OF CELL- SURFACE ANTI GENS 5 Background | nfornmation i rmunobi nder s,

i ncludi ng anti bodi es, their conjugates and derivatives are hugely
commercially inportant as therapeutic and diagnostic awaits. Traditional
met hods for anti body preparation or screening usually utilize soluble
antigens. However, for certain nmenbrane-bound protein antigens, the
conformati onal epitopes 10 on the anti gens are altered if the antigens are
sol ubil'ized fromthe nenbrane, resulting in the failure of antibody
preparation or screening. In addl tion, pr obl em i n i mmunobl oi ti ng
and affinity chromat MFEHE QI BRENTEFYENG NAHIMDERS h a noder at e
affinity for the antigen w k. 66k AN d ows the inclusion of
many cross-reactive or sti c%%r‘mmwm'g%ur dens in the sequenti al
screening 15 procedures. Although cells expressing nenbrane-bound anti gens
have been used directly for antibody preparation, an efficient screening
net hod capabl e of detecting and enriching high affi nity anti bodi es agai nst
cell - surfﬁce}aﬂ;d@' ged Snfosmationd | | acki ng. Summary of the Inventi on 20The

i nvention provi rret hods f or ent I.f yi ngunobi nder s

anti bodi es, capaBMBRYINSEe |“F‘il‘t‘ié‘fg 9“5%0%18? Y CORREReY ﬁpélgjgrévazlﬁ 3 areens The
net hods of gl RYRMet@NyIRRRIEA 3 GORPEitiseandodib@obiidggdnabe Teditional

ant i gen- expressi ng cells with |abeled i mmynobi nag‘a @x&r e?‘}r\ cells arid

i sol ating i mpfiedpiiRESRURSSr BSBIAYICET SYCEHAE Ui PG hE ?%Btégf’ &xpr essi ng
cel I's usi ng Rkeld 3 Qkkh mehISSR-HIBLNPERIR AR RAY, HeCdshrhitiotalRdpilopdsor t he

rapid and effici ent identification of inmunchbi nders agai nst conf ormati onal
epi t opes!Pr enethe anhg¢fﬁtfé‘gr3éﬂereﬁe‘ﬁﬂla%1ﬁétl$ﬂn§taé? rfelubiliged, 1ip@ discgubrappe

| nvention al Saife ﬁge&éﬁé%%@&dymaﬁabﬂ@%&em{g | ATRm@Bh e magsc odi ng
nucl ei ¢ aci ds nt| ied using the nethods of the invention, In one aspect
the inventi q»mhlmn)\m themuzpbistingoahdf @ﬁnﬁmémm@mghhmeﬂwdhw@#ﬂlh%?s t hat
speci fi call y,;hf ,nggde&ae gﬂﬁﬁp bor L R0 801 bOSRcRla. THEIBI, telhudi! fod
conpri ses: provi |ty |nnuno nder - expressi ng cells oper ably
linked a fi m}rsmss-adabmvel abtitky prtibedick, glsalgphvmeas it e gequamital SEPRNEEpT essi ng
cel | s opegabl i nke a Sec [ ggédgen of

i nterest ?{’ 5‘%5 "frgsy tho lf‘ I?Ss gﬁggggoﬁ%@ﬁhégﬁn?g%@%@p%gé 23? ?fg cel
contacting tdirectinfor gﬁtboﬁ)( prepssiiog aoefficgentistirertifgemethod capable of detecting

i mrunobi nder ssi.ngc d se ar at| fLom
nobi nder expﬁggg‘gwg‘m@@ %‘Bi?ye”g' é mhgxﬁggeégglf}%\g&%el |'s that

can specifically bind to the antlgen expreSS|ng cells using a cell sorter
(e.g., a quorescence activated 5 cell sorter), wherein the presence of the
first and sefdH8 3% aoel in a single cellular conmplex (e.g., a

conpl ex pgrmed b%%ﬁenm@mla@%tmg fé& 1&rﬁ$§d1g rnaﬁﬁmbmmrs; schi sdicBat | ve of
t he bi nding of an i nummbl nder- expressi ng cell nf qgf‘:ﬁ]]e%x ﬁeSSI ng
cel I, t her etsytibasknst sapghln gt wscifipsyridwiinpgiercet ﬁ‘gﬁacﬁﬁ?fbﬁ?n‘f o iy TgAhqe§ &

i nt er est . 1Qﬁ@1n§8ﬁ§n%@$€?ﬁl%ﬁp§se édﬂ%cﬁ%ﬁf)éié&ﬁltigmﬂﬁ&\siﬁgQélis&&ﬁﬂf essi ng

cells are clonally isolated. I'n sone enbodi nents 1
i mrunobi nderlakelgdrimssinpeindastexpresyng @Ub?@dﬁ‘é@lﬁgdméf}uéﬁlﬁpdeéﬁﬁﬁrﬁ?ﬂgﬁ’e ¥n other

enbodi ment s, & e, 4 'tmwﬁgﬁdﬂpmgg&lﬁgéﬂggls@rgalcan SorRE] TheaeMumpEeré S | Sol at ed

from bi nder - expr essin thods for i1solation of the
i nrunobi ﬁderpaemukadyrugefnlufot’éﬁq:amtmd ofdciens idsatifipption @Binpopobindeys agadishg| e- cel |

S 'mI;tHP ongﬂ %&8@%5?%8& d‘?%g?aﬂr?éngorﬁ’% g:ﬁ@ st hsipdrsoimat ed after

the cells ar y 'S ter clon expansi on.
some embodi n’evﬁnapn bisoponiols ivdieted éxpresdiders adlinguhephder-eerodsigmycleie rret hods

of the mventtdﬁ éfedsu%‘{ege(gt edthoﬁ’s tgginlverﬁf%ﬁed assays in order to

functional | ya eri € I munoDbi nder. "Suitabl e cell -based assays
i ncl ude CELIS. k. 1200nd nespesiettentiodhtient govitiése a naethwdatﬁonoﬁdcntlf}snanarantl body.

Such anti,hodi es | ud itized hi. ¢
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some enbodi nent s, anti gen of %i i S ex resseﬂ fro%:lﬁl] g(&?enous
gene. in ot Hast 5@%‘3@1 arl?élnf’%ov‘dt“ﬁea%l aBTnganP‘ Y18 7555 8P pie

engi neer ed adeegifNsortable AHRE rwlﬁ:?@?@ﬂ‘ler@lﬂgé‘n oft ilRreanisi dphyed atl the eirest of s an
integral menbrane protein. Suitable integral membrane proteins include,

without limtation, GPCRs (e.g., CXCR2) or ion channels.




I n sone enbodi nents, the first or second sortable |abel is a fluorescent

| abel . 30 Suitable fluorescent |abels include, without Iimtation,
fluorescent proteins, antibody/fluor conjugates and fl uorescent cellul ar

| abel s. In sonme enbodi nents, the antigen-expressing cells are yeas
e:r manmalian cells (e.g., human cells). In sone enbodi nents, the

anti gen-expressing cells express an exogenous antigen. In sone enbodi nents
the antigen-expressing cells are transflected with an expressi on vector.

In sonme enbodi ments, the inmunobi nder-expressing cells are yeast or

manal i an cehd sntiSui tapksingamell| caradiof | thei awligsaexpmisingowells| iwitht dtei on,

B-cells, e.qg., 5 rabbit B-cells. 1n sone ' S . B- .S are
isolated fr g%h%‘ﬁo?'ﬂ%ﬁ'ﬁrggﬁfl%ncleﬁﬁla,ngéfa’pga.r% 1n§ﬁpoﬁ ?h%%?%nilzeg‘g@ﬁdﬁﬂm
vacci nat i on.expssigneclienbadonmeidtesimhit®blnderexpbissidg rcebx hae sai spgeiiedllys

conprise an i nobi nder expressed from an, expressi on vector. . In
anot her as pé’éﬁ%ttﬁ%athlgﬁﬁrgﬁmﬁrcﬁ& T %ﬂem %06{%5&&1’ %ﬂﬂ‘frgﬁc(‘?ceﬁ&‘i“@t%l ecul e
10 encodi Bg cam sbiefy Rakkdiglele hidemntd bi € My dddeseadidagmblefiaiehén britght i on.

in anot her aspect, the. invention provides a nmethod ofaegr o?lgci ng an
unrunobi nderceddpAsmelesi(c.8i A gPRBLCK PraRd Aritveghan Brigemend el RN & ng

i ntroduci ng jgfcveds nenedingdonusl ehfurbideaognanag tdens iahi adidey the

met hods of the  ention into an expression envirorunent such that_the
encoded i nurssprsinededll, jtherphyo dlsatfying an immppobindst Heat hingselera apkigeni ofvent i on
provi des an ;janunobi nder produced by the nethods of the invention. In
anot her aspect, the invention also provides a nethod for identifYing a Been
cl one thaP speci fi cainbyerhbaditsents the cesbirated rifmpenolinderrxpresding geley ast

conpri si ng: j Lzin |l it h ' f,ace
antigen; iso Oa]tafll%ns%&e(z:dél ?Ié%p?lg% gm%{grlr#?ﬁrﬁl ze gﬁ&%&a ?e:?péﬁsgﬂg nCSH% ﬁ% B-cells
with a firstsulsjectecabd elohabedpansgmovn dihey embpdimeatsi thy ioinuamnbindpssnendsigessi ng
cells operably linked to a seco rtabl in eqahhigen of
interest is n&XISBI Fed W tHe® &0 3?%(1(33 gmg]f li)rf‘ﬁ%ll ir}ri]’rﬁea-g %ﬁ?% e%eglp‘naelce}eﬁ;
contacti ng toheh@ltfogeolatxpoLtsiimgunebihderehtdilinghencBic adid sqquame isépder at i ng

fromthe,25 rality. of B-cel .one Qqr. re B-cells. that cifically
bind to tlﬁe %#i%ﬁ!ﬂ@%?%ﬁ%‘?ﬁgﬁ&%“ﬁ% l?fg‘f)‘ﬁm gn'g R Ir%%cearcfad W @e;ﬁ 8‘?%’ he
presence of Heh&@ldtéd Fler BRASLEO0dnABriEAktEaldadiakted doml stpagdien. cel | ul ar
complex is indicative of the binding of. an B-cell to an antigen-expressing
cel I, thereby i dehtSPrgi FHEPAS B ‘P’H%F’G{%legft‘rrf-’é?wﬁﬁ%§elﬁsp sgRlk gt T .
interest. 4,Bricfor BRSEVdnAbL 81 sbjebB®ioRl GHIL®Sed assays iffogkf ® finaihalyat i cal |y
shows a 3-cell | |abeled with a fluorescent anti baqd acting wwth a

! 2 inter
t ar get - expr e9gepgizEdhy ir@’fl‘éﬁoﬂ?iéﬂewS“hta@ﬁc?lhﬁsé‘%éﬁlsi‘ﬁl“&‘r“w}-égp‘(4: target of
choi ce/ appi gen, 3y sBnEehdboliBfRt He iBERbbinddHs B AtiBodyt heuddAAEbe@EECt i on
process of rabbit B cells bi nqun% t o ESBA903 sol ubl e target. Flﬁg, lek:
Lynphocyt es ingdnde, gaveedragbisorehitierd; ehigkspasamgl. spaclcddigway fuaanizey gnd 3.
Among t hem ; | e elytBdut RABHGEFRCIRE, (Shown
circled). Fléé’g“%%%%%ﬁéss ?8‘&@‘?%%@3?%% B Bt R R P or o
(shown ci r clMaipbevraadexipect ed to encode high affinity 1gG against 10
ESBA903. Cells show n e. DL est: £ j sorted in
96- well plates. q'g}é\%%erg%&‘g?dngérgggﬂ%oallgé%%Eﬁ%ﬁg%gﬂ%%%gog?n(e\éeﬁéﬁgbel ed)
bi nd t o PSFatephia-Ihrahesf enbeing the lahggehuphimtergaiela) genSinatly sheipesets coat ed
anti-CDl 9

antigen. In other embodiments, the antigen of interest is an integral membrane
protein. Suitable integral membrane proteins include, without limitation, GPCRs
(e.g., CXCR2) or ion channels.

In some embodiments, the first or second sortable label is a fluorescent label.
30 Suitable fluorescent labels include, without limitation, fluorescent proteins,
antibody/fluor conjugates and fluorescent cellular labels.

In some embodiments, the antigen-expressing cells are yeast or mammalian

cells (e.g., human cells). In some embodiments, the antigen-expressing cells express



anti bodi es (APC | abel ed) did not bind Thill"al pha transfeeted CHO cells

(m ddle 15 panel). Beads coated with anti-TNTal pha anti bodi es (PE | abel ed)
did not bind to wildtype (w) CHO cells' aower panel). Dot plots on the |eft
show forward and side scatters, which indicate respectively the size and
the granularity of the events. The single beads (-3urn) popul ation was
gated in P2. CHO cells eventually bound to beads (-30 um were gated in Pl.
Dot plots in the nmiddle show the PI evehts (CHO 20 cells) in respect to
their PE or APC staining. Thus, cells interacting with anti Tbl Fal pha beads
woul d appearani exd28nayat zmtlgand Tne bdnge iembedigrenisnie vintigern-preresping -l B beads
woul d appear e ri.ght, statistics for each sanple are
detail ed. tranSfeﬁtled%%éaﬁex ess élvgcg ‘ed with anti-ThEal pha- PE and beads
coated with antiIf MPEIn‘AﬁhﬂeﬂtB,Xdﬂh irogehdténdenetiresiNgatqblhaart r gaasif eet ed CHO

cells, CHO cells 5 ated (Pl and .anong them.. cel.ls
ei t her ant | ‘I*ﬂh‘%inﬁl%@tfﬁ oﬂg@@eﬁ’@g‘%‘h@? Cglﬂstlfi&o&??&ltﬁﬂglwgpgﬁ Eg%qusggt e shown
IF n gat e; |33F1%B(%t Béhe}li ewe&?é t%ﬁlb&dun%lfb?hmﬁ cttﬂadfe Releted i frinbhe 1m1‘imglaécél I|='2.

i gure ba: analysis o e [ ren r ells
sugpena ons. 08y ¢85 %{n a@mabtrla?u@mwaﬁéewcw%eﬁg |S%‘He 5] ?ﬁ‘?‘é‘“&ﬁﬁe si de
scatter. ThendQobMidExpRidify ESHRLISHED a8, irh@l@Hiddep Wkplebed Bbmt sransgeni c
CHO cells and a small popul ation of nenory B cells, were gated. Down | et
dot pl ot shoWPHESIAPGCEEd FI TC fl uorescence. Here, the menory B cells
(lgGllai-) were Ig% er g&g&st ethEViﬁve‘ﬁﬁ&n Bl'd%&s VR MiSothtele Hﬁél&@'acfﬁ%ol@édle three

sanpl es; therefore, re shown only once. Figure 5 b: histograns
and popull& |WOWQatammymblﬁld@rhée@ﬁﬁéhbﬂ@snﬂhQ%Of@FI@VIWDceI | s + ESBA105 +
menory B cells of; 5 ddl I +
ESBA105 + nenory %E%E@GQ as*) gmg@g%e%?nagléﬁwgéasb%l ﬁlethgg'\(/\}n‘%ﬁ-%&uCﬁ%F?cel s +
menory B celibsnwbbiESBALRH!d ofrnindizetd anabbgen dinttdas, @nmngmegrrtmdﬁcmg@tmr y B
cells bindin r fu,d he
suspenS| on cg’r%lfnsoﬂﬁ%rfe%%dﬁtngvz\% gglflgir%ﬁcgge Jgg&m?dfgtgiééﬁﬁt G}H%P ?é)(rgsﬂééem ¢ CHO
cel I s "coat egientioh hntE&BAeiz@ﬁassiEil govieonfeant dath thhtothe showled gmowhbbisdes pensi on

f orwar d d side scatter, The living cells, conprising a | arge popul ati on
of transg ni &° cells and a small popul ation of 10 | ynphocytes, were
gated. Fi gure 6b:Indasthel a&pecﬁ hiagiimgniiRCorandedVi fhmoieddaienpeduddd by, the he
menory B cells 8 /I NI -) were gated, Figure 6c¢: histogram show ng oaken'
fl uor escencemfﬁ“& ?/ B cells, Gated popul ation was sorted (nenory B

cell's binding to IE'dﬁbthMﬁedﬁSBélt%nﬁ@ﬂﬂh@pt)owdes a method foFiidpttifying;a Bri ght
field mcroscopy pictures, of beads coat ?d w, th anti -TI Nl Fut 15 | G wh| ch

~tact with Cb e @at 1@2@‘@&“& PEAS Je i eell surface pfiygepePTeintepssi GHEPTS

M Croscopy) PinGhiHiASe bl Shinal Akt AR dihd Q1cEIF CERLS aml noi%@ﬁﬂﬂg Bu&uyr es
(right columm) of C§-|O NPal phai 1ESBA105 cel | s (bi.g cells) hound to B cells,
whi ch have aﬁ@mi@sgmwedmn%a@ném%el&wrﬁa@érst Wleé?beém‘éémg 20

Det ai | ed DesgriphiiPir ant en-e&?leesélﬂé/ eald berﬂﬁ}ﬁ“ﬁhﬁ@stonﬁtsg&gé sh@ibid dgpt i fyi ng

i mmunobi nder s, such as s%t bodi es, specifically bi ndi ng to
cel | surf acewmtclngbmsntlgm@f irdeRyds dtﬁf’lat’?deatl th‘t/élﬁf?ic@ﬁf therpafigen SKPESHPE | se
contacting | ahe . I h

i mrunobi nder @e@x lﬁcﬁag%@?%hﬂ%ﬂuﬁipé@%%hﬂg ‘?gt‘%lﬁlgtﬂ% ?whceklgga:ﬁhgg)arag)r(tg rfrgrsnsﬁ er:1a cells
25 that BiSndplilityhef BmsilgemeexpmassB pejlsctbit] @nw@ﬁm@caélydfemd tOSthﬁtaetlgetPrhese
met hods are parti.cul usefu for t f i i cation
of haunmobi n%é’?esm% calﬁ] E‘Sl%nfcoerlrra ona ereénwt' Bl%gé;mtgé)geﬂr?tét ﬁfyrit alIllﬁtg ge%?g

menbr ane pr ofcetabls latelizihe dsgléRERsar cohngleaxniy mdtaame afl th@bmdmg|0ﬂels Br@l;iltat ed

bi nd d i bi nd I t [ th
ot hods. of 1 NECT AL DR He g0l PORE SERREL b e FhoEhE tah SEPbY hELiedf 100 0 0°

for identifybfigteasst.i nrunobi nder that specifically binds to a cell surface
antigen g%%interest, The met hod conprises: providing a plurality of

i nmunobi r-expressing cells operably linked to a first sortable | abel;
providing a plurality of antigen-expressing cells operably Iinked

—t




6 to a second sortable | abel, wherein then of interest is displayed at the
surface of the antigen expressing cell; contacting the antigen-expressing
cells with the mrunobi nder-expressing cells; and separating fromthe
plurality of mrunobi nderexpressing cells, one or nore

hi umunobi nder - expressing cells that can specifically bind to the
antigen-expressing cells using a cell sorter (e.g., a fluorescence
activated cell sorter), wherein the presence of the first and second
sortable label in a single cellular conplex (e.g., a conplex formed between

an anti gen aBdeD@cription oﬁhgﬁi&[ﬁs is indicative of the binding of an

i num nobi nder - expd. €SS t -

identifying an i nu%ulf b?theggrmatllﬁr I n@ éeﬂ glnlgﬁéigc{&ﬁﬁ l%géfht anttlp ryest

I n sone errbomltemtihg with h&a@elmlpf&sﬂﬁig tall statinem)toitma@tmﬁmmms sy g. @etatgt ar e
clonally i SOI%&% [ lg)g‘oodi ments, the clonally isol ated

i munobi nder fERpFYaLisy c@l‘te r%FPBtOE(.Fg(f ed to clonal expansion using

met hods wel | - knovigire 2t BRSAH sddctibh prddedshsT rdbbieBleells binding ké ESBRASH3

enbodi nent s, the i trum‘n obi nder H%nco ing nucleic acid sequence is  isolated

from i numobioHi: t2sgsbr Bigsizhg Lag gcyttSsthrat a9 agcording u&rerd ad §dsequence

can occur afdeferclenab; 'Asrﬁﬂnét th&h, I@'Gﬁiél\@f c&ls%?dbaﬁ% RAGSISMB osily) tvdld e
nmet hods for isolation of the i munobi nder-encodi ng nucl ei c aci d sequence

i ncl ude PCR, sekec@d (sQ@ms,cnglp@_ dig| 2PciRells (flogblgwstained with ESBA903-PE and
embodi ment s, Eﬁﬁ)&%@dt%cﬁga{o%%f F@%C\%lje %xfés%ld% @&ouégfgg atﬁtﬁtfngépggénspf the

invention are subject to a ce ased ays in or ctionally
char act el0z eE$H&903meisHo bhavdeg theSuightast Buaredcendsasadrciesty asese sartstlidPOCEL| S. A,
I'n sonme enbagdi frﬁla , the imtnobinder is an anti body. Such antibodi es 25
i ncl ude, nouse, " rabbit, rabbitized" chicken, canel, canelized, human,
humani zed and chiligre 6: Betdshwdice svitlSentt-ANF&planantibodips {RE tabtisd) biudi tale,

ithout |im i,on,. F Na d d . I t
the anti gen DeFfiRrbdRerg td1p RIS Ay RfoR Yomsgh doers’ Babd iR per >
enbodihrrent ?71,3 anglbedléﬁ‘I(Al(}ti Ralﬁledb i hes bmids}'T&Fgﬁmatrhﬁsﬁctekd €HQI &ﬂ!ler(ﬁﬂdcﬁmt i gen.

I n ot her odi e, anti inter rane
prot ei n. 1 uiltaﬂﬁlisr‘e}g?aﬁlf &gt M&Qﬁ@{:?} B é‘?tﬁgﬁteﬁzt’ﬁ@e %Hgﬂ?tr?ﬂ%t? ation, G
pr ot ei n- coupkiedlyfeeGRP OIS cISRCRE: p&ieDhDaspIe¥@R%he Bt dnotv fohadd ehd side 7

I n some enbodi nents, the first or second sort bl e Iabel fI ugQr escent
| abel . Suit aBFEEs: | Wireudicat IF%?S‘étf@f)i 1Strgernd\fhe gplanty At ttg‘tF &L‘ﬁorescent

proteins, angidOdydd! UOEmE pRputaidh 8fasanikd lnupz eSaeNel§ @bdrithAk doabeks. | n

sone enbodlnents t he _ant’i gen- ex reSS|n s are yeast _or manmmalian 5
cel s (e.g.,0eRtimtaA0 e veye gatef & b’gﬁlﬂéhﬁ@lddquém‘é(r‘fb? BbavesisdELsi ng
cells ex Qt)esc%uéjnmei‘éaﬂé%t‘%'%h&n%%n APNs tgﬂ{h“g QRO MERLSraL@E with anti-

anti gen-expressing cells are transfecte an expressi on vect or .
I n some enbobNhephasbeadhwopldrpapesiin & reatex pncbg@isngte@élmswah éh%/@ﬁls@'Db?

| | t ,
zool s, o g toadeyotlh piaGn PR, ORhifish Sickie tifenei pre e | 07
i sol ated from an Higweri Bealsanonted|witheanyi-TNBaiplzmPahd beads wmltzd MdthtﬁyltiDNA
vacci nati on. C]bib ABLEL& m?]?Qecmao Etier ﬂﬁ Ql?r%ﬂgctedeéﬁbeéeﬁ% Beéeh?

conpri se an I nmal nobi hder exp es e rom n eXpr essi on vec I n
anot her aépemrsa gated (Phy end mumngltkmm delss binding b attm anUéﬂT&TmhaEE domed ecul e 15

encodi ng an | nunobi nmet ho t
T anot her  ASBRT HREDI SRR Toat Shed art SRl S 1 g Bt R SR
i Munobi nderUﬂmnadbb@d@ﬁrebmstbie h@ateoPZm antigen of inter est conpri SI ng
i ntroducing an i dln nucl el.c i uence ideptified by
t he met hods of t ég"lrﬁ33n€‘§é§l ﬂs &ht @xildgteﬁngﬁ}g%ﬁﬁnnﬁﬁtmg’u hce[lﬁat t he
encoded i MusElEnEEEY. Top 1e2f) dBT S16LEing cell suspension forward and side scatter. The
30 living cells, comprising a large population of transgenic CHO cells and a small
population of memory B cells, were gated. Down left: dot plot showing APC and
FITC fluorescence. Here, the memory B cells (IgG+/IgM-) were gated. These two dot

plots were identical for all three samples; therefore, they are shown only once.



I n anot her aspect, the invention prov S an irrbinder produced by the

net hods of the invention. In another aspect; the invention also provides a
nmet hod for identifying a B- cell clone that specifically binds to a cell
surface antigen of interest conprising: 25 inmunizing an animal with DNA
encoding a cell surface antigen; isolating B-cells fromthe immunized
animal ; |labeling the B-cells with a first sortable |abel; providing a
plurality of antigen-expressing cells osper ably linked to a second. sortable
| abel , wherein the antigen of interest is displayed at the surface of the
anti gen expr essi dggueef b! hisioaramstana gorHeionristgishy ekihe Sssmalys:dapiGHQAi t h t he
Bcellsi andng@PaiRtl AEsAIAM; a0 AL Bk ERKATDS Bnfihints 8RR Miadftore
B-cells that can specifically bind to the antigen - expressing cellis using
a cel |l sort eCHOwWRErecallstthBSPAESEharenndry thheelfsi afgtonaimimswzangbybrdoat e | abel
n asingle cablubay coml ey IRt vesRl 4SRRI G0 3 Brge! | to
8 an anti gen=éxpressi ng cell, ereby identifying a -ceI?, cl one that

bi nds to & dnttbgrens,afemary @reellt binMef tnCHDaxEs were gateln order that the present

invention may be nore readily understoed, certain terns wll. be defined as
follows. Additi oﬁgg%r%leé'i ﬁ?\ésoﬁgﬂ%ﬁse °t§e§‘ef SFPRISEHSr SORGITS e ?fhémﬁlg{‘%?‘f ed
descri pt ibon alymph(?cy‘[eg_hﬁixﬁ@z\ﬂitﬁ' &Mﬂabﬁﬁhs'gerﬁ@LC&{(s dells Wogdt&l” awith tEﬂﬂAeH)Sang agy
antigen binding fragnment (i.e.. "antigen-bindin ortion,! "antigen binding
pol y- pept i de‘?lgufeﬁawdg‘)ﬁﬁ@b?wg' '_§ell_c§PSP§F§%@‘? @f\?ﬁfgiaﬁg FRB ST Rie b fggdy"

refers to a QhyeioRE ot Bide SOHNREibS ohGraddgehi8 AHOtMNs BRAY Krlali4oplagbmss and t wo
light (L), .chains inter-connected t% di sul fi de bonds, or_an antigen binding

I .

portion tlﬁerlé@_?h%ﬁ Yiesanepte nEEVei 69 Aot Sewingr ARL apeBIAM BRAPHYST i abl e
regi on (abbrgyi ahed,Hereim cag Mh+and) %é?@gyfxd.cmgme GRORSl2hn EieEiieN. The
heavy chain constant region is conpriSed of three 15 domains, CH , Cl112 and
CH3. Each | iwgleeinchiprascinse ebegied wemoyfB gellsi Ghted pprilationayas apitel (megiosh

(abbrevi ate i e 2RGrarkt gd;l]ﬁd' constant region. The |ight
chain const%tbﬂsg’g@é P?%%nprl(gggisgrésone ollég( in, CL, The VH and VL regions
can be further suiglirei7d8dighthtigd meigiosvesy afictingp ef beads abited myjth andlr Hbkp.

conpl enentard 1.0] I int.erspersed with regions that
are nor eqtcsonII Ee}%‘(/ﬁei‘g‘E ﬁ%g& c? {e)"?}fgfedéﬁ? Fgg%&g%a?}%%ggﬁlg c?ER) . Each VIl and VI, is
conposed of thre&idbRS: &righf diekd Wicrosmopsapgedes (leincalminmd -ané flvorassent®

carboy-term nus in the foll.ow ng orde , ,

Fra. The varTipretenrsiS e RE-RACS, g ERER I RS, Gl ng
domai n t hat bouhé el talsywhich aaveaintiiBBA 1 0F hetilxdizs baie susbdedmaaltt ctllsg

anti bodi es may nedi ate the binding of the immunoglcbulin to host 25 tissues
or factors, including various cells of the i mune system (e.g., effector
cell's) and tbaafléd Béscaigiipenent (Chi) of the classical conplenent system
The term "chi nerl,]glreantl hody" ref eréeéo an an%yi bady no“!ﬁ,e ule in vvhjéch
constant region, mvenien PoMdehmpilbiges for eniilymedpmynabipdees udt 25k hanged so

that the antibodies, capable of specifically binding to cell surface antigens. The methods of

the invention generally comprise contacting labeled antigen-expressing cells with
labeled immunobinder-expressing cells and isolating immunobinder-expressing cells

25 that bind to the antigen-expressing cells using a cell sorter. These methods are
particularly useful for the rapid and efficient identification of immunobinders against
conformational epitopes present in integral membrane proteins, such as GPCRs. The
invention also provides isolated immunobinders and immunobinder-encoding nucleic
acids identified using the methods of the invention.

30 In one aspect the invention provides a method for identifying an
immunobinder that specifically binds to a cell surface antigen of interest. The method
comprises: providing a plurality of immunobinder-expressing cells operably linked to

a first sortable label; providing a plurality of antigen-expressing cells operably linked



antigen binding site (variable region) is linked to a constant region of a
different or 30 altered class, effector function and' or species, or an
entirely different nolecule which confers new properties to the chineric
anti body, e.g., an erizvrae, toxin, hornmone, growth thctor" drug, etc.; or
(h) the variable region, or a portion thereof, is altered, 9 replaced or
exchanged with a variable region having a different or altered antigen
specificity. The term "antigen-bitdi ng portion" of an .antibody (or
sinply "anti body portion"”) refers to one or nore fragnments of an anti body
t hat retai n tbheeahi kortapld labed peleirdin drlabtigdni of dhterestandispldyied @nth¢ surace of NF) , 1t
has been sho t hat the antigep-binding f.unctjon of an antj bod n be

per f or ned bymgraél&ﬁ%hteécp%??m%g %ﬁﬂi -Clogtﬁ‘&fr% At iag%%esl}_-exg?gsmﬁ ecghsofw%q ﬁg“[ ng
fragment s engoinpabiaed-anbichiiny tdlie; dr@rwparaitiy f@n -1k pldialiy ERMMBObinddr- an

ant i body i ncl Ude%qgﬁij)@ﬁ Fab fragnent, % noval ent fragnent consij glﬁi ng of
the Via, VH, “ECSEHd“CH CBORRMHES mpyouy f'a’mfﬁsélnﬁrcﬁgﬁgﬁf cary SPpPaET)ent 10
fragment congid & A akiiRnfeaPrefiROiBLSng b RKIESorY (&g dh SMblkidacddctidged at the
region; (iii) a Hfragnent consisting of the VH and CH domains; (iv) a
Ft., fragmertlceng)svigigndhe prreenge of Meqlingt prdygneanch sortpplegabsl dyPesinglon of an
Ei ntibody, (Mg &ﬁrﬂﬂ&@(e%ﬁ,%ﬁmﬁi@@r@eﬁ HRtvieAln biRGAERY a BRI decBhtodlid »  (1989)
Nat ure 341:544-546), which consists of a VI| donmain; and (vi) an’isol ated
conpl enent arinfligatiyet eff Mhenibinglingegff om  IBmpEpR)desexpredsing  gelk derbinn 4etigsA- of t wo

or nore isol : ' QRL o] ; ytbet Le |1 nker.
Fur t her nor e,&gﬁtg%%gﬁl’ mgggm%é%%éngpg%k%{%%?qdﬁg)ltﬂ%?%ggﬁéﬁtaﬁ @Ilgg{and VH, are
coded forlObyingeptar at e genes, they can be reconbi nant methods, by a
synthetic linker that enables themt I protgln.chain in
whi ch the VI, ancIi[1 Itlreeaﬁllg?\cgmﬁrétls’r eog)eﬁjgr%trﬁqan%%g@%bgﬁg ér}r‘%:[eg?:lgé e%seﬁ%%l ‘%known as
si ngl e chai nelémaby {sstaked) ; see e.g., Bird et al. (7988) Science 242: 423-426;

and Huston et al. (1988 r oc. . . ¢l ., JUSA 85: 5879-5883) . ,Such
singl e chain ant il%g?fi%é%%'gg%‘ﬁ%gtga%’%tcl@%%g/dm@%éegé E%r%‘ges'se’é%fgsvs\n hclelr%sst he term
“anti gen- bi nelé agbjqeesdt tb @ivnabéxpansi@ntdifposhythodsheslekasvir otlysef afagitieinttse ar e
obt ai ned lgsi ng conventional techniques known to those with skill in the
art, and ‘thé®fragnents are 25 screened for utility in the same manner as
are intact anti bogicB®r eABbigR A PIhE GinAGinFRhder- @RS dE@MuBRicPAdRT Egehcb s
reconmbi nant DNA techni ques,. or by enzymatic or, ch?rp‘%cal cl eavage of intact
i nunut r ogl obigtl#tRs frommmmebiadercexprepingfellsi fokation ! fheduplsie acko et @hEtpl e, an
19G (e. 9., afn!@Gr aht@Fonal 30Aatid orf @R &HQIY@?aﬁsionl Bithble lbds 18D, | 9E,

re

or 104 antibody. 30The term"|intnmohinder” refers to a nolecul e that

contai ns al |isdgtion ¢fathe igFmunpkinderrangeding nudsin goidi eguepre apeludst TERdye- e. g. |

all or papt &{glé_&@ﬂg@_vy and/or light chain variable domain, such that the
i numobi nger specifically recognizes a target antigen, Non-limting

exanpl es of i MmudslFomgeembodioenisieinipinobindageprassing riols liwbated uping Gherol ecul es
and scEvs, I L body f Satyl LR Lihgdto (i) a
Fab fr agmentar,?i et}ggdﬁooﬁgg%%{l@@r ééra ﬁ%ﬁ%@%sﬁegtqg%g U%%aj}? F\%Hfd{ﬁ?} %{Jtm&ﬁgnd CHI
domai ns; (i ichamctE(izdthy Snmnegpinetet., Suitablie wall-based ssagmiedindecdiigiSidsi ng two Fab
fragments |inked by a_ disul.fi ridge at.the. hinge . regi@n. (ill) a Fab
fragnent, which i S%mgses{rgnr?fl ]iné%ﬁ;’/%ée Fetounv(\)n%%nﬁerplétsr%n 0 lbf’%g %?%hgéﬂ tlrbé’?éﬁe%n (see,
FUNDANVENTAL  ihdiMIAN@LOOKRY r{tBét tabitized, Shislep, cathebbama®28) hunfany hurgenizatd fandigment

consi sting of .the VH and omal.ns: (v) a EN fr nt.. consi sting of the
T ang VT iR Shey Sri%’?@e ARGy f‘%ﬂga%{‘?ﬁl%‘#dwﬁ%?‘)‘m%ﬁ%?’r?&ﬁ’eﬂa e n
;anti body sudinodsdyeandabrd.r agnent (Ward et al., (1989) Nature 341:544-546),
whi ch consists of a VIl or VT, domain, a.l melid e | faners- Casterman
et al., Nature 363 .S%%-elﬁ‘g%h’(‘f%::{?‘? anfiegn Btu}?geﬁ%i?fﬁ exg&ess&ﬁ?{onwnoefxggﬂmgii ence
11: 500-515 (2Q02)th @herderdbafikedi!t thbosigdCointersdias o taeMNARS dNgnebedi es(r) ;
and (vii), a nanobody, a heavy. chain \unable region containing a single

var i abl e orReTand? tofsT oY RN G AREeT . ST HoRbiHeE hBemBR?
"functional ;95@9@rM&m@q%gﬁymgﬁlb@anpgiowﬁdoﬁlbﬂee, 1AtHOGH liflitatioANGI giHRAO DI nder )
for which an inprovenent (e.g., relative to a conventional polypeptide) is
desi rabl e arf@rpied sgoripsdGEoRS. ueh er{eXER2sK e cliapnddthe art, e.g., in order to
i nprove the 'manufacturing properties or therapeutic efficacy of the

pol ypeptide. in one enbodinment, the ftinctional property is inproved
stability (e.g., thermal stability), In another enbodi nent, the functional
property is inproved soMiility 20 (e.g., under cellular conditions). In yet
anot her enbodi nent, the functional property is non-aggregation. In stil

anot her enbodi nent, the functional property is an inprovement in expression
(c.a., in a prokaryotic cell). In yet another enbodi ment the functi onal
property is an inprovenent in refolding yield follow ng an incl usion body




The term "frameworks” refers to the art recogni zed portions of an anti body
vari abl e region that exist between the nore divergent CDR regions. Such
framework regions are typically referred to as franeworks 1 through 4 (FR1,
FR2, FR3, and FR4) and provide a scaffold for holding, in three-di nensional
space; the three CDRs 30 found in a heavy or light chain antibody variable
regi on, such that the CDRs can form an antigen-binding surface. Such
framewor ks can al so be referred to as staffolds as they provide support for
the presentation of the nore divergent CDRs. O her CDRs and franewor ks of

t he i mmunogl obal ila sempembaditveyts, el €ifst 36 sy orfable éptRbiss ﬂmﬂes&éntfleibblr onectin,

can be used as tigen bi ndj cul es (see. al sp, for exanp U S
Patent Nos. BB, dRRteseraisbi0 Mafgey SUHD. IR0 mgsseﬁzs}orotems The
term "epi t opgitibedy/HeRcbfapdtss MetabikdanidiukeBis to a. site on an antigen
to which an i mmunoglobitlin or antibody specifically binds. M epito:pe
typically incl uddd sgpe|cgpegimpntsy themantigén-expragsing celigpare |yeast pp mammglian 4 or 15
am no aci ds idis . e SRS 'Iﬁ'soﬁ@@ﬁn@&dﬁ%ﬁt@ﬁhe %%en%}é&essuﬁmei@%ré@ppl ng
Protocols in Methods in Ml ecular Bi ol ogy Morris, Ed
(1996) . The ¥ermEergisediticee bﬁhaorng"embo e@tSt ﬂx¢ea11§1gn@hengessmgs@qllécqr¢ vel y
bind:, "specj i anti body binding to an epitope on a
pr edet er i neé f&!g!ﬁn‘ggﬂ%%rﬁgsﬁnﬁrefﬁop the anti body binds with an affinity
(1(0) of approxi natsime leadedinieats, e 'iMnusehihdea-sxlapﬁingxbﬂ&t elleyyd:aetsswt han | e
M 10-9 Mor %%% v " fer t he

di ssoci ati on equi & %eillgmg%lgalﬁgﬁ&?mo]fm ceus mf 1|u(c:kl’jl\'\z'ilr Ogﬁ m'bau&g s ?ﬂ 25>

i nteractilén. ralﬂylpchalll;y In tshmaanthobmchnﬁssthe)m teile armxselmteldoﬁnorblandnmmnaﬂd anti gen

V\nthadlssomatlon equi.librium.co ss tha roxtnately
10-7 15 M sttRaa&Ep @%gmfrﬁg ?yngﬁlé‘l ‘é,a("«p atl\ﬂn ngﬁ/le{ﬁ Cilglp or even
| ower, for emanmioemda&x@ﬁdsﬁﬁgn d@ﬁd dogiphige Sl fraengliRiiOskpfegdnaome af SPR)

t echnol ogy in a BI ACCRE instrument. As used herein, "identity" refers to
the sequence CRECURT B Pet ween two pol ypepti des, mol ecul es or between two

nucl ei c acids. WigmninathBOsdpkitOthel ifvdigibh Jiddd @ Q015660 nGélBR AcROmsREUENCES 1S
occupi ed ]1% t he sane base_or  am ng, acid nononer subunit (for instance, if a

posi tion i’ Esedng o mpauaRgdpNAcHsicd by theangtaods of thsile¥nlon. adeni ne, or a

position in each 19f ofoiRr PR¥RERRI Uﬁ%nhén Oﬁ‘rﬁﬁﬁéseq BYerydl %81 Qauclﬂghﬁﬁl the
respective npl ecules are i entical at th position, The el per cent age

identity" belparbiger ogmhlmﬂéadmwaan amugmqfomtemt eNRDTISINEHREOYEINE AR c hi ng
posi tions Shﬁﬁﬁﬁo@%déﬂ%c&ﬂ@g nucleic acid sequence identified by the methods of the

invention into an expression environment such that the encoded immunobinder is
20 produced.

In another aspect, the invention provides an immunobinder produced by the
methods of the invention.
In another aspect, the invention also provides a method for identifying a B-
cell clone that specifically binds to a cell surface antigen of interest comprising:
25 immunizing an animal with DNA encoding a cell surface antigen; isolating B-cells
from the immunized animal; labeling the B-cells with a first sortable label; providing
a plurality of antigen-expressing celis operably linked to a second sortable label,
wherein the antigen of interest is displayed at the surface of the antigen expressing
cell; contacting the antigen-expressing cells with the B-cells; and separating from the
30 plurality of B-cells, one or more B-cells that can specifically bind to the antigen-
expressing cells using a cell sorter, wherein the presence of the first and second

sortable label in a single cellular complex is indicative of the binding of an B-cell to



25 sequences divided by the nunber of positions conpared x 100. For
instance, if 6 of 10 of the positions in two sequences are matched, then
the two sequences have 60% i dentity. By way of exanple, the DNA sequences
CTGACT and CAGGIT share 50%identity (3 of the 6 total positions are

mat ched). CGenerally, a conparison is nmade when two sequences are aligned to
give maxi numidentity. Such alignnment 30 can be provided using, for

i nstance, the nethod of Needl eman et alg (1970) J. Mal, Biol, 48: 443-453,
i npl enent ed conveni ently by conputer prograns such as the Align program
(DNAst ar, | ne.antigdhRexppssife 04l ithkeetyl idyntifghye e cdiMEoihaobiads © sSatigences can
al so be determned using the algorithmof E. Meyers and W MIller (Conput.
App!, Bioscifint¥=s147 (1988)) which has been incorporated into the. ALIGN
program (version 2,0), using a. PAML20 wei ght residue table, a gap length
penalty of 12 and a gap penalty of 4. In addition, the. percent identity
bet ween two Pefiwifarsaci d sequences can be determ ned using the Needl enman and
Winsch (Js Mel, %, Bifl tha‘/tl%ie‘lp%s’eﬂtsﬁwéﬁlt%z%a B gRd felaflrﬂ}y\ﬁﬁ&%tms cQED
incorporated into the GAP programin the softwar € package (avail abl e at
www. geg. comtermgsiitigpecdefihed 2safoBp s s Addigonaldefinijionsrarg sabAnpis thropheytitbe  and a
gap wei ght 12 10, 8, 6, or 4 and a length Nvtight of!, 2, 3, 4,
5 or 6. " Siqj‘r(;’lt %ﬁ}disén tlé%’ces are those which, when aligned, share identi cal
and simlar 10 affhademci“dntibedy defes tarerde snnbddias andsanjuedtigan dinlimser vat i ve
substitutions far, corresponding.am no..aci.d.resid in a | i..gned reference
sequence. Inq{salgﬁllegt r 'a'araa?‘lgen’%]%crifg%re%ql?r\lie st 1§?r|"?€1 5118% 8*?1 eprtlg%i dﬂltr-:- in a

r ef er encé0seguanasbindery ubpld thitin drerdoy, A esitidody t defers tosa piyesprotlid y or

functionally simlar to the corr ondi ng ref.erence residue, e. t hat has
RS Lo sTeombISRRALe S U by (ERERUS SR R L BERe P Sa® Bl (i ng
the ability di@uﬁdgr BoERY at et algrgfeﬂymﬁaig@pobtmda}erd@f. tE&rllll ihkegfyf ?Hms ,isf a
"conservative substitution nmpdifiedr sequence.is one t i rs froma
reference s&qiBHIE Yr2 beawy Fpa Vﬁ@%gfeﬁ%ﬂzg’bfeﬁ“ﬁtwa}ﬂerﬂﬂés A& eBRser vat i ve

substi t uti ongaial @nbagsS figlon. THee "HREVC ERiRIBnSATI e@bh tiY "coRRtivRIEDl thiee
sequence? is a function of the nunber of positions that contain natching
) 6‘(’1%?&%

resi dues 'or 40B1FEr Gl (&2 andsilp+ Heghdiest Somsih searrissg of maehiegais dar

di vided by tBg.NEBRYiek IRAM bd ONF akCIBE RHak cdBant FYon. MBleaBEehald 6 Of 10
of the positions in tw sequences are nmatched and 2 of 10 positions contain
conser vat i veoBLils tregion isoppsnpriserbpl enredamiin. Sdgudhe 841 pad ¥ Le0%iophsit bae
simlarity. : her ej t r i ATRLTa)

nodi fi cati onfggh?ssﬁg‘gﬁﬁgd&t%o%ég?nesr Q?OB r%mﬁgsggﬁg éréoﬂ-gﬁllecggﬁ ons%l?iﬁyat do not
negativel y akfegoining regidner (GIHRY, biterdperepdcith arcgiens shat e afiore eensentedbody

cont ai ni 1.N0 j ce; e V.

rodi 11 cator e aRerE eREP A0 Tkt AT 4P VG EhRSE: PERNENSOR e | | o1
and del et i orfsur FRy; agxanpliem amidb{ftérodiis omsarbany-toeninnt mcblutéldwing etdandar d

t echni ques | i e-gdirected rautagenesi

PCR- nedi at egﬂg\g%r]rju atggge@ﬁs@ %ﬁ&a@%ﬁ%‘é am ‘ﬁaga@?:ire l%nﬁbogﬁl etI?J a?%%lgéji ncl ude
ones i n whi dight bHeimndontima e ibthdires dahoken itist ire@has edthvant antigen. afhecomaeint r esi due
having a siml.ar side chain. Famli.e f .atni no.acid residues Vi ng

o o st v SR b0elis At renah P Sdha; AR ol EOpEhTR BN qe
ani 3-0 ac _tzgs tisbiied ob@e?:kdis,ﬁhdlﬁﬂiﬁ@&ér_ﬂﬁs (cel_lsgof, Thf B sydfed (fgi)gr.léhffectﬁf s&n'szj e) i

aci di c side chai e.g., aspart cid, glutatnic acid), uncharged pol ar

si de chai ns %‘E%ﬁ?"s@" PRt ?éjaa%értgﬁaﬁféfca]g‘IOEI’cpéﬁ‘ﬁqﬁ‘Es,ys@&i ne, threonine,
tyrosine, cystei M@e tdriyRhRRA@AKILIIG kdI@k & arSifiBo&NAbREUIE 8 Fhich #)and ne,
val i ne, |eucine. isaqleucine, praline, phenylal anine, nethionine)"

bet a- br anch&8nEHH deginmi W patign thergndois aieredy rplagrd omexchngst sp iyt thhd

aromati c si dgi&dahiRdink & : A8 i | AROR ads histidine).
‘rims, a_pr edilgét}leo} nggegeggﬁrﬁll&%lé %gtgrln&ﬁcl)s g@fégwr) %sc?ggﬁée}ﬁﬁ%%%gpgggﬁgqu Wi th
anot her aRi rdfersd ickss, ek dercfufigtiomantyer speries, i die enthrelly iffeaeritinyolechtstidels of

i dentifying eof | i.no i vative substituti ich do
not el § 1 natatan foe s ATMA G, GARE AL KRR |G 8RR

Brumel | et gadwth fBitoc lderg, e®2:dt BDtht 8AaHO rdgi@93) » pkabaythahif, &tal@ted, Pr ot ei n
Eng. 12(10):879-884 (1999); and Burks etal. Proc. Acad. Sci, USA 94:412-417
(1997)).



"Am no acid consensus sequence" as used herein refers to an am no acid
sequence that can be generated using a matrix of at |east two, and
preferably nore, aligned am no acid sequences, and allowing -for gaps in
the alignnment, such that it is IS possible to determ ne the nost frequent
am no acid residue at each position. The consensus sequence is that
sequence whi ch conprises the am no acids which arc nost frequently
represented at each position. In the eveént that two or nore am no acids are
equal ly represented at a single position, the consensus sequence includes
both or all mplatduioseexahanyod adihds varRDIEhegian hoinga difseqteneleraf asigpn ot ei n
can be anal yzed éﬁvari ous |l evels. For exanple, conservation or variability
can be exhi bi P%}E‘ the single residue level, nultiple residue |evel,

mul tiple residue Tet g aPstig@tiindiffe poAisaSs of @ﬁﬁbiob%r t(of eigLy Vakiitedy of the
identical residue or can be conserved at the class |evel %ﬁagpl es of am no
aci d cl assesPdH hﬂgelﬁdPél“e&ﬁtmq}ﬁéﬁé?’@@ﬂ oRap agtibrdy( gt feid rprgdshithe, 25

Aspar agi ng apdeifibdiyt @ 18 )an RAS (/&) mbarlgﬁais E%eﬁré?ﬂdﬁﬁ thatyBb RDGiigeN 9i NME,
and Histidine); negatively charged rou S [lianmlc acid and Awartie

aci d): hydr olrjwémg cfurmtlgn cﬂfp’%l mbaqiﬁ A& w@xfenmdnby fragmenthe@l avBYHEei ne,
Phenyl atarti y A | e 0 acids
(Cysteine. G&;ﬁgl ye g%%?%()lf P@hin@%a%ﬁfénfg eglgidel}gh% %eseﬁﬁﬂgagg-@étr% oaﬁg%égf skill
in the art arodingypoitiendef mneletlhqdy inglEe (Btar Eedt fizgatenti et mpndvakeni Gpgnest ot her
data to ass b t S I no acid
can refer t Y AEr oyt o BomBEROR) p RIS B B AR

functi ondl c@amnt/ad)mmsng twad Hob [ﬁegmentmhnkedluy a disulfidet bmdgel atltke hisgogni zed,

however, that .amn s_of .t he. hei r
bi ophyS| cal rﬁ%‘(%e(?l%lagés:d fd%%?%""& ﬁsgm?ftﬁ Qﬁﬁng%éﬂrcgé%auﬁf g‘zdaq?%a gq%%#t ain
hydr ophobi c dangistmgoaf uhe\g. andAVHnalommlﬁs @t‘raesmgieenhyﬂraﬂmubady (1).=esinglof hi gher

0oL o o 2L R OB AU o S S BRSPS B D
be det er m negbntists Y aaV - doﬁihﬁg hd ¢d) ae o &cﬁ'@ﬂemﬁltﬂlty daéﬁﬂmﬁltg dgion
Sci ence, 4438, (198 and nette et i 0

659- 685 (1% 8(‘73)‘3)818 or (vii) a cambipgtign .%m%eﬁfeﬁ&%ﬁﬁ %‘E’%ij OETé‘&R?E}ﬁB% (e.g.,

a first VIl jomeylbyS£GYRRAGR) 1ihl&r Al heiRachosd, t Akhene B R Gord&lAd bE ety am no
acid sequences (e. g\,]; one or 10 nore Vii or VL sequences_ in a database), an

ani no acid Ang Y& L ety Geddse oy BY geparais) genesy @FY W bejoinagy, u§‘é%1uence)

can be CO”D%&Qn&Ran@me%ﬁE W{h@gc Hﬂ?érftﬁa@@nabléé thd tPHEmMAle FS ﬁn§9d| tional

am no acid sequences. As used herein, the "correspondi ng position

represents tmete@q@a%ﬁalne‘fviblcb@ﬁ YL ond iV rgions agirein dens monpesiong mobigplef ed when

Lhe sequencegaaleaPBhbIRhLY 1 (ane dsee%% BIGL{ (1658 UBOC o8 x4k igned to
t he hi ghe The

achi eve per cent nt1ty’or perce arit
term nucl ei @daTde@Dmﬁl dc(lo8s) Pnoeﬂéatis AadDBA. BSRe8USE9-HiGa). Rﬁwlmmg!@ul es. A

nucl ei c aci d r@fﬁeglg an%@o l]ﬁ%&&ﬁ At%;%eaPlgc%glp%se&j %Bllue R | ﬁgd‘%g igenP Ut

preferably i s el c opera enked when
it is pl acednh:hng) mrtionﬁmf annahtﬂ:rody at Tlones hlnpbodyt ﬁagmxtmelre ohmihei csiagi d

sequence. For._ 20 t.a r_or..enh r is o nked to a
codi ng sequeﬁ’(rzleemﬁonEIQl tecglf"}%lg %Vﬁle tﬁ%ﬁs‘@hqﬁﬁ fﬂfﬁg&@e ae%n ps af%e term
"vect or, 25r efcsesed for altxlmseiramedsaﬂﬁlrembms: aqaabiaet aftibbdians mugetm@nangt her
nuclelc aC|dtovvh|c 5 d enI nkedagéetc%gﬁofvctorlsa
“plasmid, " WARIS Efe & brogRied BY deromPitas, BRE <t Biuee PESEARCh whi ch
addi ti on\:;\tllh INAmZAl aeagxa@élbilslnmamnhmmbglgmlﬁﬁ Aﬁgbaileers Mbgopdlﬁmeﬁtth@mype@ ft viral
vect or, er in additiona e lLigated into ra

genui ne. L PRSP8I 80 458 E‘é?ﬁggllnzg%?s Ig@/d)ﬁé%‘bé |I&%1=|I§ﬁ3ilr$b host

cell into m/rmgghortlgpyarﬁ[,@d)} ntroduced (e.g., bacterial vectors having a
bacterial, origin of replication and episornal nmamualian vectors). O her
vectors @8.g., ndheviemeringagnokindeplsrs pécneleaye éﬁhcmlnﬂwlegr amed ofnt o t he

30 genome ofa,hosh vhelle meﬁm}]é}&%g%gggm% o% g@?%@%hgﬁta?&/ 11$m@ﬂ£?thereby

are replicated al'ong with ost ers to a
cell,rich anvaelﬂlpiﬁ ge®pinnsugs chay theHmenuvekindgr spaciithalle ckcogiossts adalttsantigan. | ncl ude

bact er i al, MGl ﬁﬁitﬂllg ’exzmlﬁ@st @ 1AL ER! btude full-length immunoglobulin




15 Bacteria, which are susceptible to transformation, include nenbers of

t he enterobacteriaceae, such as strains of Escheric,hia coil or Sal nonella:
Baci | | aceae, such as Bacillus subtilis; Pneunpeoecus; Streptococcus, and
Raenophi | as i nfhi enzae. Suitable m crobes include Saccharonyces eerevisiae
and Pichia. pastotis. Suitable 5 animal host cell l|ines include CHO

(Chi nese Hanster Ovary lines) and NSO The terns "treat," "treating,"
and. "treatnent," refer to therapeuticl8r preventative neasures descri bed.
herein. The nethods of "treatnent” enploy administration to a subject, in
need. of sucholecuestamdsthvsam welt adrmtipodyfiraghenpy msleding iboventinoted td 6y a exanpl e,
a subj ect haying a GPOR- nedi ated.di sorder..or a bj ect 0-10 _ul tijmately
may acquir eaﬁs/allfc a%n?en&i 801 é’?“,%eri?tnﬁ%grmaeélg “t %S‘S;%‘F‘%v"éfﬁ?‘,e @E’r g\ﬂq ﬁ‘é‘i}g d;%gﬁce t he
severity of,donsaimrél)i OF@b% fragnan, aivaers frpentcoafprisiag tab Fab depmerts

recurring disorder, ar |j rder t ol ong.the survival of a subject beyond
t hat expgct elﬂ’?(feﬁ%?'h%%%@ﬁgg%&a %M@%é&%t@%ﬁ a]?ebﬁgmeé‘lt’fgg‘P Ve dosg"
or "effectsi vesalgsiages F&f eksh t farBNofa MU Mingf Ehih € (ee, 1 FUND AMENSMG, OF  at

least partially achieve the desired effect. The term'therapeutically

ef fective ddSBMUNOIQAFY (Banl £ arutbehi YU fivke Edrageest sagsishngql theast
partially arygshd i) @ns€as ?v&%”f@lz rd R ORLsGRE HORS VI hnd AR UbARKLs 8f 4 eady
suffering fromthe di sease. Anmounts effective for this use will depend upon
the severi t \sitgle pie ofias gndeqdyb&Vihg singleadonppin aatitade syelney &|Dad firamest t he
patient's o i e . eqal. ter-m " ject.” any human
or non- hunnmdrr]{jrﬁya ; ( ogri)t) Z\T)iﬁaurlr%laé%j?hiﬁgfe‘t@%g%g&g%& %t)arr\[gglﬁrﬁiy l?)ﬁ&slg%l? %Ihe
present ilfveFrnadid (sewnHirecrsrSastetmumnt eteht Natuse B ee46-448t (A 923 ) GRORPweliliat ed

di sorder. he.term"r b in.. t \wal
bel ongi ng toetta1 "eﬂ;f’ %ﬁ% ?‘g}éﬂgF 1? %@b—%&%@l@iog)z_%gg@%&% aﬂtlff‘ﬁége({e%i’ %ﬂwgggﬁ\rﬂé%?t er"
refers to anyawbalis®;and sepamatibody, adkehy dhasedrisijoregidneopesercengk a
detec,tabie slolglte%bl e" I@B}gl A ucth Jreans include, without limtation, a.
f1 uor escence 81T VATFER"E &V “LEHHEPP™ ARy cel lul ar | abel s can be used as
sortabl e | abel s iAxclsadihagin, viietthou tfuhdtivhilgiromnty” id apropeitenf a polopeptids, e. g.

Green flyQrescent ,protej.n til.aqdyk| uor conjugates .and fl uorescent

cel I ul ar lifgatfggs a0 dingunos %fg(gc‘%lﬁal @W%%{ fﬁ‘gﬁm fﬁ??’%go a convem?‘??@pt ent

“cel lular coimplpeptidel) &f @sHatl® aikl/ONElvtad¥BliLtodih of St aX e 6 eRg iekder bound to
one or nore inmunobi nder-expressing cells, wherein_the Ei ndi ng i s, medi at ed
by the anti eHMPENS BhBaBHAC AR BIPPYHE HrifiFigeslieehi@ss ohiedaPerids sone
enbodi nent s, Int HR. eRboInBY, He Ahcastal FRRelY Pk afPERGd Gebllity Qe anayaahl nder -
expressing cel| consists of a direct interaction between the antjgen on the
surface of t¥bUHRk i JeAvehyr eaqdimertelie priopHePPRETINELIERIE] GRIUPREY sur f ace
of the i npunehi Rl -EHRELSRHAGNSC!H vet afy {ﬁgﬁeﬁlﬁc{dgﬂmér&! @B FdMoha? BtREHNT”
refers to any nmeans for the isolation of individual cell clones froma cell
popul ati on. iSuicnabReesvans i rtllugetheniertbodiment, nthe dicsinnalt preperymist fhg

di lution an . : to oqul t] -.pl.at e Il

cont ai ns noqm %g?@?l%xgt:]m%&g%%(}nz(eé% 1?{‘;.!1 ﬁfh%ﬁdgrcnéleﬁ%b@aﬁ%ﬁ(ghé}ﬁ%nb%ﬁmn%

i mrunobi nderthe Avetdnag privette icamimowaguemcrfoldiog yetefodlowmsamyinplazion f or
obtaining t .L].¢c. aci e ir@mﬂ [ an

I nmunobi nde?) ?’é‘%&é@?ﬁ‘ﬁg%ﬁ‘&%ﬁ: q@%?ﬁ% ?Iféib?rdérélﬁ% > ngﬂjnggc?l{a\ll\? @%ﬁfﬁﬁghg%/ati on,
nucl ei ¢ &6i dmpsokmeitdn antRER baniplg #ffidtt i on and DNA sequenci ng of the

i munobi nder - encadi nucl ei ¢ aci d.sequence fromthe . .

i nunmobi nder - expr Sgigrﬁb %%T?Worﬁ% e eﬁﬁ& irﬁ%oﬁpgfgp%ﬂﬁﬂso@ic Ao e odi ng
nucl ei ¢ aci dvasielfjel espt@stharexist betaviegl thé ek diyerR&ER FDTOragRingg Bechcfednhesvork . e.
"single cell PCR'. . ... The term "exogenous. anti gen" f an,antigen
not nor mal | yeERT BEdERiclly Q?Wﬁttf’(?ﬁl Pi"&glfs {:g}FP‘,’gq’Fﬁo]r(Fgﬁaﬁﬁs’eﬁtR%aﬁn%xogenous
anti gen can pre)fah@pcviddi  {ceffeldtfokhd@de T 1Byl bs Space tHE threcJEDRS OT
species fromthe haost cell, e.g.; a human antigen exgr essed in a yeast

cel I, Addt ifBH};ﬂ ng }Gﬁ‘fya‘?rtl@h‘é"ta_in‘/@ﬁy?dYaWﬂé&lé@@Hﬁh§“°§ﬁ 3t isrCDRs @adoBe from
the same spegi eﬁﬁgéﬂ#ﬁim&iﬁé%&@f IRER kY mENRE 8RPHsd B fehdtedhOal s@fblds o8- 9. a
lung specific antigen expressed in a brain cell. "Exogenous antlgen" al so
refers to mib@nerodde swricgehr hetpresentatidnl of thomare diveraem QE¢CDRs g. |, a

cancer speciyfk G atvant j ed. | . I ]
"geneti cal | yafntel%l neer esdgg%}{e?%%%glgﬁgl%sg%ﬂgﬁgﬁggl’;%? ?égr?!“lt"ﬁg?%ﬁéfg eden



25 prod'.ced by reconbi nati on DNA techni ques and includes antigens that are
chinmeras or contain point nutation, deletions and/or insertions. Unless

ot herw se defined, all cal and scientific ternms used herein have the
sanme neani ng as commonly understood by one of ordinary skill in the art to
which this invention belongs. Al though nethods and nmaterials simlar or

equi val ent to those described herein can 30 be used in the practice or
testing of the present invention, suitable nethods and materials are

descri bed below. In case of conflict, the present specification, including
definitions, ﬁlwbhdctm oninrt@l usetl mis adfiichi mling helaalke(dealaso, fRtdradple, BIsd

T o kb B Loy e P OSSR ™ L | 1 e

foll owing subs ectmnam telpith e’ WP EHiSERO detbidhant h@ ftafol D4e cRMRQHHSBRNG S,
preferences and ranges may be conbined at will. Further, depending of the

specific ean hegt Imnagiogloblip d’éf@ﬁb‘idiyoﬁ%emﬁéﬂb’oémﬁléntéﬂcﬁpﬂ?ﬁn§@§’a y not

apply, S5The RERSQN 1dBVENY i508, DIg0Y] ﬁﬁqla@;q@e?@blﬂgs mRIRodidd$h BYnfghCS to
identify and separate i mmunobi nder - expressing cells in adherence wlth cells

expressi ng cwridspafadnatignaies.gen. Emoppileppio Prriowiniodiistaerssn Mdesular

i nmunobi nder n pression 10The target antigen or

anti body pr e%%fbg?ln\cj)ﬂ %%?%Mé’ﬁgi Ergy %ry% pepti de, nucl eotide, carbohydrate;
l'ipid, and ot her Thslteuud Epetifiatbimiing”s dlekioties bindmgiir ‘éssbetdivebnbiad&i’elahd surface
or integrate p%c%caﬁ? b‘fn Sni%‘ferm% aﬁlﬁé‘od éﬂ&mg 36 %an- Bl ne “aé' SieRmBypt heti c.
Preferably, a“targe tel IT"(?@ LR ng exanpl es

of a tar d@t mgergeﬁypwaﬂyude dﬁﬁﬁmiy blffdécmh aﬂl)(ﬁﬂ&ty (KXI}FM‘ apﬁ)éﬂﬁ&,telﬁ[am 1%
4 7 CETR, -! | G- 4 1C-5
O ke o KB L B G T O o A 0 T 10 TS e e O e

transporters, NAVhe lem{\ff-}&{;,” &feMﬂhe&hsstﬂqn%quﬂi%Mﬁm&onNth @ paltid\ibr 7,

e Tn one SHBBIIRLRT AR R, GG Ber R s ARG ORI Rt n T

20 anot her edHagei WeBRE dlsﬁ&lﬂaﬂoareq\ﬁhb@ﬂﬁ lcélﬁﬁmt gqﬁ o st { th%ﬁ? C%gbilﬁa@ryelrm brane
protein, for exanple, prol e: ha cou ors i on cham el s,

egd regept
etc. 15 ﬂﬁfeswérﬁﬂlyssotha@mmﬁﬂage xaf 0 dhgho™ol rnmrbévlsor(egﬁl%&w@f gt al.
FASEB 9; 745-ath lelgg%etegt‘ﬁfn@@&sﬁﬁ Sibfac tasmﬁ?Yesoﬁan@ RePRy tfBioldhl- 824 1994).
It has been estl mat ed. that one percen human genes may encode GPCR. s,
GPCRs bi nd t%LAéJQ%EWSH@IWdet of Ilgands rangl ng from photons, snall
bi ogeni ¢ am nes (&geusedemraﬁphdelﬁﬁy-a%%m@t§ttﬁ@1s@ encé)%patt%hﬂf%béﬂwéh twd-1-8), to
| arge gl ycoprotein hornmones (i.e., parathyroid hornone igancl
bi ndi ng, GPORIvReplies.aneleuiesraadetveen aio wicprredcidsg V\B@mmmyimbyﬂmthwmu ng
guant ne el Sl LATNALNGRY O Bl B1EELEhA e LPLEESbFd o GPCRE have
functi onal hono Ues 11 huran cy Q{I ovi rus and herpesvirus, suggesting
t hat GPCRs lmlizumaéf@ lbs@tm:eaqumosmdn @tueachgf theohvatDIoA nidecules iadcoprithbygenesi s

(Strader at gi 4 1 Arcani t t e
385. 347. 350, 7Y, o "s'h“’n ‘%F%“m"%%”" p"&ﬁrﬁt“k’? = Ofﬁufgﬁggyaggs%bé%?‘ e
The char act eesstiie Iﬁcﬁedulusare)fdemt at GRCRsitid. C]I’heh'ameedn@nddnmy\/\nbempen o now i s

et seven, Shioh s DARRRNSRLE, RO RIS SR, BB GBS T
t her eof . 2Thesequsitadsrdividedbp eeirrmder biposRiphesaardd ans0TeRdriadtacelipbaf hel i ces

connected by, t e 5.intracellul ar |oops, .thr xtracel | ul a |l o , and
o nos and” SRS PRGN HOHRIRS TR BRI TaR B sotes b R o 589,
739- 45 (zooqnanmwbsty ﬁgcas e@ e, ahemh\%geq}ﬁ]\ sy € GAIST ghd € A®STHuese i N each

of the first extracel| lul ar | oops formdisul fide bonds that are

bel i eved to %Ot)ﬂﬁfiemﬂz 3t 9iniae iotetal PB?‘B‘%‘@ e grafsheur generly> 2 OBRLMORS ane
regions are @gsl gnat@d Ryudivs ary\éﬁgne-al\@ gl\]—é%am% idtMy. aheh llﬁgﬂ:r'x\% i's

wel | knog@ t hat -these structures detailed above are commn anong G pr otein
coupl ed PEcende sades wingafer intencet the nmﬂmd(ﬁfel‘iﬂedlemq@éh}cé@wbi rdelpondi ng
to the area pheErR. Uhe 495 OL ertls)

(menbr ane- spanm‘%g Fgglg%n gjrlé}?ér?g%fg(rﬁrlé’%% ﬁe&F tééﬁgﬁﬁg{o%ﬁ Suglr]nar%c}h%m d
sequ-res neahligrherogemb (Bhestpahni)ng The gerantaidentif t emwdengtwoy amowsaided anong

dont i 11 bat i SR arinayarS deoe e L Eodet v PORHAR Y el he

intracellular and the extracellular portions of such novel nenbers, is
readily acconplished by those of skill in the art. By way of exanpl e, the
book of Watson and Arkinstall (1994), incorporated herein by reference,
provi des the sequences of over 50 OPCRs. The book further describes, for
each sequence, the ise residues conprising each of the trinmsnenbrarie
domai ns.




The binding sites for small |igands of O-protein coupled receptors are 70
to conprise a hydrophilic socket |ocated near the extracellular surface and
formed by several O-protein coupled receptors transnmenbrane domai ns, which
socket surrounded by hydrophobic residues of the O-protein coupled
receptors. The 25 hydrophilic side of each O-protein coupled receptor
transnenbrane helix is postulated to face inward and formthe polar |igand
bi nding site. TM3 has been inplicated i several O-protein coupled
receptors as having a ligand binding site, such as including the TM3
aspartate resompe. Mgl Biosdial4:y,-17T I‘{B9B¢)r whieh, hes ek asppoagidnetade TV6 or
TM¥% phenyl al anines or t rosl are a Lmplic ted in gtU|d 30, bi ndi ng.
The |1 gand EtGR gL PO e D PBe AGPMIAL FERLETGRE il et 008 s w1 1
ot her lar gerpeﬁm?dcs 194G adghp PedAHPEFOL, einngld{tok thE%biceﬁtG@ennBSbBtwe@ndvot he
Ca2+1gl ut arnat e/ GABA cl asses of receptors Ilkely residue_in the

e. xt racel | ulPBYRihFGIgensRtC termingd using the R@%’We?‘?ﬁ Worsch feMahi t ch from
i nactive §o mpgtt l4%e¢4mf5§r(t1@1 M% §Igbh@1ﬁﬂ%MUﬁ§sdb€e%r fnlaé'ng_jgt'ddoﬁ@d tehanges of
transmenbrane helices of t hat have 7

t ransmemnbr am@%?fanlmthﬁg(}ﬁ 30@@@“’( mckwt(mémlablarﬁa vBYWigeE.gomBuging citsm 273,

17979- 17982 e [ lihefr & gonfsor mation
of the mtr%gﬁ%\%‘ﬁl ar Jl?&gps 0 Mi em%}é(e%tﬁcr}%ga?go%éﬂc{mggg tgcpl \}atl on of
associ at ed hedeiqmgﬁnmghtefu%aﬁm&w Mut agenesi s studies (S. Cotecchia, I

Cstrowski, M A .K . |k ol . Chem
267, 1633-1639 (1 J)ﬁ%g& BEItylare ﬂ“’s%ghqﬁ? a@gn %‘%“gd Sh%‘ejg% dundy g%:lhem stry
36, 14871@495111(019@11) ;cesi\ihesA wm@relssibéargresﬁuemteeemea/,au\@: smlmmﬁor M O.
Caron, and R0 m{l % (#u % eqzr ée 1é130qu14033 rg&l%%%%
denonst r at ed°FHEP ﬂ%ar{“ﬁ PHITRYEE B P SEPEF 35RRG & arge part
of the coupl'tsigehaiweabstingLapbDs ratdie th praiérende. sedqidnboBpssubxputeaded as

eooptor s 1 G Bingh RYSEED BF CROPEH Sl (RO AR PORTEAT BB o, H
Kendal and ResiduRl k@Wi thi, haSCd et 358, sHAS3eR4ET hdP93}hemitl Repertaet i vate O
prot el ns

IubIe 15 peptides in ceII- ree conditions (T. noto et al.,
Cel | 67, 323n g 1@9&‘)@ to form eqvplgnt, af Il&gﬂge&f ‘?Dr‘iltse?reg’(e Ela%og Uspfa
endogenous SedH&Qative ﬁhﬁnﬁ@&%bdﬁ%hl sdBEH¥BLiL IFBS tih IWfFO RN edefb@n@s
antigen-expressing cell). Alternatively, exogenous nol ecul es can be
i nt roduced iSPRUGTESEM & Wi R Fe@isscy Wethatifine i Aoty RRNSEREH osTOF B RS 1% he
antigen it r&ld STRUnREREASIHARES, Dierih (RS BAMedBONN, (il F RN Wi L
ordinary 20°s |Iis Inthe art. In one enbodi nent, a pol ynucl eoti de encodi ng
the anti gen namber pbipgpieqsi et eeniribenatelieg resiflven ovicoRSTYAAYD SEDSUBEEBY | whi ch
can furthgr T8 F
pol ynucl ggl i g%e%gﬁ@gﬁ??&%ﬁ%%ﬁ%g&%@f&@é gl)sﬁggsﬁ%%& e?édc))(r h%rr
sequences knnamce,n}ftmef aptof tbé pokitonsaingite saquergen arcThetchet nat 2c<€fn100e
plasmd, cosrn t her tur o] , known,
in the 25 af OSIhﬁe |n{f‘1 n%’setr?’aglr‘{gcsélﬁﬁgu% lé’p?l})ege{shgam%o %r nlg({ee\é}%?%)(r??§
t ransf or mat ipositivée mﬁﬂamyon direct mcro- | njection of materials, bioligtic
particle delivery, ctr.op tiQn, or er net ho art The
target cell expr s‘ﬁ ?1 THE tﬁ%? eﬁdr%s%l’ﬁ’atbve Sﬁ%‘i?nﬁeeinf’g'%ﬁérgflo\% is mr%?’}%ie
i ncl udi n@5 frefer wmbamdcmb&hﬁcaﬂomemdt ydohﬁkﬁe’gailvﬂmaﬂhﬁrmleﬂtﬁr émg)mdmmncer
cells, non-cancer .cells rimry. cell etc' or .cells wth nol egul.ar
engi neering,° %%fﬁc%nﬁws %fultﬁ‘)%raé“%‘éyl §°’Et§mljlg i AR 49 e PRI ar §u‘(kbl—|0)
cell's, HEI C298%elatiSe seqhiénck mddimaafiémal ihaedd Iﬁl@lebﬁde inﬂ&&ﬁﬁ&@di@@libbﬁﬁlﬁ@tsgd ceiis,
TceIIs etc. Alternqslvely t he target can cone om non- af‘gal

c
sources, e. gdditigag g delgtiong. n e gxanple quifecéﬂ@lséﬁ%é’ﬁll cedt e st

expr essi ng. thnlREIRko@N &%rhr@rsﬁcwaaﬁ%e-cﬁféc{ea mﬁaﬁl%@%a PYRasddiated
pheroblasts Alternatively, the tar " cah an artificial

cel | -1iké0 baafagsnesit. rrusenvelveangng aq_g Mmonsgndgﬁeeﬂﬂeaybwhlﬁbﬂﬁrﬂah@ body,
etc. The expresgiafe ‘?sf re&ynﬁecﬁ%fhgﬁp aﬁl{hot&i} }ré&{c@@the&ﬁi |, Omifeflslae | dnlig. bodi es
can be transient, 1.e., the expression w attenuate or stop after a
conpar at i veIFyJIrslm;rqf ap‘emd o ofsiduesnisavirg gijlnilaﬂaiiﬁnhmmdna%bdeo CEﬁwvleﬁ]m days),
or stabl e, on .wllI. I abl e

| evel for a a%':ton%lg%é; Fl\?le y (islu i anfmo acu(lss%ﬁﬁ %%1%1]% e‘?e @’é‘gnceg?g %’%?se 0 msteeiler al
gencations of cells). In one preferable enbodi nent, the antigen is
expressed on the extracelluiar surface of the plasma nmenbrane of the target
cell. In another preferable enbodinent, the antigen is an integral or
mul ti span menbrane antigen. To get to its location on the 10 pl asma

menbr aneanti gen can be expressed directly on these |ocations, or can be
transit:Joined to these |ocations after their expression in the cytoplasm



20l n one enbodi nent, the i Mmun6bi nder-expressing cells to be selected by
the nmet hod described herein are mammalian B cells, preferably rabbit

B-cel |l s, In a preferred enbodinent, the B cells originate from an
animal that was i mmuni zed with the target of interest. The imunization of
the ani mal can be practiced by any nethod known to a person with ordinary
skills in the art. Typically, 25 the B-cells are isolated fromlynphatic
organs of an imuni zed ani mal (such asispleen or |ynph nodes). |In one
preferred enbodi nent, the inmunization of antigen of . interest is done by
DNA i nunmmi z afistiditley,acilioadd @ains A.§. ﬁﬁs@aﬁiic\aeid}/gluféﬁh& sci€) prdaed golehgdd ar get
antigen are %1hected into ani nal s sf' abpit, rat, nouse, hanster,
sheep, goat ,°PeRS dR&n, slutige; )as?aﬁ?‘gl% ﬁ@n}“ﬁnﬁﬁ}‘fafmﬁwmqﬁgoﬁf‘%f eFeEE: ani mal

for this i MmntcpRid)ORoHoRP side cBaiha .t alat@hLA VallR3I Nkt Q0eVaRE| Iﬁ@uﬂeon
i nduces a rapid_ i nune response and al | ows for native expression,

nd
usual 'y onl y’hﬁ%)tliﬂ%n“exme%ﬂ@h bgp-bragelrsh sidt Plepdits (¢ Be clFaRING L V@H@s not
involve the ;eXDIE35i008 2B flﬁ@@fﬁe' 0GR (& C BiianineR lgfaﬁi'ngstrtyf)thblﬁmess i's

nmolt efficient and cost-effective than itidnal m*rum zafion wt
r econbi nant hittiging).ndhus, @ paefiited vanesseptiad atnnpoaq@mstd;ae mayebei mplasedoviéx pr essed

ant i gen possa%tﬁ?xs?ﬁl% atid 1Esid Ichf%@émﬁé EM?%H:L{? g{’ oSt adiRvE > the

sanme post-trans I ona I oNs ‘as pro einin nat ur al
cont ext, whinchleptider amdetmmm eci¢ consevhimessbgitutions edmgmct nab relilmynatehantigerepar ed

anti bodi es nst th et ,anti exenpl ary I ngyuni nis

"1 ustrat ed TS st aR A oA R e P B R B A N 50 Da 7216,
Speci fi c&Dl >(19St3breK&\d&a@meoﬂl hoteihBng dLy10epTI-d84 a9 hend Bugetet anPragen i s
introduced ough a gene gun nethod, resulting in
expression iﬁ"(ﬁ? @Sﬁat’gl gnﬂﬁﬁgbghr mal , whi ch expression causes the
formati on of 10 anhiikoetieScoagaiu’sdeqiidhees"pPad ysﬂﬁﬂidrdﬂ-reﬂeﬂ; or geamine &thi eve a
nore Vi gor ous antlﬁod formatloa So- caIIed tic ad uvg{%@?}}are appl i ed

si mul t aneousFYRF BoseFaLs |”61€gé‘rFB@)tH?‘r?§ St e Ye3j uvant s
are plasm dsah@ﬂédcdimﬁéi REIB S8queNded kdnd @8 ofvBig For ga@%ﬁ?ﬁﬁ ahéﬂimémadi‘ldh that t)9 and.

whi ch stipulate the hunoral imune response in the |aboratory animals. In
one pref éPr S@sEbIp delidgermine dhremasitfrasyeR amyna goid fesigugy aeqaclaﬁt)ﬁl‘é@h i

expressed onohfgafkek ueﬁég i ?rﬁt?seﬂfxer@e GRldnoRPrics Phfhiho hGEERRIOR acBER - I N
anot her preferred enbodi nent, the anti body-expressing cell is a nmenory B

cel |, char adrespentlvdenspuenteil ot ¢ankynpsitarb|la terayantitha) iva pr Boten)igo #dst¥le absence
of any |gM uélfysregfégén?é&eat a s1 e pdsﬂloﬂnﬁleecgps%q %%@%ueg&ehﬁcludes both 1: all

i nart ni nobi nder ~“expr essi ng ce s are Yyeast ce I mmuno |nders are
pref erabl y adthdsoaypinbragsents, nore preferably say. Screening using

Rl uor escat - act | vakeluell SALINGr L BARALL BE DR ITUIIRILOR Shep. the

menbr ane ound ant1 body on speC| he 't ar get
antigen neeohxamplae csrspazamledr Warmbllnyhan beedxlhﬂomd(pm eh;es singlenesidgpkeélf i c

ant i bodi es. ref rou h the ant| dy
bi ndi ng, B cné g lpgpé%sf ﬁaB oaneflgu pl %aéln%’Ehrlrlgﬁbr ane is

adhered to tdmsemmgﬁbf thehdleﬁn@l parseh;ls bﬂgamﬁe&oﬁm\re@@nthelctasmoélh@xamples
preferred enhodi, nent ther 0 i.n n or di fferent
antigen - a%& YRy i psggs[ 15 ﬁf“’érh“& al%?tr%fgsﬁl é{ﬂ‘é*% Seﬂ%fh T8t or

i nt eract QGnSASp@fan)i dﬁ&YGﬁﬁhnﬁﬁ@!leoﬁﬂfzdw&ﬁa@e&@ bfougn dListiey lrgi@ile] snd The B
cells can b expreSS|n? different antibodies, or in

ool o el l
conbi nati on ?41“‘58p Bativﬁ%r’fg 1K, 2o8py dbfeamigi Pt 1 ABHE h# Dimuni zed
ani mal , fromyardpasic af gr&iﬁmlﬁlﬂ{eﬂqwém! U2&dne, Methionine, Phenylalanine,

Tryptophan, Valine and Tyrosine); and special amino acids (Cysteine, Glycine and
Proline). Other classes are known to one of skill in the art and may be defined using
30 structural determinations or other data to assess substitutability. In that sense, a
substitutable amino acid can refer to any amino acid which can be substituted and

maintain functional conservation at that position.



22 animals, or fromin vitro engineering processes, for exanple, a library
of B cells expressing different anti bodies by \IN genetic reconbi nation

t echni que. The separation of the B cells expressing antibodies
specific to the target antigen can be done in any nethod known in the art.
These include, but are not 5 limted to, panning on antigen, |limted

dilution, affinity purification, or other nmethods utilizing the
characteristics of the expressed anti bodi es or the antibody-producing B
in one preferred enbodi nent, the antig,en-ex,nrcssing cells are | abel ed
with a tag usef ult witiibe tecopmieeddbvestt, drat amthoaicids ebthatsaroe clads mdyevagdiner ed B

cells, The tag can_be 10, a.crossli.nk anti.gen/ anti bod | ol ecul es
(o 0. gl ut deftrcRbmgBaipniiicl BBetied Fopefiym &R Biptived RbierTR

f1 uor escencaydmdghob® R drouRnee. £ efiefin€gy Leabadiemapdroptihe @8t i gehighapr essi ng
cells are | aZ)eI ed with a fluor esceg,t ,q@r ?!tagi népeg}}i d%.E I'n_anot he{?

enbodi ment , hYW@PIHHQIFYDSHPWTOW‘P% B0l e _d§‘B’ BiseR HOWSt 5% t ag,
preferably, vaiifd bf ep@Mte)f | ROHASC B0 MRS dH IBRARIphSSeity Bary S daRgfildar 15
enbodi nent, the B cells in adherence to the antigen-expressing cells can be
det ect ed by usihgaigcosnige Betheds(ereesseRess o pomcignes, RRYUCBASEB (1985) and

pr ot ei ni peptd e OR; k&g Wk 1 anot her enbodi nent, the B
cell and th?og%{tlegfé%é?{g\?(él‘sg}oﬁgpgglé}sfg ?énﬂég%m'ence can be detected by the
em ssion of fl| uoAessehderefn; ovhenwenedithinerasivt s¢dugence@aant fisstoY Hi o1/ Yépt i de

| abel ed on m } t, - I essi ng

ant i bodi es tép%g? }gs %@ﬁ?cﬁgﬁ{l §¥“Lgg?mgﬁéaggﬁﬁ@aaﬁmg%gggtse%%gﬁggﬁ%’ ?Iﬁér ('E}her
separ at et f mom Fher Vanteiiendss- jorodiaiang, 81 eminosachlypdashindnioss isamwende bot h

fluorescence fromJifl esgent proteins/peptides label ed on them.and on
adhered AP ?‘g'ﬁ?lgﬁésrtmgﬁ eﬁﬁie d%ﬂceegg%li|eo‘2°“§’ﬁﬂc%§86af%lﬁsg?\ndgn§rp Oﬁlglmf)er ormed by
f | uor escencéweagikioy aioetadditlohalsmiihe mdd {dgdéssEs.t Rchwat derein, B Therapsmingm FACS i s
t rademar ked _and gwned by Becton Di ckinson (Frank]i akes, NM used

ey e et he PRV RGN S-epib Bty hoiRiseR BIFES M haced cel
sorting the fehitRcesEEBFEMAGL 2kAt®d.eG &¥Hen SBY §dqighckSard afipeditaltided type of
fl ow cyt ggetry, It provides, a net hod_fgr .sorting a heterogeneous m xture of

bi ol ogi ¢ é}al}i@eﬁtrﬂeffql G%WQTP%PESHE M ners, one cell at a time, based
upon the specifi¢ndiight “aedit efcid choddrtlel! HIEESEEDNAC htIRGISran8t RS of each
cell, It is a useful scientific instrunment as it provides fast, objective
and quant i t &tolsrglep-edoruicigadt nalisleaneb siglentrnged PoAeYbIfARERfaP cel | s as
wel | as ph@ Fahb15 §Pa0Md-QRndd BRIA. SA YRR I E ! ‘Rberhfly 8RS when itis | N @
typi cal FACS system the cell suspension is entrained in the center of a
narrow, rapiphicgd firtewd Hancsiona arelagpnshiny ovidh anuteerf puslei¢ gcidr seapyeet sBott hat
there Ishgq | ' : QVITER o) Ik i ter. A
Vi'br ati et e has S ROl OB R e R T B4 et 1 AR e
dropl ets. T tepsiription of hdjsesgemd. so that there 5 is a | ow probability of

nore than one ce Ln L. St ks into
droplets the fl O\I;vh%gaglgeg’e?t I:}ogegjf%E g(p% ﬁh%lre %}égnxgg{e%ggsc J;r}’lB lﬁg&fstﬁg%aog%%er e the
f | uor escent acdthgrantieic afd fontigcie 8thapbecadolred e Dhe type mé asuiorad a “plasreidéct ri cal

charging ring.is placed just at .the pai re the strea r into

dr opl et s. A“%ﬁcgr rﬁger go ﬁléérc?glar gﬂuﬁl%éugmﬁﬁgt%ﬁ‘ggﬂopoﬁmf Re n%g} ?’?ﬁqe I;slerpri or

f | uor escehncesgninenaiyt ye liEasiurereet (o ofinettirtie a opposttos wikaigelditontl apped on
t he dropl et it breaks fromthe stream The charged droplets.then fall
through an. SN SRRy BERRLE b T eroHe: CHR PL R SPRS The o

cont ai ners haseeheRaBplidagod IICHAGY ell iifto SEHIEh BYE beNMErddieed ey Jaciesialappl i ed

directly to the stream and the dropl et  breaking off retains char of the
sane sign ade¥ite hepingmbacissial Stigiath eRliHen apd Epipoad mynR t?f‘r‘?l“toggf ter the

dropl et br e@gerofebiold (el nbi-BAERSH SRImmARE SoctRd) FAGR LRGRMOUE depend on

the lanp,or laser used to excite the fluorochronmes and on the detectors

avai | abl 80 epronoRft2 keshealhnpndvEedugtnmeintcathe hest sall.gind ghasetyase ekt nes are
bl ue argon 'a%ﬁ&%h(tﬂ@f?os@?@mm@ uorescent |abels workable for this kind of

| asers include; but not Timted to, 1) for green fluorescence (usually

| abel | ed FL1). FIirctern)“bssi celf] teéars wgscellGBlo, wiGHSE exprisioSFectents Dyini ght  488;

2) for oran f re Ly, F .. PE. _.a Pl 3) f e

fl uor escencgﬁr(ol(}lsl%gl I 39 ﬁ?%@lléﬁ%@kcln@é k%’)etirgf bccr)é.bqa}og }angé)_r C@%m {IT%H&G_CR) ,
and PE-Cy5,5; and 4) for infra-red fluorescence (usually FL4; in sonme PACS
machi nes): PE-Al exa Fluor 750, and PE-Cy7. O her |asers and their
correspondi ng fluorescent | abels include, but are not limted to, |I) red

di ode lasers (635 tun): Allophycoeya.nin 25 (APC), APC-Cy7, Atexa Fl uor

700, Cy5, and Drag-5; and 2) violet lasers (405 ntn): Pacific Orange, Am ne
Aqua, Pacific Blue, 4',6-diam dino-2-phenylindole (DAPI), and Al exa Fl uor




specific for 1gG and fed are differentially | abeled, e.g. wwth APC and
Ern:, respectively. Preferably, the target antigen and/or the target cell
expressing the target antigen are also | abeled. In one enbodi nent, the
target antigen is stained indirectly by staining the cell that expresses
the target antigen with an intracellular fluorescent dye, 5 The present

i nvention provides a nmethod using FACS to screen B cells pools, in which B
cells may adhere to cells expressing tarsget antigens, to identify and
further isolate B cells producing antibodies specifically binding to the
target anti gBactafa, | whieh eade. sk¥ceftidialby traddf@nmBtiog| shaleC nleabelsedf wheh a
fluorescent |abel and the cells expr i.ng the targ antigen are
separately | %TP%%W?‘?FP’ S ﬁfaFéfr@WF O?ﬁ%‘él?eg‘g rFPLI Y& moK a’Tﬁé‘é‘ *Fabel s can
be either i ngdchaeBhdillarsub@ist Pas@ldcbdch@Sireplocdddt € dh @RS dpRilEd i luddzas M
menbraile, After the inmmnization and production of antibodie all Bcells

are pool ed t OYBPKRICKYES s dentasehsrPmy cpnesewsiae apd P Ghiaypatsmﬁiéesg&ité@?l s

produci ng ANi{iAdio8iSceR MRS hildd CHDNEhinAsdeim AN BB dndaditesgs t o the
antigun-expressing cells. Their adherence shortens the di stance between

these two cel|ls itiet kemp | Gigat, cotsetingd land firsatoppat] arefre e fherapeitin obet ween
ot h?r i ndi vi ﬂ’é@énta@i% lrﬁeashl%ﬁddegg'l}eg Rereifd! - %la %et?}f@smof ‘%Ltﬁl%ﬁlﬁbérﬁplgﬁ“ ng
their concurrent passing t rough t he scanning, Taser beam us, the B

cel | s pr oducédmgnigmationddi a subjdct,i intreeé of sedntrépgmente at iafiitwdy afidhe herensor t ed
into a diffe . | ecti t fir non;: ific B cel I n
anot her pr ef%l%htélaﬁ’gﬂ%%&l&l {rPgé]hta ,SH%? Ctthﬁglgé ﬁﬁaﬂrtg%ﬁeglﬁteae S\%}e%ﬁ&i he' % Glf:glp? and t he
2.0 corr d¥poultimaglyamty geqirexpetes sisngles; éh brdee aml grevent car, aielny medidei that i on of
cel lular char acter J&sérl CSrorsie 3 degol ariéati grh ‘%\I u(?r escence resgnance
energy transFar RETJICHGIAE Ohy ot 1805 syploms of file diggrdes oL gRRae A8 t o t he
cel | capabl eordh osldetd proldhf tteatuvival offdisisjecBheyehd abdigeant ingBhaBxRe@$Si NQ
cells in contact will give out a "tri-color" event or an event containing
even nore. tHARYPHPEY colors at the same time. Alternatively, the

identification anthesént ti@ctdfe Bseadrl“stfidlivadhRpencardoes aadunt REftide t he
exi stence .of its fluorescent bel , one %{rbodi ment, the cell-cell
12

| | .
i nteract ilon ©4MEYS eF 3tlrrst PBHALY adbisvgae desived elfest dbg ferm ) Hhemmgytically

enbodi ment , {hese ddackidenali 5 RARABS SaMicREt SRR &t laePhhiblyy ARG: thar t her
separate B cells producing antibodies specifically binding to the target

anti gen. Fordigsessmane, itst pempligationsein a3paticpt elreadyi sHionay Funche oheesy bl ock

or activate i i N, @i lhe | j changes,
o g the Car R e e tif el G s R Pk bhe 12" IEY
moni tori ng tlkeid agétheceadplestfteplthe pright’ coemgeyunedystelml s of interest can

al so, be odent 111 ofheanch sepcatodhs 096y RARL MR AIRAHE boPLliet f onal Iy

25 bl ocking or activa eceptor signaling 1nc S 1ncu ng
B-cel | swi t h theldethotihatd ¢ammpsitionab] e erepent siveatid@l fGRe(1Bediodtast aswpeepl ed

receptor). A\gigge;@g%}_rb%}%%dﬁgsgrg%]_s t hrough a GPCR can be added to the

m xture to induce dra Ca2+ efflux fromthe endopl asmatic
reticulutn. |In cddetam adthitasysedhesenttes 10nnanidat élbndngw uhadfafiipeoti onal |y
bl ock agoni Stfn fit mal i ng, Ca2+ efflux would consequently al so be bl ocked by
this cell-celf PRt&Facti on. Ca2+ efflux can e.g. be quantitatively nmeasured
by fl ow @pt onet r yThe Threr Gletirserterd Miyrs b 818 hbdnafgekpaeils einpisedrepati®s t hat

ARt RN N P
fluorescence activation cell sorter. Any cellular labels can be used as sortable labels
including, without limitation, fluorescent proteins, e.g. Green fluorescent protein,
antibody/fluor conjugates and fluorescent cellular labels, e.g., fluorescent calcium

30 ionophores
The term “cellular complex” refers to a one or more antigen-expressing cells
bound to one or more immunobinder-expressing cells, wherein the binding is

mediated by the antigen on the surface of the antigen-expressing cell. In some



In certain enbodi nents, B-cells are cultivated under suitable conditions so
that anti bodies are secreted into the culture nmedium The produced

anti bodi es are, for exanple, nonoclonal antibodies. The cultivation may
involve the use of a helper cell line, such as a thynoma ' hel per cell line
(e.g. EL4-B.5, see Zubler et al, 1985, J. 15 Inmunol., 134(6): 3662-3668).
Optionally, additional affinity assays CM be perfornmed before further
processing to evaluate the selectivityl@and the ability to conpete with the
I igand of anti bodi es produced by the isolated B cells. These. assays

i ncl ude, butendodineats, [tharibirelihg of welhtigsasapressmnysl] (te. gn ,impmhbbifder-SA

(CF, LISA), which.is nodi fied ELI SA proc 20 .4n i ch tire cells are
used for coatrhgy:e 9@ cﬁpilitﬁugg%glrf’%l 5%5’8%7666&? éﬁ’{]gggﬁn& F %u(gfe]’l u?:# ed as
descri bed behowtiged=%amgkiag, cdiheandalthd airumosingpy i pes f aifaed dfo thest t he
generated anti bod‘i?je for s ecigi c binding to the target, e.g. for excluding
anti bodi es WRTEHORPETGIPESteF dgai nst a protein being expressed on the cell

surface ofher thametigen t'“RlodSly REDIREN refers to aflt @M fov ehy ,isdidRni dnti fi ed
and isolated. B cells of interest can be exam ned for antibody affinity and

the B cel | s BdKidpd wdpalprgscion, & rehdweretian i el greans i pgudse Vet or e t he

processi ng ikl e, (X RERRSINGA adiSphabest BIER) hiihen pARk shatiaREgduc S0The
identified and isolated Bcells, optionally tested by affinity assay (e.g.,
CELI SA), canvdeconigtasivemope bees siwdlercell.pr oduce i munobi nders of interest,

Tradi tional hybrigong ]E In§HE thef £ : 1sEdeid TRESen@RY i nvol ve
steps 2.6 such z;[ggpur ?ﬁ%@r S, g}eug}qﬂ%@%@t ?)Ig:agﬁg%ﬁﬁo acfld sgqgilence and/ or
nucl ei ¢ 40i defsmqoeanyemeans for olaingrenthe inkelelr, acih ascquenasr ¢fzan irgpursbindple bi nder s

is performed. in their scFv format Lo thig a c % ggueRaps: of
bi nders expreé{ SE dgtﬁ asnorl?lgﬁﬁog’}%&éf F‘éfr%s‘\%%meg h%ﬁgag%r J?lgve " y RT-PCR from
ei ther the dishitativednsid edd dedldt®no PCRr anplsiicagbre asd [ONA diqusotihg of debi nat i on

of two pool s_of rtially.overlappi. [ i gonucl eotd ci es.in whi -one
ol i gonuel coth%mE%B%eriegc%B}% Wi:jcll?lgrwp %38‘65?@ %é”ﬁldﬁlae ‘81&‘;%“2’81"%%\34% %E'Sél%es t he
framewor k regilons @imeaesbodiabite sayurmdakiéndrdoding Indclaicl ol kauegenerat i on of

10 pr odudsi ceniga B BFROGH B BEF I M- IR QL @RLi on based on the o

performance of t h@e pihiti@EndusnBiiae terss kyan dotigtead nofmatyakpessed izd ng
secreted 1gGin the cell culture %pernatant. A say- scaffold iﬁfé”ﬁ‘b' eto
accept CDRs FerEaakgstralibi Forariembli 2 HXSSHERh 2NEERT 2R i AR F VHEIRtt eri zed

("rabbiti Zeq&né?lﬁﬁ?%hg%oﬂasrs,a&@% REELH YeciBaBrbar thestRpt YD Rgl 5D K@ban wWhich is
hereby incorporated by reference 1n its entirety). The 15 proof of concept
for a vari etaptigin epRSsee e yeast edheAddiidanslly grH it ely Ao Feesaphitie&heci fi c

i nt er- CORodi ylk | NASiRERN i iatflyISRREAL 16988 MoRtdeNe 8f 2 MBKI Ng
rabbiti Zed ac%#ib%o y ?fs% Izlgc?ié%ed .belllﬁé(g’\?v%r&g ting “of t rnr aﬂunoﬁi n%grs 20The
anti gen bi ndigseeiicontz<dr exopRecdon 4 Watmshi ndepgerpubtisey ellSUEHY 12 he
methods of. thgah ekt ho? ARy 3R89 doAhA RACER! LB dBARY phiATewor ks.
Such grafting can, Tor exanple, "reduce the I mmunogenicity of the

i munobi nderantgen axpressed in & Bingwaldt i onal properties, e.g,, inprove

t hert nodynam e stabilit.y. | .inet | S.f i g@? |9y human
acceptor franmewor gtmvéeﬁeg%gﬁ@é%%éeggﬁd%gg%&W%% g{& %uﬁ%ﬂ altides% No.
5, 225, 5325 whbdieed by hepmbinaiicrcDNpoteatreghebynd etkdenaigens thitsresitimenas v.

or contain point mutation, deletions and/or insertions. Unless otherwise defined, all

technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs.
Although methods and materials similar or equivalent to those described herein can
30 be used in the practice or testing of the present invention, suitable methods and
materials are described below. In case of conflict, the present specification, including
definitions, will control. In addition, the materials, methods, and examples are

illustrative only and not intended to be limiting,



Specific. strategies for grafting CDRs fromrabbit nonocl onal antibodies
are disclosed in US Provisional Patent Application Nos. 61/075,697, and
61/ 155, 041, which are hereby incorporated by reference in their entirety.
These strategies are 30 related to that of Wnter but diverge in that the
acceptor antibody franeworks are particularly suitable as universal
acceptor for all human or non-human donor anti bodies. in particular, the
human singl e-chain franework FW., 4 (a genbination of SEQID NO | (naned
ad4$ in W03/097697) and SEQ ID NO 2 (naned Kl 27 in WO03/097697)) has been
shown to be hi ghlvsrie@Raiectd! 6 Wiet hvkhnatsl deRribdd e Hgrthesi dedsl @f thabbi t
anti bodies. Therefore, the FW, 4 represents a suitable scaffold to
construct stiaiIvEng sHhsertivay Ide prdessieqddBalyhe vatigne proRodiapts OEETFreRsss gihf ti ng of

rabbit | 00psand¥0MRQVEY corhbindiPst &ﬁyﬂr&&?heﬁéﬁﬁi@h&%& Al OBhboiAEH, gy

iny
substituting or 5 residue positions’'in the heavy chain of FYI .

arid/ or by selseted deftnitings| enhodimantsrorirangehyaay heflpplghai n of EVil . 4. Thereby,
it was sukprisin i f i of

abbi ¢ b it An ProfrBhn bRRRIEANRCHRL o0l dhe PROR HGERY Gent of
t he sequencendfsepdrete diomomobinderesmprassingSatiells 3n aidh@encesivithewlli rexpressingeavy
chain as wel | e it ARt 1agh hai n. of. . - . onserved
in rabbit ant ngi’a%“{el‘ég. &f%gﬁ'hréﬁﬁ%ﬁés@aﬁse%% O?Ig%‘ln %U%e-l%}l n%br%@\é\{slsgﬁ agﬁbg)g itions in
the heavy chain, as well as the one position in the |ight chain, was
deduced fromthe :rabbit repertoire and introduced into the sequence of the
human accep B SHERSTR. As a result, the nodified framework 1.4 (referred
to thereil@ as rEWhe 4)rgets aripppafbt hhigbodiyt freprirstionatdny bamyy rpadbint p&ilde, Contrary

to the rabbit wild ty i ngl.e.chains, r1i7W 4 contajning different rabbit
1o Cors o ROl e i AR e TSy AE i1 76 St Re aT RS BT | e
original donen siahk br addrhediieshe AERE dhétGbrine. ©XQMPERT YinTHRI AGeepr OF
framewor ks conprj se (1) a,variabl e heavy ,(({‘hai n framework haeast 70%
i dentity, prgfasiiRielaeblven ey sageepdog PraksiR Oguulidam ¥ HREFE FEBIRat | east
95% i dent it yof o RirprEQntif2nNRcIud® dX@nd/ GKCR2, CXCR3, T:uAt4,abKeRrb goRichain

f ramewor k haVIPng at least 70% i denti té@Rgr ef er abl | east 75%i 80% 85%

t
00%  mor &5 pr&TIh 4BIBA. K CRb X R DET RahEREyCF TR, S0l SIGkg, CIC-4, Clg-3. o
preferred er&i@@,@@lﬁrgﬁ@e-m@eampﬁiﬂs' MRl &AM 58S _gmhpe@epmtﬁ,d (T) at

position 87 (Al I'o nunbering). In gbfref’erre odi ent, sai

hnmunobi nderAB(E ceptsperters, ahior k  SBXpr-2.s@AV13, NAYL.4 VY hBl NABLPy chain
framework s d t r QUR.1C 1St , Al D No. 4
and SEQ 1 D RiET b7 MAFTE! BB O£ BiiaRshat il ShbbD BPeLS NHSA R 1 5
No. 2 or SEGhirDeNetc. Jn one embodimert, fhedfrgetratigenisediranemembiahe piptaii.abl e heavy
chain fr work is |inke Q.a variable Li . .chain f I I'i nker.
The 1 nicd) ByoseSaREEh, 1 P % s Ml e R st o, 16"
4 repeats ofextmples@ grgein eoupRldEESp{oBHQA@R sNApn channels, etc.

The family of GPCRs has at least 250 members (Strader et al. FASEB J.,
9:745-754, 1995; Strader et al. Annu. Rev, Biochem., 63:101-32, 1994), It has been
estimated that one percent of human genes may encode GPCRs. GPCRs bind to a

25 wide-variety of ligands ranging from photons, small biogenic amines (i.e.,
epinephrine and histamine), peptides (i.e., [L-8), to large glycoprotein hormones (i.e.,
parathyroid hormone). Upon ligand binding, GPCRs regulate intracellular signaling
pathways by activating guanine nucleotide-binding proteins (G proteins).
Interestingly, GPCRs have functional homologues in human cytomegalovirus and

30 herpesvirus, suggesting that GPCRs may have been acquired during evolution for
viral pathogenesis (Strader et al., FASEB J., 9:745-754, 1995; Arvanitakis et al.
Nature, 385:347-350, 1997; Murphy, Annu. Rev. Immunol, 12:593-633, 1994).



28 10), preferably a (00008)4 peptide (SEQ ID No. 8), or a. Hither as
disclosed in Alt-than et at (1995) Protein Eng. 8:725-731, In a nost
preferred enbodi nent, the i nunmobi nder acceptor franework is a seqguence
having at |east 70% 75% 80% 85% 90% nore preferably at |least 95% 5, to
SEQ ID. No, 3. Mdre preferably, the inumohi m er acceptor framework
conprises oils SEQID. No. 3. In another preferred enbodi nent, the
i mrunobi nder acceptor franmework is a seguence having at |east 70% 75%
80% 85% 90% nore preferably at | east 95% identity, in SEQ ID No. 5.
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20 precise residues comprising each of the transmembrane domains.

The binding sites for small ligands of G-protein coupled receptors are
believed to comprise a hydrophilic socket located near the extracellular surface and
formed by several G-protein coupled receptors transmembrane domains, which socket
is surrounded by hydrophobic residues of the G-protein coupled receptors. The

25 hydrophilic side of each G-protein coupled receptor transmembrane helix is
postulated to face inward and form the polar ligand binding site. TM3 has been
implicated in several G-protein coupled receptors as having a ligand binding site,
such as including the TM3 aspartate residue. Additionally, TM5 serines, a TM6
asparagine and TM6 or TM7 phenylalanines or tyrosines are also implicated in ligand

30 binding. The ligand binding site for peptide hormones receptors and receptors with
other larger ligands such as glycoproteins (LH, FSH, hCG, TSH), and the
Ca2+/glutamate/GABA classes of receptors likely residue in the extracellular

domains and loops.



SEQ ID NO. 4: variable heavy chain framework of rFW. 4

EVQ NESCI Cl G NQPGOSI RLSCTAS( X) 1. 50 WRQ, AP6KCI LEWGE X) "-t. .50 20

RFTI SRDTSI CNI VYLQ YI NSLI CAEDTAN Ysl CAR(X)i ..50WCl QUI LV "DVSS SEQ I D NO. 5:
framework of if :1,4 EAVMIQST S TLSAS VGDRW TC( X), (.50
WYQQKPOKAPKLLI Y( X) 050

GVPSRFSGSGSCI TEFTI Tl SSLQPDD12ATYST( X) Oi . i . soFOQGHI CLI NLG
GGGGSCEEES0GEGESCAT3GGESEVQ NESOGOLVQ. N |1938I inscrAs(x),,.

Vi VRgs20KoLENVVOGX50RFTI SRDI SKNI VYLQ ~ ANS 11, RAEDTAVYYCAR( X) 0 WGQGTLVTVLSS
SEQ I D NO. 6: vani eyl evehicfay thecindich florrainestione ko aétwrelrvkﬂsptb(r Wigad@-induced
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FOQGTI CLT VGt At AEEES EQ% gr SregrelipalopeRens ot 5o

WRQAPG CEL BLAIMGE " of th¥7§9ac%ﬂ1|a§m-5§wrﬂ4¥ Lx@é{p%@'—t@ promote activation of
AEDTAVYYCAR( X) 11- 140WEQGTLVT i nker GG GGS GG GGSGG

GGSGGGES 10 asieeiRied hoterodiimeriq @tPF@@WM%&?P@SIEI shedies EhptacchisafmREPRSIEs FWL . 4

El VMITQSPSTLSAS L GSGS

GTEFTLTI S SECPERATY 300 B0 R Ul 1 - O e 267 FESRTE3 o

general net H6W2fE. Wasteers, Bt ReContdimandi kKWesgBionbenisisetd, fl687-14R5 (087N zat i on

met hods of tfpe,| Ri’?s%%ﬁ 0R 3Haf e %ﬁt’?&?{ Uil ML ol 2 TRIR! K Ee?ﬂ&%'&c‘? whi ch
ea e si'm y he

exhi bits the gr est ée uenc 10 the séquence nombuman
(e.qg., ralbiRi)l. Gdni. %ﬁylﬂﬂdﬁﬁm%a))ﬂhaomﬁtad tI@DRe thirdeinttarellviedloop (i3)addi ti on,

I:E)ﬁ?g\rl\on’;{(i gﬁnse:dga"ﬁlegoag afgetz Irpg qf 2131 cton mgoge(%weesnegecepr%oreaﬁ(f) G ul%Pe? tI3q80Rps
expressed as minigenes have also been shown to directly compete with adrenergic
receptors for Gq binding (L. M. Luttrell, J. Ostrowski, S. Cotecchia, H. Kendal and R.
J. Lefkowitz, Science 259, 1453-1457 (1993)), or can activate G proteins as soluble

15 peptides in cell-free conditions (T. Okamoto et al., Cell 67, 723-730 (1991)).

The antigen of interest can be of endogenous source in the target cell
(sometimes also referred to as antigen-expressing cell). Alternatively, exogenous
molecules can be introduced into cells to express the antigen. The introduction of the
antigen into cells can be practiced by any method known to a person with ordinary

20 skills in the art. In one embodiment, a polynucleotide encoding the antigen as a
polypeptide can be inserted in vitro into a vector, which can further be introduced into
target cells for expression. The polynucleotide can contain the cDNA sequence,
DNA sequence, or other sequences known in the art, of the target antigen. The vector
can be plasmid, cosmid, liposome, or other natural or artificial vectors known in the

25 art. The introduction can be a process of transfection, transformation, infection,
direct micro-injection of materials, biolistic particle delivery, electroporation, or other
methods known in the art. The target cell expressing the antigen can be any cells
known in the art, including, for example, cells directly taken from animals, e.g.,
cancer cells, non-cancer cells, primary cells, etc., or cells with molecular engineering,

30 e.g., culture cells (e.g., Chinese Hamster Ovary (CHO) cells, HEK293cells, stc.),
immortalized cells, transfected/infected cells, T cells, etc. Alternatively, the target
cell can come from non-animal sources, e.g., bacterial, insect, etc. In one

embodiment, the cells expressing the target antigen are yeast cells, preferably yeast



The acceptor anti body frameworks can al so conprise one or nore of the
stability enhancing nutations described in U S. Provisional Application
Serial No. 61/075,692, which is hereby incorporated by reference in its
entirety. Exenplary solubility enhancing- substitutions in the heavy chain
framework are found at 25 positions 12, 103 and 144 (i W nunbering). Mre
preferably, the heavy chain framework conprises (a) Serine (S) at position
12; (b) Serine (5) or Threonine (T) at 2position 103 and/or (c) Serine (5)
or Threonine (T) at position 144. Mreover, stability enhancing am no acids
may be preseitherablashedlmatiyely, thesiatdebrieclll, cag, beqan agificip¥ celblike $admpy 103 of

th i abl Laht .¢chai ' , bly, th
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(especially, e. anti body technol ogy), and standard 10 techni gues of
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Mol ecul ar O Qa8 a@hté%gpaﬂ R ERPAEm bAROL ALK Y Tﬁ’iiif% #s11988ibn ofithé body
(Met hods i'n Mol ecul ar

Engi neeri_ng Protocol s J Biology), 510, Paul, S., Humana
Pr(1996)0" masigoesmieers Heantigry: con bpexpressedifliresgp o Aksse [OPRzRE ¥ £R Bohpr oach
Seri es, 169),nMbGRT B o Gationt B théil 32RLssicAthi (ROU|EStas ok AROIALLT Y
Manual , Harl ow et _ 1dS o*?gep.g%uﬁﬁ. Pr esls,%%usg lggg)ﬁgﬁsd Sur r_er?t?éePr otocol s
in Mol ecul arceBi dhésgiyansiodation/as (sed naguralgprocesg ohhewugeycell weRsnginedsy . Cel |
ELIS.,4 (CE .0 | o Shi Beshtheuse of CVB
k to analyz r%%F@J 5‘3 ?%1 5@%&%@“&%@% /o H%Q%E%O&bgg’lqﬁs?expr egfséghﬁg’ CXCR2
can be seededtibtdies thengidly ndmEae0@Ond eholsduldse letc.), mdering| grafiake ..o ea

pl at es. ter_over,ni ght..incubat C..c f.i i | %

f or mal deﬁl‘édegl}(cr? > Sghba&ld%lﬂ)norsﬁl%%u{ es) a Chgsg)br%r tcgllf.’rllﬁgc? g%ﬁ%ﬁk&ﬁgla\g@%{ﬁé can be
washed t hr eemithtifesthandtiganospeeai hetbodsi kndivngn shet &5 befome beafldr dokedigew t h cel |
cul ture nedium for one. hour at roomtenperature. Next, after three washing
steps, the S%B]?F%%’X’mcgq%aglﬁub‘ésWﬁf%@nl: 1 in culture nedium and added to
the wells. In three control wells, a comrercial rabbit anti-CXCR2 anti body
can be spiked in zu rnat ant. Syperpatants an then be i ncubated on the cell
| ayers for C(a(o b= ad 1 (7S o T >l @Wﬁ”f’ Brature. Finally, rabbit IgGs

are detegped W t iy 3angedbodmbht; RBRINuNSOInd@expEimndellpasye spitpliesy the | MP.
Upon addition of a peroxidase substrate (Blue PCD substrate from Roche), a

cal ori net ri custeetdssgrbeddarcin devemepliah Pcrlle strfdate P Soeddsaf ter 25 ni nut es

with 1M HCl . Absqy hapeRneanniiediRas Uhe® @éllsdoﬁ%hﬁw froEWaSarimaBitee hlas
screeni ng system using sohi bk antigens i FA. CS i

(f1 uor escenderaized AVl theetarees o tiptseppt bdbe dmawnizaiom gt $ies BRI ¥ PF bed i n
this i nvention.d.s; exaPhifi £apahl Ruohasehagiisng uR sehbsicahat bind
to 5 a tar ge@&gffc%;l%ter es%t?lb(gglé&éﬁﬁcaﬁfy, atsorl uol?%%rs.ot ein, v:‘yglctﬁgi r B
cel | recé@pt dhs B-BUR)are isolatdsi Somxlymphatic etgenst off efeimmasized anigiah (fueh @hai n
anti - VEGF an{ | A | abel ed with a fluorescent dye (PE and Per CP),
Lynphocyt e rs%!seggﬁl}s/llygﬁg\ﬂggébr epared fromthe spleen of rabbits imunized
with the rectnienaebrredegeddimSsl the imeweizativarfiantganaifelt inferdst PEoanlly Per CP

| abel ed sci 7 s well as wth ti ies specific for Q. .( -] a. bel ed)
or Itillyl ( $ém|m é]BgF@O Yacégﬁﬁ@bﬁ geg%a?&"?%’e “S‘ec@r?sgﬁg ktl%tg Slg%t parnéelégl%égG but
not 1gM on tihrtted $116 baiaalserge raldiit, ed, mode gehaet etledm) g8, cibdken, pit@) fos ( Fi gur e

2). As shown. in panel., A Figure 2, |ynmphocytes, were gated . acc jng to
Forvard At or GebeRgicn, Thamsigreidine iGN com s BT § Hefo )b cel | s)
were sel ect eehnfpaa8bn/Bccine@dd ddedsbd expsd ahResk Wshdhss ey aRbwash &gy - Per CP
were expected to 15 enco]gei high affinity igGs agai nst the scFs, épanel O,
Cel |'s showi iFPIFECHENG RSl Orfy BYFESEeredon W iuEL Rt ewsi BegBiShdl 195 at es
with sorti n%&h%lv%&lh&écgkdsﬁbﬁ@nd FarRARELE PeonindTE BR%IAT s SrBdadR¥andie! per
cell line (EL4-B5: see Zubler et al, 1985, J. Inmunol. 134(6)3662-3668),
selected B cells proliferated, differentiated into plasma cells and then
secreted anti bodies. The affinity of these NO nol ecules for the target
protein




20 was verified by ELI SA and Bi acore neasurenents, Kinetic parameters are
depicted in. Table [for seven selected G OneS. These clones, froma pool of
-200 sorted cells, show high binding affinities in the | ow nanonolar to

pi conol ar range. Finally, irERNTAs for secreted IgG nol ecul es were
isolated. from6 clones of interest and the CDRs were grafted on. ESBATeeir
singl e-chain franmework RabTor, also terned 25 Franework aFWL. 4. 33 Table
1; Kinetic values for 7 B cell culture2upernatants Welo - 5& |eaTl;
IILT] kd] '4 K3[M 2.91E+06 1 Ol1E-10 5E11- 63E+05 , 81E-04 1.05E-09 2E-03
8. 34E+05 3, 53fsilnt and cost-effective than traditional immunization with recombinant proteins.

In addition, more importantly, the in vivo expressed antigen possesses the same

secondary structures and may even possess the same post-translational modifications

as the target protein in its npatural context, which improves the correctness of

S recognitibn by the prepared antibodies against the target antigen. An exemplary

DNA immunization is illustrated in a Canadian patent application CA2350078 and in

WO004/087216. Specifically, the DNA encoding the polypeptide as the target antigen

is introduced directly into an animal through a gene gun method, resulting in

expression of a polypeptide in the animal, which expression causes the formation of

10 antibodies against the polypeptide. In order to achieve a more vigorous antibody

formation, so-called genetic adjuvants are applied simultaneously with the

polypeptide-encoding DNA. These genetic adjuvants are plasmids which express

cytokines (e.g., GM-CSF, IL-4 and IL-10) and which stimnulate the humoral immune

response in the laboratory animals. In one preferred embodiment, the antibody to

15 the target antigen is expressed on the cell surface of B cells as a B cell receptor

(BCR). In another preferred embodiment, the antibody-expressing cell is a memory

B cell, characterized and distinguishable from regular B cells by the absence of any
IgM on its surface.

In one embodiment, the immunobinder-expressing cells are yeast cells and the

20 immunobinders are preferably antibody fragments, more preferably scFv.

Screening using Fluorescent-activated cell sorting (FACS)
After the immunization step, the membrane-bound antibody on B cells that
specifically binds to the target antigen need to be separated from other cells
25 expressing non-specific antibodies. In one preferred embodiment, through the
antigen-antibody binding, B cells expressing the specific antibody on its plasma
membrane is adhered to the target cells expressing the antigen. In another one
preferred embodiment, other or more interactions (e.g., same or different antigen-
antibody interactions, chemical crosslinks, ligand-receptor interactions, etc.) may
30 occur between B cells and target cells. The B cells can be in a pool of B cells
expressing different antibodies, or in combination with other immune cells, collected

directly from the immunized animal, from a pool of immunized/non-immunized



4. 23E-10 9E-03 8. 66E+05 16.47E-04 7.47E-10 70-03 3. 97E+05 3. 04E-04 . 65E-10
....E+06 1.10E-04 1.01E-10 11G 02 5,48E+05 1.52E-04 Table la; Sorting
statistics for figure 2. 5 Selected literature: Zither et at Mitant-4
thynoma cells poly-clonally activate fam ne and human B cells via direct
cell interaction. .11 Inmmunol, 198%; 134(6): 3662-3668, Traasnerabrane

targets
22

animals, or from in vitro engineering processes, for example, a library of B cells
expressing different antibodies by V(D)J genetic recombination technique.
The separation of the B cells expressing antibodies specific to the target
antigen can be done in any method known in the art. These include, but are not
5 limited to, panning on antigen, limited dilution, affinity purification, or other methods
utilizing the characteristics of the expressed antibodies or the antibody-producing B
cells.
In one preferred embodiment, the antigen-expressing cells are labeled with a
tag useful for future detection and/or isolation of the adhered B cells. The tag can be

10 a crosslinker, antigen/antibody, small molecules (e.g., glutathione (GSH),
biotin/avidin, etc.), magnetic particles, fluorescence tag, etc. In one preferred
embodiment, the antigen-expressing cells are labeled with a fluorescent
protein/peptide. In another embodiment, the antibody-producing B cells are also
labeled with a tag, preferably, a different fluorescent protein/peptide. In yet another

15  embodiment, the B cells in adherence to the antigen-expressing cells can be detected
by the emission of fluorescence from the fluorescent protein/peptide labeled on B
cells. In still another embodiment, the B cell and the antigen-expressing cell in
adherence can be detected by the emission of fluorescence from two different
fluorescent protein/peptide labeled on them. In one preferred embodiment, B cells

20 expressing antibodies specific to the target antigen can be detected and further
separated from other antibody-producing B cells by the emission of both fluorescence
from fluorescent proteins/peptides labeled on them and on adhered APCs. Preferably,
this detection and separation can be performed by fluorescence-activated cell sorting
(FACS) technique.

25 The acronym FACS is trademarked and owned by Becton Dickinson (Franklin
Lakes, NJ). As used herein, the term FACS shall represent any form of flow
cytometry based cell sorting.

Fluorescence-activated cell sorting is a specialized type of flow cytometry. It
provides a method for sorting a heterogeneous mixture of biological cells into two or

30 more containers, one cell at a time, based upon the specific light scattering and
fluorescent characteristics of each cell. It is a useful scientific instrument as it
provides fast, objective and quantitative recording of fluorescent signals from

individual cells as well as physical separation of cells of particular interest.



i OThe screening system descri bed above works efficiently when the target

i s soluble, and when reconbinant protein is avail able. However, sone
targets of interest are nmultispan transnenbrane, proteins (e.g., GPClts and
ion channels), Traditional inmunization with reconbinant protein is in

t hese. cases inadvisable or inpossible. Further, FACS selection of B cells
cannot be perforned based on binding of purified, 15 |l abeled proteins if
the antigen is an integral nenbrane prasein. In order to address 34 these
i ssues the follow ng inprovenents of the above nentioned procedure were d.
1) dl mmAi i zat i 03 \Th tahty P B AGS epebngfthe @tionbypensioh iPEmiadied in BYAewBE 6T Mat i on

i nduces a rapid i mupe_response agai nst_native antigen. 5 Since no

r econbi nant f”efaﬂ?“ﬁ% fpwwgstcan H?@qufcgcﬂﬁgfﬁmiﬁ arigngey sg,ikat fgks ¢darge

cost - ef f ect i Barat@tih BciRecAlRBRS rel@élio tBALdiARE®r, | ARMAtARtrhathadidth SadBithod al | ows
for native expression of integral nmenmbrane conpl exes and/or multispan

menbrane pr oW&rRS! cells to breagyntr adiyidul éropletin Bre spstem iy adivswsdsophaidhere cel | s
that expr gssisang rﬂ)&(ﬁﬂﬁ@i:ty BERbi-ahe §RIQE tbei%@ QL Q'dlrt)or})éeﬁto Ellé%}‘éflegb){%\ﬁg E@&a‘iﬁ/

normal |y nmeasures 'the fl'uorescence emtted by s e ce t hey cross

a. |aser bedirpaksidnie iegplets ivelavepasagsdhrepgh h dveresdenesadyasutiegistetjanomarer s t o
i nvestigate < i i hesi ed] by
cadber| hg. ( PapdrapSsh MALERGELARSy or th BLRTRLE.RL) 08! ARABELAEE
Hi b, 2005, ik islplacedijwt of theNwitodsre B0 2tredn G+ebRel )nte drophatgr AmhéGavuaz et al ,

1991, S. din. Lnvest 5 128-1 . .Homever, such studies did not
denonst; ate At R TRing Redtin AEF ) pub PR GmeR il SRt 40t ng
t he physil@al andttepomfositethargoisttiapped drltht dewphad e jt Hréakh donmme atredne e the hown

t hat the binding, of B cell receptor to its .target. being present on the
Surface of e rdry G rbERSRh oyt Brisile e g aleb gh b

solrlti n?. fi n Qosles iiu@l Stks baed Bpoe kies &Hmlage. bim@bxit;@sﬁstaﬁmmerdhlﬁ@aes targets,
cells (-for 20, exanple, or HE 3 cells), ca e . transie y or
preferenti a|ﬁp§’h§{<<§fﬂ°93’fc}§égreaé¥é%}i\%?lwpfqﬁ i g‘r“éé’?f rS?lnéﬁg?I&%?P %‘F ST8¥I's that
natural |y exgesshd fiRaharuebrdn € lehe@uasdidRuisieter tﬁuafb[pteamats el ls are
st ai ned th an intracellular fluorescent dye (for exanple cal cein) and

i ncubat ed>wi t h t Hée FEREEsenBlabglsSeiota/e s echtialmdspsmd, pp sedamp Bbiaser use

| ynphocyt es gregciad alenBthri¥iidindd MR &5 GRNetfrd E?Qia%. bidhge dothndonigel |

surface specific markers. Thus, selection of bi-color "events" consisting

in two cel | savaidabds lesrgs o siagle haset maghinep psUee BER lasgry i8S inAY e FRGISHHS (see
B R S -
ant i bodi es, flusreseseaerfissalizhlabdilsd Fgé): FEFC3lesafjlupotd#aCFPTOFBSIGHRA-SEL he
affinity 2@f &BW@RWS@?% for oia?lrge hngregc@ﬁc%e&suaﬁ@li%&): PE, and PI; 3) for red
fluorescence (usually FL3): PerCP, PE-Alexa Fluor 700, PE-CyS (TRI-COLOR), and
PE-Cy5.5; and 4) for infra-red fluorescence (usually FL4; in some FACS machines):
PE-Alexa Fluor 750, and PE-Cy7. Other lasers and their corresponding fluorescent
labels include, but are not limited to, 1) red diode lasers (635 nm): Allophycocyanin
25 (APC), APC-Cy7, Alexa Fluor 700, Cy5, and Drag-5; and 2) violet lasers (405 nm):
Pacific Orange, Amine Aqua, Pacific Blue, 4',6-diamidino-2-phenylindole (DAPI),
and Alexa Fluor 405.
In a preferred embodiment, B cells are stained with labeled anti-IgG and anti-
IgM antibodies and the memory B cells only being positively stained with the anti-
30 IgG antibodies but not with the anti-IgM antibodies are preferentially selected. IgG
have generally a higher affinity than IgM; positive B-cells expressing IgG but not
IgM on their surface (which is characteristic for memory B-cells) are thereby

selected. For said purpose, multicolor staining is preferably used, where antibodies



(BLI SA, where coating step is perforned with entire cells) is being
performed. Wth this nethod, the selectivity and the ability of anti bodies
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25 Alternatively, the 1dent1hcatlon and sorting of B cells in adherence does not

require the existence of its fluorescent label. In one embodiment, the cell-cell
interaction leads to functional changes in either cell. In another embodiment, these
functional changes can be used to identify and further separate B cells producing
antibodies specifically binding to the target antigen. For example, the cell-cell
30 interaction may functionally block or activate receptor signaling in either cell, leading
to cellular changes, e.g., the Ca®" efflux changes, etc., detectable by the FACS
system. Thus, by monitoring these detectable functional changes, B cells of interest

can also be identified and separated. One particular embodiment of functionally
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blocking or activating receptor signaling includes incubating B-cells with cells
that functionally express a GPCR (G protein-coupled receptor). An agonist that
signals through a GPCR can be added to the mixture to induce GPDR mediated Ca®
efflux from the endoplasmatic reticulum. In case an antibody presented on a B-cell
would functionally block agonist signaling, Ca®*" efflux would consequently also be
blocked by this cell-cell interaction, Ca>* efflux can e.g. be quantitatively measured
by flow-cytometry. Therefore, only B-cell/target cell conglomerates that either show

increase or decrease in Ca** efflux would be sorted.

Affinity assays to antibodies produced by the isolated B cells

In certain embodiments, B-cells are cultivated under suitable conditions so
that antibodies are secreted into the culture medium. The produced antibodies are, for
example, monoclonal antibodies. The cultivation may involve the use of a helper cell
line, such as a thymoma helper cell line (e.g. EL4-B5, see Zubler et al, 1985, J.
Immunol., 134(6): 3662-3668).

Optionally, additional affinity assays can be performed before further
processing to evaluate the selectivity and the ability to compete with the ligand of
antibodies produced by the isolated B cells. These assays include, but are not limited
to, cell-based assays (e.g., cell ELISA (CELISA), which is a modified ELISA process
in which entire cells are used for coating). As discussed in CA2350078, CELISA can
be conducted as described below in Examples. The validation step is performed to
test the generated antibodies for specific binding to the target, e.g. for excluding
antibodies which are directed against a protein being expressed on the cell surface
other than the target protein.

Alternatively, the identified and isolated B cells of interest can be directly
examined for antibody affinity and the B cells can be separated from adhered antigen-

expressing cells before the processing

Further processing of isolated B cells for antibody production
The identified and isolated B cells, optionally tested by affinity assay (e.g.,
CELISA), can be further processed to produce immunobinders of interest.

Traditional hybridoma technique, for example, can be used. This may involve steps
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such as purifying the immunobinders, elucidating their amino acid sequence and/or
nucleic acid sequence.

Alternatively, characterization of the binders is performed in their scFv
format. For this approach CDR sequences of binders expressed on sorted B-cells
would be retrieved by RT-PCR from either the cultured sorted cells or from single
cells directly. Combination of two pools of partially overlapping oligonucleotides in
which one oligonucleotide pool is coding for the CDRs and a second pool encodes
the framework regions of a suitable scFv scaffold would allow for generation of a
humanized scFv in a one-step PCR procedure. HT sequencing, cloning and
production would allow to perform clone selection based on the performance of the
purified humanized scFv, instead of characterizing secreted IgG in the cell culture
supernatant. A scFv scaffold suitable to accept CDRs from any rabbit antibody has
been identified and characterized (“rabbitized” human FW or rabbit acceptor RabTor;
see WO09/155726, which is hereby incorporated by reference in its entirety). The
proof of concept for a variety of CDRs that in some cases even contain the rabbit
specific inter-CDR disulfide bonds has been shown.

A general description of making rabbitized antibody is described below.

Grafting of immunobinders

The antigen binding regions or CDRs of immunobinders identified using the
methods of the invention can be grafted into acceptor antibody frameworks. Such
grafting can, for example, reduce the immunogenicity of the immunobinder or
improve its functional properties, e.g., improve thermodynamic stability.

General methods for grafting CDRs into human acceptor frameworks have
been disclosed by Winter in US Patent No. 5,225,539, which is hereby incorporated
by reference in its entirety.

Specific strategies for grafting CDRs from rabbit monoclonal antibodies are
disclosed in US Provisional Patent Application Nos. 61/075,697, and 61/155,041,
which are hereby incorporated by reference in their entirety. These strategies are
related to that of Winter but diverge in that the acceptor antibody frameworks are
particularly suitable as universal acceptor for all human or non-human donor
antibodies. In particular, the human single-chain framework FW1.4 (a combination
of SEQ ID NO: 1 (named a43 in W003/097697) and SEQ ID NO: 2 (named KI27 in
WQ003/097697)) has been shown to be highly compatible with the antigen-binding
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10 The consensus residue for the 5 or 6 positions in the heavy chain, as well as the one
position in the light chain, was deduced from the rabbit repertoire and introduced into
the sequence of the human acceptor framework. As a result, the modified framework
1.4 (referred to thercin as fFW1.4) is compatible with virtually any rabbit CDR.
Contrary to the rabbit wild type single chains, tfFW1.4 containing different rabbit

I5 CDRs is well expressed and almost fully retains the affinity of the original donor
rabbit antibodies.

Accordingly, exemplary immunobinder acceptor frameworks comprise
(i) a variable heavy chain framework having at least 70% identity, preferably
at least 75%, 80%, 85%, 90%, more preferably at least 95% identity, to SEQ ID No.

20 1; and/or

(ii) a variable light chain framework having at least 70% identity, preferably
at least 75%, 80%, 85%, 90%, more preferably at least 95% identity, to SEQ ID No.
2.

In a preferred embodiment, the variable light chain comprises Threonine (T)

25 at position 87 (AHo numbering).

In a preferred embodiment, said immunobinder acceptor framework
comprises

(i) a variable heavy chain framework selected from the group consisting of
SEQ ID No. 1, SEQ ID No. 4 and SEQ ID No. 6; and/or

30 (ii) a variable light chain framework of SEQ ID No. 2 or SEQ ID No. 9.

In a preferred embodiment, the variable heavy chain framework is linked to a
variable light chain framework via a linker, The linker may be any suitable linker, for

example a linker comprising 1 to 4 repeats of the sequence GGGGS (SEQ ID No.
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a specific interaction between a BCR (B c.ell receptor) and a

In a most preferred embodiment, the immunobinder acceptor framework is a
sequence having at least 70%, 75%, 80%, 85%, 90%, more preferably at least 95%
identity, to SEQ ID. No. 3. More preferably, the immunobinder acceptor framework
comprises or is SEQ ID. No. 3.

In another preferred embodiment, the immunobinder acceptor framework is a
sequence having at least 70%, 75%, 80%, 85%, 90% more preferably at least 95%
identity, to SEQ ID No. 5. More preferably, the immunobinder acceptor framework
comprises or is SEQ ID No. 5.

In another preferred embodiment, the immunobinder acceptor framework is a
sequence having at least 70%, 75%, 80%, 85%, 90%, more preferably at least 95%
identity, to SEQ ID No. 7. More preferably, the immunobinder acceptor framework
comprises or is SEQ ID No. 7.

Furthermore, an exemplary variable heavy chain framework of SEQ ID No. 1
may be employed, further comprising one or more amino acid residues that generally
support conformation of CDRs derived from a rabbit immunobinder. In particular,
said residues are present at one or more amino acid positions selected from the group
consisting of 24H, 25H, 56H, 82H, 84H, 89H and 108H (AHo numbering). These
positions are proven to affect CDR conformation and are therefore contemplated for
mutation to accommodate donor CDRs. Preferably, said one or more residues are
selected from the group consisting of: Threonine (T) at position 24, Valine (V) at
position 25 Glycine or Alanine (G/A) at position 56, Lysine (K) at position 82,
Threonine (T) at position 84, Valine (V) at position 89 and Arginine (R) at position
108 (AHo numbering).

In a preferred embodiment, said variable heavy chain framework is or
comprises SEQ ID No. 4 or SEQ ID No. 6. Both variable heavy chain frameworks

may for example be combined with any suitable light chain framework.

The sequences disclosed above are the following (X residues are CDR

insertion sites):

All
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SEQ ID NO.1: variable heavy chain framework of FW1.4 (a43)

EVQLVESGGGLVQPGGSLRLSCAAS(X)y=1.50  WVRQAPGKGLEWVS
(Xn=1-50 RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK()QI‘)=1-5[) WGQGTL
VTVSS

SEQ ID NO. 2: variable light chain framework of FW1.4 (KI127)
EIVMTQSPSTLSASVGDRVITC(X)y=1.50 WYQQKPGKAPKLLIY(X)n=1.50
GVPSRFSGSGSGAEFTLTISSLQPDDFATY YC(X)p=1-50 FGQGTKLT VLG

10 SEQ ID NO. 3: framework of FW1.4
EIVMTQSPSTLSASVGDRVITC(X)s-1.50 WYQQKPGKAPKLLIY (X)uei-s0
GVPSRFSGSGSGAEFTLTISSLQPDDFATYYC(X)y=1-50 FGQGTKLTVLG
GGGGSGGGGSGGGGSGGGGS EVQLVESGGGLVQPGGSLRLSCAAS(X)u=1-50
WVRQAPGKGLEWVS(X)a=1-50 RETISRDNSKNTLYLQMNSLRAEDTA
15 VYYCAK(X)s-1.50 WGQGTLVTVSS

SEQ ID NO. 4; variable heavy chain framework of tFFW1.4
EVQLVESGGGLVQPGGSLRLSCTAS(X)s=1.50
WVRQAPGKGLEWVG(X),=1.50
20 RFTISRDTSKNTVYLQMNSLRAEDTAVYYCAR(X)ue1.50 WGQGTLV TVSS

SEQ ID NO. 5: framework of tFFW1,4
EIVMTQSPSTLSASVGDRVIITC(X)a=1.50 WYQQKPGKAPKLLIY (X)n=1.50
GVPSRFSGSGSGTEFTLTISSLQPDDFATYYC(X)p-1.50 FGQGTKLTVLG
25 GGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCTAS(X)p=1-50
WVRQAPGKGLEWVG(X)y=1.50 RFTISRDTSKNTVYLQMNS
LRAEDTAVYYCAR(X)u=1.50 WGQGTLVTVSS

SEQ ID NO. 6: variable heavy chain framework of rFW1.4(V2)
30 EVQLVESGGGLVQPGGSLRLSCTVS(X)u=1-50 WVRQAPGKGLEWVG(X)=1.50
RFTISKDTSKNTVYLQMN SLRAEDTAVYYCAR(X)p=1.50 WGQGTLVTVSS
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SEQ ID NO. 7: framework of tIFW1.4(V2)

EIVMTQSPSTLSASVGDRVITC(X)r-1.50 WYQQKPGKAPKLLIY (X)n=1-50
GVPSRFSGSGSGTEFTLTISSLQPDDFATYYC(X)n=1-50 FGQGTKLTVLG
GGGGSGGGGSGGGGSGGGGS EVQLVESGGGLVQPGGSLRLSCTVS(X)=1-50
WVRQAPGKGLEWVG(X)=1-50 RETISKDTSKNTVYLQMNSLR
AEDTAVYYCAR(X),=1.50 WGQGTLVTVSS

SEQ ID NO. 8: linker
GGGGSGGGGSGGGGSGGGGS

SEQ ID NO. 9: substituted variable light chain framework of FW1.4
EIVMTQSPSTLSASVGDRVIITC(X)p=1.50 WYQQKPGKAPKLLIY(X)a=1-50
GVPSRFSGSGSGTEFTLTISSLQPDDFATY YC(X)=1-50 FGQGTKLTVLG

Thus, unlike the general method of Winter, the framework sequence used for
the humanization methods of the invention is not necessarily the framework sequence
which exhibits the greatest sequence similarity to the sequence of the non-human
(e.g., rabbit) antibody from which the donor CDRs are derived. In addition,
framework residue grafting from the donor sequence to support CDR conformation is
not required.

The acceptor antibody frameworks can also comprise one or more of the
stability enhancing mutations described in U.S. Provisional Application Serial No.
61/075,692, which is hereby incorporated by reference in its entirety. Exemplary
solubility enhancing substitutions in the heavy chain framework are found at
positions 12, 103 and 144 (AHo numbering). More preferably, the heavy chain
framework comprises (a) Serine (S) at position 12; (b) Serine (S) or Threonine (T) at
position 103 and/or (c) Serine (S) or Threonine (T) at position 144. Moreover,
stability enhancing amino acids may be present at one or more positions 1, 3, 4, 10,
47, 57, 91 and 103 of the variable light chain framework (AHo numbering). More
preferably, the variable light chain framework comprises glutamic acid (E) at position
1, valine (V) at position 3, leucine (L) at position 4, Serine (S) at position 10;
Arginine (R) at position 47, Serine (S) at position 57, phenylalanine (F) at position 91
and/or Valine (V) at position 103.
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gate depleted in Figure 6, with 1, 10 of 100 cells/well as shown in Table
3. Sorted cells represented 5.5% of the nmenory B cell 20 popul ation,
respect i vel yMatepglsgpd Mehads event s. Sorted cells were collected in

96-wel | plates ang gbbi @ Eﬁcﬂér&flntlﬂe Jpgesglﬂyiﬁv&tﬁoi?fZ’Elgthsh‘é‘?‘%%%ﬁégt Y

that, culture supernatants were collected and teste LBA to
cheek for thadisptedeepraensfongSRalrdGepi ¢idéheqisty0snolEuRA hidegy,t weqrilsiping 3) 40

250 0 el Ty Rer gy e e alhE U, S BB D PR o)
anal ysi s |0Tabétamiatps off pogsptideupepanaitoant Seec opf, iSambobok hBrftsdthesleMambiihodi es
i ndeed. bounlglofegullazrs%gni% t(%ricg%pring‘lﬁar]bor Laboratory Press (1989); Antibody

Engineering Protocols (Methods in Molecular Biology), 510, Paul, S., Humana Pr

(1996); Antibody Engineering: A Practical Approach (Practical Approach Series,

169), McCafferty, Ed., Irl Pr (1996); Antibodies: A Laboratory Manual, Harlow et

15 al, C.S.H.L. Press, Pub. (1999); and Current Protocols in Molecular Biology, eds.
Ausubel et al., John Wiley & Sons (1992).

Cell ELISA (CELISA)
The following example describes the use of CELISA to analyze cells
20 expressing CXCR2:
CHO cells expressing CXCR2 can be seeded at a density of 50,000 cells/well
in 96-well half area plates. After overnight incubation at 37°C, cells can be fixed with
1% formaldehyde in PBS for 30 minutes at room temperature, Cell layers can be
washed three times and non specific binding sites can be blocked with cell culture
25 medium for one hour at room temperature. Next, after three washing steps, the
supernatants can be diluted 1:1 in culture medium and added to the wells. In three
control wells, a commercial rabbit anti-CXCR2 antibody can be spiked in
supernatant., Supernatants can then be incubated on the cell layers for one and a half
hours at room temperature. Finally, rabbit IgGs are detected with a goat anti-rabbit
30 IgG Fc antibody coupled to HRP. Upon addition of a peroxidase substrate (Blue POD
substrate from Roche), a colorimetric reaction would develop which could be stopped

after 25 minutes with 1M HCl. Absorbance can be measured at 450 nm.
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replaced b fr I n ure B .cel.ls | i.f ted,
di 1|‘O ferenti gt &q” |agetd ow%ll%% “c)eeg}) ég’gﬁ’a carsevfeétia YAt %ﬁ?‘g? SPF?‘PQ Zgé
vi sual i zel Gvh{AftC-mibged)nat lgh &ITG ksl 6tig.d PSEGERD3 $pstid Bmeamthabactir&s Ig@ CELI SA

was perforne CHO cel | s ex ssi.n X wer e seeded at a
Gonst iy of S0 G0EREP BB M ORiEt b e s LSS (R o08r ni ght
i ncubati on atho3hG pedd hsofiek e b l?r&?hdﬂy’ﬁeb wlebo fAsmbsighy de firaiiBad ke 30
m nutes at room t enperat ure. ayers were then vvasheé three tines and

non speci fi cSBiHdi Agoes the, v@ge IgMs ety Repoab e memop, By ¢rlle) Wi GIFCEEri ng one

hour at roonh@IIS! alduk Qiou’b\i%&anne@f WER sbIV-BE WASRIFAPeRIFERRre EARCBE to
supernat?]]trgs were diluted 1:1 in culture nediumand added to the wells. In

t hree contY ofncols high affieibinteSiscacainst BseEv apropl ExERls shevivedye Reghtedi ked i n

super nat ant . RHRLENRALARN SHriv8iod- %HB@&@%&%&&@ s&ﬁLtics'llé‘%@frﬁpaﬂwm ngyone and
a half hour at roomtenperature, finally, lgGs were etected with a

goat anti - r abpiss OlnghPeomm\le}@ﬁlt POk @é&pﬁ%dw ZUNRPW alpbi¥Satidmmuseki cl ase
substrate ( i a ey i

devel oped by R e 3008 bR 5 Q8 RGRE kicd  aCRIRRNIT HES FIERECRIRY o
nmeasured at %80 se;mtedr mt1b0d3§$.| Shc raﬁ“mmty towlersrnlgﬁ 89t cotilenuiir] the (at@t POYIn

0L 5P a7 U3 OBt 58 S 2y OB, SRS SRR B °0ne
type) to reviadlabkviefur ualenuasged clhes. hﬁhrash digheg) fone a poarrﬁ}numrteem and

CHO nouse CX .0, denmpnst te cross-activit ai nst Iose re at
receptor or gcfugléqfr?%%ta éﬁst n Fr%?a‘fvlrifno‘gélﬁje hEAREE lgyd ina
di rect ELI SAnROAskfbnsticrged Ig@nﬁ&pﬁlbﬂeleﬁdﬁkﬂatﬁdl ifiogh @f;lohaeoﬂa&tef%cam iNet er m nal

10 ami no aci Resul t s able 5. | selected s rnatants
produced st rgﬂﬁs dﬁ&%cﬁf%ffean% ?S%ﬁa%gtm nc%&iwi%f @TE_YL"E%A“IS%&?FF%& t hem
wer e al s@5| Fghtiyrkpesitt4ve in the control experinment with the CHO wi |l d
type cells, neaning that they might bind in an unspecific way. None of the
cl ones was cross-reactive with human CXCRI or nouse CXCR2, Finally, sone
clones, but not all of them bound to 15 the CXCR2 N-tenni nal peptide,

i ndicating a probable alternative binding site on CXCR2. G ven the
impossibility of inmobilizing entire cells on a Biaeore chip, it is
currently inpossible to quantitatively nmeasure the affinity of selected
anti bodi es for CXCR2 receptor. However, gathered data converge to indicate
that anti bodies specific to human CXCR2 were sel ected using the eell -cell
interaction sorting system 20 descri bed above.




45 46 47 EQUI V4L&VTS Nunerous nodifications and alternative enbodi nents

of the present invention will be apparent to those skilled in the art in
view of the foregoing description. Accordingly, this descriptionis to be
construed as illustrative only and is for the 5 purpose of teaching those

skilled in the art the best node for carrying out the present invention.
Details of the structure may vary substantially w thout departing fromthe
spirit of the invention, and exclusive isse of all nodifications that cone
within the scope of the appended clains is reserved, it is intended that
the present [abeht Kortibealheafor @ cell dyltiresipemaextsent required by the

appended cl *ﬁ—a-rd—HEe—a-ppl-Wbl—e—Pal-es—e-f—%O-J—a Al_literature
and simil ar | BEEBCIHP ¢it edd WX Bi s applicdidBnl i nclfudi ng,KDpLM]ent s, |pat ent

applicationg, aggjcles, bop_gfm_o?reat S€s, 5 @5??@!’[ attons, e pgoes, |figures
and/ or appepdices. regardl ess of thel fornat such |literature and gimlar

materials, fre sEApressly i3638+porated by pgfiepence ijn theibsepdirety. In
the event th one—orlnore-of the incorpnorated literlature and simlar

materials d Ff ED3f rom or “3Padi ctls t hi §5é§rﬁﬂi catilon, i ﬁéﬁﬁjéﬁ) ng defined

ternms, ter EECTT ||||| gres; —thi cation
control s. ﬁat i s|cl alugrr%%:]El Dg. . rre?%g%j’%o i dent i fﬁ%@ B- cel |
cl one that >peqofogcal y b|g]§iﬂg+b9 an antl geafbal nterlest coppraG! Ng. ((a)

providing alpluralitylof Balls, (b) contacting the glurality of B-cells
with the ant |gé23@)?f i ht er es08E+BEher e n t h&1amo# gen qf i nt €PE5L0 conplli ses a

e hn nlnrnllf\lr_\_f_Dr\alle Ak

first sortapte ‘,., and :ﬁd:—n...y £ gt vt+h—arfi -1 gG
ant i bodi es nbarqa a setoid® %orta|bl e | 456F0%nd | arti 't 1786149 bodi s
conpri sing a thitd so Tapre rapetr; (C) separating fromthe pruratity of
13-cells one or nore B-cells that can specifically bind to the antigen of
i nt erest usdﬁ@.@ﬂ:@bﬁhng@‘ﬁat@msfwff@um% the presence of the first and second

|S(r)urzllt 22{ |ev|ea dpuha ]lt‘)l H;IL ngjngf L;I ;BU igd,el ‘t%gfsg;t :em?/‘:’ ‘Lreeﬁlt OW t her eby
i dentifying|AllBvest| clone that binds tootdoe anti gess#of int enesd.
Lymphocytes 86,585 86.6 86.6
Single Lymphocytes 1 86,013 99.3 86.0
Single Lymphocytes 2 85,523 99.4 85.5
Memory B cells? 5,450 6.4 5.4
Sorted Cells 16 0.3 00 |
903-binding cells 160 2.9 0.2 N

5 Selected literature:
Zuber et al. Mutant EL-4 thymoma cells polyclonally activate murine and human B
cells via direct cell interaction. J Immunol, 1985;134(6):3662-3668.

Transmembrane targets

10 The screening system described above works efficiently when the target is
soluble, and when recombinant protein is available. However, some targets of interest
are multispan transmembrane proteins (e.g., GPCRs and ion channels). Traditional
immunization with recombinant protein is in these cases inadvisable or impossible.
Further, FACS selection of B cells cannot be performed based on binding of purified,

15 labeled proteins if the antigen is an integral membrane protein. In order to address



2. The nethod of claim1l1, wherein the plurality of B-cells is provided in a
plurality of |ynphocytes. 3. The nethod of claim1l1, wherein the
plurality of B-cells are stained prior being contacted with the 15antigen
or interest in step (b). 4. The nethod of claim1, wherein the plurality
of mned after being contacted with the antigen of bitterest in step (b).
205. The nethod of claim1l1l, wherein identification of the B-cell clone
conprises clonally isolating the B-cel % obtained in step (c), optionally
foll owed by clonal expansion of the clonally isolated cells. 6. The nethod
of claimb, fimed isuescheiolicving impokahdntgof thrusogt enaatibikdnphbegiuteewedcodi ng
an i mmunobi nder, fr qlthe B-cell clone that binds to an antigen of interest.
25 7. The W§Wﬂgaa§?'clain16,r conpri sing produci ng an i nmunobi nder capabl e

0 'binding to an Bnti getmofizatioh eABSINA MRE@bMetdiiina@BioRdRr i s produced by
i ntroduci ng the n}sﬁj ei ¢ acid sequence jnto an expressign environment such
that the encoded PHaiRsrBpiRTedpces 5 BHatd-BUNUNSgSPORRR agatsh ST abiZgh-m 1,

wherein the gige @b rBRNDIRAPHAMICH Bes&l, ks @e_rcﬁndlb%}l sVt 6t wHRdSkrsLst-abl e
conditions so that anti bodies are secreted into the culture medium 9. The

net hod of cl &i%AHEe. Ahiethisdundsangdr moredgwedantlyy thipaettfodcallvadphetive t he
antigen of i of i i ant i bodi es
are mouse, robpryon oLyl MimbliR RRLICR ok hldThd mpElE: frolcle, 27
antibodi es. 11. The netAcd sdfctionaifm-gellswhardndta tadls Sbattexbiess hrmbedesalar e

fluorescent ha i . wWherein the antigen of interest is a soluble

anti gen. B glf%ke%ﬁgétrgr%aogtﬁ%d of claim1, wherein the B-cells are B-cells

froma rabbit. 10Flow cytonfetry fimemalie trivantresfthe flabmsckBre whigtediby sidpte calbbbi t was

i mmuni zed wi tgeﬁaghanti en for identi .Jin clegne t hat
|

speci fical |y Brnds°t 6 &h aa%%‘%é@%%%?‘ﬁ%ﬁ’eﬁmec BWﬁ?rFl%ﬁr%dgve(Bgfr&Hml zing an
ani mal w t h eyomatisgennadstipant eeldstl] iidictionql fat ergnde phhwsadni fydiattd Bycel | s
cadherins (Panorchan et al, 2006, J. Cell Science, 119, 66-74; Leong et Hibma, 2005,
J. Immunol. Methods, 302, 116-124) or integrins (Gawaz et al, 1991, J. Clin. Invest,
15 88, 1128-1134). However, such studies did not demonstrate whether such cell-cell
interactions will remain intact during the physical step of cell sorting. Furthermore, it
has never been shown that the binding of a B cell receptor to its target being present
on the surface of another cell will be strong enough to allow such physical sorting.
In order to select for B-cells that bind to transmembrane targets, cells (for
20 example, CHO or HEK293 cells) can be transiently or preferentially stably
transfected with the target of choice, or cells that naturally express the target of
choice can be used. Such target cells are stained with an intracellular fluorescent dye
(for example calcein) and incubated with the memory B lymphocytes of an
immunized rabbit. B lymphocytes are stained with fluorescent antibodies binding to
25 cell surface specific markers. Thus, selection of bi-color “events” consisting in two
cells adhering to each other through BCR-target interactions (see Figure 1) can be
achieved.
The further processing of these B cells is performed as described above,
which leads to the production of monoclonal antibodies, for example in the IgG or
30 scFv format. To estimate the affinity of these antibodies for the target, CELISA
(ELISA, where coating step is performed with entire cells) is being performed. With
this method, the selectivity and the ability of antibodies to compete with the ligand



15from the i nmmuni zed animal; (c) contacting the plurality of B-cells with
the antigen of interest, wherein the antigen of interest conprises a first
sortable | abel, and staining the plurality of B-cells with anti-1gG

anti bodi es conprising a second sortable | abel and anti-1gM anti bodi es
conprising a third sortable |abel; (d) separating fromthe plurality of
B-cells one or nore B-cells that can specifically bind to the antigen of
interest using a cell sorter, wherein the presence of the first and
20second sortable | abel, but not the third sortable label, in a conplex is
i ndi cati ve ofan he epilpatech FindllyathB- CRRS lof tchonas of iitérge rwilif bel Elbsdeisito oﬁrher eby

The et hod ol e e B RllR hdor by Be huisrs vtk Slhormteppborediint 1 abel s.
2517, The nmethod Afreal @it forliS celidtetigl B8 nbheecahiilg@imie th REIEEQBitdrftign, SOl bl e
antigen. 18. The t hod of .cl ai in t e animal is rabbit

3878103 1.t xP ?@ERR:% RESik Nc%egitlg’é tﬁ%@k tlélﬂ IA@@@@BF@@EBF@M_IYRESEAM
UNI T <1205 nEIbHORS vioReddpEN T dnYliG Fb BB Labatdgh | GENS
<130> CELL- CFF@L INTERAETI ON <é{_150ﬂ>g6(:|40083 /(59 <151> 20091“66 02@@&@@

US61/ 155, 105 hah Byistionsty captesssa GPEB Apsmenisbthapsgnals $roughG0OPOR- @4 be150>

Eg 6 9-'%02929/1 28&%%20 Ok 40 Q0 18 cLEPEREAZIAOd TLEO2 AL L5M, ik YRIoFhQRic3- S
reticulum. In case an antibody presented on a B-cell functionaily blocks agonist

signaling, Ca2+ efflux would consequently also be blocked by this cell-cell
10 interaction. Ca2+ efflux can be quantitatively measured by flow-cytometry. Therefore

only B-cell/target cell conglomerates that show no Ca2+ efflux would be sorted.

Example 2
Detection of the interaction between beads coated with anti-TNFo antibody and

15 CHO cells expressing membrane-bound TNFa.

Before a B cell screening against a transmembrane protein is initiated, it has to
be demonstrated that cell-cell interactions (and especially interactions between BCR
and transmembrane protein on target cell) can be positively selected with a FACS.
To determine whether the high pressure in the flow-cytometry stream breaks non

20 covalent binding between two cells, the following experiment was performed.

CHO cells stably transfected with membrane-bound TNFa. (B-220 cells)
(containing a mutant membrane-bound TNFa that contains a point mutation in the
TACE cleavage site that prevents cleavage and shedding of TNFo ligand; see, for
example, Scallon et al. J Pharmacol Exp Ther 2002; 301:418-26) were incubated with

25  beads coated with a PE-labeled anti-TNFo. antibody. In this set-up the beads mimic
memory B cells. As negative controls, non-transfected CHO cells were used, as well
as beads coated with an APC-labeled unrelated antibody (anti-CD19). After 2 hours
incubation at 4°C with agitation, the cell-bead suspension was analyzed by FACS
(using a 130 um nozzle). Figure 3 shows that a specific binding between anti-TNFo.

30 . beads and TNFa-transfected CHO cells was clearly detectable with FACS. Indeed, in
this sample (upper panel) about two thirds of the beads were bound to cells (585
bound against 267 unbound). In contrast, in the control samples (middle and lower

panels), almost no bead bound to CHO cells. Further, both bead populations (anti-



<212> PRT <213> Artificial Sequence <220> <223> vari abl e heavy chain
framewor k of FWL. 4 (a43) <220> <221> CDR <222> (26)..(75) <223> CDR;, at
least 1 and up to 50 am no acids can be present or absent. Xaa can be any
natural ly occurring am no acid. <220> <221> CDR <222> (90)..(139) <223>
CDR; at least 1 and up to 50 ami no acids can be present or absent. Xaa can
be any naturally occurring amno acid. <220> <221> CDR <222> (172)..(221)
<223> CDR; at least 1 and up to 50 am n®¥ aci ds can be present or absent.
Xaa can be any naturally occurring amno acid. <400> 1 Qu Val Gn Leu Val
A u Ser Ay GWodE ahdanti/aD 1EHAP@rwer&nyixéd jogdthdOd/Bh INFd-ransfregd LEIOSer Cys
Yon Xan Xan X3 XGRS UK ADKEGAI58Y e NEG beads bound to RO cells,
whereas the vast majority of the anti-CD19 beads stayed unbound. The percentage of

beads binding to the cell in each sample is detailed in Table 2. Thus, the
5 demonstration is made that the specific selection of single B cells that bind to an
integral membrane target protein through their B cell receptor was possible using

flow-cytometry.

Table 2: Percentage of beads bound to CHO cells in each sample

Cells mADb on beads % bound beads
Sample 1 CHO-TNF¢, (B220) anti-TNFo 68.0
Sample 2 CHO-TNF¢, (B220) anti-CD19 0.9
Sample 3 CHO wt anti-TNFo 1.5
anti-TNFa 47.0
Sample 4 CHO-TNFq, (B220) anti-CD19 0.4 ]

10
Table 2a: Sorting statistics for upper panel of figure 3; binding of beads coated with

anti-TNFa antibodies to TNFa-transfected CHO cells

Population #Events %Parent %Total
All Events 10,000 HiHHE 100.0
P1 9,692 96.9 96.9
P3 585 6.0 5.9
P4 1 0.0 0.0
P2 267 2.7 2.7




Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 505560

3878103 _1.txt Xaa Xaa Xaa xaa xaa Xaa xaa xaa Xaa xaa Xaa Trp Val Arg Gn
Al a 65707580 Pro Ay Lys Gy Leu Qu Trp Val
xaa 859095 Xaa xaa xaa Xaa Xxaa Xaa Xaa Xxaa Xaa Xaa Xaa Xaa Xaa Xaa xaa Xaa
100105110 Xaa xaa xaa xaa Xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa Xaa xaa
115120125 Xaa xaa xaa xaa Xaa xaa xaa xaa xaa xaa xaa Arg Phe Thr Ile Ser
Leu Gn Met Asn ser Leu Arg

130135140 Arg Asp Asn Ser
145150155160 Ala G u Asp Thr Al a val

Xaa
xaa
Xaa
Gn

Lys Asn Thr

eu Tyr
Tyr Tyr Cys Ala Lys Xaa Xaa Xaa Xaa

1651701 79abkezb: XainkaeutidiA f5aRiddRParti8s

180185190, Xaa, xaa Xaa xaa xaa Xaa Xaa

Ser Xaa Xaa xaa xXaa Xaa xaa

e X970 KadinX Bfbosddeosid xaa xaa

aa Xaa Xaa

da Xaa Xaa Xaa Xaa

19520020%1th a3i-C B4 9 afebodies to ANFectanskesteddOxalls xaa xaa xaa xaa Trp Gy

Population #Events %Parent %Total
All Events 10,000 M 100.0
P1 9,399 94.0 94.0
P3 3 0.0 0.0
P4 6 0.1 0.1
P2 558 5.6 5.6

Table 2¢: Sorting statistics for lower panel of figure 3; no binding of beads coated
5 with anti-TNFao antibodies to CHO wildtype cells

Population #Events %Parent %Total
All Events 10,000 Hi 100.0
P1 9,001 90.0 90.0
P3 13 0.1 0.1
P4 7 0.1 0.1
P2 811 0.1 0.1
Table 2d: Sorting statistics for figure 4
Population #Events %Parent %Total
All Events 10,000 Bt 100.0
P1 9,096 91.0 91.0
P3 401 4.4 4.0
P4 2 0.0 0.0
P2 856 8.6 8.6
Example 3

10 Detection of the interaction between B cell isolated from an anti-TNFa antibody
immunized rabbit and CHO cells expressing membrane-bound TNFa which

were saturated with anti-TNFa antibody

For the experiment depicted in Figure 5, lymphocytes were isolated either
from an anti-TNFa antibody (ESBA105, produced in-house) immunized rabbit spleen

15 or from a non-immunized rabbit spleen. They were stained with anti-rabbit IgG-APC



210215220 Gy Thr

<212> PRT

10

IS5

20

Leu val Thr Val Ser Ser 225230 <210> 2 <211> 231
<213> Artificial sequence <220>
38

and anti-rabbit IgM-FITC (AbD serotec) and subsequently pre-sorted in order to
In parallel, TNFa-
expressing CHO cells (donated by Dr. P Scheurich, Univ. of Stuttgart) were loaded

obtain pure populations of memory B cells (IgG+/IgM-).

with 1 ug/mL calcein-red (Invitrogen), a cytoplasmic dye that fluorescently stains
living cells. These cells were then washed once and incubated with (or without, for
the negative control) 100 ug/mL of ESBA105, and finally washed again 3x with PBS,
Memory B cells were finally mixed at a ratio of about 1:10 with the CHO cells and
incubated during 2 hours at 4°C on a rotating plate (concentration: 3*10 cells/mL).
The following samples were prepared:

1) CHO-TNFa cells + ESBA105 + memory B cells of ESBA105 immunized

rabbit

2) CHO-TNFq cells + ESBA105 + memory B cells of non- immunized rabbit

3) CHO-TNFa cells + memory B cells of ESBA105 immunized rabbit

After 2 hours incubation, the 3 samples were measured by FACS, using the 70
um nozzle. According to the population hierarchy shown in Table 3a, 5% of
ESBA105 immunized cells bind to “ESBA105-coated” TNFo, transgenic CHO cells.
In comparison, only 0.5% non-immunized B cell bind to these“ESBA105-coated”
TNFa transgenic CHO cells (Table 3b), and 0.6% of immunized B cells bind in
absence of ESBA105 on CHO cell surface (Table 3c). These results give a show that
a specific interaction between a BCR (B cell receptor) and a transmembrane target

can be detected by FACS.

Table 3a: Sorting statistics for upper panel of figure 5b

Population #Events %Parent %Total
All Events 50,000 HHHE 100.0
Living cells 43,828 87.7 87.7
B cells 5,162 s 10.3
B cells sticking to CHO 78 1.5 0.2




<223> variable light chain framework of Fwl.4 (KI27) <220> <221> CDR
<222> (24) ..(73) <223> CDR;, at least 1 and up to 50am no acids can be
present or absent.

39

Table 3b: Sorting statistics for middle panel of figure 5b

Population #Events %Parent %Total
All Events 50,000 i 100.0
Living cells 43,834 87.7 87.7
B cells 4,290 9.8 8.6
B cells sticking to CHO 23 0.5 0.0

Table 3c: Sorting statistics for lower panel of figure 5b

Population #Events %Parent %Total
All Events 50,000 HHHH 100.0
Living cells 42,982 86,0 86.0
B cells 10,150 23.6 20.3
B cells sticking to CHO 65 0.6 0.1
S Example 4

Detection of the interaction between B cell isolated from an ESBA105
immunized rabbit and CHO cells expressing membrane-bound TNFa which
were saturated with ESBA105
In a further experiment, no pre-sorting of memory B cells was made. The
10 entire lymphocyte population was incubated with the stained CHO- TNFo-ESBA105
cells. Transgenic CHO cells were prepared as described above. However, in order to
prevent their proliferation in B cell culture medium after the sort in 96-well plates, the
cells were cell-cycle arrested by a mitomycin C (M4287-2MG) treatment before the
calcein staining. The lymphocytes of an ESBA105 immunized rabbit were mixed at a
15 ratio of 3:1 with the stained CHO cells (concentration of the cell suspension: = 3-107
cells/mL), and incubated during 2 hours at 4°C on a rotating plate, After this, the cell
suspension was FACS analyzed and memory B cells binding to CHO- TNFa-
ESBA105 were sorted according to the gate depicted in Figure 6, with 1, 10 or 100
cells/well as shown in Table 3. Sorted cells represented 5.5% of the memory B cell
20 population, respectively 0.2% of total events.
Sorted cells were collected in 96-well plates and cultivated during 13 days at
37°C with 5% CO,. After that, culture supernatants were collected and tested in direct
ELISA to check for the presence of ESBA105 binding IgGs. ELISA results (Table 3)



Xda can be any naturally occurring am no acid. <220> <221> CDR <222>
(89) ..(138) <223> CDR; at least 1 and up to 50am no acids can be present
or absent. Xaa can be any naturally occurring am no acid.
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show that ESBA105 specific antibodies could be detected in many wells, and also in
wells where single B cells were sorted. The Biacore (GE Healthcare) analysis (Table

4) of these supernatants confirmed that these antibodies indeed bound to ESBA105
target.
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.(220) <223> CDR;
nmet Thr G n Ser Pro Ser Thr
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<400> 2 Qu
dy 151015 Asp Arg val

<221> CDR 3878103 1.txt <222>
occurring am no acid.
Ser Al a ser va
Xaa xaa Xaa Xaa 202530 Xaa Xaa Xaa Xa

<220>

Gn Gn Lys Pro
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Leu

a xaa xaa
he Ay Gn

Pro Ser Arg Phe

Il e ser ser

Leu Thr

Xxaa 165170175 Xaa Xaa Xaa Xaa Xaa Xxaa Xaa Xaa Xaa Xaa xXxaa Xaa Xaa xaa Xaa

100105110 Xaa xaa Xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xxaa xaa Xaa Xaa xaa Xaa
145150155160 G n Pro Asp Asp Phe Ala Thr Tyr Tyr Cys xaa Xxaa Xaa Xxaa Xaa

859095 Xaa xaa xaa Xaa xaa xaa Xaa Xaa Xaa Xaa xXxaa xaa xaa Xaa xaa xaa
115120125 xaa xaa xaa xaa Xaa Xaa Xaa4Xaa xaa xaa dy val

130135140 Ser Ay Ser Ay Ser Gy Ala G u Phe Thr

™
lo'e}
<
X A
c © : ¢
,nm un\a mu._m 19'6 £V visS AR ANAS ¥9°0 €ESTT 01-357¢ 650 | €5°T | ¥0-3T9'9 | 90+3T9'Z | -Z0-6I
© \Y;
B3 %00 £2°50T . y : .
4 4 L TAVA ) 167759 Iv'0 6ESL’EC | 60-36'C | 9€°0 | ¥SO | £0-356'C | 90+3TO'T -20-6T
© © O
24 o
0 [€°€8T 0€'6ES L9 ) ) -36° i ) ) ;
N [44] (44l 6¥SE'08 | 60-36'C | ST'O | ZZ'0 | €0-38T°E | S0+38T°'8 | -ZO-6T
T QO
<X X ™M 49)]
M w mqm_ €6 85°8YS T0'8/S et TZeey'y | 60-3€T | 62°C | 98°C | €0-3st'v | 90+30¥°S | -10-6T
X X N €d
m m %uwm.o €/'99¢ €T°LES 98°¢08 LED 8v8LL 60-39°'T | 0C°0 | 0€°0 | €0-3T€C | 90+39Y'T | -TO-6T
© © m c . . (]
m m u T 90°¢ZS 00°9%S 90°6901 9%°01 ¢850°66 | 80-3¥'T | ¥0'0 | Y00 | TO+3IET'E | 60+30€°C | -TO-6T
mmmmmmd og’ ’ : .
X X 81¢ 9EPSS §99'¢/LL 00 995079 | 60-38°T | OZ'0 | 6T°C | €0-3€8'C | 90+3¥S'T | -TO-6T
m mmm [oA3] wnipaw S5 yum (xewy (Ny)
X HUW/3n) u aJnideod jou 122 g |[9A9] | wnipaw [joog jo Xewy (pa) | (e) (SW/T)
a@_ﬁ.ﬂhwu:ou ajewixoiddy ainyde WELEIEN ]
TED D [ IS aimde) | ) zy) | pa1ug (Wyax | 35% | 3s% | (s/t)px e uigloid
© T n
< o uoneoynuenb o jruny moyaq :019 'poIseswr a1om PalIos Sem JJam
> 3¢ Wuom 1199 au0 a1eyMm sjuerewradns A[u(Q) ‘sjuejenIodns 2IMINd [[30 g 21) 10J 9X098I{ AQ PAUTULIDIAP SUCHRIUIIUOD pUR SanjeA o1joury “vo__%
© © o
S9F
oOnO
o OWN X
—A NN —
now .
0O
NN
onom
0O
N
o)
$525
X x0Om




<212> PRT <213> Artificial Sequence <220> <223> framework of FW.4 <220>
<221> CDR <222> (24)..(73) <223> CDR, at least one and up to 50 am no acids
can be present of absent. Xaa can be any naturally occurring am no acid.
<220> <221> OR <222> (89)..(138) <223> CDR, at least one and up to 50 am no
acids can be present of absent. Xaa can be any naturally occurring am no
acid. <220> <221> CDR <222> (171)..(220) <223> CDR; at |east one and up to
50 ami no acids can be present of absent43 Xaa can be any naturally occurring
am no acid. <220> <221> CDR <222> (277)..(326) <223> CDR, at |east one and
up to 50 am no acids can be present of

Example 5
Screening of lymphocytes of rabbits immunized with CXCR2 (sorts 27/29)

Three rabbits were immunized with a CXCR2 expression vector. After several

5 intradermal applications of CXCR2-cDNA, serum was taken and tested on CXCR2

transfected cells for presence of specific antibodies. Lymph node cells were then

removed, frozen in five aliquots with each 1.6 X 107 cells and were stored in a liquid
nitrogen tank.

An aliquot was thawed and stained with antibodies specific for IgG (APC-

10 Iabeled) or IgM (FITC labeled). In parallel, CXCR2-expressing CHO cells were
treated with mitomycin C, in order to prevent further growth without killing the cells,
and loaded with 1 ug/mL calcein-red. Both cell preparations were then mixed with a
final cell concentration of 107 cells/ml, lymphocytes being twice as abundant as
CXCR2-transfected CHO cells. After 2 hour incubation with gentle agitation at 4°C,

15 cell suspension was filtered through a 50-um filter and loaded on the FACS. Gating
was performed as described in Figure 6. One “event” (Memory B cells bound to a
CXCR2-transfected CHO cell) was sorted per well in a total of 10 x 96-well plates
(900 events in total). Sorted events represented 3.1% of the memory B cell
population, respectively 0.035% of total cell amount in the sample,

20 Selected lymphocytes were cultivated during 21 days in a 37°C incubator.
Every 2-3 days, 100 uL of culture supernatant were collected from the wells and
replaced by fresh medium. During this culture time, B cells proliferated,
differentiated into plasma cells and secreted antibodies. In order to visualize which
supernatants contained CXCR2 specific antibodies, a CELISA was performed. For

25 this, CHO cells expressing CXCR2 were seeded at a density of 50,000 cells/well in
96-well half area plates. After overnight incubation at 37°C, cells were fixed with 1%
formaldehyde in PBS for 30 minutes at room temperature. Cell layers were then
washed three times and non specific binding sites were blocked with cell culture
medium during one hour at room temperature. Next, after three washing steps, the

30 supernatants were diluted 1:1 in culture medium and added to the wells. In three
control wells, a commercial rabbit anti-CXCR2 antibody was spiked in supernatant.
Supernatants were incubated on the cell layers during one and a half hour at room

temperature. Finally, rabbit IgGs were detected with a goat antj-rabbit IgG Fc



absent. Xaa can be any naturally occurring amno acid. <220> <221> CDR
<222> (341)..(390) <223> CDR; at |east one and up to 50 am no aci ds can be
present of absent. Xaa can be any naturally occurring am no acid. <220>
<221> CDR <222> (423)..(472) <223> CDR, at l|east one and up to 50 am no
acids can be present of absent. Xaa can be any naturally occurring am no
acid. <400> 3 Qu Ile Val Met Thr A n Ser Pro Ser Thr Leu Ser Ala Ser va
Gy 151015 Asp Arg Val Ile Ile Thr Cys xpa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
202530 Xaa Xaa Xaa Xaa Xaa xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa

354045 Xaa Xaatibédg oampleXas IXRB, Xpen &a&tlb’ﬁaof@%e%ﬂﬁaeéaéu%ﬁﬁe @%exﬁénxaa
505560 Xaa Xa XaaFXaa Xxaa_xaa_ xaa Xaa Xaa Trp Tyr L Ay
65707580 Lys SAPSH2ieltom Hachey ¢ qolajimtge W%tloxalﬁvgkmdxéacmwas stqaoe& aﬁer)%éa Xaa

minutes with IM HCl. Absorbance was measured at 450 nm.
This CELISA resulted in 1.8% of wells (16/900) displaying positive signals.
5 All positives were confirmed in a second CELISA. Supernatants were also tested
against other cell lines: CHO-K1 (wild type) to reveal eventual unspecific binding
clones, CHO-human CXCR1 and CHO-mouse CXCR2 to demonstrate cross-activity
against close-related receptor or species counterpart. Finally, supernatants were tested
in a direct ELISA for binding to a peptide consisting of the 48 CXCR2 N-terminal
10 amino acids. Results are displayed in Table 5. All selected supernatants produced
strong ODyso signals against human CXCR2 in CELISA. Some of them were also
slightly positive in the control experiment with the CHO wild type cells, meaning that
they might bind in an unspecific way. None of the clones was cross-reactive with
human CXCR1 or mouse CXCR2. Finally, some clones, but not all of them, bound to
15 the CXCR2 N-terminal peptide, indicating a probable alternative binding site on
CXCR2. Given the impossibility of immobilizing entire cells on a Biacore chip, it is
currently impossible to quantitatively measure the affinity of selected antibodies for
CXCR2 receptor. However, gathered data converge to indicate that antibodies
specific to human CXCR2 were selected using the cell-cell interaction sorting system

20  described above.



859095 3878103 1.txt Xaa xaa Xxaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa xaa

Xxaa xaa xaa 100105110 Xaa xaa Xxaa Xaa Xaa Xaa Xxaa Xaa Xaa xaa xaa xaa Xaa

Xaa Xaa Xaa 115120125 xaa xaa xaa xaa Xaa Xaa Xaa xaa xaa xaa dy val

Pro
Ile

Leu Thr

Phe Ala Thr Tyr Tyr cys xaa xaa xaa
a Xaa xaa Xaa Xaa Xaa Xaa Xaa xaa

N
Xaa Xaa Xaa 180185190 xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xXxaa Xaa Xaa xaa Xaa

Leu 145150155160 G n Pro Asp
Xaa Xaa xaa 165170175 Xaa xaa Xaa xaa

ser Arg Phe 130135140 Ser Ay ser Ay ser Ay Ala G u Phe Thr
Ser

Ser

du

Leu Gy Ay Ay dy Ay Ser Gy
Gy dy dy Ay ser

Gy dy dy @y ser

Lys Leu Thr val
245250255

Xxaa Xxaa Xaa 195200205 Xaa xaa xaa xaa Xaa Xaa Xxaa xaa xaa Xaa xaa xaa Phe
Adn Leu val

Gy @n dy 210215220 Thr
Ay Ay dy 225230235240 ser

val
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Gu Ser Ay Ay Ay Leu val Gn Pro Ay Ay Ser Leu Arg Leu ser 260265270
Cys Ala Ala ser xaa xaa Xaa xaa Xaa Xaa xaa xaa Xaa xaa xaa xaa 275280285
Xaa xXxaa Xxaa Xaa Xaa Xxaa xaa xXxaa Xxaa Xaa Xaa xaa xaa xaa xaa xaa 290295300
Xaa Xaa Xaa xaa Xaa Xaa xaa Xaa xaa xaa Xaa xaa xaa Xaa xaa xaa
305310315320 xaa xaa xaa xaa xaa xaa Trp val Arg Gn Ala Pro Ay Lys Ay
Leu 325330335 A u Trp val ser xaa xadcxaa xaa xaa Xaa Xxaa xaa Xaa Xxaa xaa
xaa 340345350 Xaa xaa xaa Xaa Xaa Xxaa xaa Xxaa Xaa Xaa Xaa xaa xaa xaa xaa
xaa 355360365 3878103 1.txt Xaa Xaa Xaa Xaa xaa xaa xaa xaa Xaa Xxaa Xaa
Xaa Xaa Xaa xaa Xaa 370375380 Xaa Xaa Xaa Xaa xaa xaa Arg Phe Thr Ile Ser
Arg Asp ASn Ser Lys 385390395400 Asn Thr Leu Tyr Leu G n net Asn Ser Leu
Arg Ala Qu Asp Thr Al a 405410415 Val Tyr Tyr Cys Ala Lys xaa xaa Xaa Xaa

Xaa Xaa Xaa xaa xaa xaa
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420425430 Xaa Xaa Xaa Xaa Xaa xaa Xaa xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
435440445 Xaa Xaa Xaa Xaa Xaa Xaa xaa xaa Xaa Xaa Xaa Xaa Xaa xaa xaa xaa
450455460 Xaa Xaa Xaa Xaa xaa xaa Xxaa xaa Trp Ay Gn @y Thr Leu Val Thr
465470475480 val Ser ser <210> 4 <211> 232 <212> PRT <213> Artifici al
Sequence <220> <223> vari abl e heavy chain framework of rFW. 4 <220> <221>
CDR <222> (26)..(75) <223> CDR, at least 1 and up to 50 am no aci ds can be
present or absent. xaa can be any natugally occurring am no acid. <220>
<221> CDR <222> (90)..(139) <223> CDR; at least 1 and up to 50 ami no acids

can be presdfQUIVAIBISENt . Xaa can be any naturally occurring am no acid.
<220> Numerous modifications and alternative embodiments of the present invention
will be apparent to those skilled in the art in view of the foregoing description.
Accordingly, this description is to be construed as illustrative only and is for the
5 purpose of teaching those skilled in the art the best mode for carrying out the present
invention. Details of the structure may vary substantially without departing from the
spirit of the invention, and exclusive use of all modifications that come within the
scope of the appended claims is reserved. It is intended that the present invention be
limited only to the extent required by the appended claims and the applicable rules of
10 law.

All literature and similar material cited in this application, including, patents,
patent applications, articles, books, treatises, dissertations, web pages, figures and/or
appendices, regardless of the format of such literature and similar materials, are
expressly incorporated by reference in their entirety. In the event that one or more of

15 the incorporated literature and similar materials differs from or contradicts this
application, including defined terms, term usage, described techniques, or the like,

this application controls,



<221> CDR <222> (172)..(221) <223> CDR, at least 1 and up to 50 am no aci ds
can be present or absent. xaa can be any naturally occurring am no acid.
<400> 4 Qu Val @n Leu val Au Ser &*% Ay Ay Leu val Gn Pro Ay Ay
151015 Ser Leu Arg Leu Ser Cys Thr Ala ser xaa xaa Xaa Xaa Xaa Xaa Xaa
202530 P%ge 6 3878103 _1.txt Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa XaaVkaids clamedisa 354045 Xaa Xaa Xaa xaa xaa xaa xaa xaa Xaa Xaa Xaa Xaa
Xaa Xaa Xaa Xaa 505560 Xaa Xaa Xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Trp Val
Arg Gn Ala 65707580 Pro Gy Ly Leu u Trp val dy xaa Xaa Xaa Xaa
Xaa Xad- Rapelgsidogdenihdnsal- cszlél@loskfathatﬁaeélﬁealéy binds txaaaryea@p %a&e%aoml%aa Xaa
;<( aa ;<( ag )ﬁ’%ﬁzlg%églu?éﬁ% KB Aqb P RAaN AR tREAArNAF o KBRNBRIBRan(@éh ofaReré@a Xaa
aa Xaa

wherein the antigen of interest comprises a first sortable label, and staining the plurality of B-cells

with anti-IgG antibodies comprising a second sortable label and anti-IgM antibodies comprising a

third sortable label; (c) separating from the plurality of B-cells one or more B-cells that can

specifically bind to the antigen of interest using a cell sorter, wherein the presence of the first and

second sortable label, but not the third sortable label, in a complex is indicative of the binding of a B-

10  cell to an antigen of interest, thereby identifying a B-cell clone that binds to the antigen of interest.
2. The method of claim 1, wherein the plurality of B-cells is provided in a plurality of lymphocytes.

3. The method of claim 1, wherein the plurality of B-cells are stained prior to being contacted with the

15  antigen of interest in step (b).

4. The method of claim 1, wherein the plurality of B-cells are stained after being contacted with the

antigen of interest in step (b).

20 5. The method of claim 1, wherein identification of the B-cell clone comprises clonally isolating the

B-cells obtained in step (c), optionally followed by clonal expansion of the clonally isolated cells.

6. The method of claim 5, further comprising isolating a nucleic acid molecule encoding an
immunobinder from the B-cell clone that binds to an antigen of interest.

25
7. The method of claim 6, further comprising producing an immunobinder capable of binding to an
antigen of interest, wherein the immunobinder is produced by introducing the nucleic acid sequence

into an expression environment such that the encoded immunobinder is produced.

30 8. The method of claim 1, wherein the one or more separated B-cells are cultivated under suitable

conditions so that antibodies are secreted into the culture medium.

9. The method of claim 8, wherein the antibodies are tested for specific binding to the antigen of
interest.

35



Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Arg Phe Thr Ile ser 130135140
Arg Asp Thr Ser Lys Asn Thr Val Tyr Leu G n met ASn Ser Leu Arg
145150155160 Ala G u Asp Thr Ala val #r Tyr cys Ala Arg xaa Xaa xaa xaa
Xaa 165170175 Xaa Xaa xaa xaa xaa xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa xaa
xaa 180185190 Xaa Xaa xaa xaa xaa Xxaa Xaa Xaa Xaa Xaa Xaa Xaa xaa xaa xaa
Xaa 195200205 Xaa Xaa Xaa Xaa Xaa Xxaa xaa xaa Xaa xaa xaa xaa xaa Trp Gy

G n 21031 . 483
212> Por ek Hlm bRl BBl oo 3G B0 B hame e S 22205
<221> CBRel<@Rphupnintibedid)

5 11. The method of claim 1, wherein the sortable labels are fluorescent labels.
12. The method of claim 1, wherein the antigen of interest is a soluble antigen.

13. The method of claim 1, wherein the B-cells are B-cells from a rabbit.
10

14. The method of claim 13, wherein the rabbit was immunized with an antigen of interest.

15. A method for identifying a B-cell clone that specifically binds to an antigen of interest
comprising: (a) immunizing an animal with an antigen of interest; (b) isolating a plurality of B-cells

15  from the immunized animal; (c) contacting the plurality of B-cells with the antigen of interest,
wherein the antigen of interest comprises a first sortable label, and staining the plurality of B-cells
with anti-IgG antibodies comprising a second sortable label and anti-IgM antibodies comprising a
third sortable label; (d) separating from the plurality of B-cells one or more B-cells that can
specifically bind to the antigen of interest using a cell sorter, wherein the presence of the first and

20  second sortable label, but not the third sortable label, in a complex is indicative of the binding of a B-

cell to an antigen of interest, thereby identifying a B-cell clone that binds to the antigen of interest.
16. The method of claim 15, wherein the sortable labels are fluorescent labels.
25  17. The method of claim 15, wherein the antigen of interest is a soluble antigen.

18. The method of claim 15, wherein the animal is rabbit.



