient of 1.538 mL/mg and measuring absorbance at
280nm,

ii) thermal stability at 70°C or above in Fab format as determined by differential
scanning fluorometry using PBS buffer,

iii) monomeric content (% monomer) in Fab format of at least 99% as determined
by size exclusion chromatography using a Superdex75 HR10/30 column and Gibco D-PBS
buffer at pH 7.4,

iv) an expression yield in IgG1 format of at least 30mg/l as determined by UV-
spectrophotometry using an extinction coefficient of 1.369 mL/mg and measuring absorbance at
280nm,

v) thermal stability at 73°C or above in IgG1 format as determined by differential
scanning fluorometry using PBS buffer, and

vi) the monomeric content (% monomer) in IgG1 format of at least 99% as
determined by size exclusion chromatography using a Tosoh TSK-Gel G3000SWxI column and
and Gibco D-PBS buffer at pH 7.4.

UV-spectrophotometry may be performed using the Nanadrop system (peglab,
Erlangen, Germany). Differential scanning fluorometry may be performed using the iCycler iQ5
Thermal Cycler (Biorad). Differential scanning fluorometry may be performed using Gibco D-
PBS, pH 7.4 (Invitrogen, Paisley, USA). Size exclusion chromatography may be peformed
using the AKTA Purifier System (GE Healthcare).

In embodiments comprising the 33 pairs or a subset thereof, additional pairs may be
selected to be added to the collection, wherein each germline protein pair added further
comprises the following property:

vii) an isoelectric point in IgG1 format of at least 8.3.

In a further embodiment, pairs are added to a collection even though the pairs
themselves did not meet all of the thresholds within each criteria, but were added to the
collections in order to enhance diversity. In an embodiment the collection of 33 germline protein
pairs further comprises: VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID
NO: 211)/VL2-23 (SEQ ID NO: 255); and VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 258).
In this embodiment, the collection comprises (36 pairs): VH1-18 (SEQ ID NO: 204)/VK3-20
(SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO:
205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-
07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID
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0,05 1GHV3-49 IKV3-11 0,05 [1GHV3-49 | KV2-28/2 D-28 0,05 |GHv4-28

| &KV3-20 0,05 1GHV4-28 I GKV1-39/1 D-39 0,05 |1GHV3-43 | GKV3-15 0, 05

| GHV3- 43 WOKRVR/ih6 2905 | GHV3-43 | &KV2-28/2 D-28 0,05 | GEVEPAB1I0GKVA- 33/ 1
D-33 0,05 [1GHV3-64 | GKV3-15 0,05 [1GHV3-64 I KV1-9 0,05 |GHV3-64

| &KV2D-29 0,05 |1GHV7-81 | GKV1-5 0,05 1GHV7-81 1CGKV4-1 0,05 | CGHV7-81

| &KV2-28/2 D28

NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO:
207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11
(SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO:
251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23
(SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO:
209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15
(SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO:
237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12
(SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO:
211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23
(SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO:
238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05
(SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO:
214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51
(SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO:
250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09
(SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID
NO: 216)/VL1-51 (SEQ ID NO: 252).

In embodiments, collections comprising any number of these germline protein pairs or
synthetic nucleic acids encoding such antibodies or functional fragments could be used to
identify developable antibodies or fragments thereof against any antigen.

In some embodiments, a collection comprises synthetic antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
wherein the antibodies or functional fragments comprise variable heavy chain and variable light
chain pairs, wherein the framework regions of the variable heavy chain and variable light chain
pairs comprise germline protein sequences selected from two or more, three or more, four or
more, five or more, six or more, seven or more, eight or more, nine or more, ten or more, eleven
or more, twelve or more, thirteen or more, fourteen or more, fifiteen or more, sixteen or more,
seventeen or more, eighteen or more, nineteen or more, twenty or more, twenty one or more,
twenty two or more, twenty three or more, twenty four or more, twenty five or more, twenty six or
more, twenty seven or more, twenty eight or more, twenty nine or more, thirty or more, thirty one
or more, thirty two or more, thirty three or more variable heavy chain and variable light chain
pairs selected from the group consisting of VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO:
239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51
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0, 05

| GHV3-13 | &KV1-5 0,05 [1GHV3-13 | KV1-33/1 D-33 0,05 |[|GHV3-13

| &KV1-9 0,05 |1GHV3-13 1 GKV2-30 0,05 |1GHV3-72 1 GKV3-20 0,05 | GHV3-72
| GKV1-9 OWO0=2012066N28- 72 | GKV1-17 0,05 | GHV3-72 | GKV1- 16 POTERP2011@H33 73
| &KV2-28/2 D-28 0,05 [1GHV3-73 1KVl -9 0,05 |1GHV1-58 I &KV1-5 0,05

| GHV1-58 | &KVv4-1 0,05 | GHV1I-58 | &KV3-11 0, 05

(SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID
NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235);
VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ
ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11
(SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO:
255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06
(SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO:
209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15
(SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO:
233); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VK3-15
(SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO:
214)/NK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74
(SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO:
239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40
(SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO:
216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-
1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

In an embodiment, a collection comprises synthetic antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments, wherein
substantially all, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least
90% or at least 95% or each of the antibodies or functional fragments comprise variable heavy
chain and variable light chain pairs, wherein the framework regions of the variable heavy chain
and variable light chain pairs comprise germline protein sequences selected from the variable
heavy chain and variable light chain pairs VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239);
VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ
ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO:
207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07
(SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO:
251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40
(SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO:
208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15
(SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO:
231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27
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| GHV4- 30.2 | GKV1-39/1D-39 0,05 1GHV4- 30.2 IGKXv4-1 0,05 [1CHV/-4.1

| &KV1-39/1 D-39 0,05 I1CGHV7-4.1 | KV1-5 0,05 |1GHV3-20 | KV1-39/1 D39 0,05
| GHV3- 23 WOI2v121064i290, 05 | GHV3-23 1AV 2-8 0,05 | GHV3- P8TIEBROA1/670433 O, 05

| GHV3-23 |GAV 2-18 0,05 1GHV3-23 IGV 3-19 0,05 1GHV3-30 IGV 1-47 0,05

| GHV3-30 AV 2-8 0,05 1GHV3-30 GV 6-57 0,05 [1GHV3-30 | GV 3-27

(SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO:
209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23
(SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO:
238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05
(SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO:
214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51
(SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO:
250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09
(SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID
NO: 216)/VL1-51 (SEQ ID NO: 252).

An embodiment comprises a collection of synthetic antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments, wherein the
antibodies or functional fragments comprise variable heavy chain and variable light chain pairs,
wherein the framework regions of the variable heavy chain and variable light chain pairs
comprise germline protein sequences of, consisting of or consisting essentially of the variable
heavy chain and variable light chain pairs VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239);
VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ
ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO:
207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07
(SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO:
251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40
(SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO:
208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15
(SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO:
231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27
(SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO:
209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23
(SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO:
238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05
(SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO:
214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51
(SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO:
250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09

60



0,05 1GHv4-39 TGV 7-46 0,05 1GHV4-39 AV 3-9 0,05 1GHV4-59 AV 2-8
0,05 1GHV4-59 |GAV 6-57 0,05 1GHV4-59 AV 3-12 0,05 [1GHV4-34 |GV 2-11
0,05 | GWo-282/06a2Y 1-36 0,05 |1GHV4-34 |GV 7-43 0, 05 PCEHV40134704GV 9- 49
0,05 IGHV5-51 GV 7-43 0,05 |1GHV1-69 AV 6-57 0,05 1GHV1-69 |GV 3-25
0,05 I1GHV1-69 GV 3-10 0,05 1GHV3-7 I GV 2-23

(SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID
NO: 216)/VL1-51 (SEQ ID NO: 252).

An additional aspect to the present invention is the ability of the collections to be useful
in identifying antibodies or functional fragments thereof against any immunogen. Therefore, in
some embodiments, the collections comprise variable heavy chain framework regions and
variable light chain framework regions comprising germline protein sequences of at least two
different germline protein pairs; at least three different germline protein pairs; at least four
different germline protein pairs; at least five different germline protein pairs; at least six different
germline protein pairs; at least seven different germline protein pairs; at least eight different
germline protein pairs; at least nine different germline protein pairs; at least ten different
germline protein pairs; at least eleven different germline protein pairs; at least twelve different
germline protein pairs; at least thirteen different germline protein pairs; at least fourteen different
germline protein pairs; at least fifteen different germline protein pairs; at least sixteen different
germline protein pairs; at least seventeen different germline protein pairs; at least eighteen
different germline protein pairs; at least nineteen different germline protein pairs; at least twenty
different germline protein pairs; at least 21 different germline protein pairs; at least 22 different
germline protein pairs; at least 23 different germline protein pairs; at least 24 different germline
protein pairs; at least 25 different germline protein pairs; at least 26 different germline protein
pairs; at least 27 different germline protein pairs; at least 28 different variable heavy chain
germline protein; at least 29 different germline protein pairs sequences; at least 30 different
germline protein pairs; at least 31 different germline protein pairs; at least 32 different germline
protein pairs; at least 33 different germline protein pairs; at least 34 different germline protein
pairs; at least 35 different germline protein pairs; at least 36 different germline protein pairs; at
least 37 different germline protein pairs; at least 38 different germline protein pairs; at least 39
different germline protein pairs; at least 40 different germline protein pairs; at least 41 different
germline protein pairs; at least 42 different germline protein pairs; at least 43 different germline
protein pairs; at least 44 different germline protein pairs; at least 45 different germline protein
pairs; at least 46 different germline protein pairs; at least 47 different germline protein pairs; at
least 48 different germline protein pairs; at least 49 different germline protein pairs; at least 50
different germline protein pairs; at least 51 different germline protein pairs; at least 52 different
germline protein pairs; at least 53 different germline protein pairs; at least 54 different germline
protein pairs.

As a low potential for immunogenicity in humans is a goal for therapeutic antibodies, in

an aspect, the collections comprise framework regions comprising germline protein sequences
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0, 05

| GHV3-7 1AV 3-1 0,05 1GHV3-7 TGV 2-8 0,05 1GHV3-7 GV 7-46 0, 05

| GHV3-7 TGV 3-27 0,05 [1GHV1-18 GV 2-23 0,05 |1GHV1-18 AV 2-11 O, 05
| GHV1- 18 wal2vi2l068290, 05 | GHV1-18 | AV 3-25 0, 05 | GHV1PLCE/HPGUV/03419 O, 05
| GHV3-48 | ALV 1-40 0,05 1GHV3-48 IGLV 1-44 0,05 1GHV3-48 IGV 1-51 0,05
| GHV3-48 |GV 2-23 0,05 1GHV3-48 AV 3-21

or nucleic acids encoding them. In addition, in order to maintain a low risk of immunogenicity,
complementarity determining regions may be used comprising germline protein sequences. In
an embodiment, the collections comprise synthetic antibodies or functional fragments thereof or
synthetic nucleic acids encoding such antibodies or functional fragments comprising one or
more complementarity determining regions comprising germline protein sequences from the
respective variable heavy chain and variable light chain pairs, wherein the amino acid and
nucleic acid sequences of the complementarity determining regions of the variable heavy chains
and variable light chains are depicted in Figures 25-33. More specifically, in an embodiment, a
collection comprises antibodies or functional fragments thereof or synthetic nucleic acids
encoding such antibodies or functional fragments comprising CDR1 regions comprising
germline protein sequences from the respective variable heavy chain and/or variable light chain
pairs, wherein the amino acid and nucleic acid sequences of the CDR1 region of the variable
heavy chains and variable light chains are depicted in Figures 25, 28, and 31, and the
corresponding SEQ ID NOs: 204-265. In an embodiment, a collection comprises antibodies or
functional fragments thereof or synthetic nucleic acids encoding such antibodies or functional
fragments comprising HCDR1 regions comprising germline protein sequences from the
respective variable heavy chain and variable light chain pairs, wherein the amino acid and
nucleic acid sequences of the HCDR1 region of the variable heavy chains and variable light
chains are depicted in Figure 25 and the corresponding SEQ ID NOs: 204-229. In an
embodiment, a collection comprises antibodies or functional fragments thereof or synthetic
nucleic acids encoding such antibodies or functional fragments comprising LCDR1 regions
comprising germline protein sequences from the respective variable heavy chain and variable
light chain pairs, wherein the amino acid and nucleic acid sequences of the LCDR1 region of the
variable heavy chains and variable light chains are depicted in Figures 28 and 31 and the
corresponding SEQ ID NOs: 230-265. In an additional embodiment, a collection comprises
antibodies or functional fragments thereof or synthetic nucleic acids encoding such antibodies or
functional fragments comprising CDR2 regions comprising germline protein sequences from the
respective variable heavy chain and variable light chain pairs, wherein the amino acid and
nucleic acid sequences of the CDR2 region of the variable heavy chains and variable light
chains are depicted in Figures 26, 29, and 32, and the corresponding SEQ ID NOs: 204-265. In
an additional embodiment, a collection comprises antibodies or functional fragments thereof or
synthetic nucleic acids encoding such antibodies or functional fragments comprising HCDR2
regions comprising germline protein sequences from the respective variable heavy chain and

variable light chain pairs, wherein the amino acid and nucleic acid sequences of the HCDR2
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0,05 I1GHV3-48 GV 3-25 0,05 1GHV3-48 AV 7-46 0,05 1GHV3-48 I GV 9-49
0,05 1GHV3-21 |GV 2-23 0,05 1GHV3-21 1AV 3-1 0,05 | GHV3-21 | GLV 2-8
0,05 | GWwB-28/d6a2Y 6-57 0,05 |1GHV3-21 |GV 3-25 0,05 PCEHV01207M4GYV 7- 46
0,05 IGHV3-15 GV 2-14 0,05 [1GHV3-15 AV 1-47 0,05 |1GHV3-15 GV 2-23
0,05 IGHV3-15 IGEAV 3-21 0,05

region of the variable heavy chains and variable light chains are depicted in Figure 26 and the
corresponding SEQ ID NOs: 204-229. In an additional embodiment, a collection comprises
antibodies or functional fragments thereof or synthetic nucleic acids encoding such antibodies or
functional fragments comprising LCDR2 regions comprising germline protein sequences from
the respective variable heavy chain and variable light chain pairs, wherein the amino and
nucleic acid sequences of the LCDR2 region of the variable heavy chains and variable light
chains are depicted in Figures 29 and 32 and the corresponding SEQ ID NOs: 230-265.

An aspect of the disclosure includes modifying germline complementarity determining
regions to remove potential post translational modification sites (PTMs). Examples of variable
heavy chain complementarity determining regions modified to remove PTMs are shown in
Figures 34-36. In an aspect, a collection comprises antibodies or functional fragments thereof
or synthetic nucleic acids encoding such antibodies or functional fragments comprising one or
more complementarity determining regions comprising amino acid modifications that remove
potential post translational modification sites. In an embodiment, a collection comprises
antibodies or functional fragments thereof or synthetic nucleic acids encoding such antibodies or
functional fragments comprising one or more complementarity determining regions comprising
the complementarity determing region sequences or nucleic acid sequences encoding the same
depicted in Figures 34-36 from the respective variable heavy chain. In a further embodiment, a
collection comprises antibodies or functional fragments thereof or synthetic nucleic acids
encoding such antibodies or functional fragments comprising HCDR1 regions comprising the
HCDR1 or nucleic acids encoding the same depicted in Figures 34-36 from the respective
variable heavy chain. The amino acid sequences of the low PTM HCDR1s are depicted in
SEQ ID NOs: 266-278. The nucleic acid sequences of the low PTM HCDR1s are depicted in
SEQ ID NOs: 279-291. In a further embodiment, a collection comprises antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments
comprising HCDR2 regions comprising the HCDR2 regions or nucleic acids encoding the same
depicted in Figures 34-36 from the respective variable heavy chain. The amino acid sequences
of the low PTM HCDR2s are depicted in SEQ ID NOs: 266-278. The nucleic acid sequences of
the low PTM HCDR2s are depicted in SEQ ID NOs: 279-291.

An aspect of the disclosure includes utilizing germline FR4 sequences in the collections.
In an embodiment, a collection comprises antibodies or functional fragments thereof or
synthetic nucleic acids encoding such antibodies or functional fragments comprising a FR4
region selected from the group consisting of: JH4 (SEQ ID NO:293), Jk1 (SEQ ID NO:297), and
JA2/3 (SEQ ID NO:301). In an embodiment, a collection comprises antibodies or functional
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| GHV3-15 | AV 6-57 0,05 1GHV3-15 IGV 3-25 0,05 1GHV3-15 GV 2-18 0, 05
| GHV3-15 |GV 3-22 0,05 1GHV4-31 1AV 1-44 0,05 1GHv4-31 GV 2-11 0,05
| GHV4- 31 wWa2vi2B6d4120, 05 | GHV4-31 | GLV 4-69 0,05 | GHV4- BCTIRBROA1/670433 O, 05

| GHV1-2 1GV 3-21 0,05 I1GHV1I-2 |GV 2-11 0,05 I1GHV1I-2 |GV 3-27 0,05

| GHV3-33 | AV 1-40 0,05 1GHV3-33 I GV 1-44 0,05

fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments
comprising a germline JH4 FR4 region, whose amino acid or nucleic acid sequence is depicted
in Figure 40. The JH4 FR4 amino acid sequence is depicted in (SEQ ID NO:293) and (SEQ ID
NO:295). The JH4 FR4 nucleic acid sequence is depicted in (SEQ ID NO:292) and (SEQ ID
NO:294). In an embodiment, a collection comprises antibodies or functional fragments thereof
or synthetic nucleic acids encoding such antibodies or functional fragments comprising a
germline Jk1 FR4 region, whose amino acid or nucleic acid sequence is depicted in Figure 40.
The Jk1 FR4 amino acid sequence is depicted in (SEQ ID NO:297). The Jk1 FR4 nucleic acid
sequence is depicted in (SEQ ID NO:296), (SEQ ID NO:298) and (SEQ ID NO:299). In an
embodiment, a collection comprises antibodies or functional fragments thereof or synthetic
nucleic acids encoding such antibodies or functional fragments comprising a germline JA2/3
FR4 region, whose amino acid or nucleic acid sequence is depicted in Figure 40. The JA2/3
FR4 amino acid sequence is depicted in (SEQ ID NO:301). The JA2/3 FR4 nucleic acid
sequence is depicted in (SEQ ID NO:300), (SEQ ID NO:302) and (SEQ ID NO:303).

In an aspect, in order to enhance the ability of identifying antibodies or fragment thereof
against any antigen, collections comprise a diversified CDR3 region. In an embodiment, a
collection comprises antibodies or functional fragments thereof or synthetic nucleic acids
encoding such antibodies or functional fragments comprising a diversified HCDRS3 region. In an
embodiment, a collection comprises antibodies or functional fragments thereof or synthetic
nucleic acids encoding such antibodies or functional fragments comprising a diversified LCDR3
region.

In another aspect, in order to enhance the ability of identifying antibodies or fragments
thereof against any antigen, collections comprise at least 1 X 10* antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
at least 1 X 10° antibodies or functional fragments thereof or synthetic nucleic acids encoding
such antibodies or functional fragments, at least 1 X 10° antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments, at least 1 X
10" antibodies or functional fragments thereof or synthetic nucleic acids encoding such
antibodies or functional fragments, at least 1 X 10° antibodies or functional fragments thereof or
synthetic nucleic acids encoding such antibodies or functional fragments, at least 1 X 10°
antibodies or functional fragments thereof or synthetic nucleic acids encoding such antibodies or
functional fragments, at least 1 X 10" antibodies or functional fragments thereof or synthetic

nucleic acids encoding such antibodies or functional fragments, or at least 1 X 10" antibodies
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| GHV3-33 |GV 1-51 0,05 1GHV3-33 IGV 2-11 0,05 1CGHV3-33 IGV 3-1 0,05
| GHV3-33 GV 4-69 0,05 |1GHV3-33 1AV 3-27 0,05 1GHV3-33 GV 9-49 0, 05
| GHV3- 33 Wa2vi2868120, 05 | GHV3-53 | GLV 1-51 0,05 | GHV3- B8TIEBROM 1076473 O, 05

| GHV3-53 |AV 2-23 0,05 1GHV3-53 IGV 2-11 0,05 I1CGHV3-53 IGV 3-1 0,05
| GHV3-53 AV 2-8 0,05 1GHV3-53 GV 7-46 0, 05

or functional fragments thereof or synthetic nucleic acids encoding such antibodies or functional
fragments.

In an embodiment the collections comprise antibodies or synthetic nucleic acids
encoding such antibodies selected from the group consisting of human IgG1, 1gG2, 19G3, I1gG4,
IgA, IgE, IgM and IgD. In an embodiment the collections comprise antibody fragments or
synthetic nucleic acids encoding such fragments selected from the group consisting of Fab,
F(ab")2, Fab’, Fv, and scFv.

In embodiments, the IgG heavy chain constant domains of the antibodies of the
collections comprise the amino acid sequences shown in Figures 41A-B (SEQ ID NO: 305). In
other embodiments, the nucleic acids encoding the IgG heavy chain constant domains of the
antibodies of the collection comprise the nucleic acid sequences shown in Figures 41A-B (SEQ
ID NO: 304). In embodiments, the Fab heavy chain constant domains of the antibody fragments
of the collections comprise the amino acid sequences shown in Figure 42 (SEQ ID NO: 307). In
other embodiments, the nucleic acids encoding the Fab heavy chain constant domains of the
antibodies of the collection comprise the nucleic acid sequences shown in Figure 42 (SEQ ID
NO: 306). In embodiments, the IgG (SEQ ID NO: 309) and/or Fab (SEQ ID NO: 311) kappa
light chain constant domains of the antibodies or antibody fragments of the collections comprise
the amino acid sequences shown in Figure 43. In other embodiments, the nucleic acids
encoding the IgG (SEQ ID NO: 308) and/or Fab (SEQ ID NO: 310) kappa light chain constant
domains of the antibodies or antibody fragments of the collections comprise the nucleic acid
sequences shown in Figure 43. In embodiments, the IgG (SEQ ID NO: 313) and/or Fab (SEQ
ID NO: 315) lambda light chain constant domains of the antibodies or antibody fragments of the
collections comprise the amino acid sequences shown in Figure 44. In other embodiments, the
nucleic acids encoding the IgG (SEQ ID NO: 312) and/or Fab (SEQ ID NO: 314) lambda light
chain constant domains of the antibodies or antibody fragments of the collections comprise the
nucleic acid sequences shown in Figure 44.

An aspect comprises, a vector comprising the collections of nucleic acids described
herein. In an embodiment, the vector comprises a display vector. In an embodiment, the vector
comprises a phagemid vector, yeast display or mammalian display vector. An aspectis a
recombinant host cell comprising the nucleic acids described herein, or a vector described
herein. In an embodiment, the recombinant host is prokaryotic or eukaryotic. In embodiment,
the recombinant host cell of is E. coli, mammalian or yeast.
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| GHV3-11 |GV 1-40 0,05 1GHV3-11 IGV 1-51 0,05 [1GHV3-11 IGV 1-47 0,05
| GHV3-11 |GV 2-8 0,05 [1GHV3-11 |GV 3-25 0,05 |1GHV3-11 AV 7-46 0, 05
| GHV3- 11 wal2vi2ed290, 05 | GHV3-11 | AV 8-61 0,05 | GHV3PETIEBROA1D70403 O, 05

| GHV3-9 I GV 1-51 0,05 I1GHV3-9 IGAV 4-69 0,05 I1CGHV3-9 |GAV 4-60 0,05

| GHV3-74 | GV 1-47 0,05 |1GHV3-74 |GV 2-11

Methods of Making

An aspect comprises methods of producing the collections described herein.

An aspect comprises, a method of producing a collection of synthetic antibodies or
functional fragments thereof or synthetic nucleic acids encoding such antibodies or functional
fragments, comprising

a) identifying the variable heavy chain and variable light chain germline gene pairs
present in the human immune repertoire;

b) testing the variable heavy chain and variable light chain germline protein pairs
identified in step a) for the following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and

vii) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC; and

¢) generating a collection, wherein substantially all, or at least 50%, or at least 60%, or at
least 70%, or at least 80%, or at least 90% or at least 95% or each of the, or the antibodies or
functional fragments thereof comprise variable heavy chain and variable light chain pairs,
wherein the framework regions of the variable heavy chain and variable light chain pairs
comprise germline protein sequences of the germline protein pairs fulfilling the properties of
step b).

In certain embodiments of the method,

i) the expression yield in Fab format was determined by UV-spectrophotometry
using an extinction coefficient of 1.538 mL/mg and measuring absorbance at 280nm.

In certain embodiments,

ii) the thermal stability in Fab format was determined by differential scanning
fluorometry using PBS buffer.

In certain embodiments,

i) the monomeric content (% monomer) in Fab format was determined by size
exclusion chromatography using a Superdex75 HR10/30 column and Gibco D-PBS buffer at pH
7.4.

In certain embodiments,
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0,05 IGHV3-74 TGV 3-1 0,05 1GHV3-74 IGV 2-8 0,05 1GHV3-74 | ALV 7-43
0,05 1GHV3-74 |GQV 7-46 0,05 1GHV4-4 |GV 2-11 0,05 1GHV4-4 | GQV 3-1
0,05 | GWO-2412d06:N93-25 0,05 [GHV4-4 1 GV 9-49 0,05 | GEVEPI@E1I0GYYS 1- 40
0,05 I1GHV1-46 GV 1-47 0,05 1GHV1-46 1AV 2-23 0,05 1GHV1-46 IGV 3-21
0,05 [IGHV1-46 IGQV 6-57 0,05 |1GHV4-61 |GV 2-23

iv) the expression yield in IgG1 format was determined by UV-spectrophotometry
using an extinction coefficient of 1.369 mL/mg and measuring absorbance at 280nm.

In certain embodiments,

v) the thermal stability in IgG1 format was determined by differential scanning
fluorometry using PBS buffer.

In certain embodiments,

vi) the monomeric content (% monomer) in IgG1 format was determined by size
exclusion chromatography using a Tosoh TSK-Gel G3000SWxI column and and Gibco D-PBS
buffer at pH 7.4.

UV-spectrophotometry may be performed using the Nanadrop system (peglab,
Erlangen, Germany). Differential scanning fluorometry may be performed using the iCycler iQ5
Thermal Cycler (Biorad). Differential scanning fluorometry may be performed using Gibco D-
PBS, pH 7.4 (Invitrogen, Paisley, USA). Size exclusion chromatography may be peformed
using the AKTA Purifier System (GE Healthcare).

In an embodiment, step a) further comprises the steps

a

aa) isolating human B cells from a sample;

ab) generating cDNAs from the B cells;

ac) PCR amplifying the cDNAs from the B cells;
d)

sequencing the PCR products;

ae) identifying the germline genes of each PCR product.

The DNA encoding antibodies and fragments thereof from each B cell are isolated, and
amplified e.g., the heavy and light chain are physically isolated in a PCR reaction. The DNA is
preferably sequenced. The DNA sequenced may be cDNA generated from B cell mRNA.
mRNA extraction from eukaryotic cells, such as B cells, is a well know technological procedure.
Numerous protocols exist and commercial kits are available. Such as the PolyATtract® mRNA
Isolation System (Promega, Madison, WI, USA) or various RNeasy and Oligotex DirectmRNA
kits (both from Qiagen, Hilden, Germany). Many of these techniques make use of the polyA tail
of the eukaryotic mMRNA, e.g. via affinity purification to oligo (dT) matrices, such as oligo (dT)
cellulose.

cDNA can be selectively amplified from the isolated mRNA via reverse transcription
using specific primers, followed by conventional PCR. Specific primers are used to amplify
variable heavy and light chain domain nucleic acids. See Cancer Surv. 1997;30:21-44, J Clin.
Pathol. 1994;47:493-6, J. Clin. Pathol. 1990;43:888—90 or Mol. Pathol. 2002 April; 55(2): 98—
101. The DNA coding for both the variable and light chain domains from one B cell are
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0,05 I1GHv4-61 TGV 3-21 0,05 1GHV4-61 1AV 3-1 0,05 [1GHV4-61 |GV 7-43
0,05 1GHV1-8 IGV 1-51 0,05 [IGHvV1-8 1AV 2-11 0,05 [1GHV1I-8 1AV 2-8 0,05
| GHV1- 8 IveONo2/068120, 05 | GHV1-24 |GV 2-14 0,05 | GHV1- 2ETIEBROA1D70403 O, 05

| GHV1-24 |GV 1-44 0,05 1GHV1-24 IGV 3-21 0,05 1GHV1-24 IGV 2-11 0,05

| GHV1-3 I GLV 1-40 0,05 [1GHV3-49 GV 2-14

maintained together so that the variable domain heavy and light chain class pairing can be
identified. Techniques for the isolation of nucleic acids encoding variable domain pairings from
individual B cells are well known in the art. See for example, WO01/92291; W092/15678;
WO93/03151, WO2005/042774; Mullinax RL et al., 1992 Biotechniques 12:6 864-868; Chapal,
N. et al. 1997 Biotechniques 23, 518-524, , Embleton MJ et al., 1992 Nucleic Acids Res. 20:15,
3831-3837; Coronella, J.A. et al. 2000 Nucleic Acids Res. 28:20, E85; Thirion S et al., 1996
European Journal of Cancer Prevention 5:6 507-511; and Wang, X et al. 2000 J. Immunol.
Methods 20, 217-225.

Preferably, the DNA from each of the B cells is sequenced. Various companies exist
which are able to sequence entire genomes, such as Helicos BioSciences Corporation
(Cambridge, MA, USA). With its True Single Molecule Sequencing™ technology, Helicos is
able to directly sequence single molecules of DNA or RNA at high speed and efficiency. Other
companies able to perform similar sequence endeavors include lllumina (San Diego, CA, USA;
Solexa system) and Roche (Basel, CH; 454 system). No cloning steps are required prior to
sequencing.

In another aspect, the disclosure enables methods of identifying the germline family of
the heavy and light chain variable domain pairs present in the immune repertoire. All antibodies
or fragments thereof can be traced back to their germline family using methods known to one of
skill in the art. By analyzing the sequence of a nucleic acid encoding an antibody or fragment
thereof, the germline family of both the VH and VL can be determined by methods known to one
of skill in the art. For example, Wildt et. al, (1999) sampled B cells from 3 patients and identified
365 VH and VL class pairings. The RNA from each B cell was used for cDNA synthesis and the
cDNA encoding the VH and VL regions was PCR amplified and sequenced. As shown in Fig. 1
of Wildt, certain VH and VLs classes paired more frequently than others, for example, VH3-8
with Vk3-1, Vk3-19, Vk4-1, VA2-3, or VA1-2, and VH3-9 with Vk3-1, Vk3-3 or VA1-5.

In an embodiment, step b) further comprises the steps

ba) synthesizing DNA encoding antibodies or functional fragments thereof comprising
variable heavy chain and variable light chain germline protein pairs representing the pairs
present in the human immune repertoire;

bb) expressing the germline protein pairs synthesized in ba); and

bc) testing the germline protein pairs of bb) for each of the properties.

In an aspect of the method, the nucleic acids encoding collections of antibodies or
fragments thereof of the invention are synthesized and expressed in collections that may be
used for selection against an antigen. In this embodiment the method comprises step c¢),
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0, 05
0, 05
0, 05
0, 05
0, 05

| GHV3-49 | GV 1-40 0,05 1GHV3-49 1AV 2-23 0,05 1GHV3-49 IGV 2-8
| GHV4-28 |GV 2-14 0,05 1GHV3-43 1AV 2-14 0,05 1GHV3-43 GV 2-11
| GWB-24R2/06612Y 3-1 0,05 [1GHV3-43 GV 1-36 0,05 PGHER2643/07@EHY/ 9- 49
| GHV3-64 | AV 2-14 0,05 1GHV3-64 |GV 7-43 0,05 |1CGHV/7-81 IGV 1-40
| GHV3-13 |GV 1-40 0,05 |1GHV3-13 I GV 1-47

wherein step ¢) comprises the steps ca) synthesizing nucleic acids encoding the antibodies or
functional fragments thereof; cb) cloning the nucleic acids into a vector; ¢c) expressing the
antibodies or functional fragments thereof.

In another embodiment of the method, the antibodies or functional fragments comprise
variable heavy chain and variable light chain pairs, wherein the framework regions of the
variable heavy chain and variable light chain pairs comprise the germline protein sequences
from the variable heavy chain and variable light chain pairs of VH1-18 (SEQ ID NO: 204)/VKS-
20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID
NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252);
VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ
ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO:
207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11
(SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO:
251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23
(SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO:
209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15
(SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO:
237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12
(SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO:
211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23
(SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO:
238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05
(SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO:
214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51
(SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO:
250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09
(SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID
NO: 216)/VL1-51 (SEQ ID NO: 252).

In another embodiment of the method, the antibodies or functional fragments comprise
variable heavy chain and variable light chain pairs, wherein the framework regions of the
variable heavy chain and variable light chain pairs comprise germline protein sequences
comprising two or more, three or more, four or more, five or more, six or more, seven or more,
eight or more, nine or more, ten or more, eleven or more, twelve or more, thirteen or more,

fourteen or more, fifiteen or more, sixteen or more, seventeen or more, eighteen or more,
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0,05 IGHV3-72 GV 1-51 0,05 1GHV3-72 AV 4-69 0,05 1GHV3-73 GV 1-40
0,05 I1GHV3-73 GV 1-51 0,05 WD 2012/ 066129PCT/ EP2011/070473 | GHV3-73

| GLV 1-4W0,208/066PV3-73 | ALV 2-11 0,05 [1GHV3-73 | GLV BCHEPAN10H7047E3HV1- 58
GV 2-14 0,05 |1GHV3-66 |GAV 1-44 0,05 1GHV3-66 I GLV 1-47 0,05 | CGHV3-66
GV 3-25 0,05 |1GHv4- 30.2 |GV 3-21 0,05 1GHV/-4.1 TGV 1-51 0,05

nineteen or more, twenty or more, twenty one or more, twenty two or more, twenty three or
more, twenty four or more, twenty five or more, twenty six or more, twenty seven or more,
twenty eight or more, twenty nine or more, thirty or more, thirty one or more, thirty two or more,
thirty three or more, thirty four or more, thirty five or more, or thirty six or more, thirty seven or
more, thirty eight or more, thirty nine or more, forty or more, forty one or more, or forty two or
more, or forty three or more, or forty four or more, or forty five or more, or forty six or more, or
forty seven or more, or forty eight or more, or forty nine or more, or fifty or more, or fifty one or
more, or fifty two or more, or fifty three or more, or fifty four variable heavy chain and variable
light chain pairs selected from the group consisting of VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ
ID NO: 236); VH1-18 (SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO:
204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46
(SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO:
257); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-
12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID
NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236);
VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ
ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VK1-05 (SEQ ID NO: 230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11
(SEQ ID NO: 208)/VK3-15 (SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO:
250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51
(SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO:
209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15
(SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO:
234); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO:
209)/VL1-47 (SEQ ID NO: 251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15
(SEQ ID NO: 209)/VL2-14 (SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO:
233); VH3-21 (SEQ ID NO: 210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11
(SEQ ID NO: 253); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO:
211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23
(SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO:
239); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11
(SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO:
214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74
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| GHV3-20 GV 2-14 0,05 Exanple 5: Ceneration of germline genes for
functional anal ysis As a next step, the VH, VA and VK gerniine
genes selwotew/doerz9conbi nati on and subsequent testing, asTgrevm/ored7¥able 5,
were sent to Geneart (Regensburg, Gernmany) for codon optim zation
respective to E. coli expression (neutral to mammalian expression with no
rare human codons), gene optim zation to renmpbve potential inhibitory or
splice notifs and synt hesis. The germ ine protein sequences of each

of the 3R IYNO: @mai)/\m lﬂsednmﬂogggasva@m%@EMDIN@ E'1@)$VK:52@ SHE@ahNger M
l'i ne ge e sequen | eader

sequeneddl ¥adi 1 SROIRMO 2 gL S8 doraa e Noh 252 s SR TRAY %15)?%1 Bien
site agsehoNG:238RkHe-51)(SE@EDNO T8 5F7RL1-4CRRQ 15-R2): 268)RHBBd (B3 ID NO:

<'ncoragm&@m§§$ i €53 Nose e khe RS KB ag@ﬁbﬁwm s

et al . (SHQ IIVDO: 2BEYVKS-( 2(FR) IBRG; 2581VE63;( SEQthN@: 21BBVRRR0 (SEQUD pGat i ng a

[ cader %@m? vEST e B 3Ry 3%1@@%%%). ntor por at i ng the. Ndel

restricti onlrsﬁuttlaeraesnk)s)ldmmnts ofthsamlemoﬂ)subgmnmuyrmé drRal |eaSRY, oF RRleasEBRZ:, and

FR3 (i i SHRLA B g 1),
kappa- W%IB%SEBK r(%xlﬁ%%%ﬁ %E&g@% ﬁéﬁ% accorpg"’u?r%fst'bé)g?J[Hre'?"l n@b(gde'?slal

J. Mol or Bingliona( @SNt 3B PrE8L vaEBle Faady thmin arkdlvaﬂahle(llghfczbnamdraamdwogk a

Kpnl / A VA: | eader
sequeng%g@?r,ﬂ]S ﬁbhsggrﬁjﬁé\@%ﬁgewmcgrﬁ %cr%irl?)%%rgﬁmn%a'rt hwge%}ﬂ]e%% estriction
site agegmi@mrtptﬁlmmréomprlse@éheﬂdlwn@mpemml FR2, CDR2 and FR3

(i ncorporating aj @H%& r'é§§6rF !ééIH'lrQlﬂa@foFrﬁat(&ﬁﬁ%@z Bggahown in Fig. 1),

| anbda-1i ke CDR- L3 G\/\% NO  3) accordl ng to Ewert S. et
al., J. Ml. Biol th@ﬂ@b%‘?“@?@” @lor@@gve afqeteiEas 2/ 3 FR4 (incorporating a
Kpnl I Acc651 RE sijiif oh&skarEohtehs (95 RDABmeR) ifrF&b fokat of Wheast 99% as determined
2012/ 066129PCT/ EP2011/ 070473 Exarrpl e 6: Functional testing of Germine

pr ot ei yﬁgicrs representative of the human i nmune repertoire The 400
GerrﬂI : ne prot ei nivpah gorasdich }Ilél@lh |gas¢<5rmgomueﬁsp3(amgmdi S]LO' ay, E Cgl [ hand
manal | an expressiop vecto Fab .o uman 1gGl format and t hen
tested for the f@ltF%Waiatabftg ?? %fabaye V’é?é fq;@aglaggl ay after phage
production and phiggenbieBAcomertd® rhoramedr) inb)G T rati of @t leakt 99%paessi on yi el d
after Fg%ERnQQHCEan in E. coli, E. coli cell lysis and ELI SA detection of
produce ab enperature st abi | | ty of Fab after Fab production in E
coli, E. coli cetnll) dnyisoelecmmiodiit iSRG ot iobat ledst BGn- denat ured Fab after

i ncubati on 1@5% ; ity of
Fab from E. ﬂ{thlsrb%ﬁb?ggf%t BEHBE[ gﬁtagg%? o% (%)rp ﬁﬁ]cgﬁﬁH% g@éﬁggﬁégﬁééﬂ ter

i ncubatvpadable heafywhwe/amu@r@béeelrghmha@) paisl whereln theframewerGregissrddhd on yiel d
af ter L PRQAYERRRn DafERBTRIN kiP5 Js?oﬁ{quOlh'e%rrﬁl%ep%tbﬂ%eaperﬁggr et ed

IgGL fromcell culture supernatants; Vi e serum st Ity of human

| gGL byromthesaripblehaaviyahai andrariabledighi ein F@%‘S&f Vel - 188 BRdPiNG 204)/VK3-

bovi nebgpyse m&mJ rﬁegﬁwﬂﬁmee(sﬁohb N?swwwgn 5%56&@ w%sﬂwnl@ys@oqb Phage
for functional characterizat agrrents

synt heS|GZedo¥ - E&‘afﬁﬁ%‘%NOs%anHh 6 %E@ 'D\MQ @Oéf/\éhb@ Srﬁ%'ﬂf KJQ 2
trici stz cSEabiDANG pRary/vKectoqsERIBNO (JBBY vHR) 071 GEC ndi zovalvkt estsaa.  Fab

e D e e

conbi nao7)vis -sh@ED IDNDaks 19; \B43-07 (SEQ ITPNay 0 TONIFS 1S(SEQ IUNOGZBZ\)’&/I@}BME pal rs

oner o a0 2P PR e ﬁfﬁf'@@s%\?%W%@@P@Z&/P%%f@%@* IR and

i nocul @61 )nYyHa+ 11 HSERIREYO f208iVL h81 {EHEQ IHND: @62hVHAtif QEEQ\ADNCEQQS}ZWO
Vk 3- 11 I\(Blﬂ:’ IS
shown | n ”6 Nw%fg)\hgﬁgaggggaas a@%\/{?% %%ﬁgé”é %3%}/\555@&5%@@5@8
over ni §A9) /\éK1 -87 ShhID BOs B3I Yig3- 1 HBE@HIS INEY: 2@9)@0@‘818\/&3@,@@ dEed33) nVHBﬂEnaI

ol at o5 e o R AR Pa Rl N P e R AR SR AP PSR 98 o um

and i noculated wth cl ones fromthe master pl at es descri bed above. The

pl ates were incubated at 37C for -2-4h while shaking at 400 rpm until an
OD600nm of -0,5 was reached. The plates were infected with 5 ul

hel per phage per well (Hyperphage; PROGEN, 1 x 1012 pfu/m ). The pl ates
were incubated at 37C for 45 mn wthaut shaking and then for 60 mn while
shaking at 400 rpm The bacteria were spun down at 2200g for 5 mn at 4C
The hel per phage containing supernatants were discarded and the infected E.
coli pel I ets vere re- suspended with 2xYT/ Caml TET/ Kan/ I PTG wi t hout gl ucose.

o s s VA ARBN N A T AN A PN NI NIVT ] s s A A AN AN . S MY



Binding Site pcO75 12.1 ng/m 1:1000 236366, Exp 2009/ 10 detection Ab AP27
AP nmouse anti-FlagM2 Sigma A9469 1.1 ng/m 1:5000 048K6143, new | ot

Tabl e 8 dwecnidesizbhe control s used. Table 8: # ConstrueCTmere187@k11l FH
VH1-69 VLA Vii -40 AYA 5 pM11l FH VH3-23 VLA Vk3-11 AYA enpty BEL pMk9
APSt uf fer FHCl onel (not containing Fab nol ecul es!) The screening
ELI SA conprised the follow ng steps: Coating 384 wells of a Maxi Sorp plate
with anti-human 1gG Fd specific antibodies diluted in PBS, and incubating

over nixght vas-14 §Eowa051ezot9 /V'@V51 [0 m Ntﬁ%sﬂ)eVﬂsmfibEQ @ NO wiibfivieBed and

bl ocked b addi n i ncubatin for

1-2 h &°E 23% ¥H§ta3r{§E%1*Pé\'P»t%4é %Kéﬂéé%@r‘% N@a@ﬁ@d Vﬁ'aaﬁ?’dsﬁpt'l;?
and pr @bbm@ds BE@ M NO- bysaves-53dstaipdio: 2186244 M@f@ IDVROe253) ded3 amd

hodeq. e L5 PSS Brbhedl vibradetATa e R Gl PR IR0l 6

ant i bodg1 wasi3di4l (8EQADINO - 189V KPBS.(SHQED tO: weeﬁvmethSEanaﬂm:mauwae added

acleiply S=efioleiteet AL Stz enlolen Mol {SB el e AT S e el oA

vel |'s @it SV MBS (Sl Daai 26P) 20H5-b1 (SEQ AR NOPROS)/ (LI 5! (SEQUIDENO 262050HED) | and

readi n S@érllél\fa @1%17@@7?& gg@e.[ggpnas eas. 1é'sEbl|BlN;E§_ é;r%ggca CU%Z%N%

Pri rreS ree tession vyi el
di vi di 2g9)xanel \EHG- SASEQ ¢ AIO: & 6)\He -FleSheriD N@: RBINL pair t hrough the ELI SA

signal of tie, FLFHBSF e?rﬂt‘}d%\ ihéf OPMéH?tau Wgod{éébbr\‘fhﬂrct%ﬂal"ﬁ%ngﬁgedo%yﬁ%q”al 'y

hi gh ELI SA signals result in ression yi

r ef er eNaeabiabedvy cbaip aad garpbiaight @mwxlwh@p@sr Hamewerbvipgions it 11)

conpr i %%I@Pueév?%hé\‘ﬁ@hé U&ehoRNR/ beal&h@r‘tﬁér%bﬂﬁﬁ’ée tﬁ@%@ﬁﬂﬁ@ pfFASRI i sing the
C-termnal Nhel "restriction site; b) e nodi chai n si gnal

sequen&RIYEHRDT ram i Yariable heayrnshain aWQd’@r'a*i"éégfﬁCB@'P@ﬁ'f%Pft\éHg &3 R IR AP abl e
heavy geryWikngo e & ROS ggmem@@s@émh@ NGB+ 6)9\’7@233 @GHQND Ne: g88)ears Shown

Fi 6 th b | f th
| v Y re o toED G A T EEH G s O e el 18R B boeimeR oo TRRoRHES COR Ho
(V\GGDGEMMEM) cdniriQes BeNKAirs)t v Haf1 & (sE DANS - ﬁ)wnKBlzodsEQancNd 8oy MH1gmy m i ne

{ covDsae ST Seeiis R TENE: B i TGRORBINGL Bt s R G or

i ght @Baj; NHFRE:0MISECHIDATS: 206)¥L &3 (SEQD NOh 262y, Vels-(7. (SEQ 18INO(ATPZK 1 -
"H t
pr oc. derotadRd o &R VHatysR DS IR 27 e QIO ND BBF TSR o )
(2003) NERR07B3E-55EQID NGeAss); vas@?gsla@mam 287)/\Genda(IEQ Relyonghur g,
Ger m””ﬁﬂ@"co B 520972/%@ %ﬂ?EbWDF&‘P'zﬁzﬂ%Hsﬁ)ﬁa(@EbQDq\ld 20%%’&?%@% LI SiA

of 400 |na ermne the’tenperature stab
BEL | ydlaiNgx 250); VH3- 11E§EQé@sNCbr20§)/‘éL*eé7@E@lfgél@e?ét e¥Had 1i aE@uame 6. 3

Di | ut egofy /\?LO||§ S)E%?F[fv‘ﬁof 50! W@H?%E@rb Mkﬁb@?/\)@ré%% ('S'E@’IMQdZE?J) \Pllié flgrent

t enper at ur es m nut es and used in shows

e BRI B A GAOYVIY A (SR i O 26i0: YO AEGEGAD Bt 00 U M FEa BO: v or
were useg. vﬁ@hb@(s@o IDMAR dﬁ@wKLab éEd‘P@TNCﬁ@%BPQ% 1@7(@;9@1}25 NNyrmy/v@wen-

Dl
H st arSeOMNEGas! Va3 SRR DA Z08 TV Br ey eI B mer o o sER iy
209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23

(SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO:
238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1

(SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO:
213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74
(SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO:
233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
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pol yhi stidine tag R&D Systens MABO50 500 pg/m 1:250 AEJ1708111 detection
Ab AP30 AP goat anti-hunman kappa |light chains Sigma A3813 2.3 ng/m 1:2300
018K6069 weterticortsAb AP5 AP goat anti-human | anbda | i gRCT@EPAINS7BBIEH M
A2904 0.8 ng/m 1:800 096K6030 The screening ELI SA conprised the
follow ng steps: 384 wells of a Maxi Sorp plate were coated with coating
anti body (see table above) diluted in PBS. The plates were incubated over
night at 4 C. The next day, the plates were washed with PBST and bl ocked by

?ddl 29 295 %UVQ &t?(tﬂﬁ@lé’&l?ﬁmﬁmﬁé@/l@W'é?peWBSoé @s@@ﬂﬁ Neebboyapdsiincubat ed
O -

ted tesfromthe
expres§$%9”BlNQ é’éGMbé'f?eZQj SoEtQ &E)Upea?’? r?t”g Vﬁﬁﬂ %’Weﬁ\‘p %’Cﬁf&)(/ 1a5(1e(§E@éQch about
40 pi) Nanasegxposed to different terrperatures (4C (on ice), 60C, 70C, 80C
and then on ice) in a PCRCycler ?J%Q fﬁgerature for 45 mn. The bl ocked
384 wel | plates were washed wit HAPBEFS W% he pre-incubated Fab |ysates,
were added to the plates. The plates were then incubated 1 h at RT while
shaki ng. Théngispeat somprisesweatihests oliusing PRSI|ledtines dgscribgrbhereindeidestify on

ant i bo%h%dy&rﬁfrggﬁgggg%ﬂjcqo ﬁgﬁggg 201pl /well of the diluted detection

anti bodies were a I ncubat e h at RT while shaking gently. The
si gnal was AI&AP$at obHe giscloperefcompasisymeifad of gntifieg ar pntbogy phantiBsdy and

addi ngf@?,’hgﬁ}%m{léfoﬁaﬁlahﬁﬁeﬁdcdnﬁ'brgﬁﬁZO) to all wells. The signal was read at

differe timepoints (5 mn to 10 mn) usi n% Tecan (infini Te F200), program
Pi meScr een. avwenﬁa@tmth%a@@rgén%tamq"@rcwa@f ant 2d'esseafﬁ131:t@nel fragmenisdBereAly ELI SA

f’f 4?0 wrEhdin mmnnatylamn& att %a@ﬁ‘&(% Br ALIch B 098 ok B 184 TDYA, Wr &kfleasl:a@’/ol ot dt. col i
ysat e

tes were r at ed 3. The Fab
oot Treisk % opRiToRy STt Sl 8B e et o e OB BT R B rone
ser um usidegort dftﬁnrir&b Ivamm@h@d\@maam ane Ohrllakilellitﬁut Eairl pAIY, Wh@reﬁmpé aasbaorkpl at es
were diluted.in total, va s added to

o enf B B EbE Pt Lot hdat aftonan gal amariss iR R o8R8 ool |
pl ates saqu:bnbeetbfg@hahrmormmoaﬁrsmmpnsuﬁ'mmeffollos/ingmrmwlesas t hawed and

i ncubat ed at %’ig%r %g%&ntlglg)(r?F {%?mit Oqu%?%fg %8@“‘?5 stored at -80C until

perform ng the =l PHcuBar on Af e 10 shows the
unl abel ed coati ni) thettnalbsidbléty abhAe*CAR-dbaeinddbdetett i on anti bodi es which were

??S?l o-rll-all?): IeuéLlooniii ot coat| n Pe%goé é%gﬁgoa't@g[g%{% %ppéa%\wgge%—ﬁ%i@@ﬁ%son

| nuno bR&&ar ch 109- 006- 088 1.3 ng/mM 1:1000
iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and
vii) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC, and
(b) selecting one or more antibodies or antibody fragments that bind to said antigen.
In certain embodiments,
i) the expression yield in Fab format was determined by UV-spectrophotometry
using an extinction coefficient of 1.538 mL/mg and measuring absorbance at 280nm.
In certain embodiments,
ii) the thermal stability in Fab format was determined by differential scanning
fluorometry using PBS buffer.
In certain embodiments,
i) the monomeric content (% monomer) in Fab format was determined by size
exclusion chromatography using a Superdex75 HR10/30 column and Gibco D-PBS buffer at pH
7.4,
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80299 detection Ab AP30 AP goat anti-human kappa |ight chains Sigma A3813
2.3 ng/m 1:2300 018K6069 detection Ab AP5 AP Goat anti-Human | anbda-Ii ght
chai n; bowodow/desre Si gna A2904 0.8 ng/m 1: 800 096K603®CT/EP2011/07@n3 day 11
or 12, the 384 wells of a Maxi Sorp plate were coated with 20 pl coating
antibody diluted in PBS. The plates were incubated over night at 4 C. The
follow ng day, the plates were washed with PBST and bl ocked by adding 5 %
MPBS to each well and incubating for 1-2 h at RT while shaking. Then the

bl ocked 384 |WedHairdrbREmes e washed with PBST. E.coli lysates in serumfrom
the -80C and 37C sanples were transferred to the coated ELI SA pl ates and

i ncubated for 1 wbttte exPrergioRwirddn Oilkierpat wasEeprmingd byetVeSResE RIS PBST,
and t hesifgan emoa@riaé&mSPCB”éQEmZ@agléWraé:Zs%nh@b@é&l@hr@etaegsormn ant i bodi es
were dil ut eﬂb 0% NPBS. AP-|abel ed detection antibody was added and the
plate was i %ta’t”e‘ﬂntf MM at RT while shaking. The signal was identified
by the foll ow ngv thaﬂ’relrmgl stdidlityvel 1y G 1 rihht widSdetemtneaisli diigeréittadsdzoaing1: 5
d|Iute in d g] Egsﬁ) ¢ wel |'s. The signal was read at different tinmepoints
(5 mn %roTﬁ YﬁJﬁ' o] Tecan (infini Te F200), program PrineScreen. The
results of {irheerfaovermmodieenisn stability testing are shown in Fig. 19. The

results of the anpl e
7 Gener at i on-of ThORIo Il P o2y aher BBEF B Forgihh tiad™

For geremlasloromromatob@pkmusm@m ogelr B K-Gel EBOAAS X palum anti laed mwaﬁ 8Bl e

regi onbnﬁ%v% g%n genes were sub cloned into the human [ gGl expression
vector p Pg shown in Fig. In parallel the 12 variable region
kappa genes UNesreckemhotansiydng qurt@enedmm ihaiNapagion systgmt(pedial.n expr essi on
vect or EPIAE)?JH BRARRR) %ﬂ@@?@nttd‘s@nﬁrnglﬂo@ﬂ@tr& rr"rf'fstyff)e‘f}'e‘?fbﬁltl?eoeusr REhOTC R genes

wer e sub- cl oned |nto manmal i an i ght chain expressi on vector pJP
hi gl amJ#8Pnad kAT GBHPFW D'fﬁent'a' SC&””'”BQ“QW?V&H’@V@&PPBWW LspIEioe Reavy

chain am, Hlmtnrtvn theﬂgq &) 08zl e3610%iEN EMomatdgr Me fe®dringdcan be
eag@ V4 40 expressi ongcsf)bﬁgtnié‘gcts Thus HEK. EBNA

produced separ Ion|n
cel s WéPe! %&ﬁ%ﬁﬁ‘f‘f@&s&ﬂe f%‘ Hgalt ﬁ‘Ef’lﬁeheavy chain constructs and all 20 of
the |l9ht C pameraB@iRsSt o heaREBLA wetf&melvt@marregiog%f thavatleesdvedngin adet ect ed

several st .transfection fromthe cell cuI r upe t . Exampl e
N T e iR Bt R RS Berring bigigi SfavenEet f G RAGRA NG, Sxarmy
of the 2w-y/\x1{3 -p@{SEQISND028®); VHEHAREQIID ND: 05 )/ \eK3- ners&csm NO: Qes/)et/Hoﬂs

ZiB; :2 fe\l&}el%%)?\’@a% W&I £r I%JLhQ in %%ngEg %Tﬁ? %YL%S aEs essed by
sandwi (N@ EEE)S»(HBWe(SEQdDd\IOHER /EBMZc(%IEOsD\h@ QBB)’ Mh’@fQ?c(SECD MWiNG: al | 400
VH VL ‘é ALY gé;Efc% NGB W%?f@ré@% N%P% §?§ ab ﬁl?%g Syﬁé Q7 The

cel l ture su at ant re harvested a ys an evel s
assessé%lEO ID NO: 20R¢VIf o4 T GRGP NP0 duY -3 %éseem Uﬁh@l? N84 WEEQ IO Sor pT™M

pl at 5 2ug. § 903! (SHabio RPN RIGZSRINCRYSE), 0Sir NSERDINIE 86 9 POl L

at es were i ncubated overni ates were washed

vm t h P@Q 'ETINQ pP &k ¥&i13vid r(@ER) 18RRI/ Y ! g%@'%t\lq %5@h§Hﬁ’dﬂ dekerDiND:pBST

and i nogbayedod Ed hm@ émwm@m@%@@mﬂd@oé Wtah@ekqgma mqoa )nvMeshed
wi th PBST. The E ggesa on._super 5% BSA- PBST

and t héSERIRNSY 288 60%%%'%%8% Vt*%éﬂ@%@t%aloa@a%%t%hé% ($HQ EANG: at e.
The f obBg\WwRg- 1<5qu0qt>s\1@\»ezoe /VRED7 (SEQRY N R8s FH3NS (3B |@mr2®@§/aﬁtss1w th a

expr oolPEg TRy %8%&9%'545}%53%@&0%@5? ke tﬁﬁlﬁ%ﬁ% 2 dSEGP o

i ncubateeo)/ Vir-12(SE@ID NQoAB3)eWESL3ISER IDMNG: @151 -89 (SEDD NDabss); wag-a3t hen

16 51 &FR 'eﬁﬁ’?atm"t i E%EBAN?B%%EHS Rl T PR BT IR B o

for | h2&b); VelBrAst(ERRdPaIQrad 1)/ The 1 peah 4l Ntk resnasiBed (MECHDTBST213)/VK3-15

St rept i % dedaé tes
wer e | E I[?T\@th % vh%%sj(rségﬂﬁt’\le@ £32¥%§§%\%‘%§1D gﬁfﬂ%?ﬂggg%ﬁi&qs?gﬁ BEJ c\?\‘/er e
washed Z\MWKTF%(ISECNQ NQhéSG)NVHBtZéK%E@éIhd,\@ uhE K ade (JER @HOe%‘a)cbeBdﬂng to

manuf a [ ﬁ';_sd i [ I §.added.
After géand Il\%) gﬁlﬁt/vklﬁﬁé o}%jg(?g%% *&ﬂ%ygfgsﬁr'%g@%“%%% cro ate

r eader. Rel ative 1 gGL expression yields were cal cul ated by d| vi di ng
the ELI SA signal of the respective VHNL pair through the ELI SA signal of
the reference 1gGl MDRO3080 (shown in Table 11). Thereby equal ly high ELI SA
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Tabl e 12: Conpil ation of functional data for each of the 400 Germline
protein pairs No, VH VL Relative Fab D splay (CysDi splay) Relative Fab

expr essi onORatz/tshpno- stability Fab stability in nousePsEmpaoifFan43s ability
i n bovine serum Fab ranki ng- value Relative IgGl expression IgGlL stability
in bovine serum hVvH 1 2 hvK 105 0.1 0.0 bg US 10 0.0 bg 2 hvH 1 2 hVK 106
0.1 0.260SS420.0bg hvH1l 2 hvK 109 0.0 0.0

239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40
(SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO:
216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-
1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

In an embodiment of the method the antibodies or functional fragments thereof comprise
two or more, three or more, four or more, five or more, six or more, seven or more, eight or
more, nine or more, ten or more, eleven or more, twelve or more, thirteen or more, fourteen or
more, fifiteen or more, sixteen or more, seventeen or more, eighteen or more, nineteen or more,
twenty or more, twenty one or more, twenty two or more, twenty three or more, twenty four or
more, twenty five or more, twenty six or more, twenty seven or more, twenty eight or more,
twenty nine or more, thirty or more, thirty one or more, thirty two or more, thirty three or more,
thirty four or more, thirty five or more, or thirty six or more, thirty seven or more, thirty eight or
more, thirty nine or more, forty or more, forty one or more, or forty two or more, or forty three or
more, or forty four or more, or forty five or more, or forty six or more, or forty seven or more, or
forty eight or more, or forty nine or more, or fifty or more, or fifty one or more, or fifty two or
more, or fifty three or more, or fifty four variable heavy chain and variable light chain pairs
selected from the group consisting of variable heavy chain and variable light chain pairs
selected from VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID NO: 236); VH1-18 (SEQ ID NO:
204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46
(SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO:
252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO: 257); VH1-69*01 (SEQ ID NO: 206)/VL1-
51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID
NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235);
VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ
ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO:
207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VK1-05 (SEQ ID NO: 230); VH3-11
(SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11 (SEQ ID NO: 208)/VK3-15 (SEQ ID NO:
238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47
(SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15
(SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO:
233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO: 234); VH3-15 (SEQ ID NO: 209)/VK1-27
(SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO:
209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO: 209)/VL1-47 (SEQ ID NO: 251); VH3-15
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bg US 11 0.0 bg 4 hvH1 2 hVK 112 0.0 0.0 bg S S 20 0.0 bg hvH 1 2 hWK
116 0.1 0.0 bg S S 20 0.0 bg 6 hVH 1 2 hVK 117 0.0 0.0 bg S S 21 0.0 bg 7
hVH 1 2 hwi20Rm66120 0.1 bg S S 22 0.0 bg hVH 1 2 hVK 1B@TEPR010/000403)

(SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15 (SEQ ID NO: 209)/VL2-14 (SEQ ID NO:
254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-21 (SEQ ID NO: 210)/VK1-27
(SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11 (SEQ ID NO: 253); VH3-23 (SEQ ID NO:
211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-23
(SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO:
256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO: 239); VH3-53 (SEQ ID NO: 213)/VK3-15
(SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO:
214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74
(SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK1-27 (SEQ ID NO:
235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH3-74 (SEQ ID NO: 214)/VL1-51
(SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO:
215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1
(SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-15 (SEQ ID NO:
238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-
51 (SEQ ID NO: 252).

In embodiment of the method, substantially all, or at least 50%, or at least 60%, or at
least 70%, or at least 80%, or at least 90% or at least 95% or each of the, or the antibodies or
functional fragments comprises variable heavy chain and variable light chain framework regions
comprising germline protein sequences of a germline protein pair, wherein said germline protein
pair comprises the following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 99% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format;

vii) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC; and

viii) an isoelectric point in IgG1 format of at least 8.3.

In this embodiment of the method the framework regions of the variable heavy chain and
variable light chain pairs comprise germline protein sequences from VH1-18 (SEQ ID NO:
204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46
(SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID
NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO:
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SS210.0bg hvH1 2 hvK 2 30 0.0 bg SS 20 0.0 bg hvH1 2 hvk 3 11 0.0
0.0 bg SS200.0bg hvH1 2 hvVK 3 15 0.0 0.0 bg US 10 0.0 bg hvH 1 2
hVK 3 20 w0.2012g6139S 21 0.0 bg hVH 1 2 hVL 1-40 PCT/EP2011/070473

207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07
(SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47
(SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15
(SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO:
233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO:
210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-53
(SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO:
253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06
(SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO:
214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51
(SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO:
252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20
(SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

In a further embodiment of the method the framework regions of the variable heavy
chain and variable light chain pairs comprise germline protein sequences further selected from
the variable heavy chain and variable light chain pairs VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ
ID NO: 236); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); and VH3-23 (SEQ ID NO:
211)/VL3-1 (SEQ ID NO: 256). In this embodiment, a collection comprises (36 pairs): VH1-18
(SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO:
238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-
51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID
NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238);
VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ
ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO:
208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11
(SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO:
230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12
(SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO:
209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21
(SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO:
236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23
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U2 0.0bg hvH1 2 hVvL 1-51 0.0 0.0
04SS220.3bg hvH1 2 hVvL 2-14
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g hvH1l 2 hVL 1-47 0.0 0.0 4 U
4 bg hvH1 2 hvL 2-11 0.1 O.

0.3 b
Uuuaoo.
.1 0.0 4v0220066122 bg hVH 1 2 hVL 2-2

(SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-53 (SEQ ID NO:
213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74
(SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO:
231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20
(SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO:
215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1
(SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO:
239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

Aspects of the Methods

In further aspects of the methods disclosed herein, the collections comprise synthetic
antibodies or functional fragments thereof or synthetic nucleic acids encoding such antibodies or
functional fragments comprising one or more complementarity determining regions comprising
germline protein sequences from the respective variable heavy chain and variable light chain
pairs, wherein the amino acid sequences of the complementarity determining regions of the
variable heavy chains and variable light chains are depicted in Figures 25-33. More specifically,
in an embodiment of the method, a collection comprises antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments comprising
CDR1 regions comprising germline protein sequences from the respective variable heavy chain
and/or variable light chain pairs, wherein the amino acid and nucleic acid sequences of the
CDR1 region of the variable heavy chains and variable light chains are depicted in Figures 25,
28 and 31 and the corresponding SEQ ID NOs: 204-265. In an embodiment of the method, a
collection comprises antibodies or functional fragments thereof or synthetic nucleic acids
encoding such antibodies or functional fragments comprising HCDR1 regions comprising
germline protein sequences from the respective variable heavy chain and variable light chain
pairs, wherein the amino acid and nucleic acid sequences of the HCDR1 region of the variable
heavy chains and variable light chains are depicted in Figures 25 and the corresponding SEQ
ID NOs: 204-229. In an embodiment of the method, a collection comprises antibodies or
functional fragments thereof or synthetic nucleic acids encoding such antibodies or functional
fragments comprising LCDR1 regions comprising germline protein sequences from the
respective variable heavy chain and variable light chain pairs, wherein the amino acid and
nucleic acid sequences of the LCDR1 region of the variable heavy chains and variable light
chains are depicted in Figures 28 and 31 and the corresponding SEQ ID NOs: 230-265. In an
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0 0.0bg hvH1 2 hVvL 3-1 0.4 0.04 UU10.0bg hvH1 2 hVL 3-21 0.0 0.0
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additional embodiment of the method, a collection comprises antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments comprising
CDR2 regions comprising germline protein sequences from the respective variable heavy chain
and variable light chain pairs, wherein the amino acid and nucleic acid sequences of the CDR2
region of the variable heavy chains and variable light chains are depicted in Figures 26, 29 and
32 and the corresponding SEQ ID NOs:204-265. In an additional embodiment of the method, a
collection comprises antibodies or functional fragments thereof or synthetic nucleic acids
encoding such antibodies or functional fragments comprising HCDR2 regions comprising
germline protein sequences from the respective variable heavy chain and variable light chain
pairs, wherein the amino acid and nucleic acid sequences of the HCDR2 region of the variable
heavy chains and variable light chains are depicted in Figures 26 and the corresponding SEQ
ID NOs: 204-229. In an additional embodiment of the method, a collection comprises antibodies
or functional fragments thereof or synthetic nucleic acids encoding such antibodies or functional
fragments comprising LCDR2 regions comprising germline protein sequences from the
respective variable heavy chain and variable light chain pairs, wherein the amino acid and
nucleic acid sequences of the LCDR2 region of the variable heavy chains and variable light
chains are depicted in Figures 29 and 32 and the corresponding SEQ ID NOs: 230-265.

In embodiments of the method, a collection comprises antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments comprising
one or more complementarity determining regions comprising amino acid modifications that
remove potential post translational modification sites. In an embodiment of the method, a
collection comprises antibodies or functional fragments thereof or synthetic nucleic acids
encoding such antibodies or functional fragments comprising one or more complementarity
determining regions comprising the complementarity determing region sequences or nucleic
acid sequences encoding the same depicted in Figures 34-36 from the respective variable
heavy chain. In a further embodiment of the method, a collection comprises antibodies or
functional fragments thereof or synthetic nucleic acids encoding such antibodies or functional
fragments comprising HCDR1 regions comprising the HCDR1 or nucleic acids encoding the
same depicted in Figures 34-36 from the respective variable heavy chain. The amino acid
sequences of the low PTM HCDR1s are depicted in SEQ ID NOs: 266-278. The nucleic acid
sequences of the low PTM HCDR1s are depicted in SEQ ID NOs: 279-291. In a further
embodiment of the method, a collection comprises antibodies or functional fragments thereof or
synthetic nucleic acids encoding such antibodies or functional fragments comprising HCDR2
regions comprising the HCDR2 regions or nucleic acids encoding the same depicted in Figures
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34-36 from the respective variable heavy chain. The amino acid sequences of the low PTM
HCDR2s are depicted in SEQ ID NOs: 266-278. The nucleic acid sequences of the low PTM
HCDR2s are depicted in SEQ ID NOs: 279-291.

In an embodiment of the method, a collection comprises antibodies or functional
fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments
comprising a FR4 region selected from the group consisting of: JH4 (SEQ ID NO:293), Jk1
(SEQ ID NO:297), and JA2/3 (SEQ ID NO:301). In an embodiment of the method, a collection
comprises antibodies or functional fragments thereof or synthetic nucleic acids encoding such
antibodies or functional fragments comprising a germline JH4 FR4 region, whose amino acid or
nucleic acid sequence is depicted in Figure 40. The JH4 FR4 amino acid sequence is depicted
in (SEQ ID NO:293) and (SEQ ID NO:295). The JH4 FR4 nucleic acid sequence is depicted in
(SEQ ID NO:292) and (SEQ ID NO:294). In an embodiment of the method, a collection
comprises antibodies or functional fragments thereof or synthetic nucleic acids encoding such
antibodies or functional fragments comprising a germline Jk1 FR4 region, whose amino acid or
nucleic acid sequence is depicted in Figure 40. The Jk1 FR4 amino acid sequence is depicted
in (SEQ ID NO:297). The Jk1 FR4 nucleic acid sequence is depicted in (SEQ ID NO:296),
(SEQ ID NO:298) and (SEQ ID NO:299). In an embodiment of the method, a collection
comprises antibodies or functional fragments thereof or synthetic nucleic acids encoding such
antibodies or functional fragments comprising a germline JA2/3 FR4 region, whose amino acid
or nucleic acid sequence is depicted in Figure 40. The JA2/3 FR4 amino acid sequence is
depicted in (SEQ ID NO:301). The JA2/3 FR4 nucleic acid sequence is depicted in (SEQ ID
NO:300), (SEQ ID NO:302) and (SEQ ID NO:303).

In an aspect, in order to enhance the ability of identifying antibodies or fragment thereof
against any antigen, collections comprise a diversified CDR3 region. In an embodiment of the
method, a collection comprises antibodies or functional fragments thereof or synthetic nucleic
acids encoding such antibodies or functional fragments comprising a diversified HCDRS3 region.
In an embodiment of the method, a collection comprises antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments comprising a
diversified LCDR3 region.

In another aspect, in order to enhance the ability of identifying antibodies or fragments
thereof against any antigen, collections of the method comprise at least 1 X 10* antibodies or
functional fragments thereof or synthetic nucleic acids encoding such antibodies or functional
fragments, at least 1 X 10° antibodies or functional fragments thereof or synthetic nucleic acids

encoding such antibodies or functional fragments, at least 1 X 10° antibodies or functional
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fragments thereof or synthetic nucleic acids encoding such antibodies or functional fragments,
atleast 1 X 107 antibodies or functional fragments thereof or synthetic nucleic acids encoding
such antibodies or functional fragments, at least 1 X 10° antibodies or functional fragments
thereof or synthetic nucleic acids encoding such antibodies or functional fragments, at least 1 X
10° antibodies or functional fragments thereof or synthetic nucleic acids encoding such
antibodies or functional fragments, at least 1 X 10" antibodies or functional fragments thereof
or synthetic nucleic acids encoding such antibodies or functional fragments, or at least 1 X 10"
antibodies or functional fragments thereof or synthetic nucleic acids encoding such antibodies or
functional fragments.

In an embodiment of the method the collections comprise antibodies or synthetic nucleic
acids encoding such antibodies selected from the group consisting of human IgG1, IgG2, 1gG3,
lgG4, IgA, IgE, IgM and IgD. In an embodiment of the method the collections comprise antibody
fragments or synthetic nucleic acids encoding such fragments selected from the group
consisting of Fab, F(ab")2, Fab’, Fv, and scFv.

In embodiments of the method, the 1gG heavy chain constant domains of the antibodies
of the collections comprise the amino acid sequences shown in Figures 41A-B (SEQ ID NO:
305). In other embodiments of the method, the nucleic acids encoding the IgG heavy chain
constant domains of the antibodies of the collection comprise the nucleic acid sequences shown
in Figures 41A-B (SEQ ID NO: 304). In embodiments, the Fab heavy chain constant domains of
the antibody fragments of the collections comprise the amino acid sequences shown in Figure
42 (SEQ ID NO: 307). In other embodiments of the method, the nucleic acids encoding the Fab
heavy chain constant domains of the antibodies of the collection comprise the nucleic acid
sequences shown in Figure 42 (SEQ ID NO: 306). In embodiments of the method, the IgG
(SEQ ID NO: 309) and/or Fab (SEQ ID NO: 311) kappa light chain constant domains of the
antibodies or antibody fragments of the collections comprise the amino acid sequences shown
in Figure 43. In other embodiments of the method, the nucleic acids encoding the IgG (SEQ ID
NO: 308) and/or Fab (SEQ ID NO: 310) kappa light chain constant domains of the antibodies or
antibody fragments of the collections comprise the nucleic acid sequences shown in Figure 43.
In embodiments of the method, the IgG (SEQ ID NO: 313) and/or Fab (SEQ ID NO: 315)
lambda light chain constant domains of the antibodies or antibody fragments of the collections
comprise the amino acid sequences shown in Figure 44. In other embodiments of the method,
the nucleic acids encoding the 1gG (SEQ ID NO: 312) and/or Fab (SEQ ID NO: 314) lambda
light chain constant domains of the antibodies or antibody fragments of the collections comprise
the nucleic acid sequences shown in Figure 44.
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Antibodies of the Invention

In another aspect, the disclosure provides a synthetic antibody or functional fragment
thereof or a synthetic nucleic acid encoding such antibody or functional fragments, wherein the
antibody or functional fragment comprises a variable heavy chain and variable light chain pair,
wherein the framework regions of the variable heavy chain and variable light chain pair
comprises germline protein sequences selected from the variable heavy chain and variable light
chain pairs VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID NO: 236); VH1-18 (SEQ ID NO:
204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46
(SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO:
252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO: 257); VH1-69*01 (SEQ ID NO: 206)/VL1-
51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID
NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235);
VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ
ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO:
207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VK1-05 (SEQ ID NO: 230); VH3-11
(SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11 (SEQ ID NO: 208)/VK3-15 (SEQ ID NO:
238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47
(SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15
(SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO:
233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO: 234); VH3-15 (SEQ ID NO: 209)/VK1-27
(SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO:
209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO: 209)/VL1-47 (SEQ ID NO: 251); VH3-15
(SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15 (SEQ ID NO: 209)/VL2-14 (SEQ ID NO:
254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-21 (SEQ ID NO: 210)/VK1-27
(SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11 (SEQ ID NO: 253); VH3-23 (SEQ ID NO:
211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-23
(SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO:
256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO: 239); VH3-53 (SEQ ID NO: 213)/VK3-15
(SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO:
214)/NK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74
(SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK1-27 (SEQ ID NO:
235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH3-74 (SEQ ID NO: 214)/VL1-51
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(SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO:
215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1
(SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-15 (SEQ ID NO:
238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-
51 (SEQ ID NO: 252).

In an embodiment, the synthetic antibody or functional fragment thereof or synthetic
nucleic acid encoding such antibody or functional fragment thereof comprises one or more
complementarity determining regions comprising germline protein sequences from the
respective variable heavy chain and variable light chain pair, wherein the amino acid sequence
of the complementarity determining region of the variable heavy chain and variable light chain
are depicted in Figures 25-33. More specifically, in an embodiment, the synthetic antibody or
functional fragment thereof or synthetic nucleic acid encoding such antibody or functional
fragment thereof comprises a CDR1 region comprising germline protein sequences from the
respective variable heavy chain and/or variable light chain pair, wherein the amino acid
sequence of the CDR1 region of the variable heavy chains and variable light chains are
depicted in Figures 25, 28, and 31, and the corresponding SEQ ID NOs: 204-265. In an
embodiment, the synthetic antibody or functional fragment thereof or synthetic nucleic acid
encoding such antibody or functional fragment thereof comprises an HCDR1 region comprising
germline protein sequences from the respective variable heavy chain and variable light chain
pair, wherein the amino acid sequences of the HCDR1 region of the variable heavy chain and
variable light chain are depicted in Figure 25 and the corresponding SEQ ID NOs: 204-229. In
an embodiment, the synthetic antibody or functional fragment thereof or synthetic nucleic acid
encoding such antibody or functional fragment thereof comprises an LCDR1 region comprising
germline protein sequences from the respective variable heavy chain and variable light chain
pair, wherein the amino acid sequences of the LCDR1 region of the variable heavy chains and
variable light chain are depicted in Figures 28 and 31 and the corresponding SEQ ID NOs: 230-
265. In an additional embodiment, the synthetic antibody or functional fragment thereof or
synthetic nucleic acid encoding such antibody or functional fragment thereof comprises a CDR2
region comprising germline protein sequences from the respective variable heavy chain and
variable light chain pair, wherein the amino acid sequences of the CDR2 region of the variable
heavy chain and variable light chain are depicted in Figures 26, 29, and 32, and the
corresponding SEQ ID NOs: 204-265. In an additional embodiment, the synthetic antibody or
functional fragment thereof or synthetic nucleic acid encoding such antibody or functional
fragment thereof comprises an HCDR2 region comprising germline protein sequences from the
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respective variable heavy chain and variable light chain pair, wherein the amino acid sequences
of the HCDR2 region of the variable heavy chain and variable light chain are depicted in Figure
26 and the corresponding SEQ ID NOs: 204-229. In an additional embodiment, the synthetic
antibody or functional fragment thereof or synthetic nucleic acid encoding such antibody or
functional fragment thereof comprises an LCDR2 region comprising germline protein sequences
from the respective variable heavy chain and variable light chain pair, wherein the amino acid
sequences of the LCDR2 region of the variable heavy chain and variable light chain are
depicted in Figures 29 and 32 and the corresponding SEQ ID NOs: 230-265.

An aspect of the disclosure includes modifying germline complementarity determining
regions to remove potential post translational modification sites (PTMs). Examples of variable
heavy chain complementarity determining regions modified to remove PTMs are shown in
Figures 34-36. In an aspect, the synthetic antibody or functional fragment thereof or synthetic
nucleic acid encoding such antibody or functional fragment thereof comprises one or more
complementarity determining regions comprising amino acid modifications that remove potential
post translational modification sites. In an embodiment, the synthetic antibody or functional
fragment thereof or synthetic nucleic acid encoding such antibody or functional fragment thereof
comprises one or more complementarity determining regions comprising the complementarity
determing region sequences or nucleic acid sequences encoding the same depicted in Figures
34-36 from the respective variable heavy chain. In a further embodiment, the synthetic antibody
or functional fragment thereof or synthetic nucleic acid encoding such antibody or functional
fragment thereof comprises an HCDR1 region comprising the HCDR1 or nucleic acids encoding
the same depicted in Figures 34-36 from the respective variable heavy chain. The amino acid
sequences of the low PTM HCDR1s are depicted in SEQ ID NOs: 266-278. The nucleic acid
sequences of the low PTM HCDR1s are depicted in SEQ ID NOs: 279-291. In a further
embodiment, the synthetic antibody or functional fragment thereof or synthetic nucleic acid
encoding such antibody or functional fragment thereof comprises an HCDR2 region comprising
the HCDRZ2 region or nucleic acids encoding the same depicted in Figures 34-36 from the
respective variable heavy chain. The amino acid sequences of the low PTM HCDR2s are
depicted in SEQ ID NOs: 266-278. The nucleic acid sequences of the low PTM HCDR2s are
depicted in SEQ ID NOs: 279-291.

An aspect of the disclosure includes utilizing germline FR4 sequences. In an
embodiment, the synthetic antibody or functional fragment thereof or synthetic nucleic acid
encoding such antibody or functional fragment thereof comprises a FR4 region selected from
the group consisting of: JH4 (SEQ ID NO:293), Jk1 (SEQ ID NO:297), and JA2/3 (SEQ ID
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NO:301). In an embodiment, the synthetic antibody or functional fragment thereof or synthetic
nucleic acid encoding such antibody or functional fragment thereof comprises a germline JH4
FR4 region, whose amino acid or nucleic acid sequence is depicted in Figure 40. The JH4 FR4
amino acid sequence is depicted in (SEQ ID NO:293) and (SEQ ID NO:295). The JH4 FR4
nucleic acid sequence is depicted in (SEQ ID NO:292) and (SEQ ID NO:294). In an
embodiment, the synthetic antibody or functional fragment thereof or synthetic nucleic acid
encoding such antibody or functional fragment thereof comprises a germline Jk1 FR4 region,
whose amino acid or nucleic acid sequence is depicted in Figure 40. The Jk1 FR4 amino acid
sequence is depicted in (SEQ ID NO:297). The Jk1 FR4 nucleic acid sequence is depicted in
(SEQ ID NO:296), (SEQ ID NO:298) and (SEQ ID NO:299). In an embodiment, the synthetic
antibody or functional fragment thereof or synthetic nucleic acid encoding such antibody or
functional fragment thereof comprises a germline JA2/3 FR4 region, whose amino acid or
nucleic acid sequence is depicted in Figure 40. The JA2/3 FR4 amino acid sequence is
depicted in (SEQ ID NO:301). The JA2/3 FR4 nucleic acid sequence is depicted in (SEQ ID
NO:300), (SEQ ID NO:302) and (SEQ ID NO:303).

In an embodiment the the synthetic antibody or synthetic nucleic acid encoding such
antibody is selected from the group consisting of human IgG1, 1gG2, IgG3, 1gG4, IgA, IgE, IgM
and IgD. In an embodiment the synthetic antibody fragment or synthetic nucleic acid encoding
such antibody fragment is selected from the group consisting of Fab, F(ab')2, Fab’, Fv, and
scFv.

In embodiments, the IgG heavy chain constant domain of the antibody comprises the
amino acid sequences shown in Figures 41A-B (SEQ ID NO: 305). In other embodiments, the
nucleic acids encoding the IgG heavy chain constant domains of the antibody comprises the
nucleic acid sequences shown in Figures 41A-B (SEQ ID NO: 304). In embodiments, the Fab
heavy chain constant domain of the antibody fragments comprises the amino acid sequences
shown in Figure 42 (SEQ ID NO: 307). In other embodiments, the nucleic acids encoding the
Fab heavy chain constant domain of the antibody fragment comprises the nucleic acid
sequences shown in Figure 42 (SEQ ID NO: 306). In embodiments, the IgG (SEQ ID NO: 309)
and/or Fab (SEQ ID NO: 311) kappa light chain constant domains of the antibodies or antibody
fragments comprise the amino acid sequences shown in Figure 43. In other embodiments, the
nucleic acids encoding the IgG (SEQ ID NO: 308) and/or Fab (SEQ ID NO: 310) kappa light
chain constant domains of the antibodies or antibody fragments comprise the nucleic acid
sequences shown in Figure 43. In embodiments, the IgG (SEQ ID NO: 313) and/or Fab (SEQ
ID NO: 315) lambda light chain constant domains of the antibodies or antibody fragments
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comprise the amino acid sequences shown in Figure 44. In other embodiments, the nucleic
acids encoding the IgG (SEQ ID NO: 312) and/or Fab (SEQ ID NO: 314) lambda light chain
constant domains of the antibodies or antibody fragments comprise the nucleic acid sequences
shown in Figure 44.

EXAMPLES

Example 1: Generation of restriction sites in the C-terminus of a prokaryotic signal sequence

and human leader sequence, providing for fully germline FR1 regions

In one aspect, the present disclosure describes collections of antibodies or fragments
thereof comprising framework regions comprising germline protein sequences, specifically FR1.
It is expected that having germline sequences shall lower the immunogenicity risk of the
antibodies when administered in humans. Compatible restriction sites, however, must be used
in order to enable standard cloning of the nucleic acids encoding the collections of antibodies
into display and/or expression vectors so that the antibodies can be screened against
immunogens. In the past, restriction sites utilized for cloning were often located within the
framework regions, thus modifying the nucleic acid and/or amino acid sequence away from
germline. In order to ensure that at least the framework 1 (FR1) region of each of the antibodies
of the present disclosure maintain a germline protein sequence, there should not be any
restriction sites within FR1 which would lead to deviations from the germline amino acid
sequence. Therefore, an aspect of the present disclosure is the incorporation of an identical or
at least compatible restriction site within the C-terminus of prokaryotic signal sequences and
human leader sequences, specifically within the three C-terminal residues. Additionally, a
prokaryotic signal sequence and human leader sequence comprising an identical or compatible
restriction site must be functional and allow for good display and expression yield of the
antibodies or fragments thereof in both prokaryotic and mammalian expression systems.

Fig. 1 shows the selected restriction sites and their corresponding positions. The Nhel
(VLA) restriction site was selected for incorporation into the prokaryotic heavy chain signal
sequences (phoA). The nucleic acid and amino acid sequences of the wildtype phoA signal
sequence and the Nhel (VLA) phoA signal sequence are shown in Table 1.

Table 1:

Wildtype E. coli phoA signal sequence (C-terminal amino acid sequence from position -3

to -1 is TKA without restriction site):
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M KQ 8 T I AL A L L P L L F TPV T K A
ATGAAACAGAGCACCATTGCCCTGGCCCTGCTGCCGCTGCTGTTTACCCCAGTGACCAAA
GCC
(SEQ ID NOS 8 and 7, respectively, in order of appearance)
PhoA wild type C-terminus T K A
ACC AAA GCC
Modified E. coli phoA signal sequence with C-terminal VLA and Nhel restriction site
(= GCTAGC):
M KQ 8 T I AL A L L P L L FT PV V LA
ATGAAACAGAGCACCATTGCCCTGGCCCTGCTGCCGCTGCTGTTTACCCCAGTGGTGCTA
GCC

(SEQ ID NOS 10 and 9, respectively, in order of appearance)

The Ndel (AYA) restriction site was selected for incorporation into the prokaryotic kappa
and lambda signal sequences (ompA). The nucleic acid and amino acid sequences of the
wildtype ompA signal sequence and the modified Ndel (AYA) ompA signal sequence are shown
in Table 2.

Table 2:

Wildtype E. coli ompA signal sequence (C-terminal amino acid sequence from position -
3 to -1 is AQA without restriction site):
M K KTAI A I AV A L A GFATV A QA
ATGAAAAAAACCGCCATTGCCATTGCCGTGGCCCTGGCAGGCTTTGCCACCGTGGCGCAG
GCC
(SEQID NOS 12 and 11, respectively, in order of appearance)
OmpA wild type C-terminus A Q A

GCG CAG GCC
Modified E. coli ompA signal sequence with C-terminal AYA and Ndel restriction site

(= CATATG):
M K KTAI AT AV A LAGTFA ATVAYA
ATGAAAAAAACCGCCATTGCCATTGCCGTGGCCCTGGCAGGCTTTGCCACCGTGGCATAT
GCC

Alternatively the DNA sequence includes:
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ATGAAAAAAACCGCCATTGCCATTGCCGTGGCCCTGGCAGGCTTTGCCACCGTGGCATAT
GCG
(SEQ ID NOS 14, 13 and 15 respectively, in order of appearance)

In order to allow an easy switch from E. coli expressed Fab to mammalian expressed
IgG formats, the human leader sequences for the IgG light chain (human kappa leader) and IgG
heavy chain (human heavy chain leader) were generated to contain the same restriction sites as
the C-termini of the ompA (Ndel (AYA)) and phoA (Nhel (VLA)) signal sequences. The wildtype
and modified human heavy chain leader and human kappa leader sequences are shown in
Table 3.
Table 3
Heavy chain leader
A)
Wildtype human heavy chain leader (C-terminal amino acid sequence from position -3 to -1 is

VLS without restriction site):

M K H L W F F L L L V A AP R W V L S
ATGAAACACCTGTGGTTCTTCCTCCTGCTGGTGGCAGCTCCCAGATGGGTCCTGTCC
(SEQ ID NOS 17 and 16, respectively, in order of appearance)

Wild type Heavy chain leader C-terminus \ L S

GTC CTG TCC
B)
Modified human heavy chain leader with C-terminal VLA and Nhel restriction site (= GCTAGC):
M K H L W FF L L L V A AP RWV L A
ATGAAGCACCTGTGGTTCTTTCTGCTGCTGGTGGCCGCTCCCCGGTGGGTGCTAGCC
(SEQ ID NOS 19 and 18, respectively, in order of appearance)

C)
Wildtype human kappa leader (C-terminal amino acid sequence from position -3 to -1 is AYG
without restriction site):
M V L Q T Q VvV F 1 8 L L L W I 8 G A YG
ATGGTGTTGCAGACCCAGGTCTTCATTTCTCTGTTGCTCTGGATCTCTGGTGCCTACGGG
(SEQ ID NOS 21 and 20, respectively, in order of appearance)
Kappa leader C-terminus A Y G

GCC TAC GGG
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D)
Modified human kappa leader with C-terminal AYA and Ndel restriction site (= CATATG):
M V L Q T Q V F I 8 L L L W I 8 G A Y A

ATGGTGCTCCAGACCCAGGTGTTCATCAGCCTGCTGCTGTGGATCAGCGGCGCATATGCG
(SEQ ID NOS 23 and 22, respectively, in order of appearance)

The selected modified prokaryotic signal sequences and human leader sequences (a)
result in high yields of Fab and IgG protein according to the vector system used, (b) provide full
compatibility for switching antibody formats, vectors and expression systems between
prokaryotic and mammalian systems and (c) are located in the signal/leader sequences thereby

maintaining the full germline sequences of FR1.

Example 2: Identification of the most abundant VH/VL pairs in the human repertoire

In its most general sense, the inventors began with the idea that an antibody collection
that imitates the human immune system in essential ways may be advantageous. The inventors
worked from their hypothesis that the variable heavy chain and variable light chain germline
gene pairs abundantly expressed in the human immune repertoire likely have favorable
biophysical properties that would lead to more efficient clinical development and increase the
safety and efficacy of the resulting antibodies in patients. In order to prove this hypothesis, the
first step was to identify the variable heavy chain and variable light chain germline gene pairs

prominently expressed in the human immune repertoire.

Example 2.1: Determination of VH/VL pair germline gene usage

In order to identify the predominantly expressed VH/VL germline gene pairs from the
human immune repertoire, publically available data was analyzed and human B cells were
sampled. As a first step, publically available data was reviewed to identify articles describing
the VH/VL germline gene pairs isolated from human B cells. As mentioned, many publically
available databases provide antibody sequences, however, many provide only the sequences of
either variable domain, VH or VL, but seldom provide the linkage of VH/VL germline gene pairs.
The following articles were identified and analyzed in detail: Wardemann H. et al. (2003)
Science 301, 1374-1377 and any supporting tables; Yurasov S. et al. (2005) J. Exp. Med. 201,
703-712 and any supporting tables; Tsuiji M. et al. (2006) J. Exp. Med. 203, 393-401 and any
supporting tables; Yurasov S. et al. (2006) J. Exp. Med. 203, 2255-2262 and any supporting
tables, Tiller T. et al. (2007) Immunity 26, 205-213 and any supporting tables, and Mietzner B. et
al. (2008) PNAS 105, 9727-9732 and any supporting tables, all of which are incorporated by
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reference in their entireties. Additional VH/VL pair data was identified from a sample of human

B cells, as described below.

Example 2.2: Determination of VH/VL pair gene usage from a human sample

In order to obtain additional VH/VL germline gene pair usage data, PBMCs were isolated
from a human host. The PBMCs were sorted, the cDNAs of the B cells were amplified using
PCR, the DNA from the B cells was sequenced and then the sequences were blasted with
IgBLAST (NCBI) to identify the VH/VL germline gene pairs from each B cell.

General methods of isolating and sorting human PBMCs from venous blood and
mononuclear cells from bone marrow are described in Tiller et al., J Immunol Methods, 2008
Jan 1;329(1-2):112-24, which is incorporated by reference in its entirety. The PBMCs were
isolated and then single sorted according to the cell surface marker of the phenotype of interest.
Ig gene transcripts of the single sorted mature naive (mn) B cells and antibody secreting cells
(asc) were then PCR amplified for determination of the VH/VL germline gene pairings. General
methods of PCR amplifying cDNA of B cells and the primers useful for the same are also
described in Tiller et.al. 2008 (citation above). The specific primers used are shown in Table 4.
Table 4 (SEQ ID NOS 24-60, respectively, in order of appearance):
for p or Y beavy chain PCR:

HE 1518

5'L-VH 1 ACAGGTGCCCACTCCCAGGTGCAG 24
5°"L-VH 3 AAGGTGTCCAGTGTGARGTGCAG 23
5"L-VH 4/6 CCCAGATGGGTCCTGTCCCAGGTGCAG 27
5°"L-VH 5 CAAGGAGTCTGTTCCGAGGTGCAG 24
3"Cp CH1 (mu) GGGAATTCTCACAGGAGACGA 21
3"Cg CH1 (gamma) GGAAGGTGTGCACGCCGCTGGTC 23
5' Agel VH1 CTGCAACCGGTGTACATTCCCAGGTGCAGCTGGTGCAG 38
5' Agel VH1/5 CTGCAACCGGTGTACATTCCGAGGTGCAGCTGGTGCAG 38
5' Agel VH3 CTGCAACCGGTGTACATTCTGAGGTGCAGCTGGTGGAG 38
5' Agel VH3-23 CTGCAACCGGTGTACATTCTGAGGTGCAGCTGTTGGAG 38
5" Agel VH4 CTGCAACCGGTGTACATTCCCAGGTGCAGCTGCAGGAG 38
5" Agel VH 4-34 CTGCAACCGGTGTACATTCCCAGGTGCAGCTACAGCAGTG 40
3" Sall JH 1/2/4/5 TGCGAAGTCGACGCTGAGGAGACGGTGACCAG 32
3"Sall JH 3 TGCGAAGTCGACGCTGAAGAGACGGTGACCATTG 34
3"Sall JH 6 TGCGAAGTCGACGCTGAGGAGACGGTGACCGTG 33
3'1gG (internal) GTTCGGGGAAGTAGTCCTTGAC 22

for kappa light chain PCR:
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5'L-Vk 1/2 ATGAGGSTCCCYGCTCAGCTGCTGG 25
5'L-Vk 3 CTCTTCCTCCTGCTACTCTGGCTCCCAG 28
5'L-Vk 4 ATTTCTCTGTTGCTCTGGATCTCTG 25
3' Ck 543 GTTTCTCGTAGTCTGCTTTGCTCA 24
5'Pan Vk ATGACCCAGW CTCCABYCW CCCTG 24
3' Ck 494 GTGCTGTCCTTGCTGTCCTGCT 22
for lambda light chain PCR:
( LC 1stPCR
5" L-VI1 GGTCCTGGGCCCAGTCTGTGCTG 23
5'L-VI 2 GGTCCTGGGCCCAGTCTGCCCTG 23
5'L-VI3 GCTCTGTGACCTCCTATGAGCTG 23
5'L-VI 4/5 GGTCTCTCTCSCAGCYTGTGCTG 23
5'L-VI6 GTTCTTGGGCCAATTTTATGCTG 23
5'L-VI7 GGTCCAATTCYCAGGCTGTGGTG 23
5'L-Vl 8 GAGTGGATTCTCAGACTGTGGTG 23
3' C( CACCAGTGTGGCCTTGTTGGCTTG 24
(LC 2nd PCR
5'Agel VI 1 CTGCTACCGGTTCCTGGGCCCAGTCTGTGCTGACKCAG 38
5'Agel VI 2 CTGCTACCGGTTCCTGGGCCCAGTCTGCCCTGACTCAG 38
5'Agel VI 3 CTGCTACCGGTTCTGTGACCTCCTATGAGCTGACWCAG 38
5'Agel VI 4/5 CTGCTACCGGTTCTCTCTCSCAGCYTGTGCTGACTCA 37
5'Agel VI 6 CTGCTACCGGTTCTTGGGCCAATTTTATGCTGACTCAG 38
5'Agel VI 7/8 CTGCTACCGGTTCCAATTCYCAGRCTGTGGTGACYCAG 38
3' Xhol CI CTCCTCACTCGAGGGYGGGAACAGAGTG 28

cDNAs of the single sorted mature naive (mn) B cells and antibody secreting cells (asc)
were synthesized. Nested PCR was conducted, where human IgH, Igk and IgL V gene
transcripts were PCR amplified independently. The sequencing results were blasted with
IgBLAST (NCBI) to identify the respective VH, VK, and VL germline genes.

Example 2.3 VH/VL Germline Gene Pairs identified in the human immune repertoire

The VH/VL germline gene pair data identified from the publically available literature as
described in Example 2.1 was pooled with the data identified from a human sample as
described in Example 2.2. The pooled data was analyzed and is shown as a ranking in Table 6,
i.e. the ranking of the percentage/proportion (%) of the VH/VL germline gene pairs identified in

the human immune repertoire.

Example 3: Determining the VH and VL germline gene usage

A review of Table 6 shows that a small number of VH/VL pairs are dominant in the

human immune repertoire as compared to the total number of germline genes. Wildt et al. at
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895-896 described this phenomenon. Wildt et al. also described that the frequently expressed
heavy and light chain gene segments are often paired, and observed that half of the pairings
sampled corresponded to only five VH/VL germline gene pairs.

Additionally, the pooled data and additional references were evaluated to identify the
VH, VK, and VA germline genes that are independently expressed (not as pairs) in the human
immune repertoire. The additional literature references, which include unpaired VH and/or VL
germline gene expression, were Brezinschek H.P. et al. (1997) J. Clin. Invest. 99, 2488,
Demaison C. et al. (1995) Immunogenetics 42, 342, and Foster S.J. et al. (1997) J. Clin. Invest.
99, 1614, which are both incorporated by reference in their entireties. The data from Examples
2.1 and 2.2 and additional references were pooled and ranked to determine the VH, Vk, and VA
germline genes most prominently expressed in the human immune repertoire. The ranking is
shown inTable 5.

In comparing Table 5, showing the unlinked VH, VA and Vk germline gene prevalence in
the human immune repertoire and Table 6, showing the linked VH/VL pair germline gene
prevalence within the human immune repertoire, it was apparent that many of the VH, VA and
Vk germline genes that are highly represented when evaluated independent of linkage or pairing
were also highly represented in the VH/VL pairings.

This observation is confirmed by the plots shown in Figs. 4-5, which show the VH/VL
germline gene pairs of the human immune repertoire. The figures show the actual number of
each VH/VL germline gene pair identified from the pooled data, plotted on a matrix, where the Y
axis includes the ranking of the VH germline genes, and the X axis includes the ranking of the
VL germline genes.

Example 4: Selecting the VH/VL germline gene pairings for further evaluation of their

biophysical properties
As a next step, it had to be determined which germline protein pairs were to be tested,

as there are ~2500 pairs in the human immune repertoire and the inventors goal was to identify
which of the germline protein pairs comprise favorable biophysical properties which would aid in
selection and development. One way would be to to test the variable heavy chain and variable
light chain germline protein pairs that occur most prominently in the human immune repertoire,
for example see Table 6. One could, for example, select the top four hundred pairs for testing,
or select the variable heavy chain and variable light chain germline protein pairs present above

a certain threshold number. This approach would require the synthesis and testing of a large
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number of different variable heavy chain and variable light chain germline protein pair
sequences; therefore, such an approach may not be very efficient.

As an alternative approach, the inventors selected a subset of the variable heavy chain
and variable light chain germline pairs that are representative of, accurately reproduce, or cover
the majority of the prominent pairs from the human immune repertoire. This approach was
based, in part, upon the above observation that a small number of variable heavy, variable
light chain, and variable A light chain germline genes (unpaired) are dominant in the human
immune repertoire. Therefore, a small number of the prominent heavy and light chain germline
genes (unpaired) can be combined to generate a group of VH/VL pairs that are representative
of the human immune repertoire.

This approach was undertaken in the following way. In Example 3, the variable heavy
chain, variable « light chain, and variable A light chain germline gene expression was
determined. As a next step, an in silico analysis was completed of the prominent VH, VA and Vk
germline genes, where at least the following factors were evaluated: CDR length, isoelectric
point (pl) (the preferred isoelectric point is 7.5 or above as this is should provide stability in a
standard pH 5.5 to pH 7 formulation buffer), potential post translational modification sites
(PTM’s) (specifically, N-linked glycosylation sites (NxS or NxT) or chemical modifications such
as Asp cleavage (often at a DP or DQ), Asp isomerization (DS, DG), deamidation (NS, NG)
which can occur in vivo (in serum) or upon storage in formulation buffer and lead to loss of
antibody binding), the presence of Methionines in the CDRs (can be oxidized when exposed to
solvent), the presence of unpaired cysteines (will form disulfide bonds with any other unpaired
cysteine, thus leading to crosslinking of proteins and/or lower expression yield), deviations from
germline, the presence of possible T-cell epitopes, and theoretical aggregation propensity.
Selected data from the in silico analysis is shown in Figs. 2-3.

Based upon the in silico analysis of the most prominent VH, VA and Vk germline genes,
a subset of these were selected for synthesis, combination and subsequent functional testing.
This subset is shown in Figs. 2-3. When comparing Table 5 and Figs. 2-3,it is clear that not all of
the most prominent VH, VA and Vk germline genes were selected for further testing. Of the
most prominent VH germline genes, shown in Table 5, IGHV4-34, IGHV4-59, and IGHV3-9 were
not selected. Instead, see in Figs. 2-3, IGHV3-74, IGHV3-73, and IGHV6-1 were selected. In
total, 20 VH germline genes were selected. Of the most prominent Vk germline genes, shown
in Table 5, IGKV4-1, IGKV2-28/2D-28, IGKV1-33/1D-33, and IGKV1-8 were not selected. In
total, 12 Vk germline genes were selected. Of the most prominent VA germline genes shown in
Table 5, IGLV1-44 was not selected. In total, 8 VA germline genes were selected.
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Table 5 shows the ranking of the VH, Vk, and VA germline gene usage from the human
immune repertoire and bolds and underlines the germline genes that were selected for further
functional testing.

Table 5
VH Vk VA
n=2463 n=1656 n=780

1 IGHV3-23 10,6 1 IGKV3-20 16,2 1 IGLV2-14 18,1
2  |IGHV3-30 8,0 2 IGKV1-39/1D-39 | 14,2 2  |IGLV1-40 [ 113
3 IGHV4-39 7.6 3 IGKV1-5 11,2 3 IGLV1-44 11,3
4 IGHV4-34 6,8 4 IGKV3-15 11,1 4 IGLV1-51 10,0
5 IGHV4-59 5,8 5 IGKV4-1 8,5 3 IGLV2-23 8.1
6 |IGHV1-69 53 6 IGKV3-11 7.6 6 |IGLV3-21 8.1
7 IGHV5-51 4.6 7 IGKV2-28/2D-28 6,0 7 IGLV1-47 6.5
8 IGHV3-7 4,5 8 IGKV1-33/1D-33 4.6 8 IGLV3-1 5.3
9 |IGHV1-18 41 9 IGKV2-30 2.6 9 |IGLV2-11 51
10 IGHV3-48 4.0 10 IGKV1-9 2,4 10 IGLV2-8 4.5
11 |IGHV3-15 3.3 11 IGKV1-17 2.4 11 |IGLV6-57 1,7
12 IGHV3-21 3.3 12 IGKV1-27 2,2 12 IGLV3-25 1,5
13 IGHV1-2 3.2 13 IGKV1-8 1,9 13 IGLV7-46 1,5
14 IGHV3-33 3.0 14 IGKV1-16 1.3 14 IGLV1-36 1,2
15 IGHV4-31 3.0 15 IGKV1-6 1.1 15 IGLV7-43 1,2
16 IGHV3-53 2,7 16 IGKV1-12 1.1 16 IGLV9-49 1,2
17 IGHV3-11 2,6 17 IGKV2D-29 1,0 17 IGLV4-69 1,0
18 IGHV3-9 2,2 18 IGKV1-13 0,7 18 IGLV2-18 0,6
19 IGHV4-4 2,1 19 IGKV1D-8 0,5 19 IGLV3-10 0,5
20 IGHV1-46 2,1 20 IGKV2-24 0,5 20 IGLV3-27 0,5
21 IGHV3-74 1.6 21 IGKV5-2 0,4 21 IGLV3-9 0,3
22 | IGHV1-24 1,1 22 IGKV1D-12 0,3 22 |IGLV3-12 0,1
23 IGHV4-61 1,1 23 IGKV2-40/2D-40 0,3 23 IGLV3-19 0,1
24 IGHV1-8 1,1 24 IGKV3D-20 0,3 24 IGLV3-22 0,1
25 IGHV1-3 1,0 25 IGKV1D-43 0,2 25 IGLV4-60 0,1
26 IGHV3-49 1,0 26 IGKV2D-30 0,2 26 IGLV8-61 0,1
27 IGHV3-43 0,6 27 IGKV3D-11 0,2 27 IGLV3-16 0,0
28 IGHV4-28 0,6 28 IGKV3D-15 0,2 28 IGLV4-3 0,0
29 IGHV3-64 0,5 29 IGKV2-29 0,2 29 IGLV5-37 0,0
30 IGHV7-81 0,5 30 IGKV1D-16 0,1 30 IGLV5-39 0,0
31 IGHV3-13 0,4 31 IGKV1D-17 0,1 31 IGLV5-45 0,0
32 IGHV3-72 0,4 32 IGKV3D-7 0,1 32 IGLV5-52 0,0
33 IGHV1-58 0,3 33 IGKV6-21/6D-21 0,1 33 IGLV10-54 0,0
34 IGHV3-73 0,3 34 IGKV6D-41 0,1

35 IGHV3-66 0,2 35 IGKV1D-13 0,0

36 IGHV7-4.1 0,2

37 IGHV2-5 0,1

38 | IGHV4-30.2 0,1
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39 |IGHV3-20 0,1
40 [IGHV6-1 0,0
41 [IGHV1-e 0,0
42 |IGHV1 0,0
43 |IGHV1-45 0,0
44 |IGHV2-26 0,0
45 |IGHV2-70 0,0
46 |IGHV3-d 0,0
47 |IGHV4-b 0,0
48 [IGHV4-30.4 | 0,0
49 |IGHV5-a 0,0

Example 4.1: Recombination of abundant VH, Vk, and VA germline genes to vield

representation of VH/VL most prominent pairs in the human immune repertoire
As a next step, the 20 VH, 12 Vk and 8 VA selected VH, Vk, and VA germline genes

were synthesized and combined to generate 400 VH/VL germline gene pairs, which pairs were
subsequently tested for their biophysical properties. Table 6 shows that the 400 VH/VL germline
gene pairs generated for functional testing do, in fact, accurately reproduce or cover the majority
of the prominent VH/VL germline gene pairs in the human immune repertoire. Table 6 shows the
ranking of the VH/VL pairs expressed in the human immune repertoire, wherein the 400 VH/VL

pairs that were tested are bolded and underlined.

Table 6: The 400 VH/VL germline gene pairs functionally tested are representative of the VH/VL

germline gene pairs identified in the human immune repertoire

“pos”: represents the position of relative ranking of the VH/VL pairs as determined by the

percentage (%) of each VH/VL pair from the total pooled data.

N= 2137 B cells
pos V heavy V light %

1 IGHV3-23 | IGKV1-5 1,26
2 IGHV4-34 | IGKV3-20 1,17
3  [IGHV3-23 [IGKV3-20 1,12
4 IGHV4-39 | IGKV3-15 1,03
5 IGHV3-23 | IGKV3-15 0.94
6 IGHV4-59 | IGKV1-39/1D-39 0,89
7 IGHV4-39 | IGKV1-39/1D-39 0.84

IGHV4-34 | IGKV1-39/1D-39 0,84
8 IGHV4-59 | IGKV3-20 0,70

IGHV1-18 | IGKV3-20 0.70
9 IGHV3-30 | IGKV3-20 0,66

IGHV4-39 | IGKV1-5 0,66

IGHV1-69 | IGKV1-39/1D-39 0,66
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IGHV5-51 | IGLV 1-40 0,66
10 [IGHV3-23 [IGKV4-1 0,61
IGHV4-39 | IGKV3-20 0,61
IGHV3-23 [IGLV 2-14 0,61
IGHV4-39 [IGLV 3-21 0,61
11 [IGHV3-23 [IGKV1-39/1D-39 0,56
IGHV3-30 |IGKV1-39/1D-39 0,56
IGHV3-30 |IGKV3-11 0,56
IGHV1-69 | IGKV3-20 0,56
IGHV3-48 | IGKV3-20 0,56
IGHV1-2 [IGKV3-20 0,56
12 [IGHV3-30 [IGKV4-1 0,51
IGHV5-51 |IGLV 2-14 0,51
13 [IGHV4-59 [IGKV4-1 0,47
IGHV5-51 | IGKV3-20 0,47
IGHV3-7 |IGKV1-39/1D-39 0,47
IGHV3-7 |IGKV1-5 0,47
IGHV3-15 |IGKV3-20 0,47
IGHV4-39 [IGLV 2-14 0,47
IGHV4-39 [IGLV 2-8 0,47
IGHV4-34 [IGLV 2-14 0,47
14 [IGHV3-23 [IGKV3-11 042
IGHV3-30 [IGKV1-5 0,42
IGHV3-30 |IGKV3-15 0,42
IGHV4-34 [ IGKV1-5 0,42
IGHV3-21 |IGKV1-5 0,42
IGHV3-21 |IGKV3-15 0,42
IGHV3-30 [IGLV 1-51 0,42
IGHV4-34 [IGLV 1-51 0,42
IGHV3-21 [IGLV 1-51 0,42
IGHV3-53 | IGLV 1-44 0,42
15 |IGHV4-59 [IGKV3-15 0,37
IGHV4-34 | IGKV3-15 0,37
IGHV5-51 | IGKV4-1 0,37
IGHV1-69 | IGKV4-1 0,37
IGHV1-69 |IGKV3-11 0.37
IGHV3-7 |IGKV3-15 0,37
IGHV1-18 | IGKV1-39/1D-39 0,37
IGHV3-48 | IGKV1-39/1D-39 0,37
IGHV3-33 |IGKV3-15 0,37
IGHV3-53 |IGKV1-5 0,37
IGHV4-59 | IGLV 1-40 0,37
IGHV1-69 [IGLV 2-14 0,37
IGHV1-69 | IGLV 1-44 0,37
IGHV4-31 |IGLV 2-14 0,37
IGHV1-2 |IGLV 2-14 0,37
16 |IGHV3-23 | IGKV2-28/2D-28 0,33
IGHV3-30 [IGKV1-9 0,33
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IGHV4-34 | IGKV4-1 0,33
IGHV5-51 [ IGKV1-39/1D-39 0,33
IGHV5-51 [IGKV3-15 0,33
IGHV1-69 [IGKV3-15 0,33
IGHV1-18 | IGKV1-33/1D-33 0,33
IGHV3-48 | IGKV3-11 0,33
IGHV3-21 [IGKV1-39/1D-39 0,33
IGHV4-31 [IGKV3-20 0,33
IGHV4-31 [ IGKV3-11 0,33
IGHV3-30 [IGLV 2-14 0,33
IGHV4-39 [IGLV 1-44 0,33
IGHV1-69 [IGLV 1-40 0,33
IGHV3-9 [IGLV 2-23 0,33
17 |IGHV3-23 [IGKV1-33/1D-33 0,28
IGHV4-39 |IGKV3-11 0,28
IGHV4-34 | IGKV3-11 0,28
IGHV4-34 | IGKV2-28/2D-28 0,28
IGHV5-51 | IGKV3-11 0,28 |
IGHV5-51 | IGKV1-13 0,28
IGHV3-7 [IGKV3-20 0,28
IGHV3-48 [IGKV3-15 0,28
IGHV3-48 | IGKV4-1 0,28
IGHV3-48 | IGKV1-33/1D-33 0,28
IGHV3-15 [IGKV1-39/1D-39 0,28
IGHV3-15 [IGKV1-5 0,28
IGHV1-2 |IGKV1-39/1D-39 0,28
IGHV3-33 [ IGKV3-20 0,28
IGHV3-33 [IGKV1-39/1D-39 0,28
IGHV3-33 [IGKV4-1 0,28
IGHV3-53 |IGKV3-15 0,28
IGHV3-11 [IGKV1-5 0,28
IGHV4-4 | IGKV3-20 0,28
IGHV1-46 [IGKV3-20 0,28
IGHV3-23 [IGLV 1-40 0,28
IGHV3-23 [IGLV 3-21 0,28
IGHV4-39 [IGLV 1-40 0,28
IGHV4-34 [IGLV 1-40 0,28
IGHV4-34 [IGLV 1-47 0,28
IGHV3-48 [IGLV 2-14 0,28
IGHV3-48 [IGLV 1-47 0,28
IGHV1-2 [IGLV 1-40 0,28
IGHV3-9 [IGLV 2-14 0,28
IGHV4-4  [IGLV 1-44 0,28
18 |IGHV3-23 [IGKV1-17 0,23
IGHV4-39 | IGKV4-1 0,23
IGHV4-39 [IGKV2-28/2D-28 0,23
IGHV1-69 [IGKV1-5 0,23
IGHV3-7 [IGKV4-1 0,23
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hvH 3 11 hvK 3 11 0.0 00.6S h

S hVH 3 11 hvK 3 20 00.2S h

3 11 hVL wo4v126d4120. 8 60 S S 80 1.3
IGHV1-18 |IGKV1-5 0,23
IGHV1-18 | IGKV2-28/2D-28 0,23
IGHV3-21 |IGKV3-20 0,23
IGHV3-33 |IGKV1-5 0,23
IGHV3-53 | IGKV1-39/1D-39 0,23
IGHV3-53 | IGKV1-33/1D-33 0,23
IGHV3-11 | IGKV1-39/1D-39 0,23
IGHV3-11 |IGKV3-15 0,23
IGHV4-4 |IGKV1-39/1D-39 0,23
IGHV1-46 | IGKV1-39/1D-39 0,23
IGHV4-61 | IGKVA4-1 0,23
IGHV3-23 [IGLV 1-44 0,23
IGHV3-23 [IGLV 2-11 0,23
IGHV3-23 [IGLV 3-1 0,23
IGHV3-30 |IGLV 1-40 0,23
IGHV4-39 |IGLV 1-51 0,23
IGHV4-39 |IGLV 2-23 0,23
IGHV4-59 | IGLV 3-1 0,23
IGHV5-51 | IGLV 1-44 0,23
IGHV1-69 |IGLV 1-51 0,23
IGHV1-69 |IGLV 2-11 0,23
IGHV1-18 |IGLV 2-14 0,23
IGHV1-18 |IGLV 1-40 0,23
IGHV3-21 |IGLV 2-14 0,23
IGHV1-2 [IGLV 1-44 0,23
19 |IGHV3-23 |1GKV1-27 0,19
IGHV3-23 | IGKV1-8 0,19
IGHV3-30 | IGKV2-28/2D-28 0,19
IGHV4-39 | IGKV1-33/1D-33 0,19
IGHV4-39 |IGKV1-27 0,19
IGHV4-59 | IGKV3-11 0,19
IGHV5-51 | IGKV1-5 0.19
IGHV5-51 | IGKV2-28/2D-28 0,19
IGHV3-7 |IGKV3-11 0,19
IGHV3-7 |IGKV2-30 0,19
IGHV1-18 |IGKV3-15 0,19
IGHV1-18 | IGKV3-11 0,19
IGHV3-21 | IGKVA4-1 0,19
IGHV3-15 |IGKV3-15 0,19
IGHV3-15 | IGKV4-1 0,19
IGHV3-15 | IGKV1-33/1D-33 0,19
IGHV4-31 |IGKV1-39/1D-39 0,19
IGHV4-31 |IGKV1-5 0,19
IGHV4-31 |IGKV3-15 0,19
IGHV4-31 | IGKV2-28/2D-28 0,19
IGHV3-33 | IGKV2-28/2D-28 0,19
IGHV3-53 | IGKV4-1 0,19
IGHV3-53 | IGKV3-11 0,19
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hvH 3 11 hVL 1-51 1.1 60 SS 77 1.9 S1 hvH 3 11 hVL 2-11 8.4

14 1.1 S

1 hvH 3 11 hVL 2-14 6.4 0.9 60 S S 81 0.4 U hvH 3 11 hVvL 2-23 8.9 1.0 60 S
S 88 0.4 W0 20M4681291 hVL 3-1 0.5 60 S S 53 1.6 S hVH BCIEP2011/070473

IGHV3-74 | IGKV3-20 0,19
IGHV4-4 [IGKV1-5 0,19
IGHV1-46 |IGKV1-9 0,19
IGHV1-8 | IGKV3-15 0,19
IGHV1-24 |IGKV3-11 0,19
IGHV1-3 | IGKV1-39/1D-39 0,19
IGHV3-49 | IGKV1-39/1D-39 0,19
IGHV3-23 [IGLV 2-23 0,19
IGHV3-30 | IGLV 1-44 0,19
IGHV4-59 |IGLV 2-14 0,19
IGHV4-59 | IGLV 1-44 0,19
IGHV4-59 |IGLV 1-51 0,19
IGHV4-34 |IGLV 2-8 0,19
IGHV5-51 |IGLV 1-47 0,19
IGHV1-69 |IGLV 2-8 0,19
IGHV3-7 [IGLV 1-40 0,19
IGHV3-15 | IGLV 1-44 0,19
IGHV4-31 |IGLV 2-23 0,19
IGHV3-33 [IGLV 2-14 0,19
IGHV3-33 |IGLV 1-47 0,19
IGHV3-33 |IGLV 2-23 0,19
IGHV3-33 [IGLV 3-21 0,19
IGHV3-9 | IGLV 1-44 0,19
IGHV4-4 |IGLV 2-14 0,19
IGHV1-46 |IGLV 1-51 0,19
IGHV4-61 | IGLV 1-44 0,19
IGHV1-8 [IGLV 2-14 0,19
IGHV4-28 | IGLV 2-23 0,19
20 |IGHV3-23 |IGKV1-9 0,14
IGHV3-23 |IGKV1-16 0,14
IGHV4-39 |IGKV1-6 0,14
IGHV4-59 | IGKV1-5 0,14
IGHV4-59 | IGKV1-27 0,14
IGHV4-34 |IGKV1-33/1D-33 0,14
IGHV5-51 | IGKV1-33/1D-33 0,14
IGHV1-69 | IGKV2-28/2D-28 0,14
IGHV1-69 | IGKV1-33/1D-33 0,14
IGHV3-7 | IGKV2-28/2D-28 0,14
IGHV3-7 | IGKV1-8 0,14
IGHV3-48 | IGKV2-28/2D-28 0,14
IGHV3-48 | IGKV1-8 0,14
IGHV3-15 | IGKV3-11 0,14
IGHV3-15 | IGKV2-28/2D-28 0,14
IGHV3-15 |IGKV1-9 0,14
IGHV4-31 | IGKV1-33/1D-33 0,14
IGHV1-2 |IGKV1-5 0,14
IGHV1-2 |IGKVA4-1 0,14
IGHV3-11 |IGKV3-20 0,14
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IGHV3-11 |IGKV3-11 0,14
IGHV3-11 [ IGKV2-28/2D-28 0,14
IGHV3-9 [IGKV1-39/1D-39 0,14
IGHV3-9 [IGKV1-5 0,14
IGHV3-9  [IGKV4-1 0,14
IGHV3-9 [IGKV2D-29 0,14
IGHV3-74 | IGKV1-39/1D-39 0,14
IGHV3-74 [IGKV1-5 0,14
IGHV3-74 |IGKV3-15 0,14
IGHV3-74 [IGKV4-1 0,14
IGHV4-4 [IGKV3-15 0,14
IGHV4-4  [IGKV4-1 0,14
IGHV4-4 |IGKV3-11 0,14
IGHV1-46 | IGKV1-5 0,14
IGHV1-46 |IGKV3-15 0,14
IGHV4-61 | IGKV1-39/1D-39 0,14
IGHV1-24 [IGKV1-39/1D-39 0,14
IGHV1-24 [IGKV3-15 0,14
IGHV1-3 |IGKV3-15 0,14
IGHV3-49 [IGKV1-17 0,14
IGHV3-43 [IGKV1-5 0,14
IGHV7-81 [ IGKV3-20 0,14
IGHV3-13 | IGKV1-39/1D-39 0,14
IGHV3-23 [IGLV 1-51 0,14
IGHV3-30 [IGLV 3-21 0,14
IGHV3-30 |IGLV 3-1 0,14
IGHV4-39 |IGLV 1-47 0,14
IGHV4-39 [IGLV 2-18 0,14
IGHV4-59 [IGLV 1-47 0,14
IGHV5-51 |IGLV 2-23 0,14
IGHV5-51 [IGLV 3-21 0,14
IGHV1-69 |IGLV 2-23 0,14
IGHV3-7 [IGLV 1-44 0,14
IGHV3-7 [IGLV 1-51 0,14
IGHV3-7 |IGLV 1-47 0,14
IGHV3-7 |IGLV 3-21 0,14
IGHV1-18 [IGLV 1-44 0,14
IGHV1-18 [ IGLV 1-51 0,14
IGHV3-48 |IGLV 3-1 0,14
IGHV3-21 |IGLV 1-47 0,14
IGHV3-15 [IGLV 7-46 0,14
IGHV4-31 [IGLV 1-40 0,14
IGHV4-31 [IGLV 1-51 0,14
IGHV4-31 |IGLV 1-47 0,14
IGHV1-2 [IGLV 1-51 0,14
IGHV1-2 |IGLV 2-23 0,14
IGHV1-2 |IGLV 3-1 0,14
IGHV3-11 [IGLV 2-14 0,14
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14.5 0.7 60 SS 8 1.5S hVH 3 15 hvK 117 6.4 0.6 4 UU 30 0.8 S hVH 3 15
hvkK 1 27 7.8 0.5 70 SS 77 1.7 S hvH 3 15 hvK 1 3911 14.2 0.4 60 S S 76
1.8 S hwo2odehiteK 2 30 0.3 4 S U 23 0.6 S hVH 3 15 RUKEP2011/01073}

IGHV3-11 | IGLV 1-44 0,14
IGHV3-11 [IGLV 2-11 0,14
IGHV3-11 [IGLV 3-1 0,14
IGHV3-9 | IGLV 1-47 0,14
IGHV3-9 [IGLV 2-11 0,14
IGHV3-74 |IGLV 2-23 0,14
IGHV3-74 |IGLV 3-21 0,14
IGHV4-4 [IGLV 1-40 0,14
IGHV1-46 [IGLV 2-14 0,14
IGHV1-46 [IGLV 1-44 0,14
IGHV4-61 | IGLV 2-14 0,14
21 |IGHV3-23 |IGKV2D-29 0,09
IGHV3-23 | IGKV2-29 0,09
IGHV3-23 | IGKV2-40/2D-40 0,09
IGHV3-30 | IGKV1-33/1D-33 0,09
IGHV3-30 |IGKV2-30 0,09
IGHV3-30 | IGKV1-8 0,09
IGHV3-30 |IGKV1-6 0,09
IGHV3-30 | IGKV2-24 0,09
IGHV3-30 | IGKV1D-8 0,09
IGHV4-39 |IGKV2-30 0,09
IGHV4-59 | IGKV1-33/1D-33 0,09
IGHV4-59 | IGKV1-12 0,09
IGHV4-34 |IGKV1-9 0,09
IGHV4-34 |IGKV1-17 0,09
IGHV4-34 |IGKV1-16 0,09
IGHV5-51 | IGKV2-30 0,09
IGHV1-69 |IGKV1-27 0,09
IGHV1-69 |IGKV1-8 0,09
IGHV1-69 | IGKV3D-15 0,09
IGHV3-7 [IGKV1-9 0,09
IGHV3-7 [IGKV1-17 0,09
IGHV3-7 [IGKV1-27 0,09
IGHV3-7 | IGKV1-13 0,09
IGHV1-18 | IGKV4-1 0,09
IGHV1-18 [IGKV2-30 0,09
IGHV3-48 |IGKV1-9 0,09
IGHV3-48 |IGKV1-17 0,09
IGHV3-48 |IGKV1-16 0,09
IGHV3-21 [IGKV3-11 0,09
IGHV3-21 | IGKV2-28/2D-28 0,09
IGHV3-21 [IGKV1-27 0,09
IGHV3-21 |IGKV1-8 0,09
IGHV3-21 |IGKV1-6 0,09
IGHV4-31 | IGKV4-1 0,09
IGHV4-31 [IGKV1-17 0,09
IGHV4-31 [IGKV1-27 0,09
IGHV1-2 |IGKV3-15 0,09
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330.8S hvH3 15 hvK 3 15 12.1 0.6 70 SS 70 1.9 S hVH 3 15 hvK 3 20 8.9
00.5S hvH 3 15 hVL 1-40 16.7 0.9 60 S S 98 0.1 S hVH 3 15 hVL 1-47 13.0

1.2 60 SwWoROR2/W6sR29U hVH 3 15 hVL 1-51 11.0 1.1 PCT/EP2011/070473
IGHV1-2 | IGKV2-28/2D-28 0,09
IGHV1-2 |IGKV1-27 0,09
IGHV3-33 | IGKV3-11 0,09
IGHV3-33 | IGKV1-33/1D-33 0,09
IGHV3-33 |IGKV1-9 0,09
IGHV3-53 | IGKV3-20 0,09
IGHV3-53 | IGKV1-27 0,09
IGHV3-53 [ IGKV1-8 0,09
IGHV3-11 [ IGKV4-1 0,09
IGHV3-11 |IGKV1-6 0,09
IGHV3-9 | IGKV3-15 0,09
IGHV3-9 |IGKV3-11 0,09
IGHV3-9 |IGKV1-16 0,09
IGHV3-74 |IGKV3-11 0,09
IGHV3-74 | IGKV2-30 0,09
IGHV4-4 | IGKV2-28/2D-28 0,09
IGHV4-4 |IGKV2D-29 0,09
IGHV1-46 | IGKV3-11 0,09
IGHV1-46 | IGKV1-27 0,09
IGHV1-46 |IGKV1-16 0,09
IGHV4-61 | IGKV3-15 0,09
IGHV1-8 | IGKV3-20 0,09
IGHV1-8 | IGKV4-1 0,09
IGHV1-24 [IGKV2-28/2D-28 0,09
IGHV1-24 [ IGKV2-30 0,09
IGHV1-3 | IGKV3-20 0,09
IGHV3-49 | IGKV3-20 0,09
IGHV3-49 [IGKV1-5 0,09
IGHV3-43 | IGKV3-11 0,09
IGHV3-64 | IGKV1-5 0,09
IGHV3-64 | IGKV3-11 0,09
IGHV7-81 | IGKV1-39/1D-39 0,09
IGHV3-13 [ IGKV4-1 0,09
IGHV3-72 [IGKV1-5 0,09
IGHV3-72 | IGKV3-15 0,09
IGHV1-58 [ IGKV3-20 0,09
IGHV3-66 | IGKV1-39/1D-39 0,09
IGHV3-23 [IGLV 1-36 0,09
IGHV3-30 |IGLV 2-23 0,09
IGHV3-30 |IGLV 2-11 0,09
IGHV3-30 [ IGLV 9-49 0,09
IGHV3-30 | IGLV 3-10 0,09
IGHV4-39 |IGLV 3-1 0,09
IGHV4-39 [IGLV 6-57 0,09
IGHV4-59 [IGLV 2-23 0,09
IGHV4-59 [ IGLV 3-21 0,09
IGHV4-59 [IGLV 2-11 0,09
IGHV4-34 [IGLV 1-44 0,09
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60 S S 94 0.9 S hvH 3 15 hVL 2-11 10.5 0.9 60 S S 83 0.8 S hVvH 3 15 hVL
2-14 9.7 0.8 60 SS830.9U hVH 3 15 hVvL 2-23 10.1 17 0.4 S hVH 3 15
hVL 3-1 w0 2012064129 S 46 1.0 S hVH 3 15 hVL 3-21 9.2 OPBT/EP2011/070473

IGHV4-34 | IGLV 2-23 0,09
IGHV4-34 [IGLV 3-21 0,09
IGHV4-34 [IGLV 3-25 0,09
IGHV5-51 | IGLV 1-36 0,09
IGHV5-51 [IGLV 3-25 0,09
IGHV1-69 |IGLV 1-47 0,09
IGHV1-69 [IGLV 3-21 0,09
IGHV1-69 |IGLV 3-1 0,09
IGHV3-7 |IGLV 2-14 0,09
IGHV1-18 [IGLV 2-8 0,09
IGHV1-18 [IGLV 6-57 0,09
IGHV3-48 [IGLV 2-11 0,09
IGHV3-21 [IGLV 1-40 0,09
IGHV3-21 [IGLV 1-44 0,09
IGHV3-21 [IGLV 3-21 0,09
IGHV3-21 |IGLV 2-11 0,09
IGHV3-21 [IGLV 4-69 0,09
IGHV3-15 [IGLV 1-40 0,09
IGHV3-15 [IGLV 1-51 0,09
IGHV3-15 |IGLV 3-1 0,09
IGHV3-15 [IGLV 2-8 0,09
IGHV3-15 [IGLV 7-43 0,09
IGHV4-31 [IGLV 3-21 0,09
IGHV1-2 [IGLV 2-8 0,09
IGHV1-2 [IGLV 7-46 0,09
IGHV3-33 | IGLV 6-57 0,09
IGHV3-53 |IGLV 2-14 0,09
IGHV3-11 |IGLV 2-23 0,09
IGHV3-11 [IGLV 3-21 0,09
IGHV3-11 [IGLV 4-69 0,09
IGHV3-9 [IGLV 3-21 0,09
IGHV3-9 [IGLV 2-8 0,09
IGHV3-74 |IGLV 2-14 0,09
IGHV4-4 |IGLV 1-51 0,09
IGHV4-4 |IGLV 2-23 0,09
IGHV4-4 [IGLV 2-8 0,09
IGHV1-46 |IGLV 2-11 0,09
IGHV4-61 | IGLV 2-11 0,09
IGHV1-8 [IGLV 1-47 0,09
IGHV1-24 [IGLV 2-23 0,09
IGHV1-3 [IGLV 2-14 0,09
IGHV1-3 [IGLV 2-23 0,09
IGHV1-3 [IGLV 3-1 0,09
IGHV3-49 [IGLV 3-21 0,09
IGHV4-28 | IGLV 1-44 0,09
IGHV4-28 [ IGLV 1-51 0,09
IGHV4-28 [IGLV 1-36 0,09
IGHV3-43 [IGLV 1-51 0,09
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SS650.2
1.0 60 S S
0.6 60 SO

S hvH 3 21 hvK 1 05 10.0
99 0.9 S hvH 3 21 hvK 1 09
2

0120066129

hvH 3 21 hVvK 116 0.9 60 S

IGHV3-64 | IGLV 3-21 0,09
IGHV7-81 |IGLV 2-14 0,09
IGHV7-81 |IGLV 3-21 0,09
22 IGHV3-23 | IGKV2-30 0,05
IGHV3-23 | IGKV1-12 0,05
IGHV3-23 | IGKV3D-20 0,05
IGHV3-23 | IGKV1D-12 0,05
IGHV3-23 | IGKV1D-13 0,05
IGHV3-30 |IGKV1-17 0,05
IGHV3-30 | IGKV1-27 0,05
IGHV3-30 | IGKV1-16 0,05
IGHV3-30 | IGKV2D-29 0,05
IGHV3-30 |IGKV1-13 0,05
IGHV3-30 | IGKV5-2 0,05
IGHV3-30 | IGKV2D-30 0,05
IGHV4-39 | IGKV1-17 0,05
IGHV4-39 | IGKV3D-15 0,05
IGHV4-59 | IGKV2-30 0,05
IGHV4-59 | IGKV1-17 0,05
IGHV4-59 | IGKV1-8 0,05
IGHV4-59 | IGKV1-16 0,05
IGHV4-59 | IGKV1D-43 0,05
IGHV4-59 | IGKV2D-30 0,05
IGHV4-59 | IGKV1D-17 0,05
IGHV4-34 | IGKV1-27 0,05
IGHV4-34 | IGKV1-8 0,05
IGHV4-34 | IGKV1-12 0,05
IGHV5-51 | IGKV1-9 0,05
IGHV5-51 | IGKV1-17 0,05
IGHV5-51 | IGKV1-27 0,05
IGHV5-51 | IGKV1-12 0,05
IGHV1-69 | IGKV2-30 0,05
IGHV1-69 |IGKV1-16 0,05
IGHV1-69 |IGKV1-6 0,05
IGHV1-69 | IGKV2D-29 0,05
IGHV1-69 | IGKV2D-30 0,05
IGHV1-69 | IGKV1D-16 0,05
IGHV3-7 |IGKV1-6 0,05
IGHV3-7 | IGKV1D-8 0,05
IGHV3-7 |IGKV1D-17 0,05
IGHV1-18 |IGKV1-17 0,05
IGHV1-18 | IGKV1-8 0,05
IGHV1-18 | IGKV1-16 0,05
IGHV1-18 | IGKV1-12 0,05
IGHV1-18 | IGKV1-13 0,05
IGHV1-18 | IGKV2-40/2D-40 0,05
IGHV3-48 | IGKV1-5 0,05
IGHV3-48 | IGKV1-27 0,05
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ocunmwm
v owmo

O

8 0.0 S
8 0.5

hvH 3 21 hVvK 117 5.0
S hvH3 21 hvK 1 39 11.6 0.5 60 S S 54 0.8 S hVvH 3 21 hvK 2 30

9 0.0 S hvH 3 21 hvK 1 27 8.7 0.6 60

7
4 S Svo200/0b6129 WO 2012/ 066129PCT/ EP2011/ 070473 VHPUIL/HRed1a070423 Fab
I

play (CysDispl ay)

IGHV3-48 | IGKV1-6 0,05
IGHV3-48 | IGKV2D-29 0,05
IGHV3-48 | IGKV3D-20 0,05
IGHV3-48 | IGKV1D-12 0,05
IGHV3-21 |IGKV2D-29 0,05
IGHV3-15 | IGKV2-30 0,05
IGHV3-15 |IGKV1-27 0,05
IGHV3-15 | IGKV2D-29 0,05
IGHV3-15 |IGKV1-13 0,05
IGHV3-15 | IGKV1D-43 0,05
IGHV4-31 |IGKV1-6 0,05
IGHV4-31 |IGKV2-29 0,05
IGHV4-31 | IGKV2-40/2D-40 0,05
IGHVi-2  |IGKV1-33/1D-33 0,05
IGHV1-2 |IGKV2-30 0,05
IGHVi-2 | IGKV1-8 0,05
IGHV1-2 |IGKV1-6 0,05
IGHV3-33 |IGKV1-17 0,05
IGHV3-33 | IGKV1-8 0,05
IGHV3-33 |IGKV1-16 0,05
IGHV3-33 | IGKV2-24 0,05
IGHV3-53 | IGKV2-28/2D-28 0,05
IGHV3-53 |IGKV1-9 0,05
IGHV3-53 |IGKV1-17 0,05
IGHV3-53 |IGKV1-12 0,05
IGHV3-53 | IGKV2-29 0,05
IGHV3-53 | IGKV1D-16 0,05
IGHV3-11 |IGKV1-33/1D-33 0,05
IGHV3-11 | IGKV1-9 0,05
IGHV3-11 |IGKV1-17 0,05
IGHV3-11 |IGKV1-12 0,05
IGHV3-11 |[IGKV1D-8 0,05
IGHV3-9  |IGKV3-20 0,05
IGHV3-9 | IGKV2-28/2D-28 0,05
IGHV3-9 | IGKV1-17 0,05
IGHV3-9 |IGKV1-27 0,05
IGHV3-9 |IGKV1-8 0,05
IGHV3-9 | IGKV1-12 0,05
IGHV3-9 [IGKV1D-8 0,05
IGHV4-4 |IGKV1-17 0,05
IGHV4-4 |IGKV1-27 0,05
IGHV4-4 [IGKV1-6 0,05
IGHV4-4 [IGKV1D-8 0,05
IGHV1-46 | IGKV4-1 0,05
IGHV1-46 | IGKV1-33/1D-33 0,05
IGHV1-46 | IGKV1-8 0,05
IGHV4-61 | IGKV3-11 0,05
IGHV4-61 | IGKV2-28/2D-28 0,05
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Rel ati ve Fab expression Fab therno- stability Fab stability in nouse serum
Fab stability in bovine serum Fab ranki ng- val ue Rel ative |1 gGlL expression

| gG1 st abwDi201e/i6m2bovi ne serum hVH 3 21 hvK 3 11 OCO/EP28 1/0MMFB 3 21

hVK 3 15 0.8 60 S S 65 0.3 S hVH 3 21 hvK 3_20 00.5S hvH 3 21

hVL_1-40
IGHV4-61 | IGKV1-16 0,05
IGHV4-61 | IGKV1-12 0,05
IGHV4-61 | IGKV1-13 0,05
IGHV1-8 | IGKV1-39/1D-39 0,05
IGHV1-8 | IGKV1-5 0,05
IGHV1-8 | IGKV3-11 0,05
IGHV1-8 | IGKV2-28/2D-28 0,05
IGHV1-8 | IGKV1-33/1D-33 0,05
IGHV1-8 | IGKV1-9 0,05
IGHV1-8 | IGKV2-29 0,05
IGHV1-24 | IGKV3-20 0,05
IGHV1-24 | IGKV4-1 0,05
IGHV1-24 | IGKV1-33/1D-33 0,05
IGHV1-24 | IGKV2-24 0,05
IGHV1-24 | IGKV2-40/2D-40 0,05
IGHV1-3 | IGKV1-5 0,05
IGHV1-3 | IGKV1-33/1D-33 0,05
IGHV1-3 | IGKV2-30 0,05
IGHV1-3 | IGKV1-6 0,05
IGHV1-3 | IGKV2D-29 0,05
IGHV3-49 | IGKV3-15 0,05
IGHV3-49 | IGKV3-11 0,05
IGHV3-49 | IGKV2-28/2D-28 0,05
IGHV4-28 | IGKV3-20 0,05
IGHV4-28 | IGKV1-39/1D-39 0,05
IGHV3-43 | IGKV3-15 0,05
IGHV3-43 | IGKV4-1 0,05
IGHV3-43 | IGKV2-28/2D-28 0,05
IGHV3-43 | IGKV1-33/1D-33 0,05
IGHV3-64 | IGKV3-15 0,05
IGHV3-64 | IGKV1-9 0,05
IGHV3-64 | IGKV2D-29 0,05
IGHV7-81 | IGKV1-5 0,05
IGHV7-81 | IGKV4-1 0,05
IGHV7-81 | IGKV2-28/2D-28 0,05
IGHV3-13 | IGKV1-5 0,05
IGHV3-13 | IGKV1-33/1D-33 0,05
IGHV3-13 | IGKV1-9 0,05
IGHV3-13 | IGKV2-30 0,05
IGHV3-72 | IGKV3-20 0,05
IGHV3-72 | IGKV1-9 0,05
IGHV3-72 | IGKV1-17 0,05
IGHV3-72 | IGKV1-16 0,05
IGHV3-73 | IGKV2-28/2D-28 0,05
IGHV3-73 |IGKV1-9 0,05
IGHV1-58 | IGKV1-5 0,05
IGHV1-58 | IGKV4-1 0,05
IGHV1-58 | IGKV3-11 0,05
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1.060 SS720.5S hvH3_ 21 hVvL_1-47 0.0 1.2 60 S S 81 0.3 S hVvH 3_21
hVL_1-51 00.9S hvH 3 21 hVvL_2-11 0.9 60 SS 68 0.7 S hVH 3 21 hVL
2-14 6.5 WO20BM6&2% 81 1.2 S hVH 3 21 hVL 2-23 8.8 1. OPCT/EP2011/070473

IGHV4-

30.2 IGKV1-39/1D-39 0,05
IGHV4-

30.2 IGKV4-1 0,05
IGHV7-4.1 [ IGKV1-39/1D-39 0,05
IGHV7-4.1 | IGKV1-5 0,05
IGHV3-20 [ IGKV1-39/1D-39 0,05
IGHV3-23 [IGLV 1-47 0,05
IGHV3-23 [IGLV 2-8 0,05
IGHV3-23 [IGLV 7-43 0,05
IGHV3-23 | IGLV 2-18 0,05
IGHV3-23 [IGLV 3-19 0,05
IGHV3-30 |IGLV 1-47 0,05
IGHV3-30 | IGLV 2-8 0,05
IGHV3-30 [IGLV 6-57 0,05
IGHV3-30 [IGLV 3-27 0,05
IGHV4-39 |IGLV 7-46 0,05
IGHV4-39 [IGLV 3-9 0,05
IGHV4-59 [IGLV 2-8 0,05
IGHV4-59 [IGLV 6-57 0,05
IGHV4-59 |IGLV 3-12 0,05
IGHV4-34 [IGLV 2-11 0,05
IGHV4-34 [IGLV 1-36 0,05
IGHV4-34 [IGLV 7-43 0,05
IGHV4-34 [IGLV 9-49 0,05
IGHV5-51 [IGLV 7-43 0,05
IGHV1-69 [IGLV 6-57 0,05
IGHV1-69 [IGLV 3-25 0,05
IGHV1-69 |IGLV 3-10 0,05
IGHV3-7 |IGLV 2-23 0,05
IGHV3-7 |IGLV 3-1 0,05
IGHV3-7 [IGLV 2-8 0,05
IGHV3-7 |IGLV 7-46 0,05
IGHV3-7 [IGLV 3-27 0,05
IGHV1-18 [IGLV 2-23 0,05
IGHV1-18 |IGLV 2-11 0,05
IGHV1-18 [IGLV 1-36 0,05
IGHV1-18 [IGLV 3-25 0,05
IGHV1-18 [IGLV 3-10 0,05
IGHV3-48 |IGLV 1-40 0,05
IGHV3-48 [IGLV 1-44 0,05
IGHV3-48 [IGLV 1-51 0,05
IGHV3-48 |IGLV 2-23 0,05
IGHV3-48 [IGLV 3-21 0,05
IGHV3-48 [IGLV 3-25 0,05
IGHV3-48 [IGLV 7-46 0,05
IGHV3-48 [IGLV 9-49 0,05
IGHV3-21 |IGLV 2-23 0,05
IGHV3-21 |IGLV 3-1 0,05
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60 SS9 0.9 S hvH3_21 hVvL_3-1 0.7 60 S S 60 0.4 S hVH 3_21 hVL_3-21
11.8 0.9 60 SS 8 0.1 S hvH 3 23 hvK 1. 05 0.8 60 SS 64 0.2 S hVH 3_23
hVK_1_06 w0.2012686139S 61 0.2 S hVH 3_23 hVK 1 09 6.1 0. 8CTEP2011/070473

IGHV3-21 |IGLV 2-8 0,05
IGHV3-21 [IGLV 6-57 0,05
IGHV3-21 [IGLV 3-25 0,05
IGHV3-21 [IGLV 7-46 0,05
IGHV3-15 [IGLV 2-14 0,05
IGHV3-15 [IGLV 1-47 0,05
IGHV3-15 [IGLV 2-23 0,05
IGHV3-15 [IGLV 3-21 0,05
IGHV3-15 [ IGLV 6-57 0,05
IGHV3-15 [ IGLV 3-25 0,05
IGHV3-15 [IGLV 2-18 0,05
IGHV3-15 [IGLV 3-22 0,05
IGHV4-31 [IGLV 1-44 0,05
IGHV4-31 |IGLV 2-11 0,05
IGHV4-31 [IGLV 3-1 0,05
IGHV4-31 [IGLV 4-69 0,05
IGHV4-31 [IGLV 7-43 0,05
IGHV1-2 [IGLV 3-21 0,05
IGHV1-2 |IGLV 2-11 0,05
IGHV1-2 [IGLV 3-27 0,05
IGHV3-33 [IGLV 1-40 0,05
IGHV3-33 [IGLV 1-44 0,05
IGHV3-33 [IGLV 1-51 0,05
IGHV3-33 [IGLV 2-11 0,05
IGHV3-33 |IGLV 3-1 0,05
IGHV3-33 | IGLV 4-69 0,05
IGHV3-33 |[IGLV 3-27 0,05
IGHV3-33 [ IGLV 9-49 0,05
IGHV3-33 [IGLV 3-9 0,05
IGHV3-53 [IGLV 1-51 0,05
IGHV3-53 [IGLV 1-47 0,05
IGHV3-53 [IGLV 2-23 0,05
IGHV3-53 [IGLV 2-11 0,05
IGHV3-53 |IGLV 3-1 0,05
IGHV3-53 |IGLV 2-8 0,05
IGHV3-53 [IGLV 7-46 0,05
IGHV3-11 [IGLV 1-40 0,05
IGHV3-11 |IGLV 1-51 0,05
IGHV3-11 [IGLV 1-47 0,05
IGHV3-11 [IGLV 2-8 0,05
IGHV3-11 [IGLV 3-25 0,05
IGHV3-11 [IGLV 7-46 0,05
IGHV3-11 [IGLV 9-49 0,05
IGHV3-11 [IGLV 8-61 0,05
IGHV3-9 [IGLV 1-40 0,05
IGHV3-9 [IGLV 1-51 0,05
IGHV3-9 [IGLV 4-69 0,05
IGHV3-9  [IGLV 4-60 0,05
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Sow
IXCD(D
= o

6 0.1 S hvH 3 23 hvK 1 12 0.9 60 SS68 0.1 S hVvH 3 23 hvK 1 16 8.4
0SS720.2S hvH3 23 hvk 117 0.6 4 SU31 0.1 S hVvH 3 23
27 W9.2012/0661299 0.2 S hVH 3_23 hVvK 1 39 10.8 PCT/EP2011/070473

IGHV3-74 |IGLV 1-47 0,05
IGHV3-74 |IGLV 2-11 0,05
IGHV3-74 [IGLV 3-1 0,05
IGHV3-74 | IGLV 2-8 0,05
IGHV3-74 [IGLV 7-43 0,05
IGHV3-74 [IGLV 7-46 0,05
IGHV4-4 [IGLV 2-11 0,05
IGHV4-4 |IGLV 3-1 0,05
IGHV4-4 [IGLV 3-25 0,05
IGHV4-4 [IGLV 9-49 0,05
IGHV1-46 |IGLV 1-40 0,05
IGHV1-46 |IGLV 1-47 0,05
IGHV1-46 |IGLV 2-23 0,05
IGHV1-46 |IGLV 3-21 0,05
IGHV1-46 [IGLV 6-57 0,05
IGHV4-61 | IGLV 2-23 0,05
IGHV4-61 [IGLV 3-21 0,05
IGHV4-61 [IGLV 3-1 0,05
IGHV4-61 |IGLV 7-43 0,05
IGHV1-8 [IGLV 1-51 0,05
IGHV1-8 [IGLV 2-11 0,05
IGHV1-8 [IGLV 2-8 0,05
IGHV1-8 |IGLV 9-49 0,05
IGHV1-24 [IGLV 2-14 0,05
IGHV1-24 |IGLV 1-40 0,05
IGHV1-24 |IGLV 1-44 0,05
IGHV1-24 [IGLV 3-21 0,05
IGHV1-24 [IGLV 2-11 0,05
IGHV1-3 [IGLV 1-40 0,05
IGHV3-49 [IGLV 2-14 0,05
IGHV3-49 [IGLV 1-40 0,05
IGHV3-49 [IGLV 2-23 0,05
IGHV3-49 [IGLV 2-8 0,05
IGHV4-28 [IGLV 2-14 0,05
IGHV3-43 | IGLV 2-14 0,05
IGHV3-43 [IGLV 2-11 0,05
IGHV3-43 [IGLV 3-1 0,05
IGHV3-43 | IGLV 1-36 0,05
IGHV3-43 [IGLV 9-49 0,05
IGHV3-64 [IGLV 2-14 0,05
IGHV3-64 [IGLV 7-43 0,05
IGHV7-81 [ IGLV 1-40 0,05
IGHV3-13 [IGLV 1-40 0,05
IGHV3-13 [IGLV 1-47 0,05
IGHV3-72 [ IGLV 1-51 0,05
IGHV3-72 [ IGLV 4-69 0,05
IGHV3-73 |IGLV 1-40 0,05
IGHV3-73 [IGLV 1-51 0,05
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1
0 O.
0 O.

90.3S hvH3 23 hVvK230410.34SS
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IGHV3-73 |IGLV 1-47 0,05
IGHV3-73 | IGLV 2-11 0,05
IGHV3-73 | IGLV 6-57 0,05
IGHV1-58 | IGLV 2-14 0,05
IGHV3-66 | IGLV 1-44 0,05
IGHV3-66 | IGLV 1-47 0,05
IGHV3-66 | IGLV 3-25 0,05
IGHV4-

30.2 IGLV 3-21 0,05
IGHV7-4.1 | IGLV 1-51 0,05
IGHV3-20 |IGLV 2-14 0,05

Example 5: Generation of germline genes for functional analysis

3

3

9 0.0
0.4 S

bg
h

hVH 3 23 hvK 3 11
VH 3 23 hVK_3_20 13.3
PCT/EP2011/070473

As a next step, the VH, VA, and Vk germline genes selected for combination and

subsequent testing, as shown in Table 5, were sent to Geneart (Regensburg, Germany) for

codon optimization respective to E. coli expression (neutral to mammalian expression with no

rare human codons), gene optimization to remove potential inhibitory or splice motifs and

synthesis.

The germline protein sequences of each of the VH, VA, and Vk germline genes are

shown in Figs. 6-8. Each germline gene sequence was synthesized as follows:

a) for VH: leader sequence (modified phoA signal sequence incorporating a Nhel

restriction site as shown in Table 1); germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating
a BssHII restriction site (GCGCGC) as shown in Fig. 1); CDR-H3 (WGGDGFYAMDY) (SEQ ID
NO: 1) of the 4D5 antibody as used in Ewert S. et al., J. Mol. Biol. (2003) 325, 531-553; and the
JH4 FR4 (incorporating a Xhol (CTCGAQG) restriction site as shown in Fig. 1);

b) for Vk: leader sequence (modified ompA signal sequence incorporating the Ndel
restriction site as shown in Table 2); germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating
a Bbsl restriction site (GAAGAC) as shown in Fig. 1), kappa-like CDR-L3 (QQHYTTPPT) (SEQ
ID NO: 2) according to Ewert S. et al., J. Mol. Biol. (2003) 325, 531-553; and the Jk1 FR4
(incorporating a Kpnl/Acc65l RE site (GGTACC) as shown in Fig. 1);

¢) for VA: leader sequence (modified ompA signal sequence incorporating the Ndel
restriction site as shown inTable 2); germline FR1, CDR1, FR2, CDR2 and FR3 (incorporating
a Bbsl restriction site (GAAGAC) as shown in Fig. 1), lambda-like CDR-L3 (QSYDSSLSGVV)
(SEQ ID NO: 3) according to Ewert S. et al., J. Mol. Biol. (2003) 325, 531-553; and the JI2/3
FR4 (incorporating a Kpnl/Acc65l RE site (GGTACC) as shown in Fig. 1).
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Example 6: Functional testing of Germline protein pairs representative of the human immune

repertoire
The 400 Germline protein pairs were then inserted into phage display, E.Coli and

mamallan expression vectors either in Fab or human IgG1 format and then tested for the
following properties: a) relative display after phage production and phage ELISA in Fab format;
b) relative Fab expression yield after Fab production in E. coli, E. coli cell lysis and ELISA
detection of produced Fab; ¢) temperature stability of Fab after Fab production in E. coli, E. coli
cell lysis and ELISA detection of non-denatured Fab after incubation at increased temperatures;
d) bovine/mouse serum stability of Fab from E. coli lysates by ELISA detection of non-denatured
Fab after incubation in bovine/mouse serum; e) relative human IgG1 expression yield after IgG1
production in mammalian cells and ELISA detection of secreted IgG1 from cell culture
supernatants; and f) bovine serum stability of human IgG1 by ELISA detection of non-denatured

IgG after incubation in bovine/mouse serum.

Example 6.1: Generation of Fab pool displayed on phage for functional characterization

The antibody or antibody fragments synthesized in Example 5, shown in Table 5, were
cloned into the tricistronic Fab display vector pJPd1 (Fig. 9) for functional testing. Fab pools
were generated that contained combinations of each of the master genes, the 20 VH, combined
with the 8 VA and 12 VK, yielding the 400 combinations shown in Table 6.

Phage comprising the above gene pairs were produced in a small scale using 96 well
plates. A master plate was generated by filling each of the wells with 2xYT/CAM/TET/Gluc
medium and inoculating with clones from the 400 VH/VL combinations wherein pMORPH30_
Vk3-11_AQA / VH3-23_TKA or pMORPH30_Vk3-11_AYA /VH3-23_VLA (pMORPHS30 is shown
in Fig. 12) were used as a control. The plates were incubated overnight at 37°C while shaking.
The master plates were stored in a final concentration of 15% glycerol, and frozen at -80°C.

Additional 96 well plates were produced for phage production using
2xYT/CAM/TET/Gluc as medium and inoculated with clones from the master plates described
above. The plates were incubated at 37 °C for ~2-4h while shaking at 400 rpm, until an
OD600nm of ~0,5 was reached.

The plates were infected with 5 pl helper phage per well (Hyperphage; PROGEN; 1 x
1012 pfu/ml). The plates were incubated at 37 °C for 45 min without shaking and then for 60 min
while shaking at 400 rpm. The bacteria were spun down at 2200g for 5 min at 4°C.

The helper phage containing supernatants were discarded and the infected E. col
pellets were re-suspended with 2xYT/Cam/TET/Kan/ IPTG without glucose. The re-suspended
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pellets were transferred into a new 96 deep well plate pre-filled with 2xYT/Cm/TET/Kan/ IPTG.
The plates were incubated overnight at 22°C, while shaking. The phage containing
supernatants were harvested by spinning down and discarding E. coli cells and debris.

Example 6.2: Evaluation of Fab phage display ranking using ELISA

The phage supernatants prepared as described in Example 6.1 were used for Fab
phage display ranking in phage ELISAs. Display of the Fab fragments was evaluated in a
phage ELISA using two different capture antibodies:

(1 The anti-M13 antibody (Amersham #27-9420-01) was used for capture of phage
particles via the major coat protein g8p; therefore, phage titer can be determined.

(2) An anti-Fd antibody (The Binding Site #PC075) was used, which binds to the displayed
Fab; therefore, only phage displaying Fabs comprising the master genes, are captured.

The respective capture antibodies were immobilized on black 96-well Maxisorp™ plates
by dispensing 100 pl antibody solution at a concentration of 7.5 pg/ml for the anti-M13 antibody
and a 1.0 pg/ml concentration for the anti-Fd antibody into different wells, sealing the plate with
laminated foil and incubating overnight at 4°C. The next day, the plates were washed twice with
TBST, and each well was blocked with 300 ul CTBST for 1 h at room temperature.

Both the phage supernatants and reference samples were transferred for detection as
follows. The blocked ELISA plates were washed twice with TBST. 100 pl of appropriately
diluted phage supernatants in CTBST was transferred from the dilution plates to the coated
ELISA plates, incubated for 1 — 2 h at room temperature, and washed 5x with TBST. 100 ul/
well of anti-M13 peroxidase conjugate (Amersham) diluted 1:5000 in CTBST was added, and
incubated for 1 - 2 h at room temperature. The Quanta Blu (Pierce) working solution was
prepared by mixing 1 part (e.g. 0.5 ml) peroxide solution with 9 parts (e.g. 4.5 ml) substrate
solution and equilibrating it to room temperature for at least 30 min. The ELISA plates were
washed 5x with TBST, 100 pl / well of the QuantaBlu working solution was added. The
fluorescence was measured after an incubation time of ~ 2 min (excitation: 320 nm, emission:
430 nm) and subsequently at intervals of 5 min.

The evaluation of the ELISA data was completed as follows: calibration curves were
created by using a HUCAL GOLD reference phage preparation (VH3 kappa + lambda) and the
titers of the phage supernatants and controls were calculated. For each sample, the titer on
anti-Fd was divided by the titer on anti-M13 (anti-pVIIl), the resulting ratio is the relative display

rate. Table 12 shows the relative display rates for most of the 400 Germline protein pairs.
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Example 6.3: Screening ELISA of 400 VH/VL combinations to determine the Fab expression

vield in E. coli lysates

Masterplates (MP) were inoculated by picking clones transformed by pools of VH/VL
combinations in the Fab expression vector pJPx1 (shown in Fig. 10) into 2YT/Cam/1%Gluc
medium per well. These plates were incubated at 37°C over night while shaking. Expression
plates (EP) were inoculated with 2.5 pl of the cultures from MPs into 2YT/Cam/0,1%Glucose per
well. Controls (see Table 8) were inoculated from glycerol stocks. These plates were incubated
for 6 hours at 37°C and shaking, then Fab expression was induced by adding IPTG and
incubated at 22°C over night while shaking. E. coli cell lysates were produced by adding
boric/acid/EDTA/lysozyme-buffer to the EPs (1 h incubation at 22°C, shaking), and bacterial
lysates were subsequently blocked with 12,5% MPBST, shaking at least for 30 min at room
temperature. E. coli lysates from expression plates were diluted appropriately in 0.5% MPBS
and used in the following assay.

Table 7 shows the unlabeled coating antibodies and AP-labeled detection antibodies

which were used.

Table 7:
MOR Name Label Host Antibody Company | Number | Concentration | Dilution Lot
) anti-Human | Binding . 236366, Exp
Al 1 label h 7! 121 | 1:1
Coating Ab 5 unlabeled | sheep G (Fd) Site pcO75 mg/m 000 2009/10
detection Ab AP27 AP mouse | anti-FlagM2 Sigma A9469 1.1 mg/ml 1:5000 |048K86143, new lot

Table 8 describes the controls used.
Table 8:
# Construct name
3 pMx11_FH VH1-69 VLA _VI1-40 AYA
5 pMx11_FH VH3-23 VLA _Vk3-11 AYA
empty | pMx9_APStuffer FHClone1
BEL | (not containing Fab molecules!)

The screening ELISA comprised the following steps: Coating 384 wells of a MaxiSorp
plate with anti-human IgG Fd specific antibodies diluted in PBS, and incubating over night at 4
°C. The next day, the plates were washed 2 x with PBST and blocked by adding (5 %
Milkpowder in PBS) to each well and incubating for 1-2 h at RT, while shaking. Then the plates
were washed again with PBST, and preblocked E. coli -lysates, diluted in 0,5 % MPBS, were
added and incubated for 1 h while shaking at RT. Also the controls #3 and #5, were added. The
plates were then washed with PBST and the AP-labeled detection antibody was diluted in 0,5%
MPBS. The diluted detection antibody was added and then incubated for 1 h at RT while
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shaking gently. The signal was identified by the following: washing the wells with TBST and
adding 20 pl of AttoPhos (1:5 diluted in ddH20), and reading at 5 min and 7-8 min using Tecan
(infiniTe F200), program PrimeScreen.

Relative Fab expression yields are calculated by dividing the ELISA signal of the
respective VH/VL pair through the ELISA signal of the reference Fab pMx11_FH VH1-69
VLA_VI1-40 AYA. Thereby equally high ELISA signals result in a relative Fab expression yield
of 1. The reference Fab is expressed in a pMORPHX11 plasmids (shown in Fig. 11) comprising
a) the modified phoA heavy chain signal sequence comprising the C-terminal Nhel restriction
site; b) the modified ompA light chain signal sequence comprising the C-terminal Ndel
restriction site; ¢) the variable heavy germline protein sequences of the VH1-69* 01 germline
gene as shown in Figure BA, d) the variable light germline protein sequences of the IGLV1-40
germline gene as shown in Figure 8A; e) incorporating the CDR-H3 (WGGDGFYAMDY) (SEQ
ID NO: 1) of the hu4D5-8 antibody, and the JH4 germline protein sequence for heavy chain
FR4; f) incorporating the CDR-L3 region (QSYDSSLSGVV) (SEQ ID NO: 3) and the JI2/3
germline protein sequence for light chain FR4. The hu4D5-8 is described in Carter P. et al.
(1992) “Humanization of an anti-p185Her2 antibody for human cancer therapy” Proc.Natl. Acad.
Sci. USA 89, 4285-4289) and Ewert S. et al., J. Mol. Biol. (2003) 325, 531-553. All genes were
generated at Geneart (Regensburg, Germany). The results are shown in Table 12.

Example 6.4: Screening ELISA of 400 VH/VL combinations to determine the temperature
stability of Fab in BEL lysates

Expression plates were generated as in Example 6.3. Diluted E.coli lysates from
expression plates were incubated at different temperatures for 45 minutes and used in the
following assay. Table 9 shows the unlabeled coating antibodies and AP-labeled detection

antibodies which were used.

Table 9:
MOR Name Label Host Antibody Company Number ﬁ?:;g:' Dilution Lot
monoclonal Anti poly Histidine
coating Ab 57 |unlabeled|Mouse| AMPOdY 19G1 (anti &x-Histidine); | og b oy oroms | MABOSO [500 ug/mi| 1:250 |AEJ1708111
polypeptides containing a
polyhistidine tag

detection Ab AP30 AP goat anti-human kappa light chains Sigma A3813 2.3 mg/ml| 1:2300 018K6069

detection Ab AP5 AP goat | anti-human lambda light chains Sigma A2904 |0.8 mg/ml| 1:800 096K6030

The screening ELISA comprised the following steps: 384 wells of a MaxiSorp plate were
coated with coating antibody (see table above) diluted in PBS. The plates were incubated over
night at 4 °C. The next day, the plates were washed with PBST and blocked by adding 5 %
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MPBS to each well and incubated for 1-2 h at RT while shaking. Then the diluted E.coli lysates
from the expression plates were distributed into four 96 well PCR-plates (each about 40 pul) and
exposed to different temperatures (4°C (on ice), 60°C, 70°C, 80°C and then on ice) in a PCR-
Cycler, each temperature for 45 min. The blocked 384 well plates were washed with PBST, then
the pre-incubated Fab lysates, were added to the plates. The plates were then incubated 1 h at
RT while shaking. The plates were washed with PBST, the AP-labeled detection antibodies
were diluted in 0.5% MPBS. 20 ul/well of the diluted detection antibodies were added and
incubated for 1 h at RT while shaking gently. The signal was identified by the following:
washing the wells with TBST and adding AttoPhos (1:5 diluted in ddH20) to all wells. The
signal was read at different timepoints (5 min to 10 min) using Tecan (infiniTe F200), program
PimeScreen. The results are shown in Table 12.

Example 6.5: Screening ELISA of 400 VH/VL combinations to determine the serum stabilty of

Fab in E.coli lysates

Expression plates were generated as in Example 6.3. The Fab containing E.coli lysates
were diluted and incubated in bovine and mouse serum using the following steps: E.coli lysates
from the expression plates were diluted in 50 % serum (total volume of 100 pl), 1:1000 Cam
was added to prevent growth of bacteria, and the lysates were split into two 96 well plates and
both plates were frozen. The first plate was thawed and incubated at 37 °C for 12-13 days. The
second plate was stored at -80°C until performing the ELISA (0 days incubation at 37 °C).

Table 10 shows the unlabeled coating antibodies and AP-labeled detection antibodies which

were used.
Table 10:
MOR Name Label Host Antibody Company Number (i(::t?::- Dilution Lot
coating Ab 36 Fab | Goat ant-Human IgG (H+L) Jad‘;;’:e';”rg]“”° 109-006-088| 1.3 mg/ml | 1:1000 80299
detection Ab| AP30 AP goat | anti-human kappa light chains Sigma A3813 | 2.3 mg/ml 1:2300 018K6069
detection Ab|  AP5 AP | Goat | @ntHHuman lambda-light chain; Sigma A2904 |08 mgmi | 1:800 096K6030
bound + free

Onday 11 or 12, the 384 wells of a MaxiSorp plate were coated with 20 pl coating
antibody diluted in PBS. The plates were incubated over night at 4 °<C. The following day, the
plates were washed with PBST and blocked by adding 5 % MPBS to each well and incubating
for 1-2 h at RT while shaking. Then the blocked 384 well plates were washed with PBST. E.coli
lysates in serum from the -80°C and 37°C samples were transferred to the coated ELISA plates
and incubated for 1 hour at RT while shaking. The plates were washed with PBST, and the AP-
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labeled detection antibodies were diluted in 0,5% MPBS. AP-labeled detection antibody was
added and the plate was incubated for 1 h at RT while shaking. The signal was identified by the
following: washing the wells with TBST and adding AttoPhos (1:5 diluted in ddH20) to all wells.
The signal was read at different timepoints (5 min to 10 min) using Tecan (infiniTe F200),
program PrimeScreen. The results of the bovine serum stability testing are shown in Fig. 19.

The results of the mouse serum stability testing are shown in Table 12.

Example 7: Generation of human IgG1 for evaluation of biophysical properties

For generation of the 400 IgG1 germline protein pairs, the 20 variable region heavy
chain genes were sub-cloned into the human IgG1 expression vector pJP_hlgG1f shown in Fig.
13. In parallel the 12 variable region kappa genes were sub-cloned into the mammalian kappa
light chain expression vector pJP_hlgkappa shown in Fig. 14 and the 8 variable region lambda
genes were sub-cloned into the mammalian lambda light chain expression vector
pJP_higlambda2 shown in Fig. 15.

By co-transfection of each, a heavy chain and a light chain expression plasmid for all
400 VH/VL pairs can be produced separately by only cloning 40 expression constructs. Thus
HEK.EBNA cells were co-transfected with all 20 heavy chain constructs and all 20 of the light
chain expression constructs. Human IgG1 was harvested or detected several days post

transfection from the cell culture supernatants.

Example 7.1: lgG1 expression ranking

One of the criteria for the selection of the VH/VL pairings to be included in a collection is
the level of expression of the 400 different VH/VL pairings in the IgG1 format. The expression
level of each VH/VL pairing in human IgG1 format was assessed by sandwich ELISA.
Therefore, HEK.EBNA cells were transfected with all 400 VH/VL combinations in human IgG1
format and expressed in small scale. The cell culture supernatants were harvested after few
days and IgG levels assessed.

The following procedure was performed. 384-well MaxiSorpTM plates were coated with
Fcy-pan R10Z8E9 mouse anti-human IgG at 2.5 ug/ml in PBS. The plates were incubated
overnight at 4°C. The plates were washed with PBST. The plates were blocked with 5% BSA or
1x Chemiblocker in PBST and incubated for 1h at room temperature while shaking and again
washed with PBST. The IgG expression supernatants were diluted in 2.5% BSA-PBST and the
diluted samples were added to the blocked and washed ELISA plate. The following controls

were used: empty supernatant and supernatants with a low expressing antibody, moderate
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expressing antibody and a high expressing antibody. The plates were incubated for 2 h at room
temperature while shaking. The plates were then washed with TBST. Appropriately diluted
Fcy-pan R10Z8E9 mouse anti-human IgG Biotin conjugate in 1% BSA-TBST was added. The
plates were incubated for 1h at room temperature. The plates were washed with TBST.
Streptavidin-AP diluted 1:2000 in 0.5% BSA-TBST was added and the plates were incubated
for 1h at room temperature while shaking. The plates were washed with TBST. AttoPhosTM
fluorescence substrate (prepared according to manufacturer’s instructions) diluted in TBST
directly before use was added. After 5 and 10 min, the fluorescence was measured via Tecan
microplate reader.

Relative IgG1 expression yields were calculated by dividing the ELISA signal of the
respective VH/VL pair through the ELISA signal of the reference IgG1 MORO03080 (shown in
Table 11). Thereby equally high ELISA signals resultin a relative IgG1 expression yield level of
1.

Table 11

The amino acid sequence of MORO03080 is as follows:

03080 Variable heavy chain with CDRs in bold:

(1) QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVSN
(51) IYSDGSNTFY ADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARNM
(101)  YRWPFHYFFDYWGQGTLVTVSS (SEQ ID NO: 61)

03080 Variable light chain with CDRs in bold
(1) DIELTQPPSV SVAPGQTARISCSGDNIGNKYVSWYQQKPGQAPVVVIYGD
(51) NNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCSSYDSSYFVFGGG
(101) TKLTVLGQ (SEQ ID NO: 62)

The results are shown in Table 12. The sequences of the Fc portion are shown in
Figures 48, 50-51.

Example 7.2: IgG1 serum stability ranking

One of the criteria for the selection of the variable heavy and variable light chain pairings
to be included in a collection is the serum stability of the 400 different variable heavy and
variable light chain pairings in IgG1 format. Serum stability of each IgG antibody supernatant
was assessed by incubation in 50% mouse serum for 14 days and subsequent sandwich ELISA
with mouse anti-human IgG (CH2) clone R10Z8E9. Again all 400 VH/VL combinations in human
lgG1 format were transfected into HEK.EBNA cells and expressed in small scale. The cell
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culture supernatants were harvested after few days and the IgGs in the supernatant tested for
serum stability.

The following procedure was performed. 384-well MaxiSorpTM plate were coated with
Fecy-pan R10Z8E9 mouse anti-human IgG at 2.5 ug/ml in PBS. The plates were incubated
overnight at 4°C. The plates were washed with PBST and then blocked with 5% BSA-PBST or
1x Chemiblocker for 1h at room temperature while shaking. The plates were washed with
PBST. The IgG1 containing cell culture supernatants were diluted a) in 2.5% BSA-PBST and b)
in 50% mouse serum and incubated at 37 °C for at least 14 days and these samples were added
to the blocked and washed ELISA plate. The following controls were used: empty supernatant
and supernatants a low expressing antibody, a moderate expressing antibody, and a high
expressing antibody. The plates were incubated for 2h at room temperature while shaking. The
plates were washed with TBST. Fcy-pan R10Z8E9 mouse anti-human IgG Biotin conjugate
diluted to 0.8 ug/ml in 1% BSA-TBST was added. The plates were incubated for 1h at room
temperature. The plates were washed with TBST. Streptavidin-AP diluted 1:2000 in 0.5% BSA-
TBST was added. The plates were incubated for 1h at room temperature while shaking. The
plates were washed with TBST. AttoPhosTM fluorescence substrate (prepared according to
manufacturer’s instructions) diluted 1:5 in TBST directly before use was added. After 5 and 10
min, the fluorescence was measured via Tecan microplate reader. The results are shown in
Table 12.

Example 8: Selection of the VH/VL pairs with favorable bio-physical properties for incorporation

into collection

Once the 400 germline protein pairs were tested for the following properties: a) relative
display after phage production and phage ELISA in Fab format; b) relative Fab expression yield
after Fab production in E. coli, E. coli cell lysis and ELISA detection of produced Fab; c)
temperature stability of Fab after Fab production in E. coli, E. coli cell lysis and ELISA detection
of non-denatured Fab after incubation at increased temperatures; d) bovine/mouse serum
stability of Fab from E. coli lysates by ELISA detection of non-denatured Fab after incubation in
bovine/mouse serum; e) relative human IgG1 expression yield after IgG1 production in
mammalian cells and ELISA detection of secreted IgG1 from cell culture supernatants; and f)
bovine serum stability of human IgG1 by ELISA detection of non-denatured IgG1 after
incubation in bovine/mouse serum; then the next step was to select which VH/VL germline pairs
were to be incorporated into the collection. The results of the functional testing for each VH/VL
germline protein pairs are shown Table 12.
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Table 12: Compilation of functional data for each of the 400 Germline protein pairs

Fab Fab IgG1
Relative Fab Fab stability in | stability in| Fab stability in
Display Relative Fab | thermo- | mouse bovine | ranking- |Relative IgG1| bovine
No VH VL (CysDisplay) | expression [ stability serum serum value | expression | serum
1 |hWH 1 2 hVK_1 05 0.1 0.0 bg U S 10 0.0 bg
2 |hVH 1 2 hVK_1 06 0.1 0.2 60 S S 42 0.0 bg
3 |hVH 1 2 hVK_1 09 0.0 0.0 bg U S 11 0.0 bg
4 |hVH 1 2 hVK 1 12 0.0 0.0 bg S S 20 0.0 bg
5 |hVH 1 2 hVK_1 16 0.1 0.0 bg S S 20 0.0 bg
6 |hVH 1 2 hvK 1 17 0.0 0.0 bg S S 21 0.0 bg
7 |hvH 1 2 hVK 1 27 0.0 0.1 bg S S 22 0.0 bg
g |hVH 1 2 hVK_1 39 0.0 0.0 bg S S 21 0.0 bg
9 |hVH 1 2 hVK_2 30 0.0 bg S S 20 0.0 bg
10 [hVH 1 2 hvK 3 11 0.0 0.0 bg S S 20 0.0 bg
11 |hVH 1 2 hVK_3 15 0.0 0.0 bg U S 10 0.0 bg
12 |hVH 1 2 hVK_3 20 0.0 bg S S 21 0.0 bg
13 [hVH 1 2 hvL 1-40 0 0.3 bg
14 |hVH 1 2 hvL 1-47 0.0 0.0 4 U U 2 0.0 bg
15 [hVH 1 2 hvL 1-51 0.0 0.0 4 U U 0 04 bg
16 [hVH 1 2 hvL 2-11 0.1 0.0 4 S S 22 0.3 bg
17 |hVH 1 2 hvL 2-14 0.1 0.0 4 U U 0 0.1 bg
18 |hVH 1 2 hvL 2-23 0.0 0.0 4 U U 0 0.0 bg
19 [hVH 1 2 hvL 3-1 0.4 0.0 4 U U 1 0.0 bg
20 |hVH 1 2 hvL 3-21 0.0 0.0 4 U U 0 0.0 bg
21 |[hVvH 1 18 hVK 1 05 2.0 0.4 60 S S 54 0.4 S
22 |hVH 1 18 hVK_1 06 0.6 05 60 S S 56 0.2 S
23 |hvH 1 18 hVK_1 09 0 0.1 S
24 |hVH 1 18 hVK 1 12 1.6 05 60 S S 56 0.1 bg
25 |hVH 1 18 hVK 1 16 2.0 3 0.2 S
26 |hvH 1 18 hvK 1 17 05 S S 38 0.3 S
27 |hVH 1 18 hVK 1 27 1.2 0.4 70 S S 62 05 S
28 |hVvH 1 18 hVK 1 39 3.7 0.3 60 S S 53 0.1 S
29 |hvH 1 18 hVK 2 30 1.9 05 60 S S 56 0.0 S
30 |hVH 1 18 hvK 3 11 0.6 60 S S 56 0.0 S
31 |[hVH 1 18 hVK 3 15 2.6 05 70 S S 67 0.3 S
32 |hVH 1 18 hVK_3 20 2.2 09 60 S S 72 0.0 S
33 |hVH 1 18 hvL 1-40 2.4 4 05 S
24 |hVH 1 18 hvL 1-47 0.8 60 S S 66 04 U
35 |hVH 1 18 hvL 1-51 0 05 S
36 |hVH 1 18 hvL 2-11 1.9 3 05 U
37 |hVH 1 18 hvL 2-14 2.5 0.6 60 S S 64 05 U
38 |[hVvH 1 18 hVL 2-23 4.3 0.7 60 S S 70 0.4 S
39 |hVH 1 18 hvL 31 4.4 0.6 60 S S 65 0.2 U
40 |hVH 1 18 hvL 3-21 3.4 0.6 60 S S 64 0.2 S
41 |hVH 1 46 hVK_1 05 04 60 S S 51 0.9 S
42 |hVH 1 46 hVK_1 06 0 0.9 S
43 |hVH 1 46 hVK 1 09 3.0 0.6 60 S S 63 0.4 S
44 |hVH 1 46 hvK 1 12 05 60 S S 55 0.2 S
45 |hVH 1 46 hVK_1 16 1.3 0.6 60 S 61 0.3 S
46 |hVH 1 46 hvK 1 17 1.3 2 05 S
47 |hVH 1 46 hvK 1 27 0 0.6 S
48 |hVH 1 46 hVK 1 39 25 0.4 60 S S 55 0.5 S
49 |hVH 1 46 hVK_2 30 0.2 4 U S 16 0.0 S
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hVH 3 33 hVvL_ 2-14 0.9 4 SS530.9S hvH 3 33 hvL 2-23 17.1 0.5 60 S S 82
0.5S hvH3 33 hVL 3-1 0.2 60 SS440.7S hVvH3 33 hvL_3-21 0.860 S S

67 0.5 S wWbVbi2864829hVK_1_05 0 0.6 S hvH 3_48 PCT/EP2011/070473
Fab Fab lgG1

Relative Fab Fab |stability in [stability in| Fab stability in

Display Relative Fab | thermo- | mouse | bovine | ranking- |Relative IgG1| bovine

Mo. VH VL (CysDisplay) [ expression | stability | serum serum value | expression | serum
50 |hVH 1_46 hVvK 3 11 0 0.1 S
51 |hVH 1 46 hVK 3 15 3.0 0.7 60 S S 68 0.4 S
52 |hVH 1_46 hVK_ 3 20 0 0.1 S
53 |hVH 1 46 hvL 1-40 1.0 60 S S 73 0.9 S
54 |hVH 1_46 hvL 1-47 0 0.6 U
55 |hVH 1_46 hvL 151 5.7 10 0.3 S
56 |hVH 1_46 hvL 2-11 1.6 3 0.3 S
57 |hVH_1_46 hvL 2-14 0 0.3 U
58 |hVH_1_46 hvlL 2-23 2.7 1.0 60 S S 79 0.3 S
59 |hVH 1_46 hVL 3-1 4.3 7 0.4 S
60 |hVH 1 46 hvL 3-21 5.2 9 0.3 S
&1 |hVH 1 69*01 |hVK 1 05 2.1 0.5 60 ] ] 59 0.9 S
62 |hVH 1 69*01 |hVK 1 06 29 5 0.5 S
63 |hVH 16901 |hVK_1_09 0.3 60 S U 37 0.4 S
84 |hVH 1 69*01 |hVK 1 12 2.1 0.4 60 S S 53 0.3 S
85 |hVH 1_69*01 |hVK_1_16 1.2 2 0.4 S
66 |hVH 16901 |hVK_ 1 17 0.9 0.3 4 S S 31 0.3 S
87 |hVH 16901 |hVK 1 27 0.2 0.3 70 S S 56 0.4 S
658 |hVH 16901 |hVK 1_39 3.5 0.1 4 S S 31 0.4 U
69 |hVH 16901 |hVK 2 30 0 0.0 S
70 |[hVH_1 6901 |hVK 3 11 0.7 60 S S 60 0.0 S
71 |hVH 1 69*01 |hVK 3 15 1.6 0.5 70 S S 66 0.5 S
72 |hVH_1.69*01 |hVK 3 20 05 60 S S 54 0.0 S
73 |hVH 1 69*01 |hVL 1-40 1.0 60 S S 72 0.2 S
74 |hVH_1.69*01 |hVL_1-47 0 0.2 U
75 |hVH 1 69*01 |hVL 1-51 0.8 60 S S 64 0.3 S
76 |[hVH_1.69*01 |hVL_2-11 0.8 0.7 60 S S 65 0.2 S
77 |hWH_1_69*01 |hVL_2-14 0.8 60 S S 64 0.3 U
78 |hVH_1_69*01 |hVL_2-23 1.8 3 0.3 S
79 |[hVH_1 6901 |hVL 3-1 3.4 0.7 S S 52 0.2 S
80 |hVH 1_69*01 |hVL_3-21 4.6 0.7 60 S S 71 0.1 S
81 |hVH 3 07 hVK_1_05 0.7 60 S S 63 0.9 U
82 |hVH 3 07 hVK_1_06 0.9 60 S S 69 1.3 S
g3 |hvH 3 07 hVK 1 09 6.7 0.4 60 ] ] 50 1.5 S
84 |hVH 3 07 hVK 1 12 10.6 0.9 70 S S 97 0.9 S
85 |hVH 3 07 hVK 116 7.0 12 1.5 S
86 |hVH 3 07 hVK 1 17 10.5 0.5 4 S S 40 0.9 S
g7 |hvH 3 07 hVK 1 27 145 0.5 70 ] ] 87 1.8 S
88 |hvH 3 07 hVK_1_39 27.3 0.3 60 U 85 1.2 S
89 |hVH 3 07 hVK_2_30 13.0 0 0.3 S
90 |hVH 3 07 hVvK 3 11 0 0.4 S
41 |hvH 3 07 hVK 3 15 145 0.7 70 ] ] 95 1.8 S
92 |hVH 3 07 hVK_ 3 20 0 0.4 S
93 |hVH 3 07 hvL 1-40 8.2 14 0.3 S
94 |hVH 3 07 |[hVL 1-47 6.3 1.2 60 S S 90 08 u
95 |hVH 3 07 hvL 1-51 1. 60 S S 74 0.9 S
96 |hVH 3 07 hvL 2-11 0 1.2 S
97 |hVH 3 07 hvL 2-14 11.3 19 0.8 U
98 |hVH 3 07 hVL 2-23 6.9 0.8 60 ] ] 76 0.7 S
49 |hVH 3 07 hVL 31 5.0 0.5 60 S S 64 1.2 S
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hVK_1_06 00.7S hVvH 3 48 hvK 1_09 00.2S hVvH 3 48 hvK 1_12
00.3S hVvH 3 48 hvK 1 16 8.7 15 0.5 S hVH 3 48 hvK 1_17 00.58S
hVH 3 48 WOKoL/(@§129 PCT/EP2011/070473
Fab Fab IgG1
Relative Fab Fab  |stability in|stability in| Fab stability in
Display Relative Fab | thermo- | mouse bovine [ ranking- |Relative IgG1| bovine
MNe VH VL (CysDisplay) | expression | stability serum serum value | expression | serum
100 [hVH 3 07 hVL_3-21 0.7 60 S S 61 0.3 S
101 [hVH 3 11 hVK 1 05 5.5 0.5 60 S S 65 0.5 S
1102 |hVH 3 11 hVK 1 06 4.3 0.6 60 S S 64 14 S
103 |hVH 3 11 hVK_1_09 6.7 0 0.9 S
104 |hVH 3 11 hVK 1 12 | 8.2 0.6 60 S S 73 0.9 S
105 [hVH 3 11 hVK 1 16 10.3 0.6 60 S U 61 12 S
106 |hVH 3 11 hVK 1 17 0 0.9 S
107 [hVH 3_11 hVK 1_27 6.0 0 1.7 S
108 [hVH 3_11 hVK_1_39 29.0 50 1.8 S
108 [hVH 3_11 hVK_2_30 0.4 4 S S 34 1.1 U
110 [hVH 3_11 hVK 3 11 0.0 0 0.6 S
111|hVH 3 11 hVK 3 15 4.6 0.7 60 S S 68 1.6 S
112 |hVH 3 11 hVK_3_20 0 0.2 S
113 |hVH 3 11 hVL_1-40 12.4 21 0.3 S
114 |hVH 3 11 hVL 1-47 8.1 0.8 60 S S 80 1.3 U
115 hVH 3_11 hVL_1-51 1.1 60 S S 77 1.9 S
116 |hVH 3 11 hVL_2-11 8.4 14 1.1 S
117 |hVH 3 11 hVL_2-14 6.4 0.9 60 S S 81 0.4 U
118 [hVH 3 11 hVL 2-23 8.9 1.0 60 S S 88 0.4 S
119 [hVH 3_11 hVL_3-1 0.5 60 S S 53 1.6 S
120 [hVH 3_11 hVL_3-21 9.8 17 0.3 S
| 1211hVH 3 15 hVK 1 05 8.1 0.5 60 S S 68 0.4 S
1122 [hVH 3 15 hVK 1 06 11.7 0.6 60 S S 79 0.8 S
123 |[hVH 3 15 hVK 1 09 10.0 0.5 70 S S 80 0.9 S
124 |hVH 3 15 hVK 1 12 11.5 0.7 70 S S 90 0.7 S
1125 |hVH 3 15 hVK 1 16 14.5 0.7 60 S S 86 1.5 S
126 |hVH 3 15 hVK 1 17 6.4 0.6 4 U U 30 0.8 S
1127 |hVH 3 15 hVK 1 27 7.8 0.5 70 S S 77 1.7 S
128 |[hVH 3 15 hVK 1 39 14.2 0.4 60 S S 76 1.8 S
129 |hVH 3 15 hVK_2_30 0.3 4 S U 23 0.6 S
130 |hVH 3 15 hVK 3 11 19.4 33 0.8 S
131 |hVH 3 15 hVK 3 15 121 0.6 70 S S 70 1.9 S
132 |hWH 3 15 hVK_3_20 8.9 0 0.5 S
133 |[hVH 3 15 hVL 1-40 16.7 0.9 60 S S 98 0.1 S
134 |hVH 3 15 hVL_1-47 13.0 1.2 60 S S 102 0.2 U
125 |[hVH 3 15 hVL 1-51 11.0 1.1 60 S S 94 0.9 S
136 [hVH 3 15 hVL 2-11 10.5 0.9 60 S S 88 0.8 S
137 |hWH 3 15 hVL_2-14 9.7 0.8 60 S S 83 0.9 U
138 |hWH 3 15 hVL_2-23 10.1 17 0.4 S
139 |hVH 3_15 hVL_3-1 9.4 0.3 4 S S 46 1.0 S
140 |hVH 3 15 hVL_3-21 9.2 0.8 S S 65 0.2 S
141 |hVH 3 21 hVK_1_05 10.0 17 0.8 S
1142 |hVH 3 21 hVK 1 06 16.1 1.0 60 S S 99 0.9 S
143 |hVH 3_21 hVK_1_09 0 0.4 S
144 |hVH 3 21 hVK 1 12 11.3 0.6 60 S S 77 0.5 S
145 |hVH 3_21 hVK_1_16 0.9 60 S S 68 0.0 S
146 |hVH 3 21 hVK 1 17 5.0 9 0.0 S
147 |hVH 3 21 hVK 1 27 8.7 0.6 60 S S 78 0.5 S
148 |hVH 3 21 hVK 1 39 11.6 0.5 60 S S 54 0.8 S
149 |hVH 3_21 hVK_2_30 0.6 4 S S 44 0.1 U
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n oo

.9 0.760SS740.9S hvH 3 48 hvK 1 39 00.5S hVH 3 48 hVvK 2 30
0.3 S hvH 3 48 hvK 3 11 00.7S hVH 3 48 hvK 3 15 12.1 21 0.3

hVH_3 w06 2000681220 PCT/EP2011/070473
Fab Fab lgG1

Relative Fab Fab |stability in|stability in| Fab stability in

Display Relative Fab | thermo- | mouse | bovine | ranking- |Relative lgG1| bovine

No. VH VL (CysDisplay) | expression | stability [ serum serum value | expression | serum
150 [hVH_3_21 hVK_3_11 0 0.2 S
151 |hVH_3_21 hVK_3_15 0.8 60 S S 65 0.3 S
152 [hVH_3_21 hVK_3_20 0 0.5 S
153 |[hVH_3_21 hVL_1-40 1.0 60 S S 72 0.5 S
154 |hVH_3_21 hVL_1-47 0.0 1.2 60 S S 81 0.3 S
155 |hVH_3_21 hVL_1-51 0 0.9 S
156 [hVH_3_21 hvL_2-11 0.9 60 S S 68 0.7 S
157 |[hVH 3 21 hVL 2-14 6.5 0.9 60 S S 81 12 S
158 |[hVH 3 21 hVL 2-23 8.8 1.0 60 S S 90 0.9 S
159 |hVH_3_21 hVL_3-1 0.7 60 S S 60 0.4 S
160 [hVH_3_21 hvL_3-21 11.8 0.9 60 S S 88 0.1 S
161 |[hVH 3 23 hVK_1_05 0.8 60 S S 64 0.2 S
162 |hVH_3 23 hVK_1_06 0.7 60 S S 61 0.2 S
163 |hVH_3 23 hVK_1_09 6.1 0.8 70 S S 86 0.1 S
164 |hVH_3 23 hVK_1_12 0.9 60 S S 68 0.1 S
165 |hVH_3 23 hVK_1_16 8.4 0.6 60 S S 72 0.2 S
166 [hVH 3 23 hVK_1_17 0.6 4 S U 31 0.1 S
167 |hVH 3 23 hVK_1_27 17.1 29 0.2 S
168 |hVH 3 23 hVK_1_39 10.8 19 0.3 S
169 [hVH_3 23 hVK_2_30 4.1 0.3 4 S S 39 0.0 bg
170 |hVH_3 23 hVK_3_11 0 0.0 bg
171 |hVH 3 23 hVK_3_15 0.7 70 S S 73 0.4 S
172 |hVH 3 23 hVK_3_20 13.3 0 0.2 S
173 |hVH 3 23 hVL_1-40 0 0.1 S
174 |hVH 3 23 hVL_1-47 0 0.1 S
175 |hVH 3 23 hVL_1-51 10.2 1.1 60 S S 94 0.2 S
170 |hVH_3 23 hvL_2-11 13.6 23 0.1 S
177 |nVH_3 23 hVL_2-14 9.1 16 0.3 S
176 |hVH_3 23 hVL_2-23 74 0.9 60 S S 82 0.3 S
179 |hVH 3 23 hVL_3-1 4.6 0.4 60 S S 60 0.1 S
180 |[hVH_3 23 hvL_3-21 74 0.8 60 S S 78 0.1 S
181 |hVH 3 30 hVK_1_05 0 0.7 S
182 [hVH 3 30 hVK_1_06 1.0 60 S S 75 0.6 S
189 |hvH 3_30 hVK_1_09 0 0.3 S
184 |hVH 3 30 hVK_1_12 54 0.8 60 S S 73 0.3 S
185 |hvH_3_30 hVK_1_16 0.9 60 S S 69 0.4 S
186 [hVH 3 30 hVK_1_17 0 0.5 S
187 |hVH_3_30 hVK_1_27 9.1 0.4 60 S U 38 0.5 S
188 |hvH 3_30 hVK_1_39 13.1 0.0 bg U U 19 1.0 S
189 [hVH_3 30 hVK_2_30 0.4 4 S U 23 0.1 bg
190 [hVH_3 30 hVK_3_11 0.4 60 S S 50 0.1 S
191 [hVH 3 30 hVK_3_15 0.7 60 S S 61 0.9 S
162 [hVH_3 30 hVK_3_20 0.7 60 S S 63 0.4 S
183 |[hVH_3 30 hVL_1-40 0 0.8 S
184 |hVH_3 30 hvL_1-47 1.1 60 S S 78 0.3 S
195 |hVH_3 30 hVL_1-51 0 0.4 S
196 [hVH_3 30 hvL_2-11 0.7 60 S S 62 0.4 S
147 |hVH_3 30 hVL_2-14 0.8 60 S S 66 1.0 S
198 [hVH 3 30 hVL 2-23 9.5 1.0 60 S S 89 0.5 S
199 |hVH 3 30 hVL 34 8.8 0.6 60 S S 73 0.5 S
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0.860 SS650.4S hVH3 48 hVL_1-40 0.8 S S510.6S hVH 3 48 hVL1-47

10. 3 18 0.4 S hVH 3 48 hVL1-51 1.2 60 S S 80 0.7 S hvH 3 48 hvL 2-11

0 0.6 S WOHIR/6BI2AVL_2-14 PCT/EP2011/070473
Fab Fab lgG1

Relative Fab Fab |stability in|stability in| Fab stability in

Display Relative Fab | thermo- | mouse | bovine | ranking- |Relative lgG1| bovine

Ne. VH VL (CysDisplay) | expression | stability serum serum value | expression [ serum
200 |hvH_3_30 hvL_3-21 16.6 0.8 60 S S 93 0.2 S
201 |hVH_3_33 hVK_1_05 0.3 60 S S 46 0.0 S
202 |hvH_3_33 hVK_1_06 0 0.6 S
203 |hvH_3_33 hVK_1_09 0.7 60 S S 60 0.2 S
204 |hVH 3 33 hVK_1_12 0.2 60 S U 34 0.2 S
205 |hvH_3_33 hVK_1_16 0 04 S
206 |hvH_3_33 hVK_1_17 0 0.5 S
207 |hVH_3_33 hVK_1_27 0.6 60 S S 57 0.2 S
208 |hvH_3_33 hVK_1_39 0 0.8 S
209 |hvH_3_33 hVK_2_30 0 0.3 S
210 |hvH_3_33 hVK_3_11 0 0.6 S
211]hVH 3 33 hVK 3 15 123 0.6 60 S S 77 0.9 S
212 |hvH_3_33 hVK_3_20 1.0 60 S S 72 0.3 S
213 |hVH 3 33 hVL_1-40 0 1.0 S
214 |hVH 3 33 hvL 1-47 1.1 60 S S 77 04 S
215 |hVH_3_33 hVL_1-51 0 0.6 S
216 |hVH 3 33 hvL_2-11 05 60 S S 54 0.5 S
217 |hVH 3 33 hVL_2-14 0.9 4 S S 53 0.9 S
218 [hVH 3 33 hVL 2-23 17.1 0.5 60 S S 82 0.5 S
219 |hvH_3_33 hVL_3-1 0.2 60 S S 44 0.7 S
220 |hVH_3_33 hvL_3-21 0.8 60 S S 67 0.5 S
221 |hVH 3 48 hVK_1_05 0 0.6 S
222 |hVH 3 48 hVK_1_06 0 0.7 S
223 |hVH_3_48 hVK_1_09 0 0.2 S
224 |hVH 3 48 hVK 1 12 0 0.3 S
225 |hVH 3 48 hVK_1_16 8.7 15 0.5 S
226 |hVH 3 48 hVK_1_17 0 0.5 S
| 227 |hVH 3 48 hVK 1 27 89 0.7 60 S S 74 0.9 S
228 |hVH 3 48 hVK_1_39 0 0.5 S
229 |hVH 3 48 hVK_2_30 0 0.3 S
230 |hvH_3_48 hVK_3_11 0 0.7 S
231 |hVH 3 48 hVK_3_15 12.1 21 0.3 S
232 |hVH_3_48 hVK_3_20 0.8 60 S S 65 0.4 S
233 |hvVH_3_48 hVL_1-40 0.8 S S 51 0.6 S
234 |hVH 3 48 hVL_1-47 10.3 18 0.4 S
235 |hvH_3_48 hVL_1-51 1.2 60 S S 80 0.7 S
236 [hVH 3 48 hvL_2-11 0 0.6 S
237 |hVH_ 3 48 hVvL_2-14 0 0.6 S
238 |hVH_3_48 hVL_2-23 9.3 16 0.5 S
2539 |hVH_3_48 hVL_3-1 6.0 0.8 S S 61 0.5 S
240 |hVH 3 48 hvL_3-21 0 0.3 S
241 |hVH 3 53 hVK_1_05 11.1 0.7 4 U S 60 0.8 S
242 |hVH_3_53 hVK_1_06 0.7 60 S S 63 0.7 S
243 |hVH 3 53 hVK 1 09 8.3 0.9 60 S S 83 0.4 S
1244 |hVH 3 53 hVK 1 12 14.8 0.7 60 S S 60 0.2 S
245 |hvH_3_53 hVK_1_16 10.7 0.0 bg bg U 20 0.3 S
246 [hVH_ 3 53 hVK_1_17 29 05 4 S S 42 0.5 S
247 |hVH 3 53 hVK_1_27 6.9 0.4 60 S S 62 0.2 S
248 |hVH_3_53 hVK_1_39 0.6 60 S S 56 0.2 S
249 |hVH_3_53 hVK_2_30 1.3 0.3 4 S S 32 0.0 bg
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00.6S hvH 3 48 hVL_2-23 9.3 16 0.5 S hvH 3 48 hVL_3-1 6.0 0.8 S S

61 0.5 S hVvH 3 48 hVvL_3-21 00.3S hvH353hvkK10511.10.74US

60 0.8 S wb\hi2d66R9hVK 1 06 0.7 60 PCT/EP2011/070473
Fab Fab lgG1

Relative Fab Fab |stability in|stability in| Fab stability in

Display Relative Fab | thermo- | mouse | bovine | ranking- |Relative IgG1| bovine

No. VH VL (CysDisplay) | expression | stability | serum serum value | expression | serum
250 [hVH_3 53 hVK_3_11 0.8 60 S S 64 0.3 S
251 |hVH_3 53 hVK_3 15 9.6 0.7 60 S S 63 0.5 S
252 |hVH_3 53 hVK_3_20 0.3 4 S S 32 0.3 S
253 |hvH_3 53 hVL_1-40 1.1 4 S S 60 1.1 S
254 |hvH_3 53 hVL_1-47 1.1 60 S S 79 0.2 S
285 |hVH 3 53 hVL 1-51 6.4 1.3 60 S S 96 0.4 S
256 |hVH_3 53 hVvL_2-11 7.2 0.8 60 S S 78 0.3 S
257 |hVH_3 53 hVL_2-14 1.0 60 S S 75 0.8 S
258 |hVH 3 53 hVL 2-23 6.3 1.1 60 S S 86 0.6 S
259 |hVH 3 53 hVL 3-1 5.1 0.6 60 S S 67 0.5 S
260 [hVH_3 53 hVL_3-21 0.8 60 S S 66 0.5 S
261 |hvH 3 73 hVK_1_05 0.4 0.2 60 S S 45 1.1 S
262 |hVH_3 73 hVK_1_06 0.3 0.2 60 S S 45 1.0 S
263 [hVH_3 73 hVK_1_09 0.3 0.1 60 S S 39 0.9 S
264 |hVH_3 73 hVK_1_12 0.3 0.1 60 S S 38 0.5 S
265 |hVH_3 73 hVK_1_16 0.3 0.2 60 S S 44 1.1 S
266 |hVH_3 73 hVK_1_17 0.1 0 1.0 S
267 |hVH_3 73 hVK_1_27 3.6 0.1 4 S S 24 0.9 S
268 |hvH_3 73 hVK_1_39 0.2 0.2 4 S S 27 0.8 S
269 |hVH_3 73 hVK_2_30 0.1 bg S S 22 0.3 S
270 |hVH_3 73 hVK_3_11 05 0 0.2 S
271|hVH_3 73 hVK_3_15 0.2 0.1 60 S S 39 0.1 S
272 |hVH_ 3 73 hVK_3_20 0 1.1 S
273 |hVH_ 3 73 hVL_1-40 0.1 60 S S 40 1.2 S
274 |hVH_3 73 hVL_1-47 0.0 0.3 4 S S 31 0.8 S
275 |hVH_ 3 73 hVL_1-51 0.3 0.2 60 S S 44 0.7 S
276 |hVH_3 73 hvL_2-11 0.2 0.2 4 S S 26 0.8 S
277 |hVH_3 73 hVL_2-14 0 0.4 S
278 |hvH_3 73 hvL_2-23 0.8 1 0.1 S
279 |hVH_ 3 73 hVL_3-1 0.0 0.1 60 S S 39 1.0 S
280 |hVH_3 73 hvL_3-21 0.4 0.2 60 S S 43 1.1 S
281 |hVH_3 74 hVK_1_05 6.4 11 0.6 S
1282 |hVH 3 74 hVK 1 06 9.5 0.9 60 S S 86 1.0 S
283 |hVH 3 74 hVK 1 09 8.7 0.6 60 S S 74 0.5 S
264 |hVH_3 74 hVK_1_12 8.4 0.6 60 S S 74 0.0 S
285 |hVH_3 74 hVK_1_16 8.0 11 0.8 S
286 |hVH_3 74 hVK_1_17 0.6 60 S S 58 0.2 S
267 |hVH 3 74 hVK 1 27 5.0 0.6 70 S S 77 1.1 S
288 |hVH_3 74 hVK_1_39 8.7 15 0.3 S
289 |hVH_3 74 hVK_2_30 0.4 S S 37 0.7 S
290 |hVH_3 74 hVK_3_11 0 0.1 S
281 |hVH 3 74 hVK 3 15 10.0 0.8 70 S S 94 1.0 S
292 |hVH_3 74 hVK_3_20 0.7 60 S S 62 0.6 S
293 |hVH_3 74 hVL_1-40 8.8 0.4 4 S S 51 1.3 S
294 |hVH_3 74 hvL_1-47 3.2 1.2 S S 72 0.6 S
295 |hVH 3 74 hVL 1-51 7.1 1.1 60 S S 91 1.2 S
296 |hVH_3 74 hvL_2-11 0.6 60 S S 59 0.8 S
297 |hVH_3 74 hVL_2-14 4.7 8 0.6 S
294 |hVH_3 74 hVL_2-23 0 1.0 S
299 |hVH_3 74 hVL_3-1 7.0 0.6 60 S S 70 0.3 S
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SS630.7S hvH353hVvK109830.960SS830.4S hVvH3 53 hvK 112
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Fab Fab lgG1

Relative Fab Fab |stability in|stability in| Fab stability in

Display Relative Fab | thermo- | mouse | bovine | ranking- |Relative IgG1| bovine

No. VH VL (CysDisplay) | expression | stability | serum serum value | expression | serum
300 |hVH_3 74 hvL_3-21 1.8 0.6 60 S S 60 0.3 S
301 |hVH_4 04703 |hVK_1_05 0.8 60 S S 67 0.6 S
302 |hVH_4 04703 |hVK_1_06 0.8 60 S S 64 1.1 S
303 |hVH_4 04*03 [hVK 1_09 4.5 0.1 bg S S 30 0.6 S
304 |hVH_4 04703 |hVK 1_12 0.7 60 S S 61 0.8 S
305 |hVH_4_04*03 |hVK_1_16 3.2 0.2 60 S S 48 0.4 S
306 |hVH_4 0403 |hVK_1_17 04 4 S S 34 0.8 S
307 |hVH_4_04*03 |hVK_1_27 0.4 60 S S 48 0.9 S
308 [hVH_4 0403 [hVK_1_39 0.2 bg S S 26 1.0 S
309 [hVH_4 0403 [hVK_2 30 0.3 0.5 4 S S 38 0.2 U
310 |hVH_4 0403 |hVK_3 11 0.6 bg S S 43 0.3 S
311 |hVH_4 0403 |hVK 3 15 0.6 60 S S 58 1.1 S
312 |hVH_4 04703 |hVK_3 20 1.1 60 S U 65 1.1 S
318 |hVH_4 04703 |hVL_1-40 1.0 60 S S 75 0.9 S
314 |hVH_4 0403 |hVL_1-47 8.3 14 04 S
315 |hVH_4 0403 |hVL_1-51 0.9 60 S S 71 0.6 S
316 |hVH_4 0403 |hVL_2-11 1.0 60 S S 73 0.7 S
317 |hVH_4 0403 |hVL_2-14 0.7 60 S S 63 0.4 S
418 |hVH 4 0403 |hVL 2-23 2.7 1.0 60 S S 77 0.7 S
319 |hVH 4 0403 |hVL 3-1 2.2 0.6 60 S S 63 1.3 S
| 220 |hVH 4 04*03 |hVL 3-21 5.2 0.7 60 S S 69 0.5 S
321 |hvH 4 31 hVK_1_05 0.0 bg S S 21 0.0 bg
322 |hvH_4 31 hVK_1_06 0 0.2 bg
323 |hvH_4 31 hVK_1_09 0.1 4 S S 23 0.6 S
324 |hvH_ 4 31 hVK_1_12 0.1 60 S S 37 0.4 S
325 |hvH_ 4 31 hVK_1_16 0.0 bg S S 20 0.0 bg
326 |hvH_4 31 hVK_1_17 0.0 bg U bg 1 0.2 bg
327 |hvH_4 31 hVK_1_27 0.0 bg S S 20 0.0 bg
328 |hvH_4 31 hVK_1_39 0.8 60 S S 65 0.5 S
329 |hvH_4 31 hVK_2_30 0.0 bg S S 20 0.0 bg
330 |hvH_4 31 hVK_3_11 0 0.0 bg
331 |hvH 4 31 hVK_3_15 0.1 bg S S 24 0.1 S
332 |hvH_4 31 hVK_3_20 0 0.4 S
333 [hVH_4 31 hVL_1-40 0.0 0.6 60 S S 57 0.8 S
334 |hvH_ 4 31 hVL_1-47 0.0 0.7 60 S S 62 0.1 S
335 |hvH_4 31 hVL_1-51 0.9 60 S S 70 0.3 S
386 |hvH_4 31 hVvL_2-11 05 60 S S 55 0.2 S
337 |hvH_4 31 hVL_2-14 0.0 0 0.5 S
338 |hvH_4 31 hVL_2-23 0.0 60 S S 37 0.3 S
359 |hvH_4 31 hVL_3-1 1.4 0.3 60 S S 50 1.3 S
340 |hvH_4 31 hvL_3-21 0.4 60 S S 50 0.4 bg
341 |hvH 4 39 hVK_1_05 0.0 0.3 60 S S 45 0.3 S
342 |hVH_4 39 hVK_1_06 1.6 3 0.8 S
343 |hvH 4 39 hVK_1_09 05 4 S S 37 0.7 S
344 |hvH_ 4 39 hVK_1_12 0 0.9 S
345 |hvH 4 39 hVK_1_16 0 0.5 S
346 |hVH_4 39 hVK_1_17 0.7 0.3 4 S S 33 1.0 S
347 |hVH 4 39 hVK_1_27 0 0.4 S
348 |hvH_4 39 hVK_1_39 2.1 0.3 60 S S 48 1.2 S
349 |hvH_4 39 hVK_2_30 0.2 4 S S 27 0.2 S
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Fab Fab lgG1

Relative Fab Fab  |stability in |stability in| Fab stability in

Display Relative Fab | thermo- [ mouse | bovine [ ranking- |RelativelgG1| bovine

N, VH VL (CysDisplay) | expression | stability | serum serum value | expression | serum
350 |hVH_4_39 hVK_3_11 0.3 60 S S 48 0.2 S
351 |hVH_4_39 hVK_3_15 0.6 70 S S 68 1.0 S
352 |hVH_4_39 hVK_3_20 0.6 60 S 49 1.2 S
353 |hvH_4_39 hVL_1-40 0.6 0.9 70 S S 81 1.1 S
354 |hVH_4_39 hVL_1-47 0.7 70 S S 72 0.3 S
355 |hVH_4_39 hvL_1-51 0.8 60 S S 65 0.5 S
356 |hVH_4_39 hVL_2-11 0 0.3 S
357 1hVH 4 39 hVL 2-14 2.0 0.6 60 S S 63 0.5 S
358 |hVH_4_39 hVvL 2-23 0.9 0.7 60 S S 62 0.4 S
354 |hvH 4 39 hVL 3-1 3.6 0.5 60 S S 59 0.9 S
360 |hVH_4_39 hvL_3-21 0.6 60 S S 57 0.6 S
361 |hVH_5_51 hVK_1_05 05 60 S S 52 04 S
362 |hVH_5_51 hVK_1_06 05 60 S S 54 0.9 S
463 [hVH 5 51 hVK 1 09 26 0.5 60 S S 57 0.5 S
364 |hVH_5_51 hVK_1_12 1.8 3 0.8 S
365 |hVH_5_51 hVK_1_16 1.3 2 0.5 S
366 |hVH_5_51 hVK_1_17 0.3 4 S S 32 0.6 S
367 |hVH_5_51 hVK_1_27 04 0.2 60 S S 43 1.0 S
368 [hVH_5_51 hVK_1_39 3.7 0.3 60 S S 51 1.2 S
369 |hVH_5_51 hVK_2_30 0.9 0.2 4 S 19 0.7 S
370 |hVH_5_51 hVK_3_11 1.0 60 S 62 0.6 S
371 |hVH_5_51 hVK_3_15 1.9 3 1.2 S
372 |hVH_5_51 hVK_3_20 0 1.1 S
373 |hVH_5_51 hVL_1-40 1.0 60 S S 72 1.3 S
374 |hVH_5_51 hVL_1-47 1.0 60 S S 73 0.8 S
375 |hVH_5_51 hVL_1-51 1.1 60 S S 77 0.5 S
376 |hVH_5_51 hVL_2-11 0.0 0.7 60 S S 63 0.3 S
377 |hVH_5_51 hVL_2-14 2.1 4 0.8 S
278 |hVH 5 51 hVL 2-23 3.0 1.0 60 S S 79 0.7 S
379 |hVH 5 51 hVL 3-1 3.8 0.7 60 S S 67 1.3 S
380 |hVH_5_51 hVL_3-21 0 0.7 S
381 |hVH_6_1 hVK_1_05 0.7 60 S S 62 0.0 S
462 |hVH 6 1 hVK 1 06 3.3 0.6 60 S S 64 12 S
383 |hvH_6_1 hVK_1_09 59 10 1.3 S
384 |hvH_6_1 hVK_1_12 15 0.0 bg U S 13 1.1 S
385 |hvH_6_1 hVK_1_16 0 1.4 S
386 |hVH_6_1 hVK_1_17 0.5 60 S S 54 1.3 S
387 |hVH_6_1 hVK_1_27 0.5 70 S S 63 1.2 S
388 |hvH_6_1 hVK_1_39 0.3 60 S S 45 1.1 S
389 |hVH_6_1 hVK_2_30 0.3 4 S S 32 0.3 S
390 |hvH_6_1 hVK_3_11 0 0.9 S
391 |hVH_6_1 hVK_3_15 0.7 70 S S 70 1.3 S
392 |hVH_6_1 hVK_3_20 0.9 60 S S 70 1.3 S
393 |hVH_6_1 hVL_1-40 7.2 12 1.4 S
394 |hVH_6_1 hVL_1-47 1.1 60 S S 75 0.2 S
395 |hVH_6_1 hVL_1-51 1.1 60 S S 75 0.5 S
396 |hVH_6_1 hVL_2-11 1.0 1.0 60 S S 73 0.2 S
347 |hVH_6_1 hVL_2-14 0 0.4 S
3898 |hVH 6 1 hVL 2-23 21 0.8 60 S S 69 04 S
399 |hVH_6_1 hvL_3-1 05 60 S S 55 1.4 S
400 |hVH_6_1 hVL_3-21 04 0.8 60 S S 66 0.5 S
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Table 12 Key:

For relative Fab display, relative Fab expression and relative IgG1 expression, the
values illustrate the levels as compared to a control. Higher numbers indicate higher levels.

For Fab thermostability, the numbers 60 and 70 indicate VH/VL pairs which are stable
for 45 minutes at 60°C or 70°C at the tested conditions. The number 4 indicates temperature
instable pairs and bg (background) indicates low expression levels.

For Fab stability in mouse serum, Fab stability in bovine serum and IgG1 stability in
bovine serum, S stands for stable, U for unstable, and bg for background, at the tested
conditions.

As described in the previous examples, the predominant VH and VL germline genes and
the predominant VH/VL germline gene pairs were identified from the human immune repertoire,
then the predominant VH and VL germline protein sequences were analysed in silico in order to
identify and select variable heavy chain and variable light chain germline protein sequences
having favorable biophysical properties. As shown in Table 5, and Figures 2-3, generally, the
top 20VH, top 8VA and top 12 Vk were selected for synthesis, combination and subsequent
functional analysis. The germline gene sequences were synthesized and then combined in
order to generate 400 germline protein pairs that are representative of the abundant germline
gene pairs expressed in the human immune repertoire. The 400 VH/VL germline protein pairs
were tested for the following properties: a) relative display after phage production and phage
ELISA in Fab format; b) relative Fab expression yield after Fab production in E. coli, E. coli cell
lysis and ELISA detection of produced Fab; ¢) temperature stability of Fab after Fab production
in E. coli, E. coli cell lysis and ELISA detection of non-denatured Fab after incubation at
increased temperatures; d) bovine/mouse serum stability of Fab from E. coli lysates by ELISA
detection of non-denatured Fab after incubation in bovine/mouse serum; e) relative human IgG1
expression yield after IgG1 production in mammalian cells and ELISA detection of secreted
IgG1 from cell culture supernatants; and f) bovine serum stability of human IgG1 by ELISA
detection of non-denatured IgG1 after incubation in bovine/mouse serum.

Using the data provided in Table 12, one of skill in the art could readily identify the
germline protein pairs having favorable biophysical properties.

Generally, the germline protein pairs having a threshold value in each functional property
were selected for incorporation in the collections. For example, in some embodiments, the
germline protein pairs comprising all of the following properties were selected for incorporation
into a collection: i) a relative display rate in Fab format comprising a value within the top 75% of
Fabs sampled; ii) an expression yield in Fab format of at least 0.4 as compared to Fab VH1-69
VLA _VI1-40 AYA; iii) thermal stability at 60°C or more for at least 45 minutes in Fab format; iv)
stability in bovine or mouse serum in Fab format for greater than ten days at 37°C; v) an

127



hvH 3 53 hVL 1-51 6A 1.3 60 S S 96 OAS hVH 3.53 hVL_2-11 7.2 0.8 60 S S
78 0.3 S hVH 3_.53 hvL_2-14 1.0 60 SS 75 0.8 S hVvH 3 53 hVL 2-23 6.3 1.
60 S S 86w0.2612866129H 3 53 hVL 3-1 5.1 0.6 60 S S 67 0. 5PET/HPYH187E33

1

expression yield in IgG format of at least 0.4 as compared to MOR03080; and vi) stability in
serum in IgG format for fourteen days at 37°C. Table 32 shows in bold and underline the
germline protein pairs comprising all of these functional properties.

As described above, however, germline protein pairs having one or more of the
functional properties may be selected for incorporation into collections. Here, an aggregate
ranking of the 400 germline protein pairs tested was created, so that each germline protein pair
could be ranked against the other giving weight to each of the functional properties tested. This
allowed the inventors to select one or more germline protein pairs having one or more or all of
the listed functional properties. In some embodiments, the collections comprise all of the
germline protein pairs having the above characteristics. In some embodiments, the collection
comprises the germline protein pairs having the highest aggregate score of the 400 pairs tested.
In some embodiments, the germline protein pairs having aggregate scores within the top 10%,
top 20%, or top 30% of the 400 pairs tested were selected for incorporation into collections.

Example 9: Further testing of ~100 VH/VL pairs

Of the 400 germline protein pairs tested above (results shown in Table 12), 95 were
selected for further testing. The previous testing of the 400 germline protein pairs for display,
expression yield, thermal and serum stability acted as a preliminary filter to remove the germline
protein pairs that do not have characteristics thought to be favorable for therapeutic
development. The goal was to select a sub-group of germline protein pairs having favorable
developability characterictics, while at the same time maintaining a high level of diversity within
a collection so that the collection can be used to identify developable candidates against any
antigen.

Table 12 shows ~60 bold and underlined germline protein pairs which met the
thresholds of an embodiment of the disclosure. Of the 95 germline protein pairs selected for
further testing, some were chosen because they met the previous criteria, and it was desirable
to further test them. Others were chosen, despite not meeting certain thresholds, so that these
pairs could be re-evaluated. Again, one of the goals of the present disclosure is to provide a
diverse collection that is able to be used to identify antibodies or fragments against any antigen.
The 95 germline protein pairs shown in Figures 16-24 were synthesized as described in
Example 5. After synthesis and expression in Fab and IgG1 formats, the 95 germline protein
pairs were further tested in both Fab and IgG1 formats for the following a) purified Fab
expression yield in mg/L (expression culture), b) purified Fab monomeric content (% monomer),
¢) purified Fab thermal stability in °C, d) purified IgG1 expression yield in mg/L (cell culture), e)
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hVL_3-21 0.8 60 SS 66 0.5S hVH 3 73 hVK 1. 05 0.4 0.2 60 S S 45 1.1 S
hVH 3 73 hVK 1 06 0.3 0.2 60 SS 45 1.0 S hVH3 73 hvK 1.09 0.3 0.1 60 S S
39 0.9 SwWOVHZ6RINVK 1 12 0.3 0.1 60 S S 38 0.5 S hVIRCI/EP201hWK413 16

purified IgG1 monomeric content (% monomer), f) purified IgG1 thermal stability in °C, g) 1gG1
isoelectric point and h) IgG stress testing with exposure to acid, including differential scanning
fluorometry (DSF), absorption, dynamic light scattering and particle staining.

Example 9.1 Purified Fab testing

Fab fragments representing each of the 95 germline protein pairs selected for further
testing were expressed in E. coli and purified. Expression of Fab fragments in E. coli TG-1 F-
cells was carried out in 500 ml cultures of 2xYT medium supplemented with 0.1% glucose and
chloramphenicol. Cultures were shaken until the OD600nm reached 0.5. Fab expression was
induced by addition of IPTG (isopropyl-B-D-thiogalactopyranoside) and further over night
cultivation. Cells were harvested and disrupted using lysozyme. His6-tagged (SEQ ID NO: 203)
Fab fragments were isolated via IMAC (Bio-Rad, Munich, Germany) and eluted using imidazole.
Buffer exchange to 1x Dulbecco’s PBS (pH 7.2, Invitrogen, Darmstadt, Germany) was
performed using PD10 columns (GE Healthcare, Munich, Germany). Samples were sterile
filtered (0.2 um).

Example 9.1.1 Purified Fab expression yield determination

The protein concentrations of purified Fab fragments representing each of the 95
germline protein pairs were determined by UV-spectrophotometry (Nanodrop, peglab, Erlangen,
Germany). The extinction coefficient used was 1.538 mL/mg and measured absorbance at
280nm. The results are shown in Figures 16-18.

Example 9.1.2 Purified Fab thermal stability determination

The thermal stability of purified Fab fragments representing each of the 95 germline
protein pairs were determined by differential scanning fluorometry (DSF). Differential scanning
fluorometry (DSF) is a fluorescence dye based technique that monitors thermal unfolding
(melting point) of a protein of interest. Changes in the fluorescence of a hydrophobic dye
interacting with the hydrophobic amino acid side-chains of the unfolding protein are monitored
over a temperature ramp.

The following materials were used: Sypro Orange fluorescent dye (Sigma, #55692);
iCycler iQ PCR Plates, 96-well (Biorad, #2239441); Microseal B Adhesive Sealer (Biorad
#MSB-1001); 96-well Optical Pad (Biorad, #ADR3296); iCycler iQ5 Thermal cycler (Biorad) and
Gibco D-PBS, pH 7.4 (Invitrogen, Paisley, USA).
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Diluted Sypro Orange was added to each well of a 96 well iCycler iQ PCR Plate, and the
samples were tested at a final concentration of at least 0.1 mg/ml. The iCycler iQ5 Thermal
cycler (Biorad) was used for testing. The temperature was scanned from 20 “C to 95 *C at a
heating rate of 60 °C/h, and the temperature of unfolding was calculated by analysis of the
midpoint of the fluorescence transition. The results are shown in Figures 16-18 in the Purified
Fab Thermafluor column.

Example 9.1.3 Purified Fab separation by size exclusion chromatography

The monomer contents (% monomer) of purified Fab fragments representing each of the
95 germline protein pairs were determined by size exclusion chromatography (SEC). SEC was
performed on an AKTA Purifier System (GE Healthcare Europe GmbH, Freiburg, Germany). For
separation a Superdex75 HR 10/30 column was used (GE Healthcare Europe GmbH, Freiburg,
Germany). For each sample 10 pl of protein was loaded onto the column, separation was
performed at a flow rate of 0.05 ml/min and recorded analyzing the UV absorption at 260 and
280 nm. The running buffer was composed of Gibco D-PBS, pH 7.4 (Invitrogen, Paisley, USA).
The results are shown in Figures 16-18.

Example 9.2 IgG1 expression and purification

IgG1s respresenting each of the 95 germline protein pairs selected for further testing
were expressed in HKB11 cells. Eukaryotic HKB11 cells were transfected with a 1:1 ratio of IgG
heavy and light chain expression vector DNA. Cell culture supernatant was harvested on day 3
to 4 post transfection and subjected to protein A affinity chromatography (MabSelect SURE, GE
Healthcare, Munich, Germany). Buffer exchange was performed with 1 x Dulbcecco’s PBS (pH

7.2, Invitrogen, Darmstadt, Germany) and samples were sterile filtered (0.2 um pore size).

Example 9.2.1 Purified lgG1 expression vield determination

The protein concentrations of purified IgG1s representing each of the 95 germline
protein pairs were determined by UV-spectrophotometry (Nanodrop, peqglab, Erlangen,
Germany). The extinction coefficient used was 1.369 mL/mg and measured absorbance at
280nm. The results are shown in Figures 16-18.

Example 9.2.2 Purified IgG1 thermal stability determination

IgG1 thermal stability of purified IgG1s was determined by differential scanning
fluorometry (DSF) as described in method 9.1.2. The values shown for each IgG represent the
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unfolding events that take place within the variable regions of the IgG. The values representing
unfolding of the Fc portion are not shown, as they are generally identical for each human IgG1.
The results are shown in Figures 16-18.

Example 9.2.3 Purified IgG1 separation by size exclusion chromatography

The monomeric content (% monomer) of purified IgG1 representing each of the 95
germline protein pairs were determined by size exclusion chromatography (SEC). HP-SEC was
performed on a Dionex UltiMate 3000 Titanium HPLC system (Dionex Corporation, Germering,
Germany) in combination with Wyatt miniDAWN Treos and Wyatt Optilab rEX (Wyatt
Technology Europe, Dernbach, Germany). For separation a Tosoh TSK-Gel G3000SWxI
column was used (Tosoh Bioscience, Stuttgart, Germany). For each sample 15 pg of protein
was loaded onto the column, separation was performed at a flow rate of 0.5 ml/min and
recorded analyzing the UV absorption at 280 nm. The running buffer was composed of Gibco D-
PBS, pH 7.4 (Invitrogen, Paisley, USA). The results are shown in Figures 16-18.

Example 9.2.4 Purified IgG1 Isoelectric point (pl) calculation

The Isoelectric point of each germline protein pair in IgG1 format was calculated.
Methods of determining the pl of a protein are known to one of skill in the art. For example, the
following tools can be used: http:/www.expasy.org/tools/pi_tool.html; Vector NTI (Invitrogen,
Carlsbad, California). The results are shown in Figures 16-18.

Example 9.2.5 Purified lgG1 stress testing with exposure to acid

As a virus inactivation step is standard during the downstream processing (DSP) of
Chemistry, Manufacturing and Control (CMC), the ability of the 95 germline protein pairs to
withstand acid was tested by lowering the pH and recording aggregation sensitive data for each
of the IgG1s. Each of the germline protein pairs was delivered in a 96-deep-well plate format in
a concentration of 2 mg/mL. 150 uL of each was transferred into a 96-well plate. Initial
characterization was performed by absorption, dynamic light scattering (DLS), differential
scanning fluorometry (DSF) measurements and particle staining. The samples were acidified
using 1.8 uL 1M Citrate pH 2.3. Samples were neutralized after 2, 5 hours using 1 M Tris pH9.0.

Example 9.2.5 (a) Purified IgG1 Differential Scanning Fluorometry

In order to evaluate the thermal stability before and after exposure to acid of IgG1s
respresenting each of the 95 germline protein pairs selected for further testing, differential
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scanning fluorometry (DSF) was performed as described in Example 9.1.2. The values shown
for each IgG represent the unfolding events that take place within the variable regions of the
IgG. The values representing unfolding of the Fc portion are not shown, as they are generally
identical for each IgG. If the Tm (apparent melting point) values before and after exposure to
acid are equal then the molecular structure of the antibody was either unaffected by the acid or
was able to refold efficiently after exposure. The results are shown in Figures 19, 21, and 23.

Example 9.2.5 (b) Purified 1gG1 UV/Vis Absorption
In order to identify aggregating samples turbidity was recorded at 320 nm. Turbidity of

IgG solutions was assessed before and after acid exposure respresenting each of the 95
germline protein pairs selected for further testing. The results are shown in Figures 19, 21, and
23. Baseline absorbtion was 0.035 extincition units expected for clear solutions. Increase in
absorbtion is caused by light scattering which results in increasing absorption. Values above
0.039 are likely to contain aggregates. Values above 0.045 indicate clear presence of
aggregates. Values above 0.06 represent critical aggregation levels which were found for
molecules with strongly unfavourable stability.

Example 9.2.5 (c) Purified 1gG1 Dynamic Light Scattering

In addition, Dynamic Light Scattering (DLS) was performed on each IgG1 respresenting
the 95 germline protein pairs selected. Dynamic light scattering (DLS) is a spectroscopic
method to assess the hydrodynamic radius of particles in solution. All DLS experiments were
performed using a DynaPro Titan cuvette system (Wyatt Technology Europe, Dernbach,
Germany).

In case of visible particle contamination after stress testing, the IgGs were centrifuged in
order to remove large aggregates. Figures 20, 22 and 24 show the apparent particle radius and
polydispersity corresponding to the monomeric IgG1 found in the preparations before and after
acid treatment. The data was evaluated according to the calculated radius of the cumulant
analysis.In addition to the hydrodynamic radius, the % polydispersity of the preparations was
assessed. An increase in polydispersity ( > 15 %) indicates potential aggregation of the IgG
molecules, leading to heterogeneous particle size distribution. High molecular weight (HMW)
particles clearly distinguishable from the IgG ( radius > 3-fold) are not listed in the table. All DLS
results are shown in Figures 20, 22 and 24.
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Example 9.2.5 (d) Purified lgG1 particle staining

In order to evaluate the amount and morphology of visible aggregates, particle staining
was performed before and after acid exposure on each IgG1 representing the 95 germline
protein pairs selected. The following reagentes were used to filter and stain particles in IgG
preparations: Ultrafree-CL 0.22 um sterile filter (Millipore, #UFC40GV0S); Anti-human lambda
light chain, AP conjugated (Sigma #A-2904); Developing agent for AP-conjugates, Fast
BCIP/NBT, (Sigma #B-5655); Roti®-ImmunoBlock (Roth #T144.1); Alkaline Phosphatase Stop
Solution (Sigma #A5852-100ML); TBS: 0.05 M Tris; 0.15 M NaCl; TBS with 0.1% Tween 20;
and 5 M NaCl solution.

The protein solution was filtered through a 0.22 um filter and the remaining antibody
aggregates are subsequently stained using the mouse anti human Fab2 alkaline phosphatase
conjugated antibody and a western blot developing agent. The assay was performed according
to the manufacturer’s manual. The samples were subsequently categorized by visual inspection
in range from 1-4, with category 1 representing very low particle content and category 4
representing high particle load of the preparation. All particle staining results are shown in
Figures 20, 22 and 24.

Example 9.2.6 Purified IgG1 stress testing with agitation

The ability of antibodies or antibody fragments to resist sheer forces is a helpful criteria
as filtration steps cannot be avoided during processing. Therefore, the 95 germline protein pairs
were tested in IgG1 format using a glass pearl that was accelerated in a 96 well plate on an
orbital shaker at 550 rpm in a deep well plate. 350 pl of each IgG was subjected to this
treatment. 150 pL of each was transferred into a 96-well plate. Initial characterization was
performed by absorption, dynamic light scattering (DLS), differential scanning fluorometry (DSF)

measurements and particle staining.

Example 9.2.6 (a) Purified lgG1 UV/Vis Absorption
In order to identify aggregating samples turbidity was recorded at 320 nm. Turbidity of

IgG solutions respresenting each of the 95 germline protein pairs selected for further testing
was assessed before and after stress exposure. The results are shown in Figures 49, 51 and
53. Baseline absorbtion was 0.035 extincition units expected for clear solutions. Increase in
absorbtion is caused by light scattering which results in increasing absorption. Values above

0.039 are likely to contain aggregates. Values above 0.045 indicate clear presence of
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aggregates. Values above 0.06 were found for critical aggregation levels which were found for
molecules with strongly unfavourable stability.

Example 9.2.6 (b) Purified lgG1 Differential Scanning Fluorometry

In order to evaluate the thermal stability before and after exposure to acid of IgG1s
respresenting each of the 95 germline protein pairs selected for further testing, differential
scanning fluorometry (DSF) was performed as described in Example 9.1.2. The values shown
for each IgG represent the unfolding events that take place within the variable regions of the
IgG. The values representing unfolding of the Fc portion are not shown, as they are generally
identical for each human IgG1. The results are shown in Figures 50, 52 and 54.

Example 9.2.6 (c) Purified 1gG1 Dynamic Light Scattering

In addition, Dynamic Light Scattering (DLS) was performed on each IgG1 representing
the 95 germline protein pairs selected. Dynamic light scattering (DLS) is a spectroscopic
method to assess the hydrodynamic radius of particles in solution. All DLS experiments were
performed using a DynaPro Titan cuvette system (Wyatt Technology Europe, Dernbach,
Germany).

In case of visible particle contamination after stress testing, the IgGs were centrifuged in
order to remove large aggregates. Figures 50, 52 and 54 show the apparent particle radius and
polydispersity corresponding to the monomeric IgG1 found in the preparations after stress
treatment. The data was evaluated according to the calculated radius of the cumulant
analysis.In addition to the hydrodynamic radius, the % polydispersity of the preparations was
assessed. An increase in polydispersity ( > 15 %) indicates potential aggregation of the IgG
molecules, leading to heterogeneous particle size distribution. High molecular weight (HMW)
particles clearly distinguishable from the IgG ( radius > 3-fold) are not listed in the table. All DLS
results are shown in Figures 50, 52 and 54.

Example 9.2.6 (d) Purified lgG1 particle staining

In order to evaluate the amount and morphology of visible aggregates, particle staining
was performed before and after stress exposure on each IgG1 representing the 95 germline
protein pairs selected. The following reagentes were used to filter and stain particles in IgG
preparations: Ultrafree-CL 0.22 um sterile filter (Millipore, #UFC40GV0S); Anti-human lambda
light chain, AP conjugated (Sigma #A-2904); Developing agent for AP-conjugates, Fast
BCIP/NBT, (Sigma #B-5655); Roti®-ImmunoBlock (Roth #T144.1); Alkaline Phosphatase Stop
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Solution (Sigma #A5852-100ML); TBS: 0.05 M Tris; 0.15 M NaCl; TBS with 0.1% Tween 20;
and 5 M NaCl solution.

The protein solution was filtered through a 0.22 um filter and the remaining antibody
aggregates are subsequently stained using the mouse anti human Fab2 alkaline phosphatase
conjugated antibody and a western blot developing agent. The assay was performed according
to the manufacturer’s manual. The samples were subsequently categorized by visual inspection
in range from 1-4, with category 1 representing very low particle content and category 4
representing high particle load of the preparation. All particle staining results are shown in
Figures 50, 52 and 54.

Example 9.2.7 lgG Stress testing cumulative score

In order to help evaluate the stress testing results of both exposure to acid and agitation
with glass beads, a scoring system was created so that the germline protein pairs could be
compared. Each data point taken in Examples 9.2.5(a-d), results shown in Figures 19-24 and
Examples 9.2.6(a-d), results shown in Figures 49-54 was given a score ranging from 0-100 (0,
25, 75 or 100) and the scores were added together to generate a cumulative score. The
thermal stability values identified in Examples 9.2.5(a) and 9.2.6 (b) were not given scores.

Figures 55 and 56 show the stress testing scores for the germline protein pairs 1-32
from Examples 9.2.5-9.2.6. Each score is a representation of the raw data points shown in
Figures 19, 20, 49 and 50. Figures 19-20 show the response to acid exposure and Figures 49-
50 show the response to agitation with glass beads. Figure 56 shows the cumulative score,
which is the addition of each of the scores shown in Figures 55 and 56.

Figures 57 and 58 show the stress testing scores for the germline protein pairs 33-64
from Examples 9.2.5-9.2.6. Each score is a representation of the raw data points shown in
Figures 21, 22, 51 and 52. Figures 21-22 show the response to acid exposure and Figures 51-
52 show the response to agitation with glass beads. Figure 58 shows the cumulative score,
which is the addition of each of the scores shown in Figures 57 and 58.

Figures 59 and 60 show the stress testing scores for the germline protein pairs 65-95
from Examples 9.2.5-9.2.6. Each score is a representation of the raw data points shown in
Figures 23, 24, 53 and 54. Figures 23-24 show the response to acid exposure and Figures 53-
54 show the response to agitation with glass beads. Figure 60 shows the cumulative score,
which is the addition of each of the scores shown in Figures 59 and 60.
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Example 10: Selection of collection composition

In summary, 400 germline protein pairs were selected, as described in Example 4.
These 400 are a representation of the diversity of germline protein pairs that exist in the human
immune repertoire. The 400 germline protein pairs were tested as described in Examples 6-7.
Of the 400, 95 were further tested as described in Example 9.

The 95 germline protein pairs were compared taking the following factors into
consideration: a) Fab display rate; b) Fab expression yield, ¢) Fab thermal stability; d) Fab
serum stability; e) Fab SEC monomeric content (% monomer); f) IgG1 expression yield; g) IgG1
thermal stability; h) IgG1 serum stability; i) IgG1 SEC monomeric content (% monomer); and j)
IgG1 isoelectric point (pl). The data for each of these factors are shown in Figures 16-18.
These factors correlate well to the developability of therapeutic antibodies.

Fab display rate is an important factor in the selection of antibodies or fragments against
an antigen. Fabs displaying at a high rate have a higher likelihood to be exposed to the antigen
upon selection. A high display rate of each of the various Fabs makes sure that the full diversity
of the collection is exposed to an antigen upon selection. The Fab display rate was identified in
Example 6.2, where the reference was an internal standard (HuCAL GOLD reference phage
preparation (VH3 kappa + lambda)). The HuCAL GOLD VH3 prep is a high displaying
preparation. Fab display rate is an important factor and was useful in narrowing the 400 pairs
down to 95 for further testing, but in some embodiments was not considered a determinative
factor in the selection of germline protein pairs for incorporation into collections.

Expression yield of both Fab and IgG1 are important as antibodies or fragments selected
against an antigen, first must be tested, often in vitro or in vivo to determine functional activity,
then in tox species and finally in humans for clinical trials. It is very important that the antibodies
or fragments selected against an antigen can be efficienty expressed in high enough quantity to
support all of the various testing required for therapeutic development and for supply of clinical
trial and market. The expression yield (mg purified Fab/L of expression culture) of purified Fabs
was identified in Example 9.1.1 (results shown in Figures 16-18) and, in an embodiment of the
disclosure, a threshold of at least 2.5 mg/L was selected. In other embodiments, other
thresholds were selected. The expression yield (mg purified IgG1 /L of cell culture) of purified
lgG1 was identified in Example 9.2.1 (results shown in Figures 16-18) and, in an embodiment of
the disclosure, a threshold of at least 30.0 mg/L was selected. In other embodiments, other
thresholds were selected.

Thermal stability is an important factor as proteins, such as, antibodies, are susceptible
to high temperatures, therefore, antibodies capable of withstanding the requirements associated
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with the storage and transportation required in order to distribute therapeutics worldwide and
have a long shelf life are essential. The thermal stability of purified Fab was determined in
Example 9.1.2 (results shown in Figures 16-18) and, in an embodiment of the disclosure, a
threshold of at least 70°C was selected. In other embodiments, other thresholds were selected.
The thermal stability of purified IgG1 was determined in Example 9.2.2 (results shown in Figures
16-18), the listed value represents the de-stabilization of the variable domains and, in an
embodiment, a threshold of at least 73°C was selected. In other embodiments, other thresholds
were selected.

Serum stability is an important factor for therapeutic antibodies as therapeutic proteins
must maintain efficacy and functional conformation despite being exposed to the serum
proteases present in human serum. The serum stability of the germline protein pairs were
determined by the methods described in Examples 6.5, and 7.2. Serum stability is important,
but was not considered a determinative factor in the selection of germline protein pairs as the
assay tended to produce false-negative results in few cases.

Monomeric content (% monomer) as determined by size exclusion chromotagraphy
(SEC) is an important factor as it correlates well to aggregation propensity. Aggregation is a
common problem in therapeutic protein development, which leads to the inactivation,
inhomogeneity and production loss of the protein therapeutic. The monomeric content (%
monomer) as determined by size exclusion chromotagraphy (SEC) in both purified Fab and
purified IgG1 formats was determined by the methods described in Examples 9.1.3 and 9.2.3
(results shown in Figures 16-18). The monomeric content (% monomer) of purified Fab was
determined in Example 9.1.3 and, in an embodiment, a threshold of at least 98% was selected.
In other embodiments, other thresholds were selected. The monomeric content (% monomer)
of purified IgG1 was determined in Example 9.2.3 and, in an embodiment, a threshold of at least
99% was selected. In other embodiments, other thresholds were selected.

Isoelectric point (pl) is predictive of solubility at a certain pH. When the pH of the
solution is significantly different from the pl of a given protein, the protein is soluble. Isoelectric
point is important, but in some embodiments was not considered a determinative factor in the
selection of germline protein pairs.

In an embodiment of the present disclosure, the thresholds for each criteria were
selected as follows: a) purified Fab expression yield (as described in Example 9.1.1) of at least
2.5 mg/L; b) purified IgG1 expression yield (as described in Example 9.2.1) of at least 30.0
mg/L; ¢) thermal stability of purified Fab (as described in Example 9.1.2) of at least 70°C; d)
thermal stability of purified IgG1 (as described in Example 9.2.2) of at least 73°C; e) monomeric
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content of purified Fab (as described in Example 9.1.3) of at least 98%; and f) monomeric
content of purified IgG1 (as described in Example 9.2.3) of at least 99%. The following germline
protein pairs (54) were identified as having these superior functional activities related to
developability as each of the following pairs had values equal to or better than these thresholds
(data shown in Figures 16-24): VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID NO: 236); VH1-18
(SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO:
239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51
(SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO: 257); VH1-69*01 (SEQ ID
NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233);
VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ
ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236); VH3-07 (SEQ ID NO:
207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07
(SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VK1-05 (SEQ ID NO:
230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11 (SEQ ID NO: 208)/VK3-15
(SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO:
208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11
(SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO:
230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12
(SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO: 234); VH3-15 (SEQ ID NO:
209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15
(SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO: 209)/VL1-47 (SEQ ID NO:
251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15 (SEQ ID NO: 209)/VL2-14
(SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-21 (SEQ ID NO:
210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11 (SEQ ID NO: 253); VH3-23
(SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO:
238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1
(SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO: 239); VH3-53 (SEQ ID NO:
213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74
(SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO:
231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK1-27
(SEQ ID NO: 235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH3-74 (SEQ ID NO:
214)/VL1-51 (SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51
(SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO:
252); VHe6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-15

138



0.2 bg SS261.0S hVH 4 04"03 hvK 2.30 0.3 0.5 4SS 38 0.2 U

hVH 4 04"03 hvK 3 11 0.6 bg SS 43 0.3 S hVH 4 0403 hVK 3. 15 0.6 60 S S
58 1.1 S WOVH266903 hVK 3 20 1.1 60 S U 65 1.1 S hVRCH/EPAH08763v4._1- 40
1.0

(SEQ ID NO: 238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID
NO: 216)/VL1-51 (SEQ ID NO: 252). Therefore, collections comprising any number of these
germline protein pairs can be used to identify developable antibodies or fragments thereof
against any antigen.

Additionally, a subset of germline protein pairs were selected based upon a comparison
of the stress testing data identified using the methods described in Examples 9.2.5 (a-d), data
shown in Figures 19-24, Example 9.2.6 (a-d), data shown in Figures 49-54 and Example 9.2.7,
scoring shown in Figures 55-60. The stress testing methods evaluated the 95 germline protein
pairs in IgG1 format in order to determine their ability to withstand exposure to acid and
agitation with glass beads. 36 germline protein pairs, of an embodiment, were selected as they
have additional superior functional properties relevant to developability as they showed strong
resistance to acid and agitation stress. An antibody’s ability to withstand exposure to acid is an
increasingly important factor, as a virus inactivation step is standard during the downstream
processing (DSP) of Chemistry, Manufacturing and Control (CMC). The acid treatment step
denatures virus capsid proteins, which a virus would use for infection. However, lowering the
pH has a destabilizing effect on every protein. Unstable antibodies denature and loose native
structure during this step. In the virus activation step, after a defined time, the acid treatment is
relieved by neutralization and while the virus capsid proteins stay in an inactive conformation,
the processed antibody ideally retains its native structure. The ability of antibodies or antibody
fragments to resist sheer forces is a helpful criteria as filtration steps cannot be avoided during
processing. These 36 germline protein pairs selected in an embodiment, fulfilled all of the
previous threshold functional activities and in addition scored at or above 1225 in the stress
testing cumulative score. In an embodiment, the thresholds for each criteria were selected as
follows: a) purified Fab expression yield (as described in Example 9.1.1) of at least 2.5 mg/L; b)
purified IgG1 expression yield (as described in Example 9.2.1) of at least 30.0 mg/L; c) thermal
stability of purified Fab (as described in Example 9.1.2) of at least 70°C; d) thermal stability of
purified IgG1 (as described in Example 9.2.2) of at least 73°C; e) monomeric content of purified
Fab (as described in Example 9.1.3) of at least 98%; f) monomeric content of purified IgG1 (as
described in Example 9.2.3) of at least 99% and g) stress testing cumulative score (as
described in Example 9.2.7) of at least 1225. Therefore, embodiments of the present disclosure
comprise collections comprising a subset of the fully functional germline protein pairs (36 of the
54) and have additional superior functional properties relevant to developability. In this
embodiment, a collection comprises VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239);
VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ
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ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO:
207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07
(SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO:
251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40
(SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO:
208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15
(SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO:
231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27
(SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO:
209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23
(SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO:
238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1
(SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO:
213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74
(SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO:
233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID
NO: 252).

In another embodiment, the thresholds for each criteria were selected as follows: a)
purified Fab expression yield (as described in Example 9.1.1) of at least 2.5 mg/L; b) purified
IgG1 expression yield (as described in Example 9.2.1) of at least 30.0 mg/L; ¢) thermal stability
of purified Fab (as described in Example 9.1.2) of at least 70°C; d) thermal stability of purified
IgG1 (as described in Example 9.2.2) of at least 73 °C; €) monomeric content of purified Fab (as
described in Example 9.1.3) of at least 99%; f) monomeric content of purified IgG1 (as
described in Example 9.2.3) of at least 99%; @) isoelectric point of purified IgG1 (as described in
Example 9.2.4) of at least 8.3; and h) stress testing cumulative score (as described in Example
9.2.7) of at least 1225. In this embodiment, a collection comprises (33 pairs): VH1-18 (SEQ ID
NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238);
VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51
(SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO:
207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07
(SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO:
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252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47
(SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15
(SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO:
233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO:
210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-53
(SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO:
253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06
(SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO:
214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51
(SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO:
252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20
(SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252)

In a further embodiment, pairs were added to a collection even though the pairs
themselves did not meet all of the thresholds within each criteria, but were added to the
collections in order to enhance diversity. In an embodiment, a collection further comprises: VH3-
23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID
NO: 255); and VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256). In this embodiment, a
collection comprises (36 pairs): VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46
(SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO:
252); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-
12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID
NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251);
VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ
ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO:
208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15
(SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO:
231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27
(SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO:
209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23
(SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO:
238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1
(SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO:
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$S230.6S hvH4 31 hvK1 12 0.160 SS370.4S hvH4 31 hvk 1.16 0.0
bg SS200.0bg hVvH 4 31 hvK 1 17 0.0 bg Ubg 1 0.2 bg hVH 4 31
hVK_1_27 WO.201209689S 20 0.0 bg hVH 4 31 hVK_1_39 0.8 GOTEPI1/070473

213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74
(SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO:
233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID
NO: 252).

Example 11: Beta testing of collections

In order to confirm the effectiveness of the collection design, sub-collections, each
comprising one germline protein pair or pools of sub-collections were generated and selected
against antigens. The antibodies selected were then tested in both Fab and IgG1 formats for
developability characteristics, such as, thermal stability in Fab format, pl in IgG1 format,
expression yields in both Fab and IgG1 formats, thermal stability in IgG1 format, and %
monomer in IgG1 format as determined by SEC. In addition, in some cases the affinity for the

antigen in Fab format was determined.

Collection generation

Sub-collections containing germline protein pairs were synthesized as follows: the FR1-
CDR1-FR2-CDR2-FR3 regions from the respective germline protein sequences shown in
Figures 25-33 were synthesized by GeneArt (Regensburg, Germany). The VHs were cloned via
Nhel and Sall and VLs via Ndel and Acc65l into the pJPd1 display vector. CDR-H3 cassettes
including the constant FR4 region were inserted via BssHII and Xhol with theoretical diversities
ranging between 5.5 x 10°and 1.9 x 10"°. CDR-H3 cassettes with CDR-H3 lengths from 6-17
amino acids were synthesized by Sloning (Martinsried, Germany). CDR-L3 diversity was
achieved by introducing either kappy or lambda TRIM cassettes synthesized by ELLA Biotech
(Martinsried, Germany) with theoretical diversity ranging between 4.6 x 10°and 2.5 x 10°.

Typically 0.25 to 2 ug pJPd1 phagemid DNA of the sub-collections were transformed in
E.coli MC1061 F’ electrocompetent cells and transformants were collected in TB medium and
shaken for at 37°C for 1h. Dilutions of the outgrowth medium were plated on LB/Cam/Gluc.
Ampilification of the libraries was performed by shaking o/n in appropriate amounts of
LB/cam/1%Gilu. Library sizes for sub-collections ranged between 4.6 x 10%and 4.4 x 10°. The
total library size of all sub-collections together is about 1.3 x 10" members. To analyze the
quality of the engineered sub-collections at least 30 clones for each sub-collection were picked
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65 0.5
0.0 bg
0.4 S

S hvH 4 31 hvK 2 30 0.0 bg S S 20 0.0 bg hvH 4 31 hvK 3_11
hVvH 4 31 hvK 3 15 0.1 bg SS 24 0.1 S hVvH 4 31 hvK 3 20
hWwMo40B106ki2 1-40 0.0 0.6 60 S S 57 PCT/EP2011/070473

and CDR-L3 and -H3 regions were sequenced to determine correctness and uniqueness of the
sequences. The libraries were stored as E. coli glycerol cultures.

Phage displaying the sub-collections in Fab format were prepared as follows. For each
library phage preparation 80 ml 2x YT/Cam/Glc medium were inoculated with bacteria from the
corresponding library glycerol stock resulting in an ODggonm Of 0.2 - 0.3. Cultures were shaken
until an ODggonm Of 0.45 - 0.55 was reached. Then helper phage was added at a multiplicity of
infection of 10 to the bacterial culture followed by an incubation for 45 min at 37°C without
shaking and then for 45 min at 37°C shaking at 120 rpm. Bacteria were spun down and helper
phage containing supernatant was discarded. Phage-infected bacteria were resuspended in
400 ml 2x YT/CAM/KAN/IPTG medium and incubated overnight at 22°C with shaking at
120 rpm. The next day bacteria from the overnight culture were pelleted and the supernatant
containing the Fab-presenting phage was collected. Phage precipitation was performed by
adding PEG/NaCl to the phage-containing supernatant. The sample was incubated for at least
30 min on ice. Precipitated phage were spun down and resuspended in PBS. The sample was
rotated slowly to obtain a homogeneous suspension and residual bacterial debris was pelleted
and discarded. From the phage-containing supernatant the phage were precipitated again using
PEG/NaCl. Finally, the phage pellet was resuspended in PBS, transferred to a sterile tube and
shaken slowly to obtain a homogeneous suspension. Phage titers were determined by spot
titration, ELISA and UV absorbance (Nanodrop) at OD268nm.

Phage titers and display levels of Fab fragments expressed by the tricistronic display
vector pJPd1 (shown in Figure 9) and presented on the phage by CysDisplay® (as described in
WO01/05950, US 6,753,136, which is incorporated by reference in its entirety) were evaluated
for each individual phage preparation by ELISA
Two different antibodies are used for capturing:

(1 The anti-M13 antibody (Amersham #27-9420-01) was used, as it captures phage
particles via the major coat protein g8p; therefore, phage titer can be determined.

(2) An anti-Fd antibody (The Binding Site #PC075) was used, which binds to the displayed
Fab; therefore, only phage displaying Fabs are captured.

For (1) and (2) separate reference curves are used. A monoclonal anti-M13 (directed against
major coat protein of M13 phage, g8p) conjugated to HRP is used as a detection antibody.

The respective capture antibodies were immobilized on 96-well MaxisorpTM plates by
dispensing antibody solution for the anti-M13 antibody and for the anti-Fd antibody into different
wells, sealing the plate with laminated foil and incubating overnight. The next day, the plates
were washed with TBST, and each well was blocked with CTBST.
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0.8 S hvH 4 31 hVvL_1-47 0.0 0.7 60 S S 62 0.1 S hVH 4 31 hVL_1-51 0.9 60
SS700.3S hvH4 31 hvL_2-11 0.560 SS550.2S hVvH4 31 hvL_2-14 0.0
0 0.5 S WoHor/@dai12hVL _2-23 0.0 60 S S 37 0.3 PCT/EP2011/070473

The starting dilutions of phage supernatants and reference samples (CS) were prepared
in CTBST in microtiter plates. The starting dilutions of the phage supernatants for the anti-M13
and anti-Fd antibodies were prepared. The starting dilutions of the reference samples, VH3-23
HuCAL Gold ® I+k VCSM13 and HUCAL PLATINUM pooled Hyperphages kappa and lambda
were prepared. Serial dilutions of the phage supernatants were prepared by pre-filling
microtiter plates with CTBST and adding phage and pre-filling a second microtiter plate with
CTBST, and adding phage. For the reference sample, the starting dilution described above was
plated and serial dilutions with both the anti-M13 and anti-Fd antibodies were plated.

Both the phage supernatants and reference samples were transferred for detection as
follows. The blocked ELISA plates were washed with TBST. The phage supernatants were
transferred from the dilution plates to the coated ELISA plates, incubated at room temperature,
and washed with TBST. Anti-M13 peroxidase conjugate (Amersham) diluted in CTBST was
added, and incubated for 1- 2 h at room temperature. The Quanta Blu (Pierce) working solution
was prepared by mixing 1 part (e.g. 0.5 ml) peroxide solution with 9 parts (e.g. 4.5 ml) substrate
solution. The ELISA plates were washed with TBST, the QuantaBlu working solution was
added. The fluorescence was measured after an incubation time of ~ 2 min (excitation: 320 nm,
emission: 430 nm) and subsequently at intervals of 5 min. The evaluation of the ELISA data
was completed as follows: calibration curves were created and the titers of the phage
supernatants and control were calculated. For each sample, the titer on anti-Fd was divided by
the titer on anti-M13 (anti-pVIIl), the resulting ratio was the relative display rate. The results are

shown in Table 13.

Table 13
: Framework Titer (Spot-Titration) Titer (ELISA) relative display
Sub-Library VH VL phageprep | | phageprep |l | phageprep | [phageprep 1 phageprep | | phageprep |l
18 VH3-23 | VK1-39 5.7E+12 2.9E+12 2.9E+13 8.0E+12 6.1 9.3

119 VH3-23 VL3-1 6.6E+12 2.2E+12 2.8E+13 9.2E+12 6.6 8.8

Phage Display Selection against human DKKS, rhErbB4/Her4 Fc fusion, rhFZD-4 Fc fusion and
eGFP
Parallel panning strategies with individual sub-collections or pools of sub-collections

were performed in order to maximize the chance of identifying diverse binding antibodies with
the desired biophysical characteristics. human Dickkopf- 3 (DKK3) (Gene ID 27122),
Recombinant human (rh)ErbB4/Her4 (Gene ID 2066)_Fc fusion protein, rhFZD-4 (Gene ID
8322) Fc fusion and eGFP (enhanced green fluorescent protein; sequence provided above)
were chosen as model antigens for collection validation. Collection screening was performed in
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S hvH4 31 hVL_3-1 1.4 0.3 60 SS501.3S hvH4 31 hVL_3-21 0.460 S S
50 0.4 bg hVvH 4 39 hvK 1 05 0.0 0.3 60 SS 45 0.3 S hvH4 39 hvK 1 06 1.6
3 0.8 S WoHor/@e12hVK 1 09 0.5 4 SS 37 0.7 S PCT/EP2011/070473

a M-450 epoxy bead-based solution panning with the respective antigens covalently coupled to
magnetic Dynabeads(R) (Dynal/Invitrogen Prod. no. 140.11), described below.

Bead-based solution panning against DKK3
DKK3 and control BSA coated carboxyl-beads (Dynal) were blocked with MPBST at
room-temperature (RT) before incubation with pre-adsorbed phages. After several washing

steps, bound phage were eluted and amplified by infecting TG1F+ cells for the next round of
selection. After 3 rounds of selection, pJPd1 (shown in Figure 9) phagemid DNA was isolated
and Fab encoding fragments (modified ompA-VL and modified phoA-Fd) were excised by
restriction digestion with Xbal and EcoRI and ligated into the expression vector pJPx1 (shown in
Figure 10) and transformed into E. coli TG1 F-. The infected cultures were then plated on large
LB/Cam/Gluc plates and allowed to grow over night. Single clones were isolated and tested for
Fab expression yield and antigen binding by ELISA. Fab expression was detected by incubating
Fab containing cell extracts on a sheep anti-human Fd (The Binding Site Cat. PC075) coated
ELISA plate followed by detection with goat anti-human IgG F(ab')2 fragment specific antibody
conjugated with Alkaline Phosphatase (AP) (Jackson Cat. 109-055-097). Antigen specificity
was tested by screening Fab containing cell extracts on DKK3 coupled-Carboxylbeads and BSA
coupled-Carboxylbeads (Dynal) with a fluorometric microvolume assay technology (FMAT®) for
bead based assays (Applied Biosystems 8200 Cellular Detection System / PE Biosystems).
Primary Hits were defined as Fabs that result in an FMAT mean fluorescence signal of at least
5-fold above the background which was set to a value of 200. Specificity to DKK3 was
confirmed in a secondary ELISA with DKK3 as cognate antigen and CD38_Fc as negative
control antigen. Heavy and light chain CDRS3 region of 63, 43 and 44 clones for the VH3-
23/VK1-39, VH3-23/VL3-1 and HuCAL Platinum ® VH3-23/kappa sub-libraries were picked for
sequencing in order to estimate the sequence diversity of DKK3 binding antibodies. The
sequences of the CDR-H3s and CDR-L3s of selected binders are shown in Figures 86. In total,
31 out of 56 successful sequences (55%), 20 out of 35 sequences (47%) and 17 out of 44
sequences (39%) for the VH3-23/VK1-39, VH3-23/VL3-1 and HuCAL-Pt VH3-23/kappa
sublibraries, respectively were different, showing that the constructed libraries contained a
diverse repertoire of DKK3 binders. Results are shown in Table 14.
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hVH 4 39 hVvK 1_12 00.9S hvH 4 39 hvK 1 16 00.5S hVH 4 39

hvK 1 17 0.7 0.3 4 SS 33 1.0 S hVvH 4 39 hvK 1 27 00.4S hVvH 4 39
hVK 1 39 WORo/@6B9 S S 48 1.2 S PCT/EP2011/070473
Table 14
Dkk-3
library screened Hits Hit-rate [%] | picked for Seq. unique / sequences|
18 732 525 72 63 31/ 56
e ]
119 715 536 75 43 : 20/ 35
| HuUCAL-Pt I
VH3-23/Kk 736 667 91 44 17/ 44

18 represents VH3-23/VK1-39, and 119 represents VH3-23/VL3-1.

Bead-based solution panning against rhErbB4/Her4 Fc fusion, rhFZD-4 Fc¢ fusion and eGFP
rhErbB4/Her4_Fc fusion, rhFZD-4 Fc fusion or eGFP and control BSA epoxy M450-

beads (Dynal) were blocked with Chemiblocker for 2h at room-temperature (RT) before

incubation with pre-adsorbed phages for 2h at RT. After several washing steps, bound phage
were eluted and amplified by infecting TG1F+ cells for the next round of selection. After 3
rounds of selection, pJPd1 (shown in Figure 9) phagemid DNA was isolated and Fab encoding
fragments (modified ompA-VL and modified phoA-Fd) were amplified by PCR, purified, and
digested with Xbal and EcoRlI and ligated into the expression vector pJPx1 (shown in Figure 10)
and transformed into E. coli TG1 F-. The infected cultures were then plated on large
LB/Cam/Gluc plates and allowed to grow overnight. Single clones were isolated and tested for
Fab expression yield and antigen binding by ELISA. Fab expression was detected by incubating
Fab containing cell extracts on a sheep anti-human Fd (The Binding Site Cat. PC075) coated
ELISA plate followed by detection with goat anti-human IgG F(ab')2 fragment specific antibody
conjugated with Alkaline Phosphatase (AP) (Jackson Cat. 109-055-097). Antigen specificity
was tested by ELISA screening with Fab containing cell extracts on rhErbB4/Her4_Fc antigen,
rhFZD-4_Fc antigen or eGFP directly coated on MaxiSorp plates. Primary Hits were defined as
Fabs that result in an ELISA signal of at least 5-fold above the background. The results are
shown in Figures 61A-D.

Fc-capture panning against ErbB4/Her4 Fc

Three rounds of solid phase Fc-capture panning were performed using human
ErbB4/Her4 recombinant Fc-tagged protein immobilized by capturing with goat anti human-lgG
Fc specific (Jackson; Cat. 109-005-098) or mouse anti human-lgG Fc¢ specifc (Jackson; Cat.
209-005-098) on Maxisorp plates (Nunc). Prior to each selection round, phages were blocked
with 0.1mg/ml human, goat and mouse immunoglobulin in MPBST/BSA. After several washing
steps, bound phage were eluted and amplified by infecting TG1F+ cells for the next round of
selection. After the third selection round, pJPd1 (shown in Figure 9) phagemid DNA was
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hVH 4 39 hvK 3 11 0.3 60 S S48 0.2 S hvH 4 39 hvK 315 0.6 70 S S

isolated and Fab encoding fragments (modified ompA-VL and modified phoA-Fd) were exised
by restriction digestion with Xbal and EcoRI and ligated into the expression vector pJPx1(shown
in Figure 10) and transformed into TG1F-. The infected cultures were then plated on large
LB/Cam/Gluc plates and allowed to grow overnight. Single clones were isolated and tested for
Fab expression yield and antigen binding by ELISA. Fab expression was detected by incubating
Fab containing cell extracts on a sheep anti-human Fd (The Binding Site Cat. PC075) coated
ELISA plate followed by detection with goat anti-human IgG F(ab')2 fragment specific antibody
conjugated with Alkaline Phosphatase (AP) (Jackson Cat. 109 055 097). Antigen specificity
was tested by ELISA screening with Fab containing cell extracts on ErbB4/Her4_Fc antigen
captured via goat anti-human IgG antibody (Jackson; Cat. 109-005-098) coated on MaxiSorp
plates. Primary Hits were defined as Fabs that result in an ELISA signal of at least 5-fold above
the background. Specificity to ErbB4/Her4_Fc was confirmed in a secondary Fc-capture ELISA
with ErbB4/Her4_Fc as cognate antigen and CD38_Fc as negative control antigen.

Heavy and light chain CDR3 regions of 112, 61 and 95 clones for the VH3-23/VK1-39,
VH3-23/VL3-1 and HuCAL-Pt VH3-23/kappa sub-libraries, respectively, were sequenced in
order to estimate the sequence diversity of ErbB4/Her4_Fc binding antibodies. In total, 31 out
of 106 successful sequences (29%), 30 out of 61 sequences (49%) and 14 out of 91 sequences
(15%) for the VH3-23/VK1-39, VH3-23/VL3-1 and HuCAL-Pt VH3-23/kappa sub-libraries were
different, showing that the constructed libraries contained a diverse repertoire of binders. The
sequence diversity is shown in Table 15.

Table 15
Her4=Fc | |
library | screened Hits Hits* Hit-rate [% picked for CP** [ unique =
10xBg 5xBg 2xBg 10xBg  5xBg  2xBg  total |
18 794 112 150 92 262 33 86 19 7 112 | 311106
9 1145 39 7 15 45 4 39 7 15 61
' HuCAL-Pt
11
VH3-23/k 1364 922 105 8 1027 75 95 0 0 9

* Hits are defined as being reactive at least 5x above background (Bg)
** For compression plates (CP) a few clones were picked that were reactive only 2x above
background (Bg)

unique sequences per analyzable sequences
I8 represents VH3-23/VK1-39, and 119 represents VH3-23/VL3-1.
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68 1.0 S hVH 4 39 hVK 3 20 0.6 60 S 49 1.2 S hVvH 4 39 hVL_1-40 0.6 0.9
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Biacore Kp (affinity) determination via antigen capture setup in Fab format

Binding of monomeric Fab fractions (analyzed by analytical SEC; Superdex75,
Amersham Pharmacia) to captured antigen was analyzed as follows: On a CM5 chip (Biacore/
GE Healthcare) an appropriate anti-antigen tag capture antibody was covalently immobilized
using EDC/NHS chemistry. Kinetic measurements were done by capturing the antigen and
subsequent injection of six different Fab concentrations (2" serial dilution). After each cycle the
sensor chip was regenerated. A blank injection of running buffer was used for double
referencing. All sensorgrams were fitted using BIA evaluation software 3.2 (Biacore/ GE
Healthcare), to determine ke, and kq rate constants, which were used to calculate Kb.

The Biacore Kp determinations were performed as follows: Running buffer was PBST
(phosphate buffered saline pH 7.2 GIBCO + 0.05% Tween-20). Approx. 400 RU antigen with F¢
fusion tag (lot# FYY0310041) were captured using an anti-human Fc antibody (Biacore/ GE
Healthcare). Fab concentrations ranging from 15.6 to 500 nM were used with a flow rate of 20
pl/min, an injection time of 30 s and a dissociation time of 100 s. Regeneration of the surface

was done with 2 injections a 15 ul 3 M MgCl, reagent. The results are shown in Figure 38.

Developability Testing of Antibodies and antibody fragments identified against DKKS3,
rhErbB4/Her4 Fc fusion, rhFZD-4 Fc fusion and eGFP
The antibodies or fragments specific for the antigens were tested in both Fab and I1gG1

formats for developability characteristics, such as, thermal stability in Fab format, affinity in Fab
format, pl in IgG1 format, expression yield in both Fab and IgG formats, thermal stability in IgG1
format, and % monomer in IgG1 format as determined by SEC. The serum stability in IgG1
format was tested as described in Example 7.2. The thermal stability testing in Fab and 1gG1
formats was completed as described in Examples 9.1.2 and 9.2.2. The plin IgG1 format was
completed as described in Example 9.2.4. The expression yield in IgG1 format was completed
as described in Example 9.2.1. The % monomer in IgG1 format as determined by SEC was
completed as described in Example 9.2.3. The results are shown in Figures 37-39, 45-48 and
62.

Again, the inventors believe that there is a high correlation between the input (antibody
collection used for selection against an antigen) and output (antibodies identified as specific for
the antigen) regarding the tested functional properties. Therefore, the collections of the
invention comprise antibodies or fragments that comprise, in part, the same amino acid
sequences as the constructs tested, for example, the framework regions and/or
complementarity determining regions. The CDRS3s are diversified. Since, in an aspect, the
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collections comprise the amino acid sequences, or the nucleic acids encoding them, of the
tested constructs it is believed that the collections comprise antibodies or fragments having the
same superior functional properties related to developabiltiy as the constructs tested in Example
9. Therefore, it is expected that many of the antibodies or fragments subsequently selected
against an antigen will also have the same superior functional properties relevant to
developability.

The data shown in Figures 37-39, 45-48 and 62A-C support this conclusion. Figure 39
shows the Fabs selected against DKK3 or ErbB4/Her4_Fc antigen from collections of the
invention and how the Fabs have a similar thermal stability as the control, which was the
construct originally tested as described in Example 9. In addition, Figures 45-48 show the IgGs
specific for DKK3 or ErbB4/Her4_Fc antigen that were selected from the collections of the
invention and how the IgGs have similar isoelectric points (pl), thermal stability, expression yield
and monomeric content as the controls, which were the constructs originally tested as described
in Example 9. Figures 62A-C shows IgGs selected against rhErbB4/Her4_Fc fusion, rhFZD-4
Fc fusion and eGFP and how the IgGs have similar isoelectric points (pl), expression yield,
thermal stability, and monomeric content as the controls, which were the constructs originally
tested as described in Example 9.

Overall, this shows that the collections of the invention contain antibodies or fragments
having superior properties relevant to developability and supports the inventors’ hypothesis that
the input, collections using sequences, for example, framework regions and/or complementarity
determining regions from the germline protein pairs tested and shown to have superior
functional properties, correlates well to the output, antibodies or fragments selected against any
antigen having the same superior functional properties related to development.

It is to be understood that the description, specific examples and data, while indicating
exemplary embodiments, are given by way of illustration and are not intended to limit the
present invention. Various changes and modifications within the present invention will become
apparent to the skilled artisan from the discussion, disclosure and data contained herein, and
thus are considered part of the invention.
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We Claim

1. A collection of synthetic antibodies or fragments thereof, wherein the antibodies or

functional fragments comprise variable heavy chain and variable light chain pairs, wherein the
framework regions of the variable heavy chain and variable light chain pairs comprise germline
protein sequences of the variable heavy chain and variable light chain pairs VH1-18 (SEQ ID
NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238);
VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51
(SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO:
207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07
(SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO: 208)/VL1-47
(SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO: 230); VH3-15
(SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12 (SEQ ID NO:
233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-21 (SEQ ID NO:
210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23
(SEQ ID NO: 211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO:
255); VH3-23 (SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-53 (SEQ ID NO: 213)/VK3-15
(SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO:
214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74
(SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO:
239); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40
(SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO:
216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-
1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

2. A collection according to claim 1, wherein the antibodies or functional fragments
comprise variable heavy chain and variable light chain framework regions comprising germline
protein sequences of a germline protein pair, wherein said germline protein pair comprises the
following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;
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N

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and

vii) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC.

3. A collection of synthetic antibodies or functional fragments thereof, wherein the
antibodies or functional fragments comprise variable heavy chain and variable light chain pairs,
wherein the framework regions of the variable heavy chain and variable light chain pairs
comprise germline protein sequences selected from twenty or more of the variable heavy chain
and variable light chain pairs VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID NO: 236); VH1-18
(SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO:
239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51
(SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO: 257); VH1-69*01 (SEQ ID
NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233);
VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ
ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236); VH3-07 (SEQ ID NO:
207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07
(SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VK1-05 (SEQ ID NO:
230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11 (SEQ ID NO: 208)/VK3-15
(SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11 (SEQ ID NO:
208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO: 252); VH3-11
(SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05 (SEQ ID NO:
230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO: 209)/VK1-12
(SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO: 234); VH3-15 (SEQ ID NO:
209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15
(SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO: 209)/VL1-47 (SEQ ID NO:
251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15 (SEQ ID NO: 209)/VL2-14
(SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-21 (SEQ ID NO:
210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11 (SEQ ID NO: 253); VH3-23
(SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO: 211)/VK3-15 (SEQ ID NO:
238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23 (SEQ ID NO: 211)/VL3-1
(SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO: 239); VH3-53 (SEQ ID NO:
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213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11 (SEQ ID NO: 253); VH3-74
(SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO: 214)/VK1-06 (SEQ ID NO:
231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74 (SEQ ID NO: 214)/VK1-27
(SEQ ID NO: 235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH3-74 (SEQ ID NO:
214)/VL1-51 (SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39 (SEQ ID NO: 236); VH5-51
(SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO: 215)/VL1-51 (SEQ ID NO:
252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1 (SEQ ID NO: 216)/VK3-15
(SEQ ID NO: 238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID
NO: 216)/VL1-51 (SEQ ID NO: 252).

4. A collection of synthetic antibodies or functional fragments thereof according to claim 3,
wherein the antibodies or functional fragments thereof comprise thirty or more variable heavy
chain and variable light chain pairs selected from VH1-18 (SEQ ID NO: 204)/VK1-39 (SEQ ID
NO: 236); VH1-18 (SEQ ID NO: 204)/VK3-15 (SEQ ID NO: 238); VH1-18 (SEQ ID NO:
204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238); VH1-46
(SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-46 (SEQ ID NO: 205)/VL3-21 (SEQ ID NO:
257); VH1-69*01 (SEQ ID NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-
12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO: 207)/VK1-16 (SEQ ID NO: 234); VH3-07 (SEQ ID
NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK1-39 (SEQ ID NO: 236);
VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ
ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO:
208)/VK1-05 (SEQ ID NO: 230); VH3-11 (SEQ ID NO: 208)/VK1-39 (SEQ ID NO: 236); VH3-11
(SEQ ID NO: 208)/VK3-15 (SEQ ID NO: 238); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO:
250); VH3-11 (SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51
(SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO:
209)/VK1-05 (SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15
(SEQ ID NO: 209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-16 (SEQ ID NO:
234); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15 (SEQ ID NO: 209)/VK3-11
(SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-40 (SEQ ID NO: 250); VH3-15 (SEQ ID NO:
209)/VL1-47 (SEQ ID NO: 251); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO: 252); VH3-15
(SEQ ID NO: 209)/VL2-14 (SEQ ID NO: 254); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO:
233); VH3-21 (SEQ ID NO: 210)/VK1-27 (SEQ ID NO: 235); VH3-21 (SEQ ID NO: 210)/VL2-11
(SEQ ID NO: 253); VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ ID NO: 236); VH3-23 (SEQ ID NO:
211)/VK3-15 (SEQ ID NO: 238); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); VH3-23
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(SEQ ID NO: 211)/VL3-1 (SEQ ID NO: 256); VH3-30 (SEQ ID NO: 212)/VK3-20 (SEQ ID NO:
239); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VL2-11
(SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74 (SEQ ID NO:
214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO: 233); VH3-74
(SEQ ID NO: 214)/VK1-27 (SEQ ID NO: 235); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO:
239); VH3-74 (SEQ ID NO: 214)/VL1-51 (SEQ ID NO: 252); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-15 (SEQ ID NO: 238); VH6-1 (SEQ ID NO: 216)/VK3-20 (SEQ ID NO:
239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID NO: 252).

5. A collection according to any one of the preceding claims, wherein the antibodies or
functional fragments comprise variable heavy chain and variable light chain framework regions
comprising germline protein sequences of a germline protein pair, wherein said germline protein
pair comprises the following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and

vii) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC.

6. A collection of synthetic antibodies or functional fragments thereof, wherein the
antibodies or functional fragments comprise variable heavy chain and variable light chain pairs,
wherein the framework regions of the variable heavy chain and variable light chain pairs
comprise the germline protein sequences of the variable heavy chain and variable light chain
pairs VH1-18 (SEQ ID NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15
(SEQ ID NO: 238); VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID
NO: 206)/VL1-51 (SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233);
VH3-07 (SEQ ID NO: 207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ
ID NO: 238); VH3-07 (SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO:
207)/VL1-51 (SEQ ID NO: 252); VH3-11 (SEQ ID NO: 208)/VL1-40 (SEQ ID NO: 250); VH3-11

153



.30.660SS 64 hVH6_1hVK 10959 10 1.3 S hVH 6_1 hvK 1 12
.50.0bg US 13 1.1 S hVvH 6_1 hVvK_ 1 16 01.4S hvH6_1 hvK 1_17
.5 60 SW02412106812% hVH 6_1 hVK 1 27 PCT/EP2011/070473

(SEQ ID NO: 208)/VL1-47 (SEQ ID NO: 251); VH3-11 (SEQ ID NO: 208)/VL1-51 (SEQ ID NO:
252); VH3-11 (SEQ ID NO: 208)/VL2-23 (SEQ ID NO: 255); VH3-15 (SEQ ID NO: 209)/VK1-05
(SEQ ID NO: 230); VH3-15 (SEQ ID NO: 209)/VK1-06 (SEQ ID NO: 231); VH3-15 (SEQ ID NO:
209)/VK1-12 (SEQ ID NO: 233); VH3-15 (SEQ ID NO: 209)/VK1-27 (SEQ ID NO: 235); VH3-15
(SEQ ID NO: 209)/VK3-11 (SEQ ID NO: 237); VH3-15 (SEQ ID NO: 209)/VL1-51 (SEQ ID NO:
252); VH3-21 (SEQ ID NO: 210)/VK1-12 (SEQ ID NO: 233); VH3-23 (SEQ ID NO: 211)/VK3-15
(SEQ ID NO: 238); VH3-53 (SEQ ID NO: 213)/VK3-15 (SEQ ID NO: 238); VH3-53 (SEQ ID NO:
213)/VL2-11 (SEQ ID NO: 253); VH3-74 (SEQ ID NO: 214)/VK1-05 (SEQ ID NO: 230); VH3-74
(SEQ ID NO: 214)/VK1-06 (SEQ ID NO: 231); VH3-74 (SEQ ID NO: 214)/VK1-12 (SEQ ID NO:
233); VH3-74 (SEQ ID NO: 214)/VK3-20 (SEQ ID NO: 239); VH5-51 (SEQ ID NO: 215)/VK1-39
(SEQ ID NO: 236); VH5-51 (SEQ ID NO: 215)/VL1-40 (SEQ ID NO: 250); VH5-51 (SEQ ID NO:
215)/VL1-51 (SEQ ID NO: 252); VH6-1 (SEQ ID NO: 216)/VK1-09 (SEQ ID NO: 232); VH6-1
(SEQ ID NO: 216)/VK3-20 (SEQ ID NO: 239) and VH6-1 (SEQ ID NO: 216)/VL1-51 (SEQ ID
NO: 252).

7. A collection according to claim 6, wherein the antibodies or functional fragments
comprise variable heavy chain and variable light chain framework regions comprising germline
protein sequences of a germline protein pair, wherein said germline protein pair comprises the
following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 99% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format;

vi) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC, and

vii) an isoelectric point in IgG1 format of at least 8.3.

8. A collection according to claim 7, wherein the framework regions of the variable heavy
chain and variable light chain pairs comprise germline protein sequences further selected from
the variable heavy chain and variable light chain pairs VH3-23 (SEQ ID NO: 211)/VK1-39 (SEQ
ID NO: 236); VH3-23 (SEQ ID NO: 211)/VL2-23 (SEQ ID NO: 255); and VH3-23 (SEQ ID NO:
211)/VL3-1 (SEQ ID NO: 256).
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9. The collection according to any one of the preceding claims, wherein said antibodies or
functional fragments thereof comprise one or more complementarity determining regions
comprising germline protein sequences from the respective variable heavy chain and variable
light chain pairs.

10. The collection according to any one of the preceding claims, wherein said antibodies or
functional fragments thereof comprise CDR1 regions comprising germline protein sequences
from the respective variable heavy chain and variable light chain pairs.

11. The collection according to any one of the preceding claims, wherein said antibodies or
functional fragments thereof comprise CDR2 regions comprising germline protein sequences
from the respective variable heavy chain and variable light chain pairs.

12. The collection according to any one of the preceding claims, wherein said antibodies or
functional fragments thereof comprise one or more complementarity determining regions

comprising amino acid modifications that remove potential post translational modification sites.

13. The collection according to claim 12, wherein said antibodies or functional fragments
thereof comprise one or more heavy chain complementarity determining regions comprising the
complementarity determing region sequences from the respective variable heavy chains
depicted in SEQ ID NOs: 266-278.

14. The collection according to claim 13, wherein said antibodies or functional fragments
thereof comprise HCDR1 regions from the the respective HCDR1 region depicted in SEQ ID
NOs: 266-278.

15. The collection according to claims 13 or 14, wherein said antibodies or functional
fragments thereof comprise HCDR2 regions from the the respective HCDR2 region depicted in
SEQ ID NOs: 266-278.

16. The collection according to any one of the preceding claims, wherein said antibodies or

functional fragments thereof comprise a FR4 region selected from the group consisting of JH4
(SEQ ID NO:293), Jk1 (SEQ ID NO:297), and JA2/3 (SEQ ID NO:301).
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60 S S 70 1.3 S hvH6_1 hVL_1-40 7.2 12 1.4 S hVH 6 1 hVL_1-47 1.1
60 SS750.2 S hvH6_1 hVvL_1-51 1.1 60 SS 75 0.5S hVH6_1 hvL_2-11
1.0 1.0 68W0208/068120. 2 S hVH 6_1 hVL_2-14 PCT/EP2011/070473

17. The collection according to any one of the preceding claims, wherein said antibodies or
functional fragments thereof comprise a diversified HCDR3 region.

18. The collection according to any one of the preceding claims, wherein said antibodies or
functional fragments thereof comprise a diversified LCDR3 region.

19. The collection according to any one of the proceeding claims, wherein the collection
comprises at least 1 X 10* antibodies or functional fragments thereof.

20. The collection according to any one of the proceeding claims, wherein said antibodies
are selected from the groups consisting of human IgG1, IgG2, IgG3, 1gG4, IgA, IgE, IgM and
IgD.

21. The collection according to any one of the proceeding claims, wherein said functional
fragments of said antibodies are selected from the group consisting of Fab, F(ab')2, Fab’, Fv,
and scFv.

22. A collection of nucleic acids encoding a collection of antibodies or functional fragments
thereof according to any one of the preceding claims.

23. A vector comprising the collection of nucleic acids according to claim 22.

24. A recombinant host cell comprising the nucleic acids of claim 22 or the vector of claim
23.

25. A method of producing a collection of synthetic antibodies or functional fragments
thereof, comprising
a) identifying the variable heavy chain and variable light chain germline gene pairs
present in the human immune repertoire;
b) testing the variable heavy chain and variable light chain germline protein pairs
identified in step a) for the following properties:
i) an expression yield in Fab format of at least 2.5 mg/L;
ii) thermal stability at 70°C or above in Fab format;
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havi ng the above characteristics. In sone enbodi nents, the collection
conprises the germine protein pairs having the highest aggregate score of
the 400 pairs tested. In sonme enbodi ments, the germline protein pairs

havi ng aggregate scores within the top 10% top 20% or top 30% of the 400
pairs tested were selected for incorpsration into collections. Exanple 9:
Further testing of -100 VHNL pairs O the 400 germine protein
pairs tested above (results shown in Table 12), 95 were sel ected for
further testing. The previous testing of the 400 germline protein pairs for
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purified IgGL nononeric content (% nononer), f) purified 1gGLl thermnal
stability in "DC, g) IgGl isoelectric point and h) 1gG stress testing with
exposur e wWo 2amde120ncl udi ng differential scanni ng fl uor @ceRPRO11DBHY3
absorption, dynamc |ight scattering and particle staining. Exanple 9.1
Purified Fab testing Fab fragments representing each of the 95
germine protein pairs selected for further testing were expressed in E.
coli and purified. Expression of Fab fragments in E. coli TG 1 F-cells was
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sterile filtered (0.2 pm pore size). Exanple 9.2.1 Purified | gG1L expression
yi el d determ nation The protein concentrations of purified I gGls
representing each of the 95 germline protein pairs were determ ned by

WV- spectrophotonetry (Nanodrop, peglad Erlangen, Germany). The extinction
coefficient used was 1.369 nlnrg and neasured absorbance at 280nm The
results are shown in Figures 16-18. Exanple 9.2.2 Purified 1gGL therm
stability determ nation 1gGL thernal stablllty of purlfled IgGﬂs was
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In order to evaluate the anount and norphol ogy of visible aggregates,
particle staining was perforned before and after stress exposure on each
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conposition In summary, 400 germine protein pal rs were sel ected,

as des r| le 4. These 400 a resent n of the diversity
of gor i1 156 FIERHo A0 PRASIeGH CAS R SRV RS P HHT S S Ees 1 The
400 gemmbwm@;pmmﬁmmn pairs were tested as described in Exanples 6-7. O the
400, 95 were further test as des

gern i ne. pr SCTRTBEF eRTRTE Ben L ARkt DY sl P goreRPed Bt o

consi d&EaLiandh: a) Fab display rate; b) Fab expression yield, c) Fab thernmal
stability; - t QYA F C nmononeric content (%

nononer) ; fﬂ)):?rgéﬁelgecgrr(‘lrj&@ @F?Idfifé%{na%t%é?t I?%é?%t hermal stability; h) IgGlL
serumstability; i) 1gGL SEC nononeric content (% nononer); and j) |gGl
isoelectric point (pl). The data for each of these factors are shown in
Figures 16-18. These factors correlate well to the devel opability of

t herapeutic anti bodi es. Fab display rate is an inportant factor in
the sel ection of antibodies or fragnments agai nst an antigen. Fabs

di splaying at a high rate have a higher likelihood to be exposed to the
antigen upon selection. A high display rate of each of the various Fabs
makes sure that the full diversity ofts¢he collection is exposed to an
antigen upon selection. The Fab display rate was identified in Exanple 6.2,
where the reference was an internal standard (HuCAL GOLD reference phage
preparation (VH3 kappa + | anbda)). The HuCAL GOLD VH3 prep is a high



(1) The anti-ML3 anti body (Amersham #27-9420-01) was used, as it captures
phage particles via the major coat protein g8p; therefore, phage titer can
be det er mvoedi2/0662p An anti-Fd anti body (The Bi ndi ng Si PETAPANTIHY04ARS used,
whi ch binds to the displayed Fab; therefore, only phage displaying Fabs are
captured. For (1) and (2) separate reference curves are used. A nonocl onal
anti-ML3 (directed against major coat protein of ML3 phage, g8p) conjugated
to HRP is used as a detection anti body. The respective capture
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antibody sol ution for the anti-M3 antibody and for the anti-Fd anti body

into divffidiehravEnaia and ¥afighigyighhenail paits C\WHS? a?ﬁnta% BPI§IHPPAUSAGES ncubat i ng
over ni gblected AIBMNBX Varikdis hdai cifdiRbeS vARIbR 1R pHlirs IV HIBRT(SEan eech wel |

i utt GO ohie B g ﬁ&%@’éﬁ%ﬁ% & nyoyarn Judhres 3

CTBST (BE@iID NG: 208y VIpl-8t (SEQ [ThikOs25a) § ViAgediol YSEQND NI: 20B8RVIphaYESEQ ID

Z?S?{?ﬁf%‘f’?t% A SFeRo SR IR B BR A R YRR R, ) 1 i

VCSML3 2anwt{~umtsmmmumqoo\zme@7 KRBRIND NGy @87 XaP a5 (BED 1N a38)eV 63-07

| |
b et PRAd NG AT VAR REEID U0 R D R T R SRS ST FRENGY i g
Second 28R NbBHTIGEER) latmvaoenvumetsEem NEaE5HIgV HRAg ¢SERD NV@OBRY ot 6hce

| I
ST P R eplsaapen SRR IR ] cpargho
)t r

Bot h t REB)AHRGES SiRseitiParhs: %15@@@ EHNO: eawﬁt@sow@ i Nes?
det ect (9PQAS r\fo)|2b9)‘/'@r<1 a@eéﬁ; ﬂ&h@dzﬁa %ﬁb%@@@ |woa 2@@)3\%11 méé‘o IB&O: The

phage su er nat transferred fro & to the coated

ELI SA pgPak ¥&13- 15r{§EQalPé‘tP R0 ¥ ey é%%@r"at'\lﬂ @35)aNh*3vtés<ﬁ5 i "H@t 2PBEYK3AMt i -
per oxi Qleee |0 NG : L AY; VH@Arsqsstbadmdldog;/em 5N (SEGRT N@Q5@9ddH912149§Q|IDN®at ed

f 1- 2 Bl P |
hos o aedl-1h 0SS e ABE AL s b JSe g N@a)z Wit S RS 258k Ve dbLort s
(e.g. 4sBamb NG ebsyvid-es (ssE@ltD NO: 2§$)evEBJ5§/ese®aDm e By MBshE@EQMD KOTBST,

ai tor SR0% NEHEA PR RS 2l PR RTSEHdT R 208 Y-S S RIER 20 IRR 4G oy

and sul()SIEQUIIBNO 2348); VHBt7dr(@EQIDANO:B 1#)/MK 1 -Th¢SEQAD bi):i288); ¥H3t g SEQI IBA@Aat a
was co t h ers of
the phar itafTondln B 2k sh 68l G N PTa Ik Ea6 T4 RENG Jadora 5",

titer ¢PEQ@MD |N(Fd1%‘éL1d40/(&Ee€dID3NOt P01 Y2 p1 (ﬁE@lﬁlﬁ NOVRB5)(\drith1- QSEG IID)NOt he

resul ti r in
Tabl e F30: YRy SIERIOUIS: SRSk R (EERDRO ARV B SR I . e

( Spot - TPERAP NeH R3prangegiep ($5Q |D NO: Bl §)EfL1¢HLISEA) IDNQyGep | phageprep |1
relative display phageprep | phageprep Il 18 119 VH3-23 VH3-23 VK1-39 VL3-1
5. 7TE+12 6. 6E+12 2.9E+12 2. 2E+12 2.9E+13 2. 8E+13 8. 0E+12 9. 2E+12 6.1 6.6 9.3
8.8 PRdpe ﬂShemeét}pdev@p@rémgé%a@)g%ner@tclaﬂmﬁawmremHafmewtzpwsmmeon,

r hFZD- 4afibid H&dv @haﬁdn@%%ble light chf@ﬁzﬂﬂs'f@ﬂthe@%&ﬂb% SermMESoRH dotBnces
i ndi vi dual sub-collections or pools sub-col | ecti ons were erforned in
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(Dynal / 40 | ution
Panni n&@é‘g‘% ?@8 %L?e%cegﬂom%ﬁ{lé&%%'dgg% brfe%ég%agﬁ({)"%?f %g@bgﬁtdﬁh% eads
(Dynal pawgre bl ocked with MPBST at roomtenperature (RT) before incubation
Wi th pre-adsorbed phages. After several washing steps, bound phage were
eluted and anplified by infecting TG F+ cells for the next round of

sel ection. After 3 rounds of selection, pJPdl (shown in Figure 9) phagemd
DNA was isol ated and Fab encodi ng fragnments (nodified onpA-VL and nodified
phoA- Fd) were excised by restriction digestion with Xbal and EcoRl and
ligated into the expression vector pJPx1 (shown in Figure 10) and
transfornmed into E. coli TGL F-. Thei1simfected cultures were then plated on
| arge LB/ Canid uc plates and allowed to grow over night. Single clones were
isolated and tested for Fab expression yield and antigen binding by ELISA
Fab expre55|on was detected by |ncubat|ng Fab contalnlng ceII extracts on a
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Hts Hit-rate [/0] picked for Seqg. unique / sequences 18 732 525 72 63 31 /
56 119 715 536 75 43 20 / 35 HuCAL-Pt V H3-23/k 736 667 91 44 17 | 44 18
repr esentwobR/@aMK1l- 39, and 119 represents VH3- 23NL3- 1 PCB&Rde1bAZ@A3

sol uti on Panni ng agai nst rhErbB4/ Her4 Fc fusion, rhFZD-4 Fc fusion and eGFP
rhEr bB4/ Her4 Fc fusion, rhFZD-4 Fc fusion or eGFP and control BSA epoxy
MA50- beads (Dynal) were bl ocked with Chem bl ocker for 2h at
roomtenperature (RT) before incubation with pre-adsorbed phages for 2h at

RT. Afi3er Seuehthodazbbabigss 8RPendsIEREndbage, Wranﬂ%euarﬁlgo@&domn&ioﬁaled by
i nfecti nngG F+ cells for_the next round of selection. After rounds of

sel ect i"GAMePS Byhe[ serarise; GPREl @QP@SQYmBWFé’&QﬁrH‘"WOW&%S‘?%SP%SéW%d Fab
encodi Rgspbtp@n@nitsie te@gichhiatngVRADW-light enamghifd. ed phoA- Fd) were anplified
by PCR, purified, and digested with Xbal and EcoRl and ligated into the
expression vector pJPx1 (shown in Figure 10) and transfornmed into E. coli
TGl F- .36TheTh@ﬁedtoechccmrbmrt@anw\meeoftcms %as%@@nhwmbhﬁém&tbcaml at es

and aIIovvedttg row ove %a[ﬂ%% geco rﬁe ' sol at ed angtestedfor
Fab expPaTEMs “@]%F%J’”%ﬂ?& Egegﬁ)nﬁ ﬂ'BP%%”%?FrE e FLEURRTEL NN was

det ect egbpbytivienatifide heayyfeabinaodtvariablenfpht ehdin paitssact s on a sheep anti - hurman
Fd (The Binding Site Cat. P0075) coated ELI SA plate foll owed by detection
with goat anti-human 1gG F(ab')2 fragnent specific anti body conjugated with
Al kal i 3é. Phdb hethoseactoxing (d ackewenof Ciims 2886,085r@0 Bhid aatibadigsror dyetordal ci t y

was te - i i n
FEr b e R ik d EoRBRaFEI b BoRAREAR B IR ol PAROEIEL o,
Maxi So@pins agicodifedtiens thaHemovauppientr Ppeid@nalgtigngbmodifieationséed.-t in an ELI SA

signal of at least 5-fold above the background. The results are shown in

Fi gures 61A-D. Fc-capture Panni ng agai nst_ ErbB4/ Her4 Fc Three rounds
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Fc spelPTEleMPR@KYdeter fe@'@@SW”B@BﬁO%W%\?ﬁﬁW%B SVBRACLSANIEE. Prior to
each sekgieled@nSEQUDMNOPRegers.wer e bl ocked with 0. 1ng/ ml human, goat and
nouse i mrunogl obulin in MPBST/BSA. After several washing steps, bound phage
were eluted and anplified by infecting TAF+ cells for the next round of
sel ect i3d6n. Ahe etettiddeactiniding ts ahyeatd drtldiros 2638 pdh%dém (caidawtibadieskar gurceores)
phagem 2 PCT/ P 1 F ncodi ng
P agneite PR por PRI VOB AR e g A e el e
restri SEQIW I‘d@gﬁﬁi&?ﬁ. with Xbal and EcoRl and Ilgat ed into the expressi on
vector pJPx1(shown in Figure 10) and transforned into TG F-. The infected
cultures were then plated on |large LB/ Cani d uc plates and allowed to grow

over ni git. Sheglethodiasaerdinade any el eftckima At 3P exhasein Baid artpdissmr égxiionl yi el d
and aniigeen8iidbdgohsridhSnaFallo R F RS B8 rg@)%c@l%t%ﬁ)ﬁﬂ%y whatihng Fab
containing cell extracts on a sheep anti-human Fd (The Bin |te Cat .
P0075) SEGIDNOEIF8A78l ate fol | owed by detection with goat antl -human 1gG
F(ab')2 fragnment specific antibody conjugated with Al kali ne Phosphat ase
(AP) (Jackson Cat. 109 055 097). Antigen specificity was tested b ELI SA
screeni*hg wilt'® ”Péh?d@&ﬁ?f&i”ﬁlt?\@%‘éﬁ of Claime?-4 0ok apin Baid AR HREARS of ANCHe

capt ur edgivbats #éof 2binbriddaER4 k&ifragylédesariyon D@E«@@;ﬁeon@mmg 3Q8r4085088)

gﬁaéﬁﬁéwg%%§05€®ﬁbﬁcg§%z Pr |4T§12é (E;gbs/@v\ﬁé efined as Fabs that result in

ackground. Specificity to
Er bB4/ Her 4 Fc was confirmed in a secondary Fc-capture ELI SA with ErbB4/ Her4

Fc as gna D38 Fc ne control antigen. . Heavy
and i Rt oy AesRERea g g et o b Bk Y uirh s Bt FRE s 30
VH3- 23 Nagménta mitbrétf COinpite a/merzmbaa@mmgmm braries, respectively, were
sequenced in order to estimte the sequence diversity of ErbB4/Her4 Fc

bi nding antibodies. In total, 31 out of 106 successful sequences (29%, 30
out of 481 sétqeewtes acd9eungdmdnyleneneficlaphs 83-48 exheseio egid(@bl9gdidsar furistional

VH3- 231K 23/ kappa sub-libraries were
differ eng’mgﬁtﬁéﬁvé_%d%gﬁlgﬁsel%@oggﬁgﬁégﬁgéé@_@%r aries contained a diverse
repertoire of blnders The sequence diversity is shown in Table 15. Table
15 Her4 Fc |ibrary screened Hits Hts* Ht-rate [% picked
for CP**
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uni que* ** 10x Bg 5x Bg 2x Bg 10x Bg 5x Bg 2x Bg total 18 794 112 150
92 262 33 86 19 7 112 31 / 106 119 1145 39 7 15 46 4 39 7 15 61 30 / 61
HuCAL- Pt WBi2023)6k129364 922 105 118 1027 75 95 0 0 95 14PCTHEP2011/0FH4U3 ar e
defined as being reactive at | east 5x above background (Bg) ** For
conpression plates (OP) a few clones were picked that were reactive only 2x
above background (Bg) *** uni que sequences per anal yzabl e sequences 18
represents VH3-23NK1-39, and 119 represents VH3-23NL3-1.

44. The method according to any one of claims 25-43, wherein the collection comprises at
least 1 X 10 antibodies or functional fragments thereof.

45. The method according to any one of claims 25-44, wherein said antibodies are selected
from the groups consisting of IgG1, 1gG2, 1gG3, 1gG4, IgD and IgM.

46. The method according to any one of claims 25-45, wherein said functional fragments of
said antibodies are selected from the group consisting of Fab, F(ab")2, Fab’, Fv, and scFv.

47. A method of identifying an antibody or antibody fragment specific for an antigen,
comprising:

(a) contacting the antigen with a collection of antibodies or functional fragments thereof,
wherein at least 90% of the antibodies or functional fragments of the collection comprise
variable heavy chain and variable light chain pairs, wherein the framework regions of the
variable heavy chain and variable light chain pairs comprise germline protein sequences of
germline protein pairs comprising the following properties:

i) an expression yield in Fab format of at least 2.5 mg/L;

ii) thermal stability at 70°C or above in Fab format;

iii) monomeric content (% monomer) in Fab format of at least 98% as determined
by SEC;

iv) an expression yield in IgG1 format of at least 30 mg/L;

v) thermal stability at 73°C or above in IgG1 format; and

vii) monomeric content (% monomer) in IgG1 format of at least 99% as
determined by SEC, and

(b) selecting one or more antibodies or antibody fragments that bind to said antigen.

48. The method according to claim 47, wherein the framework regions of the variable heavy
chain and variable light chain pairs comprise germline protein sequences from VH1-18 (SEQ ID
NO: 204)/VK3-20 (SEQ ID NO: 239); VH1-46 (SEQ ID NO: 205)/VK3-15 (SEQ ID NO: 238);
VH1-46 (SEQ ID NO: 205)/VL1-51 (SEQ ID NO: 252); VH1-69*01 (SEQ ID NO: 206)/VL1-51
(SEQ ID NO: 252); VH3-07 (SEQ ID NO: 207)/VK1-12 (SEQ ID NO: 233); VH3-07 (SEQ ID NO:
207)/VK1-27 (SEQ ID NO: 235); VH3-07 (SEQ ID NO: 207)/VK3-15 (SEQ ID NO: 238); VH3-07
(SEQ ID NO: 207)/VL1-47 (SEQ ID NO: 251); VH3-07 (SEQ ID NO: 207)/VL1-51 (SEQ ID NO:
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WO 2012/ 066129PCT/ EP2011/ 070473 Bi acore KD affinit determ nation via anti
en ca ture setu in Fab formt Bi ndi ng of nononeric Fab fractions
(anal yzedwbyomrmbyedi cal SEC, Super dex75, Anmer sham Phar mecirap2aio/oceps ur ed
antigen was analyzed as follows: On a CVvb chip (Biacore/ CE Healthcare) an
appropriate anti-antigen tag capture antibody was coval ently inmobilized
using EDC/ NHS chem stry. Kinetic neasurenents were done by capturing the
antigen and subsequent injection of six different Fab concentrations (2

seri alt 2gp). V]E—K%OIH) SEéfIDENIO %@VVEV% @SEd?‘FD N@‘?Qﬂj f VhBﬁﬂ’é@@QrI@M@O@ rgdh-4A bl ank
injection of run

sensor §PaHED MY @5H 9{4@& 1d§FFRdD§fCA %\?H}/hbﬁ &%E%f? N@a?éZ 3VE3(q i %EQHB/NQ;E
Heal t hoagye).2-2D(Sie By RDNEs OVH3-a8 (SEKQ 1D NCabeo) st sBER IDWOEMBo)EVIe3-tsed to

Fol fgﬁéﬁ%ﬁﬁ%go%\%@&%@&%@ ?Engilaﬁa?@%#@e@e%é@fﬁiﬁBﬁf%ﬁé BCO +

0. 05% Peg)eH30)5. (SEANDNO: 2000VRU2aNSEQED NO: 285§ ¥ HBUIS (SECHIBING 209HVK3-11

real ¢ niare)” EiRe e RE B S PURI BBk P QI 55908 aeryEre Gk wi 1

a fl ow2na)t/‘éKbﬂ2 EEQID NDn 233V HB{28¢SEQMD INOT21 0§ VISD3S (3H@ INGY: 838)CVES26N t i e
f 100 g 5 pl 3
M vpc1 £S5 T AR SRR € o B o e 2o Rl N 2 PR [T ITNOT 81 1 g
of Ant |256)dM3|§ Sr@EQDINKO B 17/V bk ”D(NQItZBB) é’di3ﬁdsﬁ§t|D[DKP(3213 Y¥KErBB4/ Her 4
Fc f f t
SSeCIUfS:g éﬂ?*&ﬁﬁ%é) Dfialedsken |BWb%ﬁVL2 11 88'%6:@9[3@]%@09 %4%Ebr|§ nt s

e antigens were formats for

devel oBaflYK1-05 (3 HENex Pad)i ¥H3- 7§l(|§$10é@ NQ RéMnel1-88 63 Q IR HO: A3 Pa¥HEdhnat
affini t(S!E@”DE@) 2f1 @)V\W@‘F 12 Ed) D N@)Gésé OVH@IM §P§®ﬁ|§$@ @“4)&’\!/@ Qo tSEd?ﬂj NoFab and

| gG formts or mat

L 30 et 233 Nbia gy ERD M%éw%pnsg@%@ﬂ@w DR} B 5 Shar O 21 Byv Eaas
descri R@Ebun N@@B@ YHB-53. sEtbaDtNl@rm;/v&i abxskmyo N@sfzmgwe ﬁsanDdud)gGl

fornats s described _in . |n
| gGL 1 &Y %%ﬁwﬁeasﬁsvaégagﬁeéa NG Beinis? 20650 45 N 258iast
yield nqugﬂ@p&pmnayvma51qmamn@nmﬂzag described in Exanple 9.2.1. The @6
nmononer in IgGlL format as determ ned by SEC was conpl eted as described in
Exanple 9.2.3. The results are shown in Figures 37-39, 45-48 and 62.
Agai n, 4Bhe i Th@/emﬂmdsacb@kjlng\r@clahmtﬂtdfre118ewhsrem1 the ghmewonkedagmmsom theetaneble t he
i nput 0 ) d
output%?g CQ%q%ie§mF en @?I %ﬁ§§W%E% rP rﬂ%e e @n%qu §QH@%§&ﬁ|ﬁg t he
t est ed ($@ D NEhaD4)pY K189 (I8 ID m@e%ﬁ oY} 1Bf(l$E©d)ﬂ)Il\k€tt206)vﬁ‘éK3)ﬂ5($EQ ihidéent i on
conpri ant,i r ? | tNYs no
%@@é%ﬂ%%éé IBNG R Wg{a%ot(@l?{] 2‘3§ VH1r1\6p(§Ebth rane&ngg%

acid se nces as the const éxa regi ons
and/ or %E)@@é&@ﬁﬁ&)r VHy %dSEQdDmChgeOﬁwLbﬁé SﬁthéD @Q?ZQZ aVE 1 douerQilPiNey.

Si nce, 2pB) A SEREE 1D Nb%s%@ﬂ%@*’o@%&é%ﬁ@ 5'88%_11/ 917§E7c§|[99 L 563) '@H§

conpri se the am no acid uences, or nucl er c_acl enco en] of

the tedfd8EQIRNQ: 2OV KVKY- 1? B il Mpedsy) hHH310ﬁé36@l“Pé\lQ |28ﬁEV*ébﬁr%K

ant i bogdje3ay; vh@mebﬂohwzw mme 2$q1§§o3|ym i285); w@w @E@l |Dm‘|@pert ies
rel ated to devel o ructs test nE)s Ther efore,

o Rt S S bl Bad e S b zewmmﬁ@wgu AT
sel ect egEQIBINTE oAV N4 7 GBEQ W NO: 24 S OVHRGE (SHE® |5 MR 26 BpANLDr (SEanetonal

57750, 26 ¥hETBEbAbMARBLIR TS i 3?}%&%@‘%&@ Tkipans

sel ect eSEQURINTE R3DKKBI3ar (EEQBB/NEr2HsFUKan6i(GEQ I NDN2GS); Neieunqssodb Nde

o LB R DB T S ) B ST PR ik A8 R PP o
addi t i (BEQRD QIO @88YE-145! (TROND IO: 2ERPSVISPECISER 1D DIO: PRA/LOr2HSERIDHOA Fo
oL 058501 e A A RMA PSR 20 1 ol e pHgALABRRA o
expr es$$|5® Iy iNE): @38 HITRABFELY 1D NOrR08HVKEd 2( BleQdd NG @B8); Vinlii 1GH Siaer 18 NBie

constr e [ [ shows
COnSt {65 UL 819 I NEEBS RO SRSER I HoREIDE ot 01588 GRANE o1
and how the 1gGs have simlar isoelectric points (pl), expression yield,
thermal stability, and nonomeric content as the controls, which were the
constructs originally tested as described in Exanple 9. Overal |,
this shows that the collections of the invention contain antibodies or
fragnments havi ng superior propertiesis®levant to devel opability and
supports the inventors' hypothesis that the input, collections using
sequences, for exanple, franmework regions and/or conplenmentarity
determning regions fromthe germine protein pairs tested and shown to



vi) mononeric content (% nmononer) in 1gGlL format of at |east 99% as
determ ned by SEC, and vii) an isoelectric point in IgGlL
format ofwet20124me1298. 3. 8. A col | ection according to cl aPeI/EP2etherarh t he
framewor k regions of the variable heavy chain and variable |light chain
pairs conprise gernmline protein sequences further selected fromthe

vari abl e heavy chain and variable light chain pairs VH3-23 (SEQ I D NO
211) NK1-39 (SEO ID NO 236); VH3-23 (SEQ ID NO 211)NL2-23 (SEQ I D NO

255
201)2/0 6%3%@%2%8%?@ hDsEf;@ltiﬂtaa) btﬁ’% \JlHéng(@SE@ID'QO %55))/V|_1 MQSEQDOIFJ]%) of the

pr ecedi ﬁ@ dHaitedS @HQH\@ ngogétyt‘ﬂ éﬁﬁ%%ﬁ’ 5‘9 8?1 fMHéﬂﬁdﬁ%@ '8%@19%&% Bkr eof
conpri $SEQME NIJ: 28DY: vHequemaDtNm 1 209)/UE2-€4 (S FQ MY NCE @5 PNYHBPTRSEQIIDWO:

var 1 abPROREhES B BB B2y AT ReEerbBr Cet BB baf AleTor (e

pr ecedi(BEQLD MOTR;1 OV €1 (SERIDIN@N25H OB 23 BEQ UM BIO: anal VK 1-3qy (88T D NOer eof

e heceroe A RSP IR s RSET b R o) SRR B 4 T 4B 1,
col | ect($B@ |e¢\@easthee23aagodne\1©f2m HELP ¢BEQIID Y 1286 H3vd0eEEHDND d
32? Hbf%ZEZ\( l;lglé‘tSttS’Kt%' ) a@lﬁ%@{)ﬁ%@@%% 2§ YAk ?§g%§?%§§39@3 QQ%E“ sing

ences especti ve var hai n
vari abl eEqn.ngmo @ﬁléWL%ohi (GEQ IDIS0: 250 VWb T4 (5 QD NEX 81 4\ -8% Szﬁ@/IEbIN@ of t he

Pr ecedipng, LA AR BNG 59U, 88EDadh ’b:06 | yDe.88l bhasmal gk her eof

SR Bipoad
COI'TpI’ISG one or nore co r% ntarity etermni'n regi ons co am no

aci d mbIFRill HQ:@R3); Nh'ét74r eRreMP N%t?éﬁt/‘t/lﬁ 28 Qt zN%IZéﬁ) MH§t74rf§EQf|D ion
sites. 214)3\/K§[Q@ S0 IBPRD: Q§‘9 399917@' QIQQtI@N@ 62'1 ﬁr)‘/\l@t 5N3§ETC?IDWN®32@ a\'?‘l1|5 Bedi es

or functional

conpl efRR? NG 2&18)(\@?17?’% SFgQ tfébipoﬁr%%) c\é'ﬁ%ﬁﬂ é$'ﬁ@ B AD: @6%‘7’ lén‘éqtt%ﬁc? tR/NO:

get er mppg); VegixaNSEQIDANTES 5ivonet teEm S Meptsz/)evmenl gbbapheau eFiri 09
epicte

|ona or din o claim 13,
e ! e T REReh M 2% Bl %ﬂﬁwﬁﬂéﬁﬁnﬂﬁtq@s& Bonisaa b
regi one16y\HG-LO SEME NES p8Y)tand &/ HICDIREQ FINON2 tBPILE L33 SEQ 16BN 1 432N0s::
266-278. 15. The collection according to clains 13 or 14, wherein said
anti bodi es or functional fragnments thereof conprise HCDR2 regions fromthe
t he respedhe wethdadlaREZomipgitoanylem aftotiing A7-8EQvHdeiNGe: frﬂﬁ@vcﬂﬁ’&aguon&@t thEhe
col l ect ] cor e _pr aid
ant i bod?@%legreafvﬁ ?ﬁghglvg%leq%t tc‘ﬂa”i ﬁ%rrsecg ?géng%{nggg eﬁ%ér% zel ected
f rom t lgerngineyppoteiomairs tuirthgr @‘mplllsmt(eSE@wlrtg Nop@98y:, JK1 (SEQ | D NO 297), and
2223 (SEQ hp NG Lo ¥ 20N S AORT RIFCTAERROTAL04TR oc LrorTga gl | ect i on
according to any one o e precedi ng clains, wherern said anti bodi es or
funct i &) ahd agnents t hereof conprise a diversified HCDR3 region. 18. The
col l ection acaptodifgrid Shidy IdenGohatlhs: 1IR4E8edi ng cl ai ms, wherein said
ant i bodi es o)? func%tlgrcl)n ! réé’mneﬁt sa thereof conprise a d| versified LCDR3
region. 19. The coIIectlon according to any one of the proceedi ng cl ai ns,

wher ei Bt heTﬁ@HeﬁrddlaQeoren uaw)@tNHeemthetra%et% @@rohbefims%anarblé e | onal
fragnents thereof. The .col | ection according to any one of the

proc ee&h‘ﬁ@ apfl yanable 'mé?f@'mp%ﬂ@m&fitt 9 a11iRQ Profein §%JU€E?%$0P9HCE% ft%th@r oups
consi st/hibl@hedW ¥BAIN be&laridoByht EglimpailsaFH-14 BEQ IDRO: bahasdd @BQ ID21. The

Funct 1 SRR SBlreia @eboB. A0y Ry b SeBIB AE B B M BRI G: oup

consi sosgVIof5 FEEQ Y HO: 252); Aabb9*0fF(SE@ND NG&.Pos)/VI2251 (SEDID ROt 25a); Bifi3-

et cop7ISEETRRRT g SRR ML, 0 otggfe@zptto R

conpri 5NO1@35}1@’H6€£17| (BEQY IDNOF20TUEKE{16 (BEQdR NE-@3BH VhG-G70SELAIDNQ2. 24, A

reconbi f (o] 329}y = ~Cil

vect or 26 c a?ﬁn{sfgﬂd ’ﬂ@ % \ﬂ?% Z:It(é(;‘foprocki)ﬁ(??Tﬁﬁjdsﬁ1 Eé@t[ﬁlo(g]%% Cttheu c
anti bocﬂ$lé@ IBNG: @AY Ylortd S‘E@@ﬂﬁ@t 850 hereof (SKE@hpNGs 2Ag)/VL1-47 ( SEQaIP NO:

| dent 1K} gnsha (BH BING iyl B0 BRcY 55 A0HS 111880 1B ogpuR bge gene
pairs present int human | nmune ‘reperto

vari abl e heavy chain and variable Ii ght chain gernmine protein pairs
identified in step a) for the follow ng properties: i) an expression yield
in Fab format of at least 2.5 ng/L; ii) thermal stability at 70C or above

in Fab format; WO 2012/066129PCT/ EP2011/ 070473 i)
nmononeric content (% nononer) in Fabibormat of at | east 98% as determ ned
by SEC, iv) an expression yield in IgGl format of at |east 30
ng/ L; v) thermal stability at 73C or above in IgGl format;

and VI |) rmnorrerl C content (% rmnorrer) |n IgGl for mat of at

o, ~~n7s I ey ge—g—y



ID NO 207) NK1-27 (SEQ I D NO
235); VH3-07 (SEQ ID NO 207)NK1-39 (SEQ ID NO 236); VH3-07 (SEQ I D NO
207) NK3- NSORBBR6RINO. 238); VH3-07 (SEQ | D NO  207) NL1PET/RPSHQOI@INO

251); VH3-07 (SEQ ID NO 207)NL1-51 (SEQ ID NO 252); VH3-11 (SEQ ID NO
208)/ VK1-05 (SEQ ID NO 230); VH3-11 (SEQ ID NO 208)NK1-39 (SEQ I D NO
236); VH3-11 (SEQ ID NO 208)NK3-15 (SEQ ID NO 238); VH3-11 (SEQ I D NO
208)NL1-40 (SEQ ID NO 250); VH3-11 (SEQ ID NO 208)/VL1-47 (SEQ I D NO
ggég L l@r\(cSEQal DHbl% (88 1DINo: 52b9£/$EQoBgsE‘@|DR@?)230VH3I311% (6EEINONC

So0) - aPBIME e @@@5@ e 2@égym5®%Eé@8q |§0R)6’K1zéajsEQ/l%N@5g%%Q@*?ﬁ5No
209) NK1sHQ@ 1 NER200)/ W 2238 Q IVNS: 255)( BEER1 5 DSBNQID RED pSIVAS 1 ( BEQ ITNEO:

209 NK?%&?@%'?%&EB%#ME* (o #&WH@%S%E@@M%@@% &

250); VBB 15 NCBEGR); RHIS23 (36Q) IDWA:-247)/(REDS (BENID NZh BB8); VH3-5B5SEGHQ N® NO.

250) i3 b TEReT G SRR R B R 0 R

210) / VKIEQTD (NSEQ1 #)D/HICD5 ZI5) 1D MB322); VISEQ! (SEQMD NZL @) APK (06 (SFEDID BONO

211/ LY BRAS A g B fadlg Aoy SR ok

255): \BBEQ23 NCSEGP): BHEG! (SED)ININD: 165K £0 (SR IR 5E): 23&'1—!3’%631(SEQID[NCNQ

212) NK (S 2 3 NO:
230 i ¥ 18269 B DS 50 B 6 R ke, é&”&(ﬁ) o
214) NK1SE8 1P SIE0218)/ W02 (RHQ IRMNG: 232) (@E@H BERAD m@ﬁm«me & NO:NO
231); ‘ébg) ot (= BéébW@Nc?MéNm -312(SESHR N 262). 233); VH3-74 (SEQ 1D NO
214)NK1-27 (SEQ ID NGO 235); VH3 74 (SEQ 1D NG 214) NK3-20 (SEQ I D NO
239); VH3-74 (SEQ ID NO 214)/VL1 51 (SEQID NGO 252); VHS-Si (SEQ ID NO

gég) NK\B/a§9S(F§E@eHQIdM@cora% X clyvﬁuﬁgvlﬂe%ﬁﬂhle:@rswﬁgoa%@ Mha%ﬂge«llﬁg R
|

216) NKEPR a@%ﬁ@'%%ts' N?m&a' SW@%C?@E e Fzmwgﬂqgea@(sg%@egﬂ

238) ;  VdbvatiabloEQahyHARA ardihaibiB 1igR ch&E@aer\/NQZBZ{SEOD IBIND: By ( SEGED NO

25- 50, TRl 67V apERIP R 2 i A B R R REC PR, Ay e Bt R TR0 21

i) nonanmeyVis-t@E@IR NOYesnoner) in Fab format of at | east 99% as

determ ned by SEC;, and ii) an isoelectric point in IgGlL format of at
| east 8.3. WD 2012/ 066129PCT/ EP2011/ 070473 32. The net hod according to any
one of 58! ai itbe REABH, acodrdingitmamhene of afmno Ak 526@1&%18 seif alnhlmdmrqrawwormtavy

chai n i i uences
sel ect Z@g?gﬁ%ﬂtﬁ%&&g}rﬂ?nﬁ ﬂ%%@@chﬁpﬁ%gﬁ%| ari a@mlﬁq}gal%gé al n g.l rs
VH1- 18 9¢SHQeIPipimseq@fraiKBon Ohg 1SENRAtize Kiabie3d@ayy shdin 461 Y@@Eelliphidain

205) NK% (SEQ ID NO 238); VH1-46 (SEQ ID NO 205)/VL1-51 (SEQ I D NG
252); VH1- '69*01 (SEQ ID NO 206)NL1-51 (SEQ I D NO 252); VH3-07 (SEQ ID NO
207) NK1-12 (SEQ ID NO 233); VH3-07 (SEQ ID NO 207)NK1-27 (SEQ ID NOC
235); Yhi3- 0Fhé %Qdd[acmdlné(?gﬁrw(&rel& c(aﬁﬁ@ﬂ&%'\mer&ﬁ@e antib8dif ol iof&oh& NO
207)/ VL1-47 (SE NG, VH3- 07 (SEQ | D NO 207)/VL1-51 (SEQ I D NG
252) : Agments fusther peymise GLE) rqoipng SOMRENHY gpriine piotpin sagugnees f 81EQ | D NO:
208) NL lohtoit 8@ Nedvy 2hah anvriddo (FEChAiRpMR, 208) /VLL 51 (SEQ 1D NO
252); VH3-11 (SEQ ID NO 208)NL2-23 (SEQ ID NGO 255); VH3-15 (SEQ I D NO
209) NK1-05 (SEQ ID NO 230); VH3-15 (SEQ ID NO 209)/VK1-06 (SEQ I D NG
231); ¥BB-15h¢ Slﬁholdacb@dlna@@}iwﬂnel@ clabhsuT- B4N(Zher&63)e anvibBdidSor( fooh&® NO

2o oS e b B CHIRR 1AgonS Bo B o ites PRt SRR BT (MO | B NO.

210) NKtesp2ct{vBE@riatle Neavy288in;aniiWaridfe (BEChdIDpANA. 211) NK3- 15 (SEQ | D NO.
238); VH3-53 (SEQ ID NO 213)/VK3-15 (SEQ ID NO 238); VH3-53 (SEQ ID NO
213)NL2-11 (SEQ ID NO  253); VH3-74 (SEQ ID NO 214)NK1-05 (SEQ I D NO
230) ; VBRB- 74h¢ SEGOIRCHRIINgG 1e ANKAReOE cleaBREAT-B5NMer@iB 1he fradigvork rqgBIQ of heNO:

230) . vekerts MERE IR s I Pl e PR MR TRl TN

215)/VL1-40 (SEQ ID NO 250); VHS-SIi (SEQ ID NGO 215)/VL1-51 (SEQ ID NO
252); VH6-1 (SEQ ID NO 216)/VK1-09 (SEQ ID NO 232); VH6-1 (SEQ I D NO
216) NK3-20 (SEQ I D NO 239) and VH6-1 (SEQ ID NO 216)NL1-51 (SEQ I D NO
252). 33. The method according to any one of clains 25-32, wherein the
framework regions of the variable heavy chain and variable |ight chain
pairs further conprise gernmine protein sequences selected fromthe

vari abl e heavy chain and variable Iight chain pairs VH3-23 (SEQ I D NO
211) NKl 39 (SEQ | D NO 236) VH3 23 (SEQ | D NO 211) NL2- 23 (SEQ I D NO

~rre\ TSN NS NI~ 1 P N | - P ¥

WD 2012/ 066129PCT/ EP2011/ 070473 VH3-07 ( SEQ
I D
I D
I D



i) nmononeric content (% nononer) in Fab format of at | east 99% as

determ ned by SEC;, and ii) an isoelectric point in IgGlL format of at
| east 8. WOS12llse12oet hod according to clai m50, wherei nPChEPRI1AORANCS K
regions of the variable heavy chain and variable |light chain pairs conprise
germine protein sequences selected fromthe variabl e heavy chain and
variable light chain pairs VHL-18 (SEQ I D NO 204) NK3-20 (SEQ ID NGO 239);
VH1-46 (SEQ ID NO 205)NK3-15 (SEQ ID NO 238); VH1-46 (SEQ ID NO

205) NL%eI%éteGﬁE@th@vM@ble&%b cMitl aRPV4HhbeHg Qaua. |rs BETLID(NGQ |

207 e e K S e 33 VQ@@%SE@&E % BTy L25 #ﬁi@l% (g@%SErE

238); VH3-8/(SESHQ N®: NP/ vRe-1)(BEQ 1B NG:SEG).| D NO 251) VH3-07 (SEQ ID NO:
207) NL1- 51 (SEQ ID NO 252); VH3-11 (SEQ ID NO 208)/VL1-40 (SEQ I D NO.

250); VH3-11 (SEQ ID NO 208)/VL1-47 (SEQ ID NO 251); VH3-11 (SEQ I D NO
208) NL5751 ([h&ERetHadNCeordng xo aMHheldf clabhs U T- 56l\KZher&B@}uNlaﬁﬂ&ﬁjles\k@functlonal

2012/ 0 6129P | EP2011/ 070473 I D NO 255 | D NO

205,/ VRITBRNS Mt d SreSatiheisind B he TR aus S BTN RS b no
231): bBpdsng SE'@oIaﬁdhmdlfﬂﬁﬁc)d‘dlmatlém()\E@tdarﬂlal\mst 3@ tiowRI3nABiRBEeE. NO
209)/ VK1-27 (SEQ ID NO 235); VH3-15 (SEQ ID NO 209)NK3-11 (SEQ I D NO

237); VH3-15 (SEQ ID NO 209)NL1-51 (SEQ ID NO 252); VH3-21 (SEQ ID NO
210) NK5812 (BEQ@etDdNCcor2B8 o anH3eOF claBrEAT-BY N@er@mwwwaboptﬁeq@mcn@wauo

219 ST SRl Qi b A 9 o e

230); VPBPTEINg @EQO'IT]IJGN@N@'M!}WM"WSHGGISE@GWB”N@ frong i)e respegtivevarighle hepviNG:
214) NKLndiRs §5Ed A S 2R 284837874 (SEQ ID NO 214) NK3-20 (SEQ I D NO
239); VHS-SI (SEQ ID NO 215)/VK1-39 (SEQ I D NO 236); VHS-Si (SEQ ID NO
215)NL1-40 (SEQ ID NO 250); VHS-Si (SEQ ID NO 215)NL1-51 (SEQ ID NO
2160 Vi3 20 (SEO | NGy o0y Cap e e e el e i Replesi e o

- an i
252) . f@@(“e"ﬁ%éh qfﬁeserea%e&d%ommaeﬁe %%{Pého qrorﬁﬁé@r glerfeﬁ%?é“Yer'é{ﬁB&é %‘%gi ons
of thedepiticalrl SEQE@BWOL Rag-p7&nd variable |ight chain pairs further conprise
gernmine protein sequences selected fromthe variabl e heavy chain and
variable light chain pairs VH3-23 (SEQ ID NO 211)NK1-39 (SEO ID NGO 236);
VH3- 23 60 SEQTh®néod2ittd Miing +@ 8ny SteQflclimd7-885yherain daidtdd@RliesSie QuichondD:
211) NL3- I h cI ai ns
47-52, %r&érg%@?%esr%fgo %re% éegj)c(?m ?g’e HE?) E{n é'8ﬁ%irgrﬁ(r%%gqni§ng sFE "‘i%@?%%ﬁ RE rg P se one
or nor depiowplireiE@tiaMNQsy 28@Lé8.m ni ng regi ons conprising gernline pr otein
sequences fromthe respective variabl e heavy chain and variable |ight chain

pairs. 54. The nethod according to any one of clains 47-53, wherein the
ant i bo@iles dhe Metfdiasaerding tagmeenesoffclaim éf-68.omsar¢is saidBRIbNRH A ienciomgdr i si ng
germ i pag Béﬁ’t%%é?ﬁé%i?]m%ﬂ@éd‘?érsﬁ iBe H'C‘E)’if%%%.'o?{.e variabl e heavy chain and
variabl e light chain pairs . The method according to any one of clains
47-54, wherein the antibodies or functional fragnments further conprise CDR2

regi ongoCoMyhi %éﬂ%d%&@?ﬁin?% Qﬁp&rfé & cﬁaﬁﬁyaﬂ@qfsmre.h @Qudraﬁﬁt&ﬁfr‘és' oFfunasnarbl e
heavy chain and vari abl e ht" chai nRgal rs. . The met hod according to

any ondagmepts Mhereof gpmpegse %\H'é‘?rélf'ﬁdf-ﬁg rrﬁgi%'\‘mrk regl ons of the variable
heavy chain and variable light chain pairs further conprise gerniine

rotein.se nce WO 2012/ 066129PCT/ EP2 /070473 sel ected fromthe
P Sbe hodhe eihen Roaiaa AR TTERTTS S BRI e i qlo0 e eBIaS Fia
211) NKlea391 Q(SEQaht[Bobl@s o2 RdgtiondHeagdden{sSh&ebD NO 211)NL2-23 (SEQ I D NO.
255); and VH3-23 (SEQ ID NO 211)NL3-1 (SEQ ID NO 256). 57. The et hod

according to any one of clainms 47-56, wherein said antibodies or functional
fragnests t e eethoe)qurasivgdo emnprd cfelaine 4063 mireeeio said|aptiBrtiesdre pelected

pot ent VAT e B BB Bl BeTPIgRR: BRar i By ad fRL, "% "o hod. accor di ng

to any one of clainms 47-57, wherein said antibodies or functional fragnents
t her eof expressed conprise one or nore conplenentarity determ ning regions
conprising the conplenentarity determ ng regi on sequences fromthe
respective variable heavy chains depicted in SEQ I D NOs: 266-278. 59. The
met hod according to any one of clains 47-58, wherein said antibodies or
functional fragnents thereof expressed conprise HCDRL regions fromthe the
respective HCDRL region depicted in SEQ ID NGs: 266-278. 60. The net hod
according to any one of clains 47-5916sherein said anti bodies or functional
fragnents thereof expressed conprise HCDR2 regions fromthe the respective
HCDR2 region depicted in SEQ ID NGs: 266-278. 61. The nethod according to
any one of clalns 47 60, mhereln sald antlbodles or functlonal fragnents

Y Y 17N N ~ o~ —— o



WO 2012/066129 PCT/EP2011/070473

65. The method according to any one of claims 47-64, wherein said functional fragments of
said antibodies are selected from the group consisting of Fab, F(ab')2, Fab’, Fv, and scFv.
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