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20 Summary of the invention
The present invention focuses on methods for generating libraries of immunoglobulin
encoding sequences from non-human animals and methods for generating in a few steps
adapted for high throughput cloning and screening, libraries of vectors coding for chimeric
antibodies comprising human constant regions and non-human variable regions.
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In a first aspect the invention relates to a method of producing a library of cognate pairs
comprising linked variable region encoding sequences, said method comprising:
a) providing a lymphocyte-comprising cell fraction from a donor,;
b) obtaining a population of isolated single cells, comprising distributing cells from said cell
3 fraction individually into a plurality of vessels, wherein at least a subpopulation of the cells
express CD43 and CD138 antigen or MHCII and B220 antigen; and
¢} amplifying and effecting linkage of the variable region encoding sequences contained in
said population of isolated single cells by amplifying, in a multiplex molecular amplification

procedure, nucleotide sequences of interest using a template derived from an isolated single
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3  Using the method of the present invention, the antibody isotype is determined by the primers

used for the multiplex molecular amplification, and therefore this will not need fo be

determined. The antibody isotype may be also be determined (and can be changed) by the

subsequent linking or splicing of constant domain(s} to cloned variable sequences.

Furthermore, the method of the invention provides a library of polynucleotides that can be
35 eésily sequenced and/or inserted into vectors, such as expression, transfer, display or

shuttle vectors, so that once a particular antibody has been selected, it is already cloned, its
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25 a) providing a lymphocyte-comprising cell fraction from a non-human animal,
b) obtaining a population of isolated single cells, comprising distributing cells from said cell
fraction individually into a plurality of vessels;
c) amplifying and effecting linkage of the variable region encoding nucleic acids contained in
said population of isolated single cells by amplifying, in a multiplex molecular ampilification
30 procedure, said nucleic acids using a template derived from an isolated single cell or a
population of isogenic cells; and effecting linkage of the ampilified nucleic acids encoding
variable regions of heavy and light chains;
d) effecting linkage of the amplified variable regions to human constant regions; and
e) inserting the obtained nucleic acid into a vector.
35 Preferably the non-human animal is a mouse. To the extent that the methods of the
invention are applied to mouse cells, the methods are named: Mouse-Symplex™ or

mSymplex™.
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sequences, and human immunogiobulin heavy and light chain constant regions.
Preferably, the vectors are expression vectors enabling the expression of the antibody
30 members of the library for subseguent screening. More preferably the expression vector is
for mammalian expression.
The vectors of the library may be obtained by a method of the invention.
In one embodiment the light chain constant region is a kappa constant region.
The non-human sequences may be from rat, sheep, goat, rabbit, guinea-pig or other suitable
35 animal for which immunisation protocols have been described, for which sequence
information is available to allow the design of suitable primers, and for which suitable celi
sorting techniques enable sorting of plasma cells for single cell mulitiplex molecular
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She. b oA Pl eB aERdet Ebebofhisoft ot Ao hesfiasith Pastkiere BHEHL | g
t he anplasfhidatliirdernasitaid B220Kaigemadiztepbotting dgltsadel (P2)MDoLORY W2 ekéiuted
providi 9 th%oéé(?-ﬂ, IS%Q'?—V\P[EEO&B}) Ingﬁtd B/an\éF(BB?,rasnd finally cells were gated for size in top left

panel (P4). Cells positive for all four gates were sorted into ELISPOT plates.

Figure 4. Sorting of mouse splenocyies. Firstly, Pl positive or dead cells were excluded in
35 the bottom left panel (P1). In the top right dot plot, CD138 PE and CD43 FITC are depicted.
Four gates were set on different phenotypic cell populations: P2 is CD138 intermediate,
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from non- human ani nal s. These i nprovenents enabl e the cl oni ng of
human/ non- human chi nmeric anti body encodi ng sequences wth cognate pairs of

variable re |ons to be fitted to a high-throughput for [ S,
basi cal | ¥ 2 by providing a new starting materi arp‘?%P‘T‘F@"g"%“s

anplification and | i nkage processes and by providi ng nethods for generation
of |i br @D43hiGh®s is iDtes inighh CoEs/higin Phusre D138 highpGidSned. % is €1dB8e pairs of

vari abl e regions 20 4 8

venti IRt GRHoH AR PG Houv ad e ok e Eb e i nces
conpr i sirg texibet whd Grozémforevallidtioplbs>symplescul ar anpl i fi cati on procedure,
the rel evant nucl eoti de sequences using a tenplate derived froman isol ated
single cell, a population of isogenic cells or a population of genetically

di vek se Fgiré 5. taadatlaitrbﬁn@rneag chPSRFreduutsiromiSyketex BOR trtrlam)remfp:lelllilareldse}te
of non ERi e doteoh TRIAS: Be i AR et brie SGF4 AR BB NP,

deri vedafémme@ulsrwgigat mafders.| n preferred enbodi nents, a cognate pair
conprises two variabl e region encodi ng sequences mhich t oget her encode for
a binding io protein variable domain and whi ch gene sequences are derived

f rom t herigipee Acghemalib tmresdnenloa)opt‘resaadmlmmhali-lezgtraammmy exmesdiondi ng

Pha S pedPROEI-§Pd ARRATERS Pt drierain e N B e 2t 1t BortidohDB s cal 1
A cognatoﬁgmapwcmgmfcmre;ﬂmmml eM nemmalispeetombten driving tHecskprassionalftie heavy

chain encodin C 0Ci vm t h a var abI el | codi ng
sequencé‘glf‘tr?;'ﬁﬁ"t Eﬁﬁﬁ 5%\5' I&H\? %‘I}'fon?'cé\ dpd e %haaﬁ.lﬁ%éﬂ%b | ng
sequenc gt #es 0fdcnt tRat isekdhadged foaitie I&mvgdhmg vadaple regior ermodingseqaereecel 1. A

“hot - o1 APHCoPgeRat Bl aRei iR alon Y R PERE R BhoR cspint o'

| ow gct irgdiby (sRquérrie shéw msAppadixfgr Rabite-glebinria matwit hpta-globinwoi

e R N

pr oceduright chaimn@totiing SequentepEV40 telnhesifrﬁhe\rime 40fterimatprodeprences € R, tAip t h e

reverse transcri action. The term"iso 0

Gesor | baB BTGB T P qnByredryBhdhoree VA BBl Yribh A0 P8y Ao

i sogeni q,-,.qy@pgé@bhm of cells derived by clonal expansion of an isolat ed
single ce is of interest in the present invention. 25The term "isol ated
single cell" describes a cell that has been physically separated froma

popul at imgure’s. sedlysis 604 r@&ﬂolf@lbfr@lm@nc antshEGHFR anmiddlesncaxsiar ﬂgblgsmeﬁthel

When distributin ells.i dIVI r of
vessel s,aP 30%8 &ﬁ?rgﬁc fioo&ﬁ gl.m%naéa gﬁfesc'i’ S tbglrﬁ%%m yAgs 58'88*9%’?/% in
t he sectgyane aofbéd (ﬂdo 4Tf2ﬂ@]\ll&§ﬂ1§ddﬁe§:m 'Detrklgrqyrimjmte Ia@;tecmhssarsthelnsmbet h a

| | | f
Singl o Sumatmica et e Po i playin et an eiein Ho RufBPALY (0" ©

anpl 4sf i Craétb@aucd@sa‘dtw@eéust Brack freigitast superratarithaitianp Iefréat@d tmesclireber aici d
sequences egcodbﬁ; t he ucI eic acid sequences of interest into a single
segnent .Meigbelica %'Hetcﬁl cognate pairs a segment conprises nucleic acid
sequences encoding a variable domain, e.g. an antibody heavy chain variable
regi on associated with an 35anti body |ight chain variable region encoding
sequence, derived fromthe sane cell. The |inkage can either be achieved

si mul taneously with the anpliDesxaiption afithatnventiommedi ate step fol | owing the

fhe 7 vpesgstenL 6 eRiPerLResB MBI ebBnbiifes B Syl mpsRiioh chi
circw arlmkagmgiemoatdmnﬂed iroWOr20 05/ 04 23 7 4 mmudum@coliestuaris@f|anmtmlgerectors

necessa er manent ne. of the nucl t I may be
i sol at edJ cf"ﬁHﬁﬁ‘ PH@aEé‘BWFﬁ? q-h{es%lwr?vedme”g%é %ﬁé ﬁﬁe(:?o\ﬁﬁq Sﬁ\%e r {arléllﬂoiﬁfng%codl ng
sequenc ecm’ayncf ati bedﬁermoelrdge;eq am et edthfaognata paivg ntnagiaplai regisegtoae fittekldomver

as long a he nal o i air are
e L
the amplification and linkage processes and by providing methods for generation of libraries
35 of chimeric human/non-human antibodies with cognate pairs of variable regions.



consi dered a cognate pair, although not linked together into a single
segnent. The linkage is preferably a nucl eoti de phosphodi ester |i nkage.
However, |inkage can al so be obtained by different chem cal cross |inking
pr ocedur e¥0 MB4¢m "nul ti pl ex nol ecul ar anplifi cati onPCTANEIDHEH048he
simul taneous anplification of two 10or nore target sequences in the sane

react i OaneSHéCnge@Pbﬁhéiﬂ%hﬁdsrPié‘-‘gl RO bRk Ry ERd i cﬁéihwgﬁétﬁé? oGiitAoBs

reaction (P 2), ligase chain reac
vl | ace, com'gmg@mmr& inya msdip egf)molgwlarrﬁjﬂ@hfﬁ@t!%ﬁ%aﬂur%m ferie\f@at i on ( SDA)

t echni qugiclobbb SEquincd usind 8 %pl%‘ﬁenv@@frgﬁl d?\%olat%grsw{bﬁegééll@ Bopulatlon of

sel f-sustai ned sequence replication (Guat
Acad. Sdfogenicgells or g popylgtion @)geaﬁEFaHméwerS@ C&&ﬁ GH%QM"QQ%QW& Imkage

arrpl |f|q§tmé)gmb|mg§%)wé,§g ton J., 1991, Nature 350, 91-2). The latter two
anplification nethods iInvolve |sot hermal reactions based on isothernal

transcriptiqn, which produce both single stranded RNA (ssRNA) and doubl e
st rande %I?%DNA) The term"nultiplex PCR' describes a variant of PCR

i n whi chrHeWgrmrediRa®R foi aeécna@gaﬁ' BAGRaldI cﬂﬁBhJcBhtﬂﬁjoﬁé AU RRRY DY WrterBit
I ncl udi ng@rmre t han one set of Eicgrl ners in the sane 20reaction, e.g. one

pri ner <83t 3@ spriained grithinrgsiderivedirery @ ngle ﬁ%" e BRRJereadArPagiiPeniBl 2Coagton and
one pri rgir i &@é‘@m@\ﬁhrifaﬁre ra§iBh bﬁb@cﬁﬁg @éh@hcémh.mmg@tr%hehébdé%r aBlraingegi on

in the sane reaction ditionally or alternatively a prinmer set
 adap¥ed Brefeinyaseple; @ma"bﬁn%whtchaev%ﬁﬁwneﬁ%ﬁw desived Bre the §pime crbyT hwe.

- conbi nedyidr! dkptdtBEE effidrdRla é«ﬁ.ﬁ;ﬂetem.ﬁgeﬁrmelmyﬂ dd ®LBKleMlgRieRt SR thEes

mul ti pl ex PCR reaction, whic preceded a 25reverse transcription (RT)
st ep. THESIRIYR VEIW‘WW a'?i’afrpeé!f"?'%?f the b';ﬁ'ét"ﬂcﬂf pelp cxiginglly geressedifram ocess

Wi th a spRaeRtRcsghatd Sir fdrl O e)tacm;sm 8e %thﬁ)éc%f el?ﬁa%nbaay @eﬁ.a@]eShe’wy ehashep
process where all conponents for th nd nultiplex PCR are conbined in

a si ngl ENCOBBY SERENCR AREOTIFHEY With ?éﬁ@ﬂﬁ@'eﬂlgla&ﬁhés&m#laa Smyt@ncari@m theIsemgl ex
OVer {sap-Hi QST esll %Eea% chéiﬁ'eh@édlﬁ@gécfdehée Bb@dcid@écﬁ%m\:’gﬁ Pair@HdobiRbex

RT-PCR i s perforrred util |2|ng a multiplex 30overl| ap-extension primer mx to
anpl i fy SeAESHCE TR thecqmemealls A ibfrsy BB‘S'PQQFIMEI'WQS §|°Hqﬁ°f'9%8f)$}§’héi9ﬁﬂfr‘tﬁlpé6§| on
and | i nkpgaefth "ﬁdit%térﬁs:ﬁsﬁﬁer@@ém@éﬁ@es pﬂl,fmérgéée that a&b era%thré Mr [RlveuRBSIBIWS "

descri bes aB%/ oleEect U‘Sior col | ecti on of objects) which enables the physical
separ at | 3SHVIBfat4eBpergiues kied fPrrr(?H?rée;S@ﬂﬁq”é’tt‘PBrﬁl&h R?é’l”l‘%raseﬁﬂ%edﬁﬁﬁebe t ubes,
mul ti weldctivatad 8¢ high-t8mp&atues 190 t8 94 atblbecthe 'ﬁﬂfc‘hbr‘ﬁi} mlsﬁfs%r é%(anﬁ;lé‘@r'i

mul tiwell plates), arrays. 35m croarrays, mcrochip

et 1. aSveRiana h i}ﬂ@'ﬁé*%‘b?@ﬁ eroa?fwr%émcs ﬂmaprqusarﬁﬁwferpn%waﬂ VO
2008/ 104LRARGELNER HRELOGI0 48nddiptdseraactipnl yc! onal protein” or

“polyclqnality" as used herein, refers to a protein conposition conprising

di ff er erithe 1B "IBREAGICRARYAIRR of ealls” dencabes e§0plﬂaf¢qrb9f£&n9twsﬁ£y itepiical £elisnint he
| unoglgapssulan, évasgérﬁdrpépmatﬂsww celRAfived 9? @Foﬂa[r@(lpgﬁs%r?oﬂ &n BeERIQGQS to

the other nol ecul es t he conposition, al so contains one or nore
stret ché%e"éﬁOfV%FPfeébinéh%BEﬁsﬁ’BtéBY‘?FE‘Q"sequence which is/are characterized by

di f f8r entRelm “itHigtedEingR Gl de&:ﬁﬁé@@%@[l Bt NeePeddShys Ry sdpaddtedRBMES S Of
t he pol ycl onal prot ei n. Known exanpl es of such pol ycl onal proteins include

ant i bodyPo8H aF‘ﬂ‘hﬂerﬁ!;'F GBtiesReNHBEdR (@ Baglerelin 3 Slﬂ@'@éfﬁﬁ%ﬁ"’s When distglusting a

recept orp%puréu@:@bwéueww.waqap Qhﬁng%ypllﬁﬁﬁ?'&wé%felsaa@gﬁu@% SuSsitkd Qingler ot ei n
nmol ecul es, which has been _defi ne ?/ conmpn feature such as the shar ed
bi ndi ng cglls ‘s\ﬂbgq}nefcb\ﬁgrs&gmged in the section entitled “Template sources” the proportion of

vessels with a single cell is not necessarily a 100% in order to call it a population of single
30 cells.
Terms derived from “link” or “linkage” in relation to amplification describes the association of
the amplified nucleic acid sequences encoding the nucleic acid sequences of interest into a
single segment. In relation to cognate pairs a segment comprises nucleic acid sequences
encoding a variable domain, e.g. an antibody heavy chain variable region associated with an
35 antibody light chain variable region encoding sequence, derived from the same cell. The
linkage can either be achieved simultaneously with the amplification or as an immediate step
following the amplification. There are no requirements to the form or functionality of the
7



10desired target, e.g. a polyclonal antibody exhibiting binding specificity
towards a desired target antigen. The term "a popul ati on of genetically

di verse cells" as used herein, refers to a cell popul atjign ere th
i ndi vi dudYO 28184184 t he popul ation differ anong each ot ﬁ@?mg%m?ﬁgm’@sgnom c

| evel . Such a popul ation of genetically diverse cell is for exanple a
popul at isegm@if]thﬁﬂialys)edméw@m?dwrpﬁngléaudmor doubiz s‘tnala.?éc;.mmﬁthsdinlkageel s,
e.g. a B Tynmphocyte or a T ocyte .cont ai ni ng,.ce racti.on. term
e mar needesanly pasBE e IR, Scif oo fnges aHfferdst iadbey e 1
descri bgse andt ifdREifed? bhaef hewatistle Fafe Sasodmyaeqagael mayfor pramplaget he
anplification of a nucleotide seﬂifnce of int%ﬁs nenber of a

rest (i..e., _.one
cognat e i§94ateg from ay¢qgngie Ral segmmeph 19WeYeh AP 101, ﬁﬁPﬁ%Hae'ﬁ@{)alaﬁ " gned to
pring aCBﬁéﬂEllsl(ty]ngIe %ﬁa@é&ﬁ%i?ﬁe&%ﬂﬁ?@ﬁﬁﬁdwmahéﬂ\laﬁ_aglarrégighsethayg!:re)ﬁtilbn(r:]o_di ng
sequences. Exanples 0 I rent i es are, antibo a i ght_ chains,
| ambda Icpgﬁ@eféﬁéiQ‘ng‘atﬁé’é‘!fya'ﬁ'ﬁél%“QQH‘Q%FOQGE%I"E‘?@ sing osea,"%%? 119,9%8‘?39? T cell
r ecept OfyriafabRl Rudside pResphofies e inksgle. Howeldidinkagd tdri alas beobafned tyami | y
of nucl eoti de 'sequences contai ni ng vari abl e regi on encodi ng sequences often

const i t Gifiesent chemicg| ¢Tp§S WikingrRr &her e several 25prinmers can be
degener ath@ 18k fRIfiplex MBlcCBa MBS ek eHbet iifie/ Simutaroous @ndpdification af two -

per cent age whi ch indicates the degree, of i_%%ptitg. et ween, t nu|cl e'&c acid
sequiénc & MR fargeiSeruenses I eﬁﬁ@“*ﬂ’ﬁ%ﬁ’”ﬁ"@s?“' & 9Pk %"%‘HE@R@%E‘F UPE M be
cal cul atflrasadd\Erain rebtidn (PEROLY 9. @,6880028 iligasdy eHair eatien QOR)eWdnd esi dues
in the shorter of the sequepce and wherein Nemi. ag{.he % é | nunber of
non- 30iWalkacectsY Benamics 4 ﬁG%ﬁ)’ RFrand ?’SWGC%‘?WtﬁmH@C P g @ ﬁr?ﬁ‘i’%ﬂueoet ween
the two ngiﬂ-ﬁﬂgb@’pﬁ% &d@twﬁaﬁmt&%e@ﬁm s{eﬁaqweg@plit%ﬂﬁon V\n3l3l) have
a sequence identi 0 0 Wi e, uen (Seq.. _no

( Ndi f =2 (%atemr%ﬁlzs{‘ﬁ’%ﬁ% Nat, m@d-%ﬁgt%eﬁﬂg?@éﬁﬁiﬁ ﬁ‘F',g baR bol d

i ndi gat epqlidfcet aMpIfiestiondRABBAA(CArastol Ug 991 INAfre@60, The). Theatiet hendont y*  or
"randont with respect to |inkage r ferqsﬁi to Ilrakaqe tﬁf nﬁifl eot Ee %Sh
sequenc anplification spetheds: invRlys isetiernd feaqians based ALy Ipotigmal fransqrigiyy whic

t r ansversghitedBRNanglc REBMIHE ROA (RNFOERII doableystrdhdett BRAGESDNA). | f t he

nucl eoti de sequences of |nter_{%st are var E’%{I}‘\Iie re%n encodi n ences,

sequ
Lhi's wi ITeteemmulies PCEHPRIBSS PARTRRISY BCt BT REPT IR SR SEATIEss i
2008/ 1041 84R(eHdIFRARIRB0 SoyaRcILfiRg Bidie thanand set Seprimes #othe demsequences  of
i nterest encode for a, non-di ver%s)éa heteht;grg’gri C tErgtei n,the ra Fom.é Iimrj1ked
sequ¥nce§agiion; e gppraaprinagnaet a¢anier LEGMR on PHigg feppadiar %ﬁ”ﬁ‘g R P The
term "t esHy phnforder douptbd foPAmpIichial efites kappadinairosinbible regibh i g samtetRCR
reverse transcription, 5Srelates to the n%JcI ei c taci ds .fwi i.hi n tﬁufﬂh an

i sol at edegelion. Addionall Perlierariival aRlimsTset a%aRted 1or BEPITICaHRR: OFBF FhdeRNa,
”R:\‘f\, D'\E‘hai?nlr Y&%Bl@%@ﬁ%-y bEN@mividdalith Pesslpriri@nsetd.t her be isolated fromthe
cell or sti e w

be W the renmini ng content f the cell,. wher Ee cell is
o an’ | rithder Pk RToGB A0TSR S o ROk CTRrsaston. Sy PiF ek np L
surface I%Uéﬂsg?rﬁni@?i%%h (Rﬂq%'tepﬂ TAB FitISYRDPCRS cd kiftedr bdi pegforiidt @4 tvgen,
A630014BO1Ri k, B cell differentiation a}%l %En L%C*Zf—'g Cd43, .%{[[')43 ant |c%en,
Gal gp, LR BIOGes Wilhhp sePp3relgt betep Rriof g e Bl PATb k88 Pai TP -FREIES?
Ly48, Lywhde aficampeisis for bafh REhhd AsitibRx PG alec@Pitsnelin fbadmglgrabler s from
ot her ani mal s. . , , R . "
The terms “multiplex overlap-extension PCR” and “multiplex overlap-extension RT-PCR
implies that the multiplex PCR or multiplex RT-PCR is performed utilizing a multiplex
30  overlap-extension primer mix to amplify the target sequences, thereby enabling
simultaneous amplification and linkage of the target sequences.
The term “a plurality of vessels” describes any object (or collection of objects) which enables
the physical separation of a single cell from a population of cells. This may be tubes,
multiwel! plates (e.g. 96-well, 384-well, microtiter plates or other multiwell plates}, arrays,
35 microarrays, microchips, gels, or a gel matrix. Preferably the object is applicable for PCR

amplification.



The term "CD138" refers to a nouse surface antigen known under nunerous
synonyns i ncludi ng Syndecan-1, AA408134, AA409076, CD138, syn-1, Synd,
Syndl , SYND1, Synd-1, 15Syndecan-1 precursor as well as to orthol ogous
surface MPRMSL4I86m ot her animals. The term "NMHCI | " r ePETPR200805p48s e
surface antigen known under nunerous synonyns including CD74 antigen, CLIP,

DHLAG, H‘h%térln‘ii IyclonBi Srofee1a addiRiidrial aghsaﬁmaemnmersfﬂ@ téth ADG,
HLA- DR- GAMVA, ﬁ);)ygrﬂnl g@ﬁ asso?a%aedallbr?varlant craln hGErOéi i, IMHC

cl ass | ICORWOsition cempiisRgdiffasent babhemaleoqys protein m@le@l"'?ﬁcﬂr@f@fﬁw salpatedte
nar ker s sfonPReGmiRinogBbii supedBmil ?el'fﬁxgréﬂch%?g@m rﬁ&é&flé [Sﬂ'ld?ﬁblé%jd% fr%ce

antlgen known under ~nunerous synonyns i ncludi ng
ant i gen otiregnimyeculescef the eerrRsjios. bulalsmciaing ane errreeme@tcheﬁ@&vamabl%
Ly nphocyofyp Eﬁﬂ‘ﬂ%qﬁﬂﬁéé} WhndHYSfére &sétra&enzleafw o%rmds itheldMifb b&e'seeme

surface markers from ot her animals. 25betarled descr ption of i nvention
The Anplbetweest the indivigual merkges ?frt%@@‘é!d%@ PF‘@&'["UKBO%FF eXa{BPIgs @fs%ﬁ?f‘ i nvention

reduces ﬂo%[dﬂbmﬁ}@felr%fmélﬁmﬁ%t%ﬁfeﬁﬁrﬁuﬁd&l&lﬁaﬁh hToYechfé% Teel RREPER SROBIENCES

of interest, utilizing a varian ich two or nore target
sequenc &8 FcePioRn 1A Polyonal RinteiR may rongist of & Yrfingg gbsai BEPTofgin Metacligng nor e

than oneyrig ha be%ﬂmelnﬁ@d By afc8mnforAeBiufe §dc|h dshtRe BRArER %%dﬂ\%%‘ﬁﬁlﬁ[tﬁwahsaarw ity

vari abl e regi on encod |nq sequences, in the same reaction.” CGenérally this
appr Yac iHepised iaaeqth @8- armwlweéﬁnbmdyr%h@geg&mw sresticiotowards & degired PCR) .
A furthqargbeaitides. of the present invention is that two or nore target
sequences arrpl ified multiplex PCR are |inked in close proximty to the
anpl i fi dAeitem r?rERf’é'é%'O” Ioﬁgﬁéﬁ‘@ﬁ'&ﬂ'ﬁﬁrs%ég‘fﬁaﬁé userhgreis, exfers 4e 2 £81l BoRWationn

encodi ngvrfeeémenﬁmdaéleehs Fﬁ‘iﬁ@' p@;‘{uléﬁﬂnsdlﬁér%ﬂﬁ@ ea@ﬁ%trfamgciﬁ@‘séﬁon% IdvBe
present invention exploits that a nmulti pI ex primer mx can designed to

wor k i n Sugh @\mubﬁaoeﬁtmﬂeﬁlymrw eRidaferexamplaa Porttation Oécgflsrﬁﬁ”t-’ fells WO
2008/ L041GABET QFRAGRLARRAABIATRS I 8 GRigHeByiaRal IDkASEC/RS cgHshing Lbele
sequences of interest. This multiplex overlap-extension PCR techhique
serves tf@CH®Huce the nunber of reactions necessary to isolate and link

nucl eot iTHe ts@YRINER 3ePis uéHdQﬁt%ﬁihangébBEWthh fe! t8Fm SRR HRIP A §e§éf|béé feed
vari abl e regions. O her enbodi nents the present invention ap ‘%Ul i nkage

by |i gatar8iPTeprimerswhighindgker are @aewfﬂ'm@euwhf@ﬂpnﬁka@eclwl Itipl ex

overl ap sezg&@rrb'éldarht&@a (.61 oh& Rtk efsgeagreaie Fé.ﬁeAlenmeaget drShd'Bfesit’ f or ned
si mul t aneousl y th the multiplex PCR a ication, but as an i medi ate

St ot QGO Mo b RBENeT EHBATER S TABIGECIeDt Sk BRBIEBESS Sant NG AEuRg of o
in the sa§Bn bHAR C%f&@né@é' E’k@thPéstEﬁ@@?t f@iﬁ{nfé%rd?ﬁgnhﬁbdy/ﬁaﬁb‘é ligtR lcRains,

overlap exten5|on requl res resence of two or ndre priner sets (a
i omul ti panekdalightehaing. mavwmevmahlee@etoren@dpqx vt O T 68l Fecsptor vena@tau pped

with anp q' Sr'islhﬁopn LL2P R HE éﬁbltﬂcaﬂ:ﬂ'ﬁo&vﬁ !|ng é‘tﬁiﬁb%@ éHc‘a§c ng the
| i nkage 0 e pro ucts generate rlrre sets rln

anpl i f i vatiglle regRcenceding seguertes qﬂgn canstigtes a mlurtal tppexrinasre mheme ssveeisi on
pri rHr%ersﬂ?& B@é&&sﬂeﬁieﬁ}‘ﬁ{e"ﬁp extension PCR, differ from conventi onal

overl ap-extensi on at the sequences to be |inked are generated
si mul t arldedeny sequarsieridendifirds expiessedipsracpsicentags whish indieateti the dedieglcige of

the tar Q@ém.wga% i é‘%@@&dégw‘c&ﬁ&&é}rihe %Pﬁ%ﬁh@%rﬂe@f GREMNAL ©

pur|f|cat|o t her eature 0 e presen Invention IS a reverse
t r anscr ispauenceg Avarsbepalpulaied disritfrt 08 %o - wiROBtN Ot istthe npmber of

over | 2D-SxhEsH ¥k HFRPIPhELEEAIA0. i Adiehe, & hefRUMGulPb ¥gd from an

i sol ated smgece Oor "a pop ron of i sogernl ¢ ceé er feature
of the pulemleaitresldummaorNrafmnghmtlU@ﬁy aligrwdcrmaddn belwesn theemoeseqdendesed from an

I h
it it STBEANE A seflento RETGATE TSR, nbRRli fale sl BERUOLETSR! . (o
t r anscr iviiadhé ﬁemeMJQszﬁrAﬁGGN%emﬂq Bp) (pidifPZRnd Noef=8)n(enaeﬂu1nng sloaws on of
0TS MU A RSCIE o8 e 8 SRRy AV R 20 an

al terna usin si ngl s of a popul‘ation
The terms “randomly” or random with respect to ||nkage refers to linkage of nucleotide

35 sequences which are not derived from the same cell but are linked transversely among a
population of genetically diverse cells. If the nucleotide sequences of interest are variable

region encoding sequences, this will result in a combinatorial library of linked sequences. If,
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250f isogenic cells derived by clonal expansion of an isolated single cell
as tenplate source, it is possible to avoid scranbling of nucl eotide
sequences encoding a heteroneric protein of interest, w ide
sequenceng}‘}?’\}@dg‘* romdifferent cells wthin a popul aﬁ%ﬂogﬁ%@%’g& Thi s
is of inportance if one wishes to obtain the original conposition of the
sequences e othst IS the riceRetiabdquehoss dhrtegpahenaile dor 2ofioradieergaat e pai r of

i abl [ di h f i ' |
2 popul BEIeEAGTe MEEgLhp derdar e k60 ey ke “aCaitear PR oGl ARty o

Addi ti ofgh ysingag@emr esent invention facilitates the generation of libraries

of linked nucleic acid sequences qf interest. in particul ar ' rial
i brar 8o 61 TorBpiaiedag e Mod e S e P BRI v Blee RRRRRR! ' T
present ré|8Mee s thehudleid Aci®sSwithie bedhcarpisoldddei i Trechuctetrradidseangfotéxamnpls be

preferably in the for f t hat do need.t o .be isqgla f t he
Fermai i e GORA RN PYASrtEne i TAL g ke Suo el inRL 8¢ opted

2008/ 104:3A4RETEIPEREMNHe0HiHIAS rémsingivodiensnds tiad cdllneheredse néll i irvem tnitaom
enconpasses the %jrtjékage of a plurality of noncontiguous nucl eotide
sequencddMb?r g iEed OEN. The nethod conprises anplifying, in a multiplex PCR

or mul t ifpbemRCHRGRretR! th ki riRisedriac®astitien &nown chéatrudersegyenogss of

i nterest usin tenpl a ri fro i spl.at ed,.si

popaPat inshen o aieee. aeritdadftieds ol Ahesiadkausonte RS 4L

nucl eot izd8g&e @RS LSuHcylerifttdpdoprdtein] Ibakosidlih gl evibiakh precqrsors bpdgahyddt i onal
step of performng addi tional anplificatiqn of the.Iilnked products. A
further Hefl ngra% }?&%"E@BH? S%F@H??r Ao dRELRBESTULAS et hod of

produci NGeder CEr3E” Alfesag BatGUsRAUIacEatgeh khown Linddrenimessusadyhenymeg)i on

encodi ng sequences. The Lse viding a, l -contai nin
cel | frgf&“i' $¥W%“"&oﬁg$‘5g]'\??gi @ﬁ%ﬁp‘??ﬁ%sﬁ}'ﬁ ¥t ﬁg{ﬁ%&ag‘@??‘rcm gr
| ynphiocdyadeam piecarof soweisas t srtologbussiifaze, markenstimnesthecarpaelsi cul ar

| ynphocyt e popul atjon_has been isortaat ed.fromsaid cell fraction mFurther, a
popul at 11616 1 ML EPTS fo Molas PYTECe ntigert Kol ryer numprioBls SYRVES: 1 s 1 rom
the |ynphasdit@eponbaiiging CLIRIDHLIAG H-2 elass tnidtbeneatibittyetigei yarhmachiion,

i ndi vidual | y anong_a ality. of vessels. Miltiplex r

ol 11 Al T PR aRbcie bsen-asesartediniinttonafnis GATRA, e pase

encodi ngi-dkseawaneriiafOtiani aedel s owthprgolasurtareoharkesf@trecthsr arghelscel | s

i s perfaorned apd Ii,nl§a e Ofl(lﬁ%ai rs of variabl e rggrl on_encodi ng sgaquences i's

ef f e¥t ed Nl d3a70aFPTe T @ VPRPAUTBSE ANgEN APV BNaS, IMNERIS R IENEEs i s

geri \r/]ed iﬁél?\’dﬁl?BQ%m_@icﬁSPQD%, ob4dhaiitigen CPISRY lachobeukbcyte@bmtm?_aﬂtigg’l e cel |h .
urther, the techni que conprises two optional s A Nt rst step the
i ndi vi dUPEECUTERS| '89&&%&%51958%36? Fomﬁ‘of'ﬁ@ﬁ%bltﬁ'éftliy&igpﬁ@dsqsnﬁ%]gasc s is

expandecb,-ﬁ@k,?ogggma@binwk@@ frdtH spgedHimakel | s prior to perform ng nultipl ex
RT-PCR anplitication. Thereby obtaining a plurality of vessels with a

di verse popul ation of isogenic cells (one population of isogenic cells in

one wesdndtyiled Heecriptioo ntitheitveotien st ep enconpasses perforn ng an additi onal

anplification of the |inked variable regi on encodi ng sequences. In

prefer reﬂ‘eemﬁﬂhgﬁmrpam Link8g@ PPe&des | nvention, an individual menber of
: v 1

said |ibrar cognate parrs conprised of an_immunogl obulin Iight chain
vari abl eOnetgiatyie ehibe dresgnt invention reduces the number of tubes necessary to amplify the

nucleotide sequences of interest, utilizing a variant of PCR in which two or more target

sequences are amplified simultaneously in the same tube, by including more than one set of
30 primers, for example all the primers necessary to amplify variable region encoding

sequences, in the same reaction. Generally this approach is known as muliiplex polymerase

chain reaction (multiplex PCR).

A further feature of the present invention is that two or more target sequences amplified by

multiplex PCR are linked in close proximity to the amplification process. In particular cognate
35 pairs of variable region encoding sequences are linked by this process.

One embodiment of the present invention exploits that a multiplex primer mix can be

designed to work in an overlap-extension PCR procedure, resulting in a simultaneous
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sequence i s associated with an inmunogl obulin heavy chain variable region
encodi ng sequence, originating fromthe sanme cell or of sequences encodi ng
a T cell receptor binding domain, constituted of an al pha chain variable
regi on as¥@MHWEI8i th a beta chain variable region or XCTANRRIHEAI4E

vari abl e region associated with a delta chain variable region, 30where the

associ atzﬁ‘rﬁbi‘ﬁéétioﬂtﬂrﬁ I|hﬁ19gé36ﬁ1u%febﬁdé'§écﬁjehéé§%ftlﬁlﬁré€rT‘FnsQﬁhl'tlpleI B@er@ﬂ-t i pl ex
RT- PCR a ification of the present 1 nvention can be perforned either as a

t wo- st eANSIOFCR jprbpisup servies &o 1aodyaR e ipimbss of RErtions neseswviadselalsanst e
fromt hq.nwh&;bed.@%éaﬁ&éa%fhr&é@ef trpﬁbrﬁanaraéotgﬁét@%iry Bf mklea 'vBh@afe ARyl ar

anplification), or as a single-step process, where the nmul'ti pl ex PCR

anpl i fi cAhpoembedipents ol ﬂ}?e?r?%?ﬂ’fﬁn’em'@mal?%“fﬁﬁﬁﬁ bsegatiqm@yurﬁcmnat@a@s The

reverse i ARstdtvetd fkab&hy lﬁhﬁttﬁﬂﬁ(&féﬁ'lﬂﬁ-@x@n&%@t@qﬁme %@br@bnﬁer everse
transcrlptase activity resulting in t eneration c fromtotal RNA,

MRNA or lnisagreis nepeerfarmed RIpItaRED OBt EreTBUbEieX FRFIBPIESBRNG bt A
i sol at eqmpidaeie s@S'fJ)I}ouP i tﬂBra%xﬁHNeﬁulan Cﬁ&vé\?er %l'klad;ezééﬂ'u & rbetﬂb?’foﬁﬁé‘@ ntRe

transcription are for exanpl e | go- priners, random hexamers, random
decaner $antst Hbe aﬁﬂiﬂ!@Hﬁ'B‘ﬁh‘?&%W&‘%Pe@rm?ér'% that are specific for the

nucl eot 'Aj%lﬁﬁﬁléﬁa@&%pgxtén%b‘ﬁr@i reqﬁ"}@%m@préétﬁﬁerﬂf v B rﬁlSre’%Fm?&%ets (a
anplification procedure, for t DNA generated in RT step, to
be diost rytipled PEHeHHRS. Whﬁi‘h ab'ﬁéSt\Fé'@ﬁ!m%é’F aReh saide ¢Wpﬁeﬁé”'§'tﬂﬂ@@élaﬁ‘f a
tenpl at exddifn! 19 THeREFaEREASH Rlls Bhible ftﬂlﬁhrﬁ’cﬁ'&é bfthe %o%&s q;%@%été@ Bal 1y,
the distribution of cDNA'to nore than one tube, erf ormance
of nor e aash e BlecPrifarsels Akinperipkfigationi Suah aprirger fﬁlZFd$ é@'@dédﬂlﬂlmﬁé?( oveItepf r om
the Sam’exié’r@ﬂnaérﬁner'ﬁlnf( hﬂ'léQ'HulﬂE:lBk Svérfa%'-’é)&&s'ldh POR! MFEGARE CorVeifisital Of
separate reactions, it opens for the possib Ility to decrease the

i oconpl %t'%-@?‘teﬂﬁ@" RQH 'ﬂﬁ'ﬂ@)ﬁhﬁpﬁq“\@ﬂc?ﬁ to herlinkgg gresgrngratedh simuianequsly imhj s

t wo- St eRp@BRhe AN, mﬂﬁroﬁamgmmeeet@mag@@ﬁh@@@m sdalieAtls ddrinly heavy
chain variable region and kappa light charn variable region encoding
sequenc &nplifcioa, Wﬁ'ﬂ@itéﬁﬂ'%w[%awﬁ'cﬁmﬂ abl e region and | anbda |i ght

chai n v 1 apbPreaRBe Bﬂhﬁfb?@:@nﬂﬂvéﬁ%%ﬁ@évéréb RartichipRInaRir EﬂéB%réEéngzthé‘g the
sanme tenplate. A single cell usually on expresses one’ of

chai ns. MliRIeePCR r WII'WIQ%PY%HPWSWSR%R aff@"fb@“%:rqwlﬂﬁéaﬁ@a@l@t 'Ved

si mul tarfﬁf?r‘t‘ﬁh}’so!di‘édﬁﬁ&e%ll BF‘@EEbMStlc;nrkﬁléd@%Hictceﬁé one of the reactions

before performn urt her anplification of both kappa and

| anb#a Jefuribsr fegf%aﬁ of ﬁhﬁ@r%nt inseptionve thegeras nuclgptiiessedengss| derived BPESt ed
t hat Onllé(oliftéﬂl%%g@uéi[%%paﬁ%ﬁ b¥isbdeHB GeliR 8% Rplafd for thb%&lﬁﬁeﬁPﬂﬁl e-step

nultlp ex EFOCE ure reverse transcrlptlon and p
20anpl i faneification; BrederablycNOtom A single @n%r%e@éransmrhedﬂwé C@(N’Pp@ﬁ'%ﬁi@ the

NECESS arrMulﬁﬂei? PCROFGH ﬁ@fa'ﬁ]ﬁlsh&atfoﬁ\(ﬁ %ér‘ﬁe %héi@ﬁ:cédooééq‘ﬁﬂn@é%%fﬁﬂl@re@%édo%@ x PCR

in a sin Ie step are initial y into the vessels and the Teaction is

per f or e@dé?reawsep aStaﬁeaJternasNﬁép WBM By using iselefet isthala cells epa mertiatighce
the reac '|é2:©eﬁué%ei@§é’éhvéﬁ By lchfhal é%%nﬁeﬁ%ﬂaﬁ%b@éd Shdl8cen 88 R Bk bt RTPCR

anpllflcatlon is that it feduces the nunber of steps necessary to generate
t he |i nk®BOSSING & avid aea@éw&wdwle@ﬂde ﬁ@%@ﬂé@%ﬁﬂcoﬁméﬂqt@ﬁ"@ﬁéﬁmtﬁﬂpﬁer

This is ipaFdsh W!ﬁdc)éo%@%ﬁue\”x’ﬂ@@d&ﬁfeﬁ@rrom &‘iﬁer’é\’ﬂ &éil@l\nﬁt’ﬁlr@- pgpg%lt% ARelfyy, ray of
single cells, where the sane reaction needs be carried In a

pl ural i tRhisie of bgeatance #iong vashesde ohfan ﬁhSI%*Q'”R'W@@@Sit@”@éﬂW%ﬁ”W of

utilizi ngetds El:s%\éea@opfﬁer&ernsrﬁbﬁ%@Qbogmaté BSir Bwatrtalale%giah lAB6diRg X needed
for the nultiplex fication as priners for the reverse

t r an¥cr iSsAreRFegsihgelse of @I‘?@faéﬂ’q §Jﬂ9|? lrell 30 Bﬁw@f]‘ﬁtﬂi Jrisagesiges|ly ay tlempiate
si ngl e- sfeReWhhimpsantlediirR conprises a nucleic acid

Additionally, the present invention facilitates the generation of libraries of linked nucleic acid
seguences of interest, in particular combinatorial libraries and libraries of cognate pairs of
variable regions. Further, the present invention utilizes nucleic acids derived from single

35 cells, preferably in the form of RNA that does not need to be isolated from the remaining cell

contents before it can be utilized as template.
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tenpl ate, an enzyne with reverse transcriptase activity, an enzyne with DNA
pol ynerase activity, deoxynucl eoside triphosphate m x (dNTP m x conpri sing
dATP, dCTP, dGIP and dTTP) and a multiplex primer mx. The nucI@i c. acid

tenpl at e WQ2M88pH84p1 y total RNA or nRNA derived from ahCTREPHPEY4S ngl e
cell either in a purified form as a lysate of the cell or 35 still within

the int @ie &ifbddimémiryt il ;ws?dt hﬂreﬁmﬁCéndbﬁfmlgﬂéstthé finkefgetdfie phueality bmbmnm' xt ure
requires sone optlm_zatlon or a mul t | X primner m xtur.e t.o be use

i £h 1 h@ophESuR AU ARl segHenopR L etpr 5 RfiocRbimihes 1aMeRayand ¢ ne

si ngl e- s @ibIEHPERR PuliiflexACRPTR &R EICaten pro€: e ButRéfida SqlieRids26108/ 050048
For sone single-step nulti ' ' advantage to

. | ex. RT- PCR f t b .
add addittpws ‘I’S'%ﬁffd‘i"@ﬂﬁsdeglﬁ% ﬁ@ﬂ%@'é@@%ﬂ'& .ncseﬁld?F ag’géﬁlﬁﬁ@?&é@cﬂe{‘ﬁc&ﬁﬂ%f t he
gﬁl'T BF/)@PF 8at'ﬁe efff@Eﬁr@VﬂnRngé Srah&EEmplifid nudlddede saiiiepoedfintermsst. drufther, twanpthed be a
m Xture or a nu

ul tiplex prjimer mx ssibly with a_different .priner
conposi tHeBWr isqf’rﬁ’r‘so@ki’ﬁa"tSR%FP]Ofb‘(%r@ﬂﬂ@ﬁc?@@éﬁﬁ'agala?”ﬁ'ﬁgﬁtﬁﬂé"f g’ﬁdﬁ"ﬁ?‘iP@?Bﬁéf* PCR,
whi ch gepgrfab! dmbambMer SR Bredshi aivieagsertdnipasses a@lethodito? pratiuting pllibrary
RT-PCR, since it also |ljmts the %grber, of tuhes necessaé% toﬂ?b ain the
desi r ed df FRgaEate pRIsHRAEIRIISINGHiBked Kariatts 188108 SHGRHRQ SR NPRR Sradte lified by
the mul tdoplpAseProReRg aq?mph&;yié-edﬁﬂﬁtnhg cenfaétivntifed a dynerewhichls optiohaltys, such
as mul tiplex overl ap-extension RT;ﬁ:R |.i gat i.gn P{ﬁﬁjt.Oreco i nat i on, FSi ng
di f f ©r erfriggd fopp partispiaRMPRPGES Popsiaiiog o §2id Gall RO PraWGEn Egricular
ibrml i Qﬁf['l%lﬁfblyférﬁbphiaWSﬁﬂﬁs PAICiRBIatedSrom Saidgblefradtion. Rurther,laysopsilatipn pf ocess.

wever, e

) i nkage process. may also be rfo d as multi .step process,
usi ng f dsolaizd simele cells ts poteiped %éﬁ%‘hvt'flgocql'?ﬁRWtﬁﬁ’ﬁ“@OSﬁS'CSE{aH"% ences of
| Nt er esterachb, kP thedrirdh&CERI fractiah, ifdiviatallyeeumgi 2 elliaty.of Gesselsa Maltipfaker _
fragnent may contajn cis-el _errent_|§ %ro {fer, ebeﬁﬁnt Sg%fl a 15rel evant coding
sequenc eNQpCyldiaseRification (awliplexder-PE %{"n@ g3tion) LN YRR HERHON O Bk age
Procgess degubfdeks@bAmheliin opalEBorY 65i561hted Sirghecaly i pgrioemeRandPiikage of
anplification. In one enbodinment of the res§nt |nvent.|(gn t he | i pkage of a
plural i tRﬂ'répfH@'ﬁb@dﬁﬂpﬁlﬁﬂﬁ%d‘?ﬁlE‘F%&”F%%'ng‘ﬁff@ cuerglp andpdlyidug! palg OBerfor ned

I N assoGjahbieedlbh SeduefcddisideRlaxerdtR siignd dli, @ithinatle populdtioniohGomterul ti pl ex
overl ap-extension priner mx. This results in the lification

_ he conbi ped 20
and | i nkergde gell.- £ H@hqrav‘ﬁé%c@éﬁ‘ﬁéﬁ’ﬁ’@é'?es(ﬂ?e?pgpw,Ste{pﬁemgg?rgr&g?tﬂ’ needed for
the mul tihligalgrstb@BngRic@N S B PBEMatsHBNsiryRScelid i ekapided fca poputatiohalfe, an
enzyme wth DNA polynerase acti vi Ié, cﬁqﬁ% %ﬁoa deTt ri EhO@gat e mx (dNTP
mi X PonpEeaEnifCedRpHOT ta eemormegr BUliptpX ? lgcafian: ThereQy NN R ext ensi on
pri mer  npxralify'df dedRBlsiwitis amereabagmlamﬁof@éogbhie RN @B ipobulatidt dfasagehite
| i nkage of a plurali t;ﬁ_ of non- 25conti guous nucl eo%{ de, se ueg@es of
i nt er estcalls e sty THe SREPRT FRtignalsien eNESMPRFIESRIITRIRG 2pERCHENA g a
t enpl at ey SR JFiMrkBd VRN REGidH debaing ebduences popul ation of isogenic
cells. Further, the method conprises an. option I_@{@@ cgg Bf:rf.cgﬁﬁ)m ng can
addi t i onlaIPrefarred emapdinyepts; of therresent srvertiof &g "151?‘6 mAsk 8t |AIY T he
mul thpl epaRMeRr daﬂ@t_@?ﬁf}ﬁéﬁj SanRhnfteBgloBulpaighos Rty ARbR: Bhiodleresdigp/ one- t ube
reaction. "30A nul tipl ex oyerlap-extei\qrhs%h,on grl rmx %f t.heﬁﬁre ent
i nvent i o¥PONBRGH IS d8E0GiAted WHR an iMiURegiakylin dig @’ggﬂbi‘ﬂr@b regipp ﬁﬁjs"?%e
anpl i fi caddueRcBgihtigNERn He stimd &ATr of ¥&yUeALEsPEH cOdING @i PeeleBegstbtgnding
sequences, for exanple, anplification and_|inkage of sequences fro
i munog| YBAINoRstvipd Shan A'nha chaip variakie rediPt %ﬁﬁo&?@ Wﬂ%b%ﬁﬁ%ﬁ" d?”égc{ﬁbda
l'ight chain\Gal ke Bedh 0tidbMehiohssSdiatedith bl dbith ichain aadablé rRigrge  of

sequences fromT cell receptor 3 fam’_lie? a, 13, g ?r 6.
30 where the associated variable regions originate from the same cell.

The multiplex RT-PCR amplification of the present invention can be performed either as a

two-step process, where reverse transcription (RT) is performed separate from the multiplex

PCR amplification (or alternative multiplex molecular amplification), or as a single-step

process, where the RT and multiplex PCR amplification steps are performed with the same
35 primers in one tube. '

The reverse transcription (RT) is performed with an enzyme containing reverse transcriptase

activity resulting in the generation of cDNA from total RNA, mRNA or target specific RNA
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I n anot her enbodi nent of the present invention the plurality of nucleotide
sequences of interest, anplified by nmultiplex RT-PCR, are |linked by
ligation. To achieve this, the nultiplex W 20081104184PCT1DK20081050048
primer mwOoQeenslo4184 t he nul ti pl ex RT-PCR, is designed sBER/DMKILS/G5HRS
anplified target sequences can be cleaved with appropriate restriction

eN2Y TS froffigh RBAAHGIL LOK MRy which ch 8P ABANBIRELS RERADI e il MEr
desi gn |s descri % e section "Priner xtures and I gn '). Fol | owi ng
mul ti pl examplepdigoalfrinere.andom ipxamers cClRNECThACERHREX OF rewépmrﬁfwﬁer% 18

restri ctepdg{égg{p%y%%pgaﬁgﬁgtﬁé)n CHHE%EH@%]HCQ%%f ﬁﬂﬂéstOf the target sequences,

are add e mxture to ase. No purification of the
PCR pr odinettwoisteprroualtiplex R+ Rmmlﬁwogmécppedateo Revgniop the sNAmgersialgedyn be

per for myg, Rm?esd ?@sé ki Rich ARG e fran' Je@@el}agm?ﬂttﬁgci‘oh‘ﬁéts’fdr%é g Cl eavage

and [igati oxI mately between wever, | he pol ynerase
f rom t hdempliatei fpacmn bejare praceeding with the amplﬁlﬂéwnﬁdﬂiﬁomﬂw the istikytien ohn

'“C”bat'%;\ft%rm&’é%éi{c‘?né)ﬁhi%“étf W%g%ftﬁ?ﬁ@ﬁ%‘:ﬁ e lof mdFe&hgh oRd mmméxmﬂferred
are terrper ures between et anot her enbodi nent
pr esent amplifieatioowf nu¢leic pb@r@rw@q/fr@m the éaréettera@!af@eé}lﬂéqwésﬂ\tﬁr reﬁthelFl @§t

ZgBlr 1);'0 ﬁﬁjcr?%se@lf'lu?ﬁb%'r 8%5%5&%%&&3%) i dyéﬁg foth Sés%'iﬁmt@gi d¥feasktnd hi s

target se can e J ol ned usi ng identical

r ecomwbi reatriplaxity of ﬂ;g mu_ﬁlnl@algr@nersm@(hfethIsﬂpéfﬂfb@rdﬁélﬂe%ﬁ higiNorigieR ARPrPaeiueai nases
ract ' ab) At RepIabARH! tS’Bmgﬁ’Q%ﬁﬁquEQMFcﬂaﬁF@?Bb%% o b RBpht Bhdln

reconbi nase w't Cre reconbi hase wt ariety of
| ox si te@nablawwmQMOﬁmlse\memesa@pm é{be@md hea¥y pitAim yeniabie peicRed the att P
site an

0 1 o A kB sl SREMD a5 o U Sl e

nucl eot iteplets @eerm@ ey Rok emeraseﬁ_qnezrd(t@quch aig. Hawever, 1o often
Bi oTgch rHeoéé[e.;ﬁe erﬁ)jn% R factibfs Qnﬂft%{ﬁu"s dn&EReeH Mngqf]e raR) thff gﬁ@ Bf the
|nvent|on e B e t er est

ot1 de sequences O onprise varil abl e regi on
encodi ngeadigne hefose pertprining ﬂne okheg S usthes tae é@pui‘wéb@maft kothy kappacand/lampda| e

region %ﬁ%@'d&%nﬁﬁt@(\ﬁpﬁ@&tw@%ﬁr@ Qﬁwﬂ%uﬂ%ereﬂ@&eﬁwrohﬁ&bﬁﬁﬁ oPfaniR& e

constant” regi on encodi ng° sequences I n addition to the var e regions.
Pr ef er amplifhisorp Bcsingle eglt: regi ons are of human origin and the variable

region qﬂ%lﬁ%@@cég rhﬁltlﬂtg x WL ﬁ@ﬁﬁ@éce‘am&'r%ersﬁ%s@ﬁ ptiEALEHR miiblex PCRr abbi t.

In an even nor ferred enbodi t of present 1 nvention, th
nucl ®ot m@I@e@f@@n%e@r ried obhindhegame yegsel- dd therhemeIskuNeqessalY ﬁ‘aw@rff‘em on

encodt N, ERLTARSS. ARfscDiod WAKAITRIEE PERS B SHRA0GEE ohPiriel abddihiochal 1

vari abl e region and aln varl regl o encod |ng sequences. Such
a cognattee p@ﬁaelsqu tb@mﬁqﬂgél&ﬁmfoﬂﬂe@nﬁ@%@ihsmm iseglesd tea @)éﬂfﬁ@or@équences

ddi b
o g 5 L L 6 S sOIS a

i sol ate omte Rocyt e |neage
enri cheo°¢ﬁ<@mpaﬁ¢a}!m|mofb9t ibresiupestheinugibes pf stelﬁ%mqeéﬁawét@n@ﬂn%tevth%liré(eﬁl ood,

monopuc rﬁ%feoﬁt? ? 560 Squgh ﬁé@bfttﬁ? E ﬂt ihdtdn eval ﬂ:r@BPtﬁﬁ is %Eﬁﬁgl'aﬂ? []Eefglfwﬁet?ie

present 1 nven € nuc € sequences I nt er est conpri se

var i abl eparfeghiog nmﬂtmn Ry- Féfé%]@@ﬁﬁ@é"ad@iﬂsm@@ celis vepee Berrama r@gctspwaﬁgdaﬁ% pai r

f h
or v onaieeYi AT e e R T M B P e e e e e
vari abl GJtIIhHQﬁJ e rererse iprigrecepfigeeit ¢ thegpelfiplex pdgaamE Hreded ?ﬁih%ﬂwwi%e one or
ore o ln‘r‘c%lnBH aﬁfbﬁ%w;rﬁ%%%%@%ah&bmgﬁ hf, %Ht@eﬁé?@ny"ﬁfe' abl e

regi ons. a cognate pair may be Isolated from’tenpl ate derived
fromcel dosnmslhpheeﬁfdﬂ/f@pﬂwmgie-ﬁteﬁéa@@pl% RiTdtfeRy compriges a nucleic acid

| ynphocy nee 3l dhi-Pe Gfith! reldraS trh AlbripBide Riciity P bRzyme with DNA polymerase
activity, deoxynucleoside triphosphate mix (dNTP mix comprising dATP, dCTP, dGTP and
dTTP) and a multiplex primer mix. The nucleic acid template is preferably total RNA or
mRNA derived from an isolated single cell either in a purified form, as a lysate of the cell or
35 still within the infact cell. Generally, the exact composition of the reaction mixture requires
some optimization for each multiplex primer mixture to be used with the present invention.

This applies both for the two-step and the single-step multiplex RT-PCR procedures.
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5bl ood, nononuclear cells or white blood cells. Another aspect of the
present invention, is to utilize the nultiplex RT-PCR with a popul ati on of
genetical ly diverse cells as tenplate source. The majori tﬁ@of het er omeri c

protein &RaWBARStquences do not vary fromecell to cel PCHRIZUBPRE 56
wi th variabl e regi on encodi ng sequences from bi nding proteins. Thus, when

utili zi rgr 5biRe BNGRESED hﬂ“@@xlwnPtWreb&%néthﬁay\Qe af afivamitage {0 @ide vedition e

het eronmeric protein encodi ng ;f(ﬂuences th@r 3 no need t? erfog gn
initial CPEPPBRNSAVEIY EPARASKORLTr &xample; Addition 3 dbe AAIKMeEEe foflowialdig &

i nventi Qiyp. @tﬂ&r%ﬁqlpbhé!nt@f:om@wbrt‘e&aﬁap@lmdnmplnmwed@ émqmgm@ﬁm@f nmnt er est
arellnkedran Oanfﬁ a method co |§+n$ tg ormn naltlpleg

anpl i fi CREFBH with E?réﬁtti?rﬂ%erscé’alﬁ’éﬁ'g Ta¥s ¢an 1B ?C%‘?"?ﬁi af 8, oppahe derl ved
from;a langnes RTIFUR, Ghidegsicraf nay tel yaﬁﬁ@admltdg%saa@dh@émgersitépgnhuna@age of
t he arrpl ified nucleotide Sequences of interest. Fur

t h
conpr i s&-BRRopIFDH AISOdHTEtE “Eﬁ ”Lﬂ'@li’efrcPrfFHbﬁ@ ngRessal iy ” “%9 Slr‘?‘?@'ﬂ‘tﬁ on of the

l'inked pr@flieets. As with the single cell approach the |inkage can either be
performed utilizing a nultiplex overlap-extensio x f ,r t he

DDl U1 1 diteinsisieaidansacsiensis Qfanorest, SRR HhemyI GG BT TR GA DBIBKE Goi y ¢ he
tenpl at %nd%fnbth%ﬂ by? 96vePaNnhdtRod) BudrPdd mmnFlbx ©0bdp-txeritidn RT/PCR, liyatwrdrai ned
within the cells.” The popul ati ogn of cel for e m?@#ﬁgg

Appl mcatre@mtasmatpﬁeuwg)e@‘sgenbmuwammer H'R’éﬁje Eﬁﬁerﬁblkﬂ@ﬁj uHliplsx Il's

expr essigpghiinédtiof Hnd mhkéigerwoé&s@.n@a Bﬁ]gleadtépw«sa fve stép Biowpss. mowévgene;r at i on of
conbinatorial libraries of variable req%l on encodi ng seq ences. rabl y,

the populinkigeoproesssdaay alse ba perferaiedas@ Nl siepprogsss, ueleg \?é?’?"aﬁlae"“r' i on
bi ndi ng tRRiRt tbﬂmk%ﬁ{&huc@éc Bc:b)é@@u@@éé eﬁmteTedtyémhbpwﬁ PER, hgd:zroh@@rra cells,

pl asma ceIIs pl asmabl asts, or m xt ur e of ese cells ul ati on of
cel I's i HegavabiagipneSHehe ﬁ%‘ﬁ@ﬁf"@%ﬁm?é’rﬁont?éfh‘:@ Sfe"?:ﬁfg?rﬁ‘?é“‘?}@r %@’F‘ﬁ&ﬁtﬂr?l zed or
'byseQ | WtelTegé?r]t{Tcoaiﬂ?'sbb%b d?%dobh!ﬁ@ﬁ 5&4bienBs. Ih Bréfemdd ainbodin@heihe liakigls can

e isolated from

he cel st andard procedur |n | e-step
nul ti pl POGRES EORETEYFHES HLE ngegleﬁ‘@%ﬁéﬂhgwult'%ﬁ'?& 'ﬂr 08t ep procedure

may al sq bge eaftddinitnt Bethe pRadhimntioAthekrdidags 8ni plﬂ@é{lt)lﬁ nonctroa uhe
speci fici tép sensitivity, and yield of the myltip ge process,

is by pdie Hﬁ’%‘@e%@”‘é&ﬁﬁft'”tﬁﬁF IS RereEnALHp agseAigton &ﬁB‘ﬁWt *nked

nucl eot i fen|KEstANGHRISING R AlLINGIEx Bmmptéa@engwntprme@mmrﬁmsn@ inaneeorhyinéd nkage
by ligation or reconbi nati on or ‘%&% usin e nmulti

over Wap-amrlifnatiopandiinkege of fhg ?r%‘déPW §5- G rihﬁceatpp@ﬁm aesqlediier s v

per for ”ﬂﬁul%léia oFéFBpaéﬁlirisfdnqjﬁR @Bmptidds| & hhﬂglc%ci@irtbm@ratéﬂah ehdﬁﬁé aathDONA
arrp i f yin [1n nucl ei ¢ aci d sequences of II’II erest. dz\ rIErEF’
ti pI ex

utilized FB@ @ﬂ@'tblﬂeé?(yfb'ﬁieﬁﬁiﬂg tr&ﬁ“"?ﬂ’ﬂiel'ﬁﬁ (NI FeRix frOmREIsIng;
over| ap- ﬁlpﬁ‘aﬂ: grTey ér{aeé mmmsrex oV@|a%ﬁéB8ér1é?&11&ﬂPé$Trh@K2008/ 050048 meani ng t he

priners ch anneal he outernost 5 end and e sense strand

of the |lnﬁwathﬂéaruem0€'m%ﬁpﬁwe@ﬁ?§@at 'ﬁﬁe@@au@ﬁéﬁ@geﬂfé‘ﬁg‘tﬁ "&REB?'? ng the
anpl Lf Cﬁﬁwh@ﬁblﬁfnuEﬂé%tlc?enéécfugnéés'B‘fﬂﬂer@éﬂQ'ééﬁorm@ﬂlﬂaﬁﬁblﬁﬂilei@bVéF%b%x@élﬁwﬁR’D be
e

descrlb as the priners of the mul tIP ex overlap xt ensi o xture

that do PR Uétﬂﬂtadﬁﬁlpl?\t%ﬁﬁa’ﬁdéﬁ@ﬁbﬁwsﬁﬁ single cellgriapapyatior| 'Sgﬁeﬂﬁ%%‘%“g]d
semi - ”eSFfLﬁﬁ’lePrthé'ﬁ{etrﬁﬁtcoﬁﬁaﬂs@@ad@;ﬁﬁ)népéteé b?@%ﬁhhg%adddmﬁénrw@@naron of the
e

| i nked nucl eoti de sequences. a nest PCR especi al | ?i?é‘a%@é
|ncreaseamM@C%tp%](ﬁfﬂ'ﬂ‘éﬁdtRm@‘fCt% Wéefﬁﬁq%@%um@?F O%&S qpoexit ISamount  of

l'inked profptd aggrS,ﬁgh@Stgb/gﬁg_mbelrgy@@hl on, sem -nested PCR (as described in
the section entitled Prinmer Mxtures and Desi %@gp' s consjidered to function

as wal | Aguitiplexpvetlepredensionpiger mix of dhejpresen HeLERIAPTISES aF FaRdMRssar y

for the pMfseRts ddb‘éﬁz@tdf%mtr@ tﬁ@&ﬁ@rﬁaaﬁeﬁh asWiiikagaaf atiGiRtamplarddorategn of the
| i nked products fromthe nultiplex overlap-extension RT-PCR or of the

pr oduct seﬂqoﬁlﬂééeweﬂqe&afﬁ @?@“&H’e PeRdiEAtirReN8 Hnkagedl spaANFe¥PRy nest ed PCR

or sem - aestRAIBMHh hdhg cﬁglﬂ'\ﬁahémélreg%ﬁ?bmiﬂeg@nthckapp‘@ar iambbglightengier f or med
di rectly using a fraction or the entire nmultiplex overlaglcsﬁtens on RT- PCR

react i onvasieblguegion famijiefaor 6@%%%@“%‘%"“?@%quHﬁﬁ?Q?ﬁr% (REEPO%Hr a
fracg; onrag{”,egryﬁovn%rgf t hese products or using partially purified |inked

produ
In another embodiment of the present invention the plurality of nucleotide sequences of

interest, amplified by multiplex RT-PCR, are linked by ligation. To achieve this, the multiplex
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fromany one of these reactions, e.g. by perform ng an agarose gel

el ectrophoresis of the I|inked products, and excising the fragnment
correspondln to the expected size of the |inked variable regi on encodi ng
sequences¥ Ii'g?s’ﬁ?f”@ducts | i nked by mul tiplex overl ap- ext R¢I/RIROPFOSOPER t he
additional anplification is preferably perforned directly on a fraction

from t heyrid@urihik upéeior BeembiBple) RTEPGROR dadigRédRsiicdankt tA8 anplifiFtaldats woul d
assi st |i nkage of Htbhe i ndi vi dual target sequences that were not |inked in

the firs¥ar AL 38Prquf’@r@%tf“"“ﬂ‘l‘eeﬂwwpéémdd@@'éﬂU@r'fé@% byt

i nt er estDIoA ngétﬁmn;raas’c@rﬁerpoﬂﬁ@@(th@ﬁrfﬁaﬂd&%rﬁelcj@g&rﬁfédﬁﬁ ) B HRRL hat
encode c%wfferent subunj ts or. domaj ns, when expressed, forns a

25pr ot ei MXBresanq Desion). fofpwing mulipiex B-lr'cﬁ(%ﬁ ﬁg'pl'ﬁ‘i’&i'ofh\”éh SeFHBBMIREX at | east

two non-grig@dtmis he FasRibibh %nﬂrﬁe&ﬁé@ﬁ@d@éf&ﬂ@t Blb(énﬁé Biﬂ%b@éﬁ effet eroneric
proteins are common in all Kinds speci es. the cl asses to which

such pr GEEVFRCEeRTGRIdEH & ﬁ""@r‘“'é‘;@éﬁrﬁgéth@h%ﬂi‘rﬂ? "Qaﬁﬁl "ﬂﬁ Pyffigatian 9f{oe BER

pr ot ei NSrod@Xd Bhee8ERPRto I8P néﬂthog?lﬁ’ p@ifRafién ma§ B8 ReRbrid TRE Reaction
|mTunogIobuI|n superfam |y proteins ransportation proteins etc. The

nucl eot i 'GBPEEH{TR ffrdke mﬂa% resyiclioe KleAwags we'rqaaorp IsAPBTaxdmately between 0

nNon- ContdndUeg, HEWaVEr YBtht PolyPieasdl Rorh i mullplx PO i2REGh &'saMbrisbhteh e
genes, or different nRNA nol ecul es. However, non-contiguous as used In the

pr esBnt MiKPEREJRCUPRYOMSmPaRRiNRe Balw am tRMRasailee s ptefeied Mo PrrlersId e of

t he sangempériaires b¥MRER 4tdhe 1@oORI Ns are separated by nucl eotide sequences
whi ch are not of interest. 35In one enbodi nent of the present invention the

nucl eot ilB¥ekANplies cabodiment o thedsesens ivantony e piwplity OEgeertichsearenges of

Sequencftefdse ranwmea By HHRg R PO HF@I?rfk@H‘bWecoﬁ‘rtﬁﬁhtr%ﬁ tn"{RY a8g foRBitl thés
(anti bod| esz1 B cel recegt ors and T cel| receptors (TcR S) special ly 17

WO 2008/139% %@ﬂﬂéﬁ%@@@@ﬁ 58028 Jejagd %P%'dPBBQ%FPC@H@mﬂ%S'E@qh@h@ﬂ,ﬁslsﬁh%m

I Mupog| gebdtrhés bRading tnenb&frﬁﬁhase%uﬁammg @bbﬁbrna%rprsoﬁw%ﬂle sequences
corrprlsefull-len%th anti bodi es as wel | s, sckv's and

conbi natPERAEPIBRSS SRS AE Pt racRBbESe %hé‘ ‘faélﬁtycﬂf F&Tc%@ﬁr@resrééﬂréﬂﬂé&:ﬁ e.g.

conpl emefifhad Vérlétydﬁﬁlgi 5t Mdraf 031 WHidR caltries AUt PAREhHRIRIEBR bBwe¥ndRSEP OF
conbi nati ons of these. Generally the present invention can be applied

with an;F'tEGHBﬂFFh@tF%ﬁ'&e &te Rrepqogtinaseiy Histesmas wellgs Safaibraiesysierd. kinkagivent s
t her eof ?@@orﬁﬁ;ﬁa%tha%g;geh@%émsﬁ REPMRTUCRS b 8&@@%94 Héeé {ftn 3y 1 abl e

domai ns Of the heav al ns generatin vV or encodi ng
sequncdsharg!, N*@'Q’ﬂﬁ%@@T@PhB'ﬁéese?ﬁ ix¥18-924hht chain with the heavy chain
vari abl g, E%@éf@ﬁed’ E%Bélh‘%m of tR8) %eﬁﬂﬁ@érﬂiomhé nB@I(eBﬁdé%eq%nPﬁcJ%' d?%gtarr Eg' on,
generating Fab or 1 oF(ab : It I's possl to a

regi on GPMPFige M@reﬁb}e fﬁsmnrﬁr@@wgg anusnsgs and denfinkage genarales aanogaaip@ah@avy
chain, t e or

Er uncat g e %%“%%Eé"a@%%hﬁﬁséﬁ@m% ‘on the
non- hum&Angtant f&ﬁlloe e@é@m%éweaﬁ%s injadklidign te thewasa l@@e@o@mt%fe@bbmet 0
geney.at ric
o R VA R oo dt e DS BY oF P
present FiAifePHGNAP Mavsateor@Bbibn encodi ng sequences conprise one type of
I munoglipBKlelén Ho&bbre?é?@drbnﬁmgn@f tHeASrREEht Irﬁfégﬁ&\ Wk R HE%%ﬁu%cQQe

i mmunogl obul i n heavy chai n vari abl e regi on encodi ng sequence

achi evedf inferssl] C‘é’&ﬁ”ﬁg immuReglebuinyrriagie r@glwem@m sequengss aof! the tkagand
heavy c@@h&at&@c@@wm SaghBeRm PiiatR! @gﬁh R HRYv) %ﬁm Dsticle ﬁeglohm ng
human constant regions fromone or nore particular 201 sotypes of heavy and
lighe c wapwmg/a@m@ﬁp@'s Segh BreogReiediaHgnaeaIRITISE PNEEr Mase consiant Tegien |

recept Ore‘ﬁcédﬁrﬁﬁsédue%@s Rl aRitBh tb ﬂ?e‘%fa‘?iéf:le %!Bﬁls Bﬁﬁh@(‘%@ﬂi Aogztd' FAF fay be

conpri se encodi ng sequences for
isolated from template derived from cells of the Iymphocyte lineage enriched from a
lymphocyte-containing cell fraction, such as whole blood, mononuclear celis or white biood
cells.
35 In another embodiment of the present invention, the nucleotide sequences of interest
comprise TcR variable region encoding sequences and the linkage generates a cognate pair

of a chain variable region and 8 chain variable region encoding sequences or y chain
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and beta chains or gamma and delta chains as well as soluble TcR s or only
the variabl e donalns of these chains or single chain fusion proteins

t her eof S|n e chain cip or 25single chain O s One
feature &‘fo g‘?‘?@”?ﬁ'ﬁ ent invent :Oon is thegabl lity to)l i nM’@*‘ZﬂO?B%HO%
sequences derived froman isolated single cell, a population of isogenic
cells, anébkg@@@nlamla Shaih variabie rpgtmulembo:mmg eéquaebdzss Swbih etmogmte pabmayeen
separated into single vesseé1 ﬁ ferre% Ee }'laéd i ;l SVBH gnt

i nvent i 6AMPYSE e QIIROMGCONSIg rf"@'&"ﬁ” %‘f@g EEUeECSt g g ron o i sogeni ¢
Celt I's afeduﬂ‘@) Fﬂﬂl?ersﬁ.lwh@co@awgfalmaﬁbﬁlsblmﬂom lrmnmanemmecafwm ceusqurege e_sl_ hof
interes rticular v e regi.on enco e e is
is of ird ‘é‘?ﬁyée lineagq gni %@ngsonigly hgcﬁe—&gn% %ejqraggf&} %H#'ﬁ? %wle)%anpl e

vari abl %|doegmaﬁomdba@cﬁ@muemm cefot her pref erred feature of the
present invention

0 ta| a sin 0 0 l e
cel I's f AsRihgr asract ok tﬁ‘élpf‘?f’ﬁ” 00 'F‘i(}9 V\jﬁﬁﬁbec'}"{"@glg wc%h%@ 49%%@%@% es, T
| ynphoc st génetiphigediversetels a%rtdhprate/wurmghdm@d;mpmmmnagesemfencm cel |
| i neages. O her 80 pul at i ons gl s, that e@)%essl @I ndi. %’8{?@ ns fromthe
i mrunogISS%‘t‘,ﬁ"ICﬁSQ paty rP’;T/‘% IS 071'8%P 0048 al so
Ibe USedfsb%ué?ﬁb@ﬂrﬂnﬁuﬁtﬂh@p@ﬂlﬂxss ThG‘@Ithnl uliiizing thelpreseni jriventiborfer theldicsungce: :

ines o ocyt e or neage or ce

[ nes oot BTG BbEetespment B FRcadtgedehepirs thinkn o PRed B AefRlne s <.

appl i calynanitis |§d1m.oﬁrc¢§m@te defliyent i on. Donor derived | yrrphocyt e- cont ai ni ng
cel l fractl ons ma

ai ne fromnat tissue ch is rich
i n such le#ig embedi e”mfé'g‘:dpreﬁ é"‘f?&f“?’b\ﬁp htﬁr?fHB’&rE%” '95'8'11 %%ﬁ@éue tonsi |
tissue Qgq uéﬁ%@b'oﬂfntéréét%t'é Rfk&diranduntly 8y aumthtbdlmnmsdrrg, perﬁd’ramgamhlpleleSTsue
|nf|Itrat|ons Prefer &Hlnthe case, .o IIﬁeentlssue

or bone MR ABRITClioR gty g¢ sequances ?ngﬁerQ?EUﬂgg,g?%'paﬁi?r%{lvﬁ% e Wth
resEggt @u@tl&eﬁﬂ ge;h@tléaﬂ@%rse'%uls hh@eﬂaﬁlhggnmeﬁ trmrﬂmgénad buddotite pr ot ei ns
W t I ndi ng specjficilt esired tar ors are
i opr ef erﬁegﬁen%ﬁ@ﬁ'”ﬁfﬁﬁr h’fﬁi?ﬁ’éﬂﬂm%n@d CRPrEFE ARP tboéfab% gpgb%ﬁ'% Wi th
the tar gRfitioRsl Jnﬂmlgé@i@hs)f m‘e linked pwdgett; ADwith the&aﬂglé)eeibapw@doestbetrmkagat| ents,
or non-heal t hy indi a natural response

i du runnin
t owar ds qaﬁ@'tf‘%’rl&'e?eré’”@egaﬁtzﬁgrﬁrﬁ'H@ %éﬂvgﬁlﬁ%g(t%%%‘?mﬂ%{tmlw dfie patients with
i nf ect i osplflbRRATR altémEtively by IﬁﬁtlbﬁBf &,coﬂrlgl@ﬂtlmﬂ iPseférably the te@nqﬂaielmvm SARS
patlents etc or pati s.with chronic dis \Y
par t #cul fEam 9‘9&"@[“@ ?'éﬁfﬁeg%ﬂ?o%lsﬁ’é’m contiged ﬁﬁp?hescegpvfl?] EHnlcﬁr?lfgﬁ'\alS t hat
has beenmj Bksfsle Welysed, human sel f- antigen, such as a human protein

onor & rARPIGRICHIO HREreaie o orUnkedt hn S apelREer e TRl Rt o

product spighk p@‘bmﬂlﬁ aflGvedTiok B%nrhpliﬁ&@@eﬁwahcﬁoéﬂ cﬁmmmuahﬂiﬂariesf oftvadalge esent
i nventi on.

eferably, a cell r.is a n. A
speci al gghERecHHY %?ﬁ”ﬁ@c‘iﬁ‘ gg‘ﬂﬁﬁagﬁn%,&@wﬁ%fg Oﬁcﬁ’g? C?rfsrtr‘g‘ﬁ%so?e«gg %'EEH gap,lgggra
generat i Riable ré@bﬁfﬁfnbﬁagfymmé rsmh latsrﬂamm@nbwm;ly lyrhphicayies shyiboidomercetisat i on of
chineric antibodies for use in hera Such an approach is preferred

when t heP!agod pol§i @§3'§?@aﬂﬁ’r‘€@t@?} ??eg cal |l ed self-antigens, i.e.
human antigsdpidatioh of SR tharibodé mnba@ émmmgamoenmmexamplahfe partl cular a

transgeni ¢ nouse. Transgenic 2 ca | oci
are descharpeabilizpdgrdysepapithput Rg‘? 'i”f’féﬁorg &RH?WP e'cég%{ﬁ %la'?u
Bi Ogec h n@blﬁ@d fro%@@n&ceﬁ@llay %8{9&5%8 %roo‘éu Glast Tiﬁlﬁwe-lstepaﬂu!ﬂmigs mecre apet ereof
produci ng hunen i nmunogl obul i ns man _an 0 ai nst a
spechd i ciSP&EERd- é‘@r‘i"eﬁ%r' the %’Qcﬁt‘fﬂ/prﬁgﬁ‘i‘fm "Tﬂﬁ%ﬁog?ﬁ HE5g P h'l:en f such
transgenhg efidiciBlvay toTﬁ'd:réaéH thewpedifdi tygﬁh@mafty and glkeld cbfblneamums!eﬂ RIGBCRg f or
bi nding proteins with eC|f|C|t|eds V\fad]
linkage process, is by ;g)erformlng an additional molecular amplification of the linked
nucleotide sequences obtained from the multiplex RT-PCR followed by linkage by ligation or
recombination or linkage using the multiplex overiap-extension RT-PCR. This additional
35 amplification is preferably performed with PCR amplification, utilizing a primer mix adapted
for amplifying the linked nucleic acid sequences of interest. The primer mix utilized may be

the outer primers of the multiplex primer mix or multiplex overlap-extension primer mix,
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30 nore difficult targets such as human antigens to which no or limted

nat ural human anti body response exist. Such transgenic animls can |ikew se
be devel oped to produce human T cell receptors. In a further enbodi nent of
the preseWO 2 @#M8on, the | ynphocyte-containing cell fR&I{REA0§/450048
constituted of whole bl ood, bone marrow, nononuclear cells, or white bl ood

cells ohﬁ@éﬁ\@th&@‘nm wméﬁ eﬁheam@mmémﬂfst §nkisnaa ehé of 6l tfanars
bl ood, bone r%rrow nodes, spleen, infiltrations around cancer cells

and i nf I1Bgs r‘S?”F‘WPlf?Q'P’é?FWQ MOHBRERS! therebyanagling:ihe savRifcatiae ofithey
density exgrd Iidkfeég?ddu@ﬂ The e fir C?Hﬁférs &@rlalsdbé Bbdcrigbdds &Y Srimerk of he

nononucl ear 008/ 104184PCT/ DK2008/ 050048 cel | s are isolated from

sanpl es HHPIBY BYETEP-9Xtansian primes mixtyeg WBat do polontainyprian extensior ke gr adi ent

cent ri f LmermaqweuySa ﬁegté@bf@éim-r@sedrﬂrm%%tet 84h @ lisdiEroPtiel IR Hal anfpin&atRAP! e,
by nechani cal nethods such as grindin el ectroporati on and/or by chem cal

met hods ¥ fniinked BHsIoRkdS Sc,eqy%%ﬂSm%H?fba ¢5ied PSR atnesidllyreryps iadngpasritheel | s

can be ppetnsitEst tgd méﬂ'ioh)ésfvﬁéhrﬁsadqmﬁééseltﬁé a&ohqumfﬁeueet F&he present
preparations of fqr exa bone marrow or tissue, which contain

| ynphocy®¥&itiog, aﬁ?"&"%‘eﬁ? GR (a5 degoribed ip thassqqtion gollled; Rijmerdfikiiresrasidar at i ons

will ne@bé&)b@c@s@efécﬂgﬁ@ﬁcﬁﬂn ab Well PsaRP hested PAFS Thid ds a@gr\ée althBugh flgr to
facilitate single cell distribution. A further feature of g@esent
P

i nveliti WCP%S%WVEWHFB’N”VPHEOW tprRsHioEY @B -adgiieas!k %3@@“11'031@1' efipfede. g.

whol e bledlicts oA ME MmaRpblek Avbfap-BktbhsioP RITELR 8 bSthe prdReR 1REd BYMigatibh N
respect to a partjcular |ynphocyte popul ation, such as cells fromthe B

I ynphocﬁrée‘iﬂmbl'”"?t?ﬁpﬂ’@teﬁtey HFiRg agRied BGR ‘é’fﬁ?é‘ﬂt”eéﬁedlf’q@nphocyt es can for

exanpl e e mnfoﬁélrmﬁbnﬁu@udhg;amneﬁ bepdiafhed %ﬁrbcthﬁdgEfréMﬁﬁ%} tHY entire
fluorescence activated cell_sorti ngpt FACS t ak iﬂﬁg nt age of

| i neage-BBRIPX P&er@erqxtemmdﬂe P&y %\'Rff"é‘r"‘rwr [N Q@@Bﬁ@" rgForgbiRations cel |
| i negge-gredit fdr@ delien bearfy $recdt t%e%?é’&ctsﬁﬁi‘rdéiﬂy’fﬁ?ﬁalF}fpu}'_féd’lrﬁikﬁe%}’éo%%tsc an

for exarrple be perforned, utilizing cel | surface marker such as or
ot her T feasm pny P%afgtae%ep@eptfq"@ ﬂﬁrPBeP%ﬁorW'rtﬂr%T%Gﬁf%%P %eﬂ%ﬁrepfdﬁre%'ﬁeftﬁ%sent

i nvent i giAkéd plodusts! dnd RistHy the RagmBnt wfﬂéﬁwllﬁ‘gstoftﬁé Teii‘@éctéd“su% Qﬂﬁeil&eﬂcqw re

plasma cells, before distributing the cells individ |y among a plurality

of vesseegablp&egion eaFPding §RAHERReSC BRI %roij%d@@fﬂ‘@ﬂé%ylr?”'%% eyarea-axienmRe R T-

sorti ng FER RAGadgifbhd! Behplifdbh id &bfé@atﬁwérﬂ%eaerrléeﬂmﬁ#ﬁacteﬁ floRlfhe Ot her
pl asma cel | -specific surface markers or conbinations thereof can be

uti I%Ozed"'éEpE%PYe”aPcﬁXteéﬁmﬁE Pehuregctionpgigee diisy woulfgesist linkageoldl@ct choi ce
of mar kexditienanatgeibqubRcaa! thstWere bt nrﬁeur%efﬁstgeaei@heen tonsils, blood or
bone marrow. O cCourse, the exact choice of surface markers also depends on
t he specj es, frorrlfy\,hl ch the cells are isolated. 25In one aspect of the

i nvent i otP9UeREeTF IMe™8Stised for sorting and/or sel ection of cells are CD43
and CD13theaiucddbitid s@quénBé’sZ&rmerem bhik PassenCineéionltal beldRcttinpat | on of
markers i s CD43 and @ilé‘pg efer @@/ the s | ect ed ceIIs have an

i nt er redeHENES HALGRC @%@P fits A VgnuexRietspds formna

I yﬁpiBOCﬁirﬁ@mfﬁéﬂltﬁlaflﬂot@@ Bu@e eaﬁs mat éﬂe%h%ls@dﬂofé‘t%as@fvﬂ) G&H-RIehfl or
i sol ate More preferably the | evel ﬁggpr ession Qof CD43 and 30CD138 is

hi gh re|S&PP%ﬁE§r Kgowpas 'i%wa%rﬁ@f’@m?p rOReRGPTOERFRIPLOMEPTY IR GHhKREF ch

they ar &fspedss. %n@oﬂtﬁ@blé&éﬁé to thaﬁxrmlcﬁekdtémgeeloag S o eRdthlk RANThEHM a
non-enri.ched |y te cont ai.nin cell!g&é%?lg ti on obtained from any of

these sdUiRiEs, H@fu | pEgieing.dPYias.ichignng HIYBES-JPECRISRIPEMEs cal | ed

early plimafogeblim preﬁb@ﬁsﬂ?@t@lﬁ , Sranépbriafien PrAGAS btcl TNEALdISRidEReg ek | S
are 35al so terne | asma ¢ Pl asma ce]ls are desired for the isolation

el l
of cBgnANECHAY FUCTLSIRIOMARG PrUBIP AFF BANEATIRYOLR MiraRinsoneamae thet fieyher
fr equenazngmfatdmﬁemeédt@eﬁé@@uamrmmmnﬁmﬁsl Roas¥drbesh-esntigh@ls dsef | ect
t he acqui rgd Il munity toward the desired antigen and
use the present invention may alsc mean nucleotide sequences encoding domains of the
same protein, where the domains are separated by nucleotide sequences which are not of
interest.
35 in one embodiment of the present invention the nucleotide sequencess of interest contain
variable region encoding sequences from the immunaoglobulin superfamily, such as
immunoglobulins (antibodies), B cell receptors and T cell receptors (TcR's). Especially
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WO 2008/ 104184PCT/ DK2008/ 050048 nost of the cells have undergone somatic
hypermut ati on and t herefore encode for high-affinity antibodies. Further,

the nRNA levels in plasna cells are el evated conpared t ining B
| ynphocy™O p¥BuUP484 on, thus the reverse transcription pﬁ%@ﬂgﬁ@gﬂ?&gﬁmre

efficient when using single plasma cells. As an alternative to plasma cell

i sol at i QBriap@raYion éhcodiablsequented eromsinimainedlobulon axe bfinfeEnest y&eho@nableni ng
cell fraction utjlizin face . mar such as

L1 , 7 A

al t er naf¢dn ?WW@‘*SF%%@%W@Q%%{UIlﬁ‘?‘f‘\%@]??tﬁ)ﬁﬁlﬁssass "ﬁ'eagtq%%ﬁ)gs ' ? Rg El‘et%ﬁsc hgd B
I lyrrph;)_c%éhg@?mgrnaa@}gj (gwlagml@a?i dfithed \t(ariabiefregien éhwqir}@s&dgnlgceshﬁ.gcel I's among a

ural i of vessels. Isolation o i gen-speci fi : S
e T o i
antigen A thé et Ica amyoc ihatops e
i mrugoglﬂgggﬁl Pn‘,@fﬁgsfl owed lr)1y i:ﬁol at i %iq c%p:gh_g‘ger S.:)Tgli ?1' e?ct n eglgmé?rﬂ% for
exanpl e reggn B?‘Eﬂdi'}%ﬁegt’?'aﬁ‘?sﬁf ML the'g P HEFP 8} HNE E’Sn PSP Bhed by
on enr R °é?ﬁ[%’ﬁﬁ??%f§“§?§”&%@??‘§?’$§’ "é%t ?'?'”“?ﬁé%?@?@?’%“’“g%g ar r ow
or tiss@BCRfiRgarRieneeR Qr dp tnkage o] beRatre 9Nt SRt e feay Pl yatarls, o
antig ;a_n rées ibfci{)ﬁétém r%e@ioﬁ lﬂbmﬁ\irzcl_ﬂi_ e‘lsﬂaarrfsﬂaf tmmhgereglcmaggnsaaﬁ]fg_ fdbe Fpb'ese n';
inventian, is sqQrt enrjiche ocytes (e.q. . it
uo g s liblecr irieRdris pEiRAS BEsw 8% f ity Fnal PRk F ofBans),
cells. HERIREBIE heaviE ki ey ael gd-feagthMniGbadyt érgedingsequdrices by usi n
VHC- pep;[‘i)(k:le (of0) I%exe?gge |.r$,' Cgllﬁbiegan rﬁtﬂﬂfg' et gl_f 992@3@’; pse " n 18377, e
1395- 146@?0%9§EE'b‘5§¥£” SHiNG,PERISTER N e gefe ?&6%5&"3'1?5’21‘,‘ %E%“KE'%’” As an
al t er natyaKgb|b SeGntcbd relinkés tehyma@sSonstnt asdiatisito gendrateefutrehivesris, i.e. a
e depIEmaRd AR BRIGS AT Bt obf Tt a PadGs WP L RE SETLAR PR hae
act ual | yin @Xories Snibdainiet kehe présehtintdreionfvardahle eagidn érvedipgesquanceavent i on i s
Wbove. ( €ogpiEs Py bRecY rmunoonuli et Teanpers) RrBRfA) <SP SRS AL | "
I( [I1_m)r tal dr@aﬁémo?[amlnfnmeag% gﬁmd&g?%@mfgwrmgd ing th demet This Baachilevéd b

raggi ai -, et al., . : . - Lior-to.
di st ??buﬁeﬁ?ﬂfﬂg m'm%fﬁr?é@ﬁf'gféﬂ%/?”'!r i EP&BG of '@zén‘gé?%"é’p qhag- Ehe isﬁ%ﬁcﬁ‘ 2584 and
expanded,dddt@tnited ByEiRngrsprRINECHnmdn eonstaht egipnsifroed ord or Miare peletibula22004 Aug;
10(8):871-5. 30A further Ieat,ure of the present invention, is the

di st #i buseReEsH hgayod gt 831%t desired cells (e.g. hybridoma cells, cell

li nes ofy&Bidblrelies ¥heodiig Jedugntddaiayived fromeags, revdpdre (DERerarealdossf bone
marrow cel l's, nononucl ear, cells, white bl ood g.el ls. B I%@Wﬁ%tq Ié)glgasma
Col s, dRieresbrilep dERIaneoting SeiRaEst Bmpg AFgoiae agjyedce 0 ok

pept i de/ MdGetpesding & garniaRR®asltechairsrasvesingsysoluteTtR’s of ol tedvedable, into a
plurali tﬁ-/n of vessels, |[n or de[ thg_ oTbt.ai n 02 .BSB%PUI Zti on Cff ri1s|ol ted single
cel I s. mains o thgseials oS siglesnain THsiop graleins fsteql fe.g4Ring %8@28@% ation of
cel | & fromiachapysation of cells in such a way that a single vessel
contains a single cell, or a mcro array, chip or gelmatrix is |loaded in a
manner that produce single cells. WD 2008/ 104184PCT/ DK2008/ 050048 The

cel |'s malPPRIats SQYFBYited directly into nultitudes of vessels such as arrays
of si ngl @ny RREEE Bf 1Y prégent inventidhlisthieabilityTbdink nogbatidessespérces tietivedefdornn t he

present invention are preferably those applicable in P : ubes
D 56 val BolBledamaie e petigfor SRt B, o A Re ity TVesE ePey R flever
ot her vegsiehwhiommavahsthdes sepacitedhirsinljisvedselst i ng single cells into a
5l arge nunber of_ singlge vessels (e.qg..384 wel]. pl ates | at.j.qn_of
i nghe. cRPTTSS GBI HatE PESER WVaIGr /S PR Ry T sts b FEH bl
exanpl e, ofbyogéhﬁzﬁlﬁﬁéﬁﬁnﬁﬂat@ soiiee | s’fl:i;cé sranbloggef tesaeleid de sequeaves eige
enconpasses a cell concentration o ne, 0.5 or. 0, 1 her i ni ng
vessel s igERStdRA PQU*@P'S@@V@HW&P‘H" gng?cﬁrbq PPENFESP ayégcgqe. 'Ijglisnl%gﬁglﬁ@‘t Al "*IU' i on
of cel | sofywish&d foi dbritlbh Gtiginal patr off@ textiinplei vasibble vegidn ercddingcisjoenae. t he
vessels will be e ,.a mjor fraction 10w |l .contain a singl | .. and a
mor v ARRISTPTHIETES Hstitaioh s PRI Dtaing p 3 Rlbed o Bouen o
35 single cells from a cell fraction comprising lymphocytes, such as B lymphocytes, T
lymphocytes, plasma celis and/or various developmental stages of these cell lineages. Other
populations of cells that express binding proteins from the immunoglobulin superfamily might
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nore cells are present in a vessel sonme scranbling of the variable region
encodi ng sequences may occur among the cells present in the vessel.

However, since it is a mnor event it will not affect the overall utility
of the pr‘@?éﬂ?s"liof'ﬂ?ént ion. Additionally, combinations of PCIMIEAPRO048i on
encodi ng sequences whi ch do not posses the desired binding affinity and
15speci fdigd be/udtd tb bR sihjlblels. T R8s sRress IBMbriasda msnmeﬂmé@dm ed during

a screeni ng process. Therefgre, mnor events of scranbl not
signifi d!éEHP'T"iFY@“?ch'NmPH@CYF? W&qagﬁl%ﬂﬁ'ﬂﬁ/'"ﬁﬂoﬁq‘\'ée‘ﬂ)f;%@é\% orﬁ%cmqeaned qlsre are

al t er natgayfsfpdtiAg Gredhk |ﬂh®hé'r§§ﬂoh§é‘ aRYaléd Qﬁ)ﬁll'c&ﬁleq’d ih\étdré’ébnﬂﬁﬂv&ﬂlonf pbnéxanpl e,
cell sorters such as FACS nachi nes or robots that can programmed to

accur at elejived @B@H?@V@ﬁﬁ@qa@"mmla@'w&’Ba%P%QPfé’W€§@€I @aturﬁhta%eaarﬂ@ﬂnat i ves

ar e prefigiiabisich i S5 dNge. @rtﬂ‘odoe%né ﬁalaﬂbwowpﬁ%daé %pl@éh@ts@lﬁ&f tGrish 'ﬂ&sdeﬂ
uni formy obtaining a di stribution of singlé cells into singl e vessels. The

enric hné?ﬁtfm"’s'ﬂf"fr?wsdﬂé"ij §8?Uz§‘f’|t’ém°'§r%¢’3@m“@,%t°@é§§‘#¢ ihékratiens: Resfengblyein ar e
per f or Mde a8 oftAALthUmMME armshauel §plodi tl§3b€ oesbrhesmafrwk@@éed Dbﬁsrfs caRlénﬁéHtf‘e of

cells during enrichnent and sortln result in scranmb
vari abl @ﬁ"@g?rdwpﬁmﬁ’&ﬂﬁ@"@éWE@sa dW\ﬁE\'ﬁfﬂet Far e jsylafio of aBU&]?é'cQ'@H‘Q o be a

probl emHitare vithbidi st%mtaétdwmawo%iéd%@qﬁ i@ doRvrs Afgshi ng and
possi bl ep?RNAse It réatﬁ%nt of " he cel é%r[ ﬁséprl buti on |Snt o0 single

vess¥l s RIpfered cPHaldYRAGMAMAC HRBRSI¢AS ejternbscdangrs ingnynizedviitibe dardetypt her

when  congdghfintd\6F thd Rirgdtoyat Eassd édtiviaRBSer bathais, td?n@ihﬁlbéntrtwww@@élgmwﬂ or der
to obtain a population of single cells in a popul ation of smg e vessel s,

it is néte{ynyY ¢ R eneRe éeéparﬂﬁ%f@afa% the targeticag AL Musa PabieNts ancv er y

vessel TBasbnts OpHtiRhE vﬁthslhféﬁh&sccﬁééase&tgh ﬂnv phiienitd) %@@ﬁ&%@@ﬁ C%aff&it@r ity of
the vessel s contain single cel e.g. . the nunber of vessels with two or

nmore cel3AR$ Eamf%wczpw@fe%\@'fh B*ﬂran%'ﬁﬁaﬁ%s Sowexer, i g particylpily pglersd even

bet t gr idmicyirkentome Hobor i afbntiifarf ﬁ%ﬂfﬁaﬁastﬂé%n%ﬁﬁlﬁ&bd Wik @i defr- t he
performance of a reverse transcrlpg$| on_using 35tenplate derived fromcells

di st ri binédgen Syeh A8 adumangmelgty imeliraiedh |n|qayceﬁ sydsa8eFSFRFor t he purpose of

rever se Hor aBs i thepré¥ent iRVentionNcACEMOFPREE bt fhelddfmaipReRhs Y §itlcilNe t he
nucleic acids within a single cell that 1s to serve as tenplate source for

t he RT, bgrieeategyviiniig produoiseiriqinpiiedien) hsdioked perlrgtide seduanses ef temressat f r om

a si ngl gnviclibn. PrbfReat o ddBoRavis aruamemgaﬁw dﬁetbﬁﬁ&nﬁﬁﬂﬁéﬁé&ﬂ fddu@@dr he
remai ni ngﬂ}contents of that si ngl e cel final distribution of the

si ngite (B Pesedt Byaatipn i thal ike e sRagralignd W?’&W”/F% YDAl e cel | s

may be @hﬂ@&ﬂ%%réﬂbs%ﬁ@éne?ﬁxoﬂbﬁ@hiﬂ‘e@ic%ﬂﬁ%c@ééﬁﬂuéﬁiﬂ'fﬁlﬁ%ﬁh@mﬁ?'é&h@ﬂ' or to
reverse 5transcription. This process yields nRNA t o be used

t enpl at APPIRFACE i Pﬁefﬁﬁ'tedﬂ‘é‘anfB%ﬁf‘ﬁtfﬁd‘qsfarﬁ dFﬁﬁ;téd ?Q?‘Q@tsor‘@”?‘é)sﬂéa%tﬁﬁ?ﬂﬁf’ieed and

l'i nked. poawRvRitigeddle cells should remain genetically identical with respect
to the target gene during the expansion. The isolated cells or the

popul at i 6 d@nor 213y elfoeckiransgenis a@rmaHe'n PREicKiah e HaReeRItic BOUSS: IEeNsagsic| ong as

the Lenpinhdls Eafwlﬁ@ﬁurhgﬂﬁﬁﬁlﬁnédléﬁlﬁlﬁﬂcbd?bfé)tﬂbs'cﬁbémﬁw wleopadatine i, ef £1eudp! | Y.
the cells are |ysed.in order to 10ease t | ow ng reverse transcri ption

and PCR Kiipives Y cehd d\'ﬁt“rlerﬁ'%teah’?‘%"‘égyeﬁ?%@@d?%ﬁ% ofuch Ha@NpIUEHIMAIRAERt | on,
the di sccbgétﬂéorrEﬂohuahghuﬁ»éﬁrrhmansgqunms%LBTnﬁ%mahBﬁﬁbda‘esragamspbex RT- PCR

followed by lin ation or reconbination may also be utilized on
t enmpl at SPEEHG Wé@PtFF‘B #Péa'é% BY peug! frymynigaicsidesyaresaf suchhiransgenis apimalh have

not bee Wh%@mtf@rcbén'é?éiaoﬁ o %@né@éﬁéﬂdﬁwg f@ﬂﬁméﬁhb pF &R With Qﬁé‘élﬂ‘t‘ﬁfes%&dﬁom
of cells. This 15nmet hod may be used for generation of nmbi nat ori al

i br¥ri &aore gﬂf@‘W"&ﬂrg&WH@ﬁ hpiman aqgigens to wh;ch no or limited natura! human antibody
response exist. Such transgenic animals can likewise be developed to produce human T cell

receptors.

In a further embodiment of the present invention, the lymphocyte-containing cell fraction is

constituted of whole blood, bone marrow, mononuclear celis, or white biood cells obtained
35 from a donor. Mononuclear cells can be isolated from blood, bone marrow, lymph nodes,

spleen, infiltrations around cancer cells and inflammatory infiltrations. Mononuclear cells can

be isolated by density centrifugation techniques, e.g. Ficoll gradients. If the mononuclear
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require the distribution of single cells. However, the cells which may be
used in this approach are the sane as those described for the single cel

approach, for exanple a popul ation (pool) of sorted B |
I yrrphocyf"\é‘%mwws erforming the single- step multipl e}@@%ﬁ‘ﬁ%ﬁg@??eny on
RT-PCR or single-step nultiplex RT-PCR foll owed by 20linkage by ligation or

reconbi gafls A8 isdtsdFbmaappiag @hippsedbf itsslib sthe iissueds pisetegratet Gefore these t he
cells prior to

h t d d t b
" col at Al PeaEg L PoTENeCe Rl EgRig e bRt g R o E PR IR o1 o
over | apn@&h@ﬁlﬁél%\aﬂ%&ﬁ&h@& g’rlh@lng,réléc&mpora‘nwﬁ Bhﬂlonbpdad]h:esl nbéteodssaicbfasa very

| ow anpbunt of te an nt . of t e c o the
| ysate &f2dnaticrd gg'"‘é'étﬁl—rheég‘:".@’i' 'h%nqme %%B?FS‘H aéﬂﬁ‘?{i %rﬁm Xt ures
of the Bbﬁ&@@%m@ﬂé’&lﬁbh&@sﬁwlpﬁ@a&étioheaﬁfor éwnplplbbnemrmm tlfsmlamprdarrer

sets two by which are ¢ at ast _t

tar get §8ﬁtﬂ@ﬂt@gh%tqsn‘€%’r@§? BEY ?‘fl’? t&% D%EFV\% %&0 §Lbc%ge%elg%\ﬁon5 VY“rrﬁ sets
const i t u$ Be BisMddritet Srsr BXrBE ald¥scribee kboad) liyordar mmfhdiiitpleesingié gelconpri se at
| east 3, 4, 5, , 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 3018, 19 or 20,

30, 40, disribuden. 70, 80, 90 100, 110, 120, 130, 140 or 150 priner sets

(primer amakthénfeatufe 6Fahé pisbRtindedtioh Rrermicpimiehi o‘.faﬂie Iqmpbbcwacombmmgroeml on
encodi ng_sequences

d d h th
e R T
|12d| \1“4dl&:§ng pBEtIgméH sfho6REPbHEaFoN budreastells frofh the B Igmpfiocy8s ord] IyﬂrQJhOfMG 12,

0, 0,.110, 1

140, 150neagsn E”i@'ﬁ“efﬁﬁiﬁgymli%yteﬁﬁé” %’%amﬂ?g’ %’g?’mﬁgdjséﬂg BaYEd Fi’bﬁégs.

lF’r ef ter gb.—blé sbtl‘ﬁﬁg gmA@B) amrdwésc@ﬁcdmwaree el smmg:tm(w)aakupg adentagexofi s at
eas

10, 11, 12, 14 45 5
W0 2006 inbaaessmoHicsRb B9 Srpfete"?o‘su%és Cfég ‘H@? BXe TBeadtpelils ot ne
{Tﬁs'[ 15225nar$e'§r@,su3ﬂ§s B386. Ervidhmentd . T @ﬁzﬁh@fyte%%nﬁbn emarrfple Ié’é gelfdlmfeprmtgleing ?)}‘
e present invention conpri n i C re and preferably a
pri mer s el syfacq MaHES b r@ﬁﬁﬁ%@agﬁﬁfﬂ gi?@ﬁaﬁﬁﬁp{a i mgfkef%e 5 end of the
primer, A pRferfed feftlre &Qﬁ’éjbﬂé@eﬁmﬂﬁﬂ& tWSbﬂlfhe @'lrfchs@B lyroplidegtes furted iof  t he
gene- speci Pric primer part.

appr.oxi nat el 6 to 50
nucl eot iqfger tp gﬁ@wrebqﬁsmq C?{Jéyb%ff’@od %@E%ﬂd@? C‘?"IS ‘Q&t‘aéléi amyeet ‘ﬁ%‘[‘?& cation
the pri nResdigilsSattnef piead defls Isl’gbnbmilg@bﬁWM&CS%H@rorF&G&swﬂng, he
present invention are for exarrE:g)j @h} hrs anfd Lgp ?rﬁkt al Ios such as,
tail® adﬁ'b?'@@jswiﬁcelm?fﬁ%[@é”ﬁ@/a Bi erp 1"303 Spedlf F4taCE Medsee Oby
r econbi N@hivAtutiohs PepIdf 88n bé QBN RS vad, haekaanplmBBgCDa:BIGD‘rmem-llf them 6 to
20 nucl eotides | ong or Ion er ar{}tg Cfﬁ ris«ﬁ restrlctl tﬂ"ef §d/or
r ecomnbi rﬁa@f-"’cﬁ’ﬁ‘%et%@arW‘hd@H gPAs “\‘ad?e ISH%rCFnPsgﬁq ST RIPH R e d
pr oduct BdﬁTeQna?l'Fbv@QWc@Qfsbaﬁ@ e‘»(@éttcﬂblce'BOsmtharkers leixgaichyndd grathie@pecitsie
prinmer sets of the nulti 0§)r| mer mx are designed such 15that one part

(f or war dres® whishdpa eelig ar of the first primer set is equipped with a
l'i nkage- In%ﬁb'asﬁé&?bﬁ!h@hrﬁ\@anﬁoﬁ ,a15d mbﬂ(fet@ﬂlse‘ﬁlfbﬁsdrh@anmmewc&mafgﬁllsvafd be

conpatible with a restriction teIo e | i nkage tail _of ane part
of The SeothandRP1RE sLUHC e BB apSs Beiabin N THargRl o BhE et
the Secqad:m@réndqfomeaﬁ@p@mamp rtr@geméd d;éilsﬂhque ppmﬂemadrataomgm riction
site that upon cl eavage arestri tlon‘ t‘t? | ocat ed

in one rﬁ?ﬁe%fontqlﬁéhelsﬁlnﬂﬂk‘?’éﬁ?'?%ytgétfe Ilyﬁl?ﬁgc@aeccwrfs&gt% (PPPBH %M ocat ed
in the sgGERthelahdBlested osiBaElsd. Merdirdferably the level of expression of CD43 and

30 CD138 is high relatively to the lymphocyte-comprising cell population from which they are
selected or isolated.
Plasma cells can also be obtained from a non-enriched lymphocyte-containing cell
population obtained from any of these sources. The plasma cells isolated from blood are
sometimes called early plasma cells or plasmablasts. In the present invention these cells are

35 also termed plasma cells. Plasma celis are desired for the isolation of cognate pairs of
immunoglobuiin encoding sequences because a higher frequency of these cells produces
antigen-specific antibodies that reflect the acquired immunity toward the desired antigen and
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conpatible wwth that of the first prinmer set. A considerable nunber of
target sequences can be |linked by designing prinmer sets this way.
Restriction sites with a | ow frequency or no occurrence, in the target
sequencesWORBW 414 chosen. Further, it is preferable t RETTIGHPHITOMSe
restriction sites are not identical, such that the site of ligation becones

cl eavagenogtof fhel cellgRhve Mde’frﬁtﬁ]e%'iﬁdtlﬁ%Erﬁérnﬁﬁéﬂorn'a‘hﬁ'tl@é}e%%@oﬂe‘féﬁﬂ I}]Th' S
will drive the reaction towards |inkage of targfet sequence one WI? t ar get
&

sequencfinily anibegies. |Fvﬂk%rg§tetf§8wééﬁvq'%@rnlaw c la@@%eles@qﬁéﬁ@egreﬂm thebe
cl eavablgmiidge nyrn%baytetpbeaa%rz YHRSthe %U&@t'r&seﬁ;btro% ;f?écerdﬁ?é &intdrbon sites

are for exanplwe, (alternatively Avr1ll can substitute
one or tﬂmﬁrﬁwhﬁﬁé@@p SInq&)plav\m@ geliss fsian atiepative w mﬁsn‘w eell isplatiest, Imemary Basi | .

For Lsi nkagemayhe!isdtattd ke §F}ﬁ?bﬁ8§5}t8c8ﬁainﬂﬁlaééﬁ‘¥rabfbﬁ@ﬁ|9i‘ﬁ a%f4eps& one, Xbal
can be located in target sequence two can be |ocated at the other end
of targdParkRtHERGS GRK Ll9BspHI i n target sequence three and so forth. To
si mpli fyar arér,ﬁlatﬂeeéaiuﬁewf&ﬁ@;sreséﬁt u'w%nﬁdih fi‘éjé’él@étﬁ@@hé EnddRgd BQ%EJH&M

nzynes
function in the sane buffer. To enab | 1 nkage"by reconbi nati on t%To'erlner
sets of antigemspacisitekeiors disibuing tbaﬁew%ammaawﬁl@ plevegeals. dwéencwsof

exenpl i f Cg@fg

whi ch |sdrﬁg?rﬁegpéﬁc%£@o@gteye@yls reﬁﬁ?&eﬁgggntgéﬁg%%g?%%?ﬁg& 0081050048
To eHabltBe fiﬁ%rqduema@éowtlgﬁ@s ﬁﬂﬁ;h"@atbrr@@gﬁ@uté@ﬁfb@ syffagnexnossd in the sane
step .as jihfinoylobiilf ﬁiﬂoﬁ@b?@é'ldtﬁah‘b%ﬂn@&s Tk lciin 8 @BEE Jorf é}{ampl hg

over | ap- ext ensi on Ib are added t at | east one pri mer eac rimer set

of the rRiptinyistianobife sepired ?@tlgﬁhéf éwige@éﬁ@ba@pﬁg Sa'tﬁ‘ﬁﬁ selbs;q,rstng techniques.

over| ap- Fqéérﬁélééu%snfoémrs mrﬁﬂrfé&ges %Uﬁeer%ﬁé& ARNEAMICRIE 'cem; mﬁté Blodfi 2,
typically | onger ranging froms8 to 75 nucleotides In may

ngt
cont ai n Whelg Pipe Qﬂﬁe@qr&"’ o tisske sraperations fas be égblﬁﬁP@FP 'éP'IﬂBW W@F resgbelequent

| nsefst i P affigdrefPebRtiay vihR g RStsy. such as promoters, ribosomal binding
sites, termnation sequences, or |inker sequences such as in a scFv. The

over | apAfgthardeaiurecifhe inﬁWﬁl'@’@“B‘éihﬂ%ﬂorﬁoél aAvighedt bherhoeyten &-9i GD3eesitived.
Gener al |gg§)hRig @rr@cé h{a%ré ¥idea 8%92# ?&otﬁélhear\%dﬂﬂn bﬁhbﬁmrﬁ cells. T

10i | [ ustrat ed i'n Figure o WD 2005/042774. In type |

over | ap- 'WPWF%WF&FS@%‘?‘EWW foF MiiS-agligen speridpily W&Mb‘ﬁ R@Ptideeach ot her.

Not necegaipldde¥ (&b! Célfant MBF Gl 2998, dﬁEfoMéd‘DISW?SQSa’F&CQXN%Oﬁ& @) abl s are
conpl enent arijl to eac her. In one aspect of the present invention the

conpi®eme988r q‘ﬂc\“é@ﬁt 1@@8R5%5|6§33ent bet ween 60 to 85% of the

overl ap mreafarﬁmwb% lsamh@ cénér&préssmpecrekaaa s%a@@ﬁfa%,é 2kl 8 poéhnﬁeose@ec%nt he
5" nucl eotides _are conpl enent ar ene- 15specific region of

adj acentit ip spRr@ivabladhaticals NQT @gﬂsﬁswng thsmk%rsa&@@i%tpé frofreine §0mpn@tl@,rn@f| re

overl ap defs, cr@mgems%wsrwerﬁrm maﬁa@&a@@aﬁes&%@ﬁhm@%ﬂuence The type | and Il
over| ap-extension tails are &Ee erréd when regul atory elenments and the |ike

are | at €t furtherigaiurg af the gresep é@ntpﬁés|mmm129%9rgt@‘tang@aﬁ@n%@§tedv9\be |

OVerJSapT%ﬁ@rﬂ.Sdé%BnEéH ihSh@asov’ @i BNGH hécyEé%epffa%g%llss‘ﬁ%%}?%é 1% to be
| i nked by a defined |inker as seen WI? overl ap- 20extension

tails ar¥nphosyies) damortatizadion giayder @@@meégew@qﬂwﬁ@wstw&@m ¥USrane to

each ot Refagglae . %1a¢’f2(§l}ﬁeN|aﬁl91'eQ>‘lb39?1 Q?B)tpﬁ‘ioFﬁ)é&I &ermﬁﬂi@ﬁnmté?ﬁ\at%guence
features such as length, relative GC content (GC%, presence of restriction

si tes, ;b%ﬂﬁltﬁ@ﬁ@a@sce"ﬁmavmgmﬂ&%@eeﬁwxp@née BIRS-1Q VTS tEangaiiRtiono whi ch

t hey ar q—r@mle@gl N M%nggmbhogg‘) -g7he over | ap-extension tails shoul d be
between 8 and /5 nucl eoti d preferably they are from 15 to 40

nucl ¥ot iAkEthoseaige OfEU%ﬁr%F‘b'”tﬁ ioar isdee distsiputioneoffa papuistiop of desited st i des
long. The guﬁﬁ)rﬂt)m\éed'el{s |c‘éf‘9n@§/&ré @ﬁfpﬁzs&ﬁ@%r trgyunfg@idcgte(ﬁga & Méwe&@eéusdes)

could favor the linkage of the products each priner set
However ,DORR &5 IWHeRS| raﬁn%mﬁ@é ﬁeltShwhﬁ%h@Pﬂ cgis, Bﬂmamqyteépplasma cells,

antigen-specific B lymphocytes, memory B cells, T lymphocytes, peptide/MHC-specific T

lymphocytes, or memory T cells) individually, into a plurality of vessels, in order to obtain a
35 population of isolated single cells. This isolation of single cells refers to the physical

separation of cells from a population of cells in such a way that a single vessel contains a

single cell, or a micro array, chip or gelmatrix is loaded in a manner that produce single cells.
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extension tail and the gene-specific region probably wll need to be
adj usted when using very long overl ap-extension tails. The GC% preference

i s dependent on the I ength of the 30overl ap-extension t 'Jé@ i orter
tails haV¥O 200838H184er area where they are conpl enentary ?Jﬁ Kﬁ@%g}giﬂi gher

C% to strengthen the interaction than |onger tails. Qher principles of

Er! mer dpéicams @B@@éﬁisﬁﬂgﬁa@ csecbpingbmgmmdg oeve;senﬁrsﬁnmai dirays ofsitgleon ?nfl
airpin formation shoul m.nimze i ther, shall they.. se

b1 1 ng veRa bR iFg SjuoRChe SEglaY6Rels REeDBIoR ERseal BN URT ARdTeletl

adengsi %s@%pgéabtégﬁfﬂiR gl letm@sraawgﬁ vayintr 384 :me@osm atgﬁsjr tagm‘bl aragsl this

can be accompdated for I n overl ap-extension,tail .design enabl

over | apPEXesRIS)-SIPweyrl gth?bveééﬁ'éﬂ%’oé?%b%usef#;x\he@r%%g?%ﬂﬂsg@ﬁ ‘feﬁ] r'ﬁ.tggV\O

20_0|8/5 10%@%&?%%@?%1@5&@4@ (_a_.b.eSm}aICplaté_%?, mrﬂdpsaraﬁt()jm ?ﬁéinglglacekﬁs it bbtalnieqkag_e

tail, e.g. the qgverl ap-extensi on, tal tal apte or.lin e.. 1 gation

ot i | SR BTGP MO Y TP Ot ox SR e Pk e g | ¢

di rect i QRssdi talt Bk agsragé ehBenpseeh cakaorerarstionldf ons, MBbr @Swelitthatebyo t he

invention whether it 1s the forwaiag_| grj rr@rc@) %r r veraet Brf q]ergﬁshst(a)?[l a

pri mer $btaiNRg ¥esseisHNgt WAV SRE 7962 OF egs N R ISIPHIGN A SEMS M, pped

Wi th t heidifrakdMafor! Bid statldawa \«eent, 5 GEBGHITShalersabls will sdiempty, henajonfmmatioro t hi s

anyway since the order and direction of the tayget se ueplc ing&ggrfi nal

proddct Wi efrtaina@ sidle %@’b@ﬁﬁ’\@é”'@?rﬁj.ra '8h willr{:é)nf%é&qrdﬂorgfce %gﬁ'?ea{? el enent s

such as jeeliess préént BrdWdiskl Rmearuabtgof tie Vapiablehegibn eheading | | nkage of

the individual target sequences. For the |inka f two nucl.eotide
sequenc ESAWNGeR Mayaseurt arong the ggls ?rﬁﬁ?"qr'fhb]eﬁ’gsg‘%dg@”%‘fef’r?é[}cei '@F 8 TR reverse

pri lrre][ ( Dvefit \fvm][nbﬁéﬁbﬁl@fﬁe%(aﬁl)utiﬁt& @ﬁ@brggénmest&in. Agditloraly, ¢dm®irﬁ%(ﬁa|n_s ]?f
anplification of each target sequence e present, i.nvention_ ex i es
addi t i or¥2gableyegienPNGORINGSEALENGE i“f?%&'a‘??o“qq&’f)g SZ‘E%B?%W"?%’}‘J'TQ %’ﬁ%ﬂg‘ggﬁ{/

| i gafsi onspetificifyVan Mdst ke, iYKe serevrtcinamenes elimihatedarisgs scrébning pemebs.s in a
| i nking direction of the Pr oduct s t.Eat .S Eﬁ h‘? 'i t\{’u%efad-Fo- hezﬂ_l and

bi - di r eckhesiale) MingsGuenls of soraRling Wikngh sianifiRaghy atiect g naplibray B1ING ¢ he
reverse &égerm[rﬁ,gatidht each set. This results in a linking direction of the
product that is 3 to 3 il-to-tail and bi-directional). A thi option
P dai Ainernae amagees wicel dstiufian PrelraRBs oionulstS) g PRarhprer v BorEis’ b

set and ¢jaR af PR HadHindEor(reboto that ben BE prgfarmmed ey acitately dispepseveingla. Thi s
results ina 3 to 5 orientatjon head-to-t%g

¢ . | and tﬁni - gi rg t I%nala%,. 20
When | rielingtaeipge vRaTes- JHesR aIGI0TIVAS ALeRlE Al SHICe NrY7radessdahtioys afde
primer sgsndieedicieat iRamdodmipkB@mirigaa distriootidrodfisirghecdlieintastigengssals.er se
prinmers, such that one tail is conplenent ar%/ﬁr 0.a thai l) of the rrec$di ng
primer sEie eiighmagt sorag apgjsplafian g&?ﬁ‘#@ﬁ% B ‘%’eﬂ? REPBYS: EfEPYIAEFs of the
subsequegifch Rt TR makity of eScdlls laRskdPt trtdd) Rigptiirerof aklls dunieg eniicenertand t hat
anplify target sequences that are to be |inked between two o

, ther t et
sequencesortinemighregdls ingigragpbling of n"@-”?'ﬁ'@é?ql?'&e'ﬂ)‘?qdf{]é’rseﬁﬁ‘?'?ceﬁeﬁ@?’%\‘ﬁrﬁh%houI d
obserye i% RBVEKpRECETS be @Frailerh @ires tidifEuRBcybIUpIUTe BGXPedta®to bk kax i zat i on,
hai rpin formati on and non-specific apnealjng, Fur.tp.r. rr.u{tl. le G or. C
nucl eot i Washiag anggospible RilAse freatment g thﬁ\?Sll%g"&Pr\f%g'ﬁ “5821%'1 BiosS! gﬁéesﬁsg[sti ng
te”Fer ah\lHi'il‘?et)rﬁa-mar@rmtm%ﬂﬂhﬁ@fﬁ%ﬁ@@ﬂﬁﬂin‘g t/h@_@i’cﬁﬂﬁséi n ? p:i mer set tsh_Oul d y
preferably be equal to each other us/ mn . p the present .inyention
Tm val ueBUrBer.WeR ceagidggng t§9?Q@’%?‘%CHB%‘?WSQEF‘@Wg?]ﬁ'sgw&a%ﬂﬁy %BBH‘B&Y?F&%OC
are opt i g8hp(fifon 8P SihgRIRIIS B4 petifatioAdy sinblagessisd, it is hbitto ibeiittbmretpd agan
design can be aided g conput er rog{%rrs devel oped for ltﬁi%t SK.. I;clowever,
pri mst d@ﬁ%ng?‘ééﬁwﬁ eVely ¥PSR&) Vst QTN g SgP ¢lubp 8“?)16'9?'?13 F3tion.
Thi s mayyBe; dRfifity bfAhe PxRBRI @ntdlysinglalcilts, 8@, Hezimbe? of vésstisavithftwagiment
| ength pol ynorphism (RELP) and sequencing of. t,Ee a’gl i fi aél on Erloducts
obt ai nedMaEs GRYs iskelaws 3ot thestofal a Hat qf edlsistg Y& a?t"8"§8 HBREOW ¢ hi n
prinmers jgya useful approach when anplifying sequences with variable
regi ons or when searching for new fam

A further feature of the present inventlonq'g}l'lleyperl%prtn)aegcse of a reverse transcription using
35 template derived from cells distributed individually among a plurality of vessels.

For the purpose of reverse transcription (RT), in accordance with the present invention, the

nucleic acids within a single cell that is to serve as template source for the RT, are
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WO 2008/ 104184PCT/ DI C2008/ 050048 bel onging to a specified class of
proteins. The nunbers of degenerate positions may also require

optim zation. One feature of the present invention, are priner mxes
conposed WO 2888/10¢84t two priner sets that are able to pPCRDIA/ASPI8at i on
and pronote |inkage of at least two nucleotide 5sequences of interest. The
priner oxsderdl tb be dBﬁ\?e?ﬁFtSm lary rfdt;ti bélfblt%ﬁgt%%?%@e ﬁ&: r@chggd?iﬂ; Bt
anplification of at |east units or domains from heteroneric

prot ei n§epéfa@edfﬂé"ﬂ§?ﬂgﬁeﬁ§"ﬁ'@9 eorienis gHabsingln £9lres, inhibitors, structural
protei n%gérffﬁ'erﬁﬁal tﬁaﬁﬁﬁ\ﬂn dr e Qh@é 'ce@tBrtﬁélfeélﬂﬁle vESSHPE A b %Hﬁed the

i mrunogl obul I n supel prote transportation protein

pr ef er alsingle eefismory iaﬂ)emaﬁged i\ qrder theabtaina popdatign @fh%oqgﬂ@s:@ﬂs prlcw@ mvese i s a
mul {isp! GanQURSHLAPTIEY bRIEIeIBS hERS mRNA RSPLLY é&eﬂ{p il ightisg 1 1 at

| east one priner set each priner set co

over | ap-iERedan ifenraaiargat ipfaiecarnaplifing gpd djn@dn@OWQVth@e@@&F s@ﬂ@ml on tail
of 3 PIiggRb 108 Lith resheREHARE PGt Gehe Hfiting gtails
enabl es K’saﬁn%redgﬁat e I'ﬁn % e of theén[%rgot fm e:swéof‘elgﬁ{'ég?@t@glogé&% 9%!1 t he
mul tipl é)ft*@:ﬁ/f@?ﬁtléaim@ﬁf @ﬁgemﬁc@l@waarﬁﬂhew bekant driagdpr bged. ey lorg axthe terngiatﬂ dual

product &g r&\Rrdd 4R Skﬁﬁﬁlo?lrl e}‘?é d"‘PFé?er@nﬁeﬁlg' thb R8s & Iﬁéﬁﬁrl] BfePiArY toO
an adjoinin pro uct ovvev oes not ne that th I nkage
necewsardasg f@L@Wlﬂg:remgsettrﬁrg%mrlmtio@tanﬁ@%ﬁmpllﬁqa@am| on. Depending on the
reactio | £388 el ri n
an addi '? ;;1 %gﬁe%@%%ﬁtﬁﬁﬁﬁrﬁé&ﬁé@%ﬁ@r tHp‘)ajrclﬂmersdo t;ﬁ@x ?%rl P %%S i °
20anpl i fRCRERIAeRE ot myltiplexpRP&Pliewechy tkpge by figationer rmmhmélomm%e
present diyvisiiiogy oh ?en?pl&%'déﬁbe&ﬁ&mdae%ér%ﬂé‘éll (e dddatn bRESMyifh have
nucl eoti de sequences containing variabl e re i on encodl ng sequences

Exanpl edobpegjusaparaiag Iﬂt%§m§|ﬁéfeﬁ%qﬁ)abult plyremaim tagether @s g pogkaf-cets. iTiismi ce),

| anbda |

Vi 15 ('O Hod AR9Ib8 L0 (Ghind bpabdh O colbiaRthal iy, SugE BN ppoand Rt
regi ons rewwrthﬁﬂlstr%ltlom gt sim %Gaﬂﬁaﬁowe&%m fherpeds WQIC%army Be usedindhieot i de
Sequencegpy Fdé'&h %k@ih’&%a\\,’ﬁréﬂﬁb@e Bé‘éérIBé‘d R eRMiASle %%lﬂé&g;%% ‘Fﬁrte%mﬁfé@” S€ a
plurality of primers ere severa prlners can egenérate primers.

Apl i fi @@PP'@hOfbfPOPB@f sortedl Biympheanies prmmnhqcv@mwbﬁ@pﬁrf@raungaﬂbe@mg@g| on
encodi “%te?ﬁrﬁl:ll%ﬁféﬁ%vér%d terRIHRY P AFEb Qﬁ@@@t?ﬂnﬂlﬂpl@x fw BER fSiRfweBYP | Sed of

a plurality of prinmers conplenentary the variabl e region
of tHe :#Ok%ﬁ?pw lig@ipom of iperRmpinatien ?%??Cfb@ peptdationpy gelise ddeprefasakle frelyseig/ or
the | anbdps 5#@&&@:-&&%&@@%&@@@& mﬂlﬁsﬁmmﬁg)ﬁ@gﬁl&%gsme gt her
W th constant region arl primer(s apr|
(reversd hﬁrﬁeﬁﬁlfl‘ﬁw qf,theasmlgﬁ 3 my't@lﬁX%WHﬁX ‘%ﬂﬁl@ RAGE akihe weasent | ght
chain j I r r of the
onst ant T 8 o RSB o BT ol B e
UTR reglc@ﬁeswdmgé@&ﬁ'Mgafﬁlﬁ’éalsé'ﬂme"sequence of the variable light chain
may be used. Equally, famlies of inmmunoglobulin heavy chain variable
regiQn ¢RFREH MBtHREUHASSsigRn be anplified with one primer set utilizing
various _priner caonbinations. For exanple, a plurality of primers WO

2008/ 1041@@@#{m@wgmg‘mss%ﬂﬁﬂeem@%wﬁe@tﬂ%f four primesfthatiermpedigr chai n
var i abl eefsaliody t(vHWVhlBﬁ bf&?&épﬁbbe d?ran{m@.dgeét?@arst RESURDGR! @Fgett BbGudnes 8n

(forward priners) ?et er with a pluraliity o avy chai'n jolning region
primers "@)‘Preﬁbé@’)‘/tutqﬁé'—] We BhPENef sue PBW%F?"%%@'}W’ BeViiRex pimefhk) . The nCH

priner myeRbly, %%M@eﬁ%@éérﬁﬁns%@i da3t B4, E%CBP? % 9“&’0 Mgt PrITRE, £RAsbE,
utilized, also one Sthat would result in a “l'ength’ heavy chal n.

Pr ef®r abiBy 1% 028 3% A0, 69, (s 88, W\é@o d‘d@s12{bt139rﬂﬂq gryt 50 psinTesisets| (Bigeh heavy

chai n t Qa8 M Sarﬁéiﬂ'értfbptﬂe%f-npfﬁf CE4BRR Dabe ERRINEEBARY %Q&uén%gé QRay an
Al ternatively, forward &ﬂ_rrrers annealing inthe UTR region precedl ng the

| eader $’§ﬁ‘ﬂ@~|‘ﬁi§”6‘?r pPlawi ihﬁwlét'm%W@Wﬁixrfoﬁﬁﬂluﬁéeﬂg@ more than two
primers. Preferably, an individual primer set comprises atleast 3, 4, 5,6, 7, 8, 9, 10, 11, 12,

13, 14, 15, 20, 25, 30, 35, 45, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170,
35 180, 190, 200, 220, 240, 260, 280 or 300 primers. Preferably the total number of primers in a
multiplex primer mix is at least 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 45, 50, 60,
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The use of forward priners annealing in the | eader sequence instead of the
5" end of the rovariable region is particularly useful if

cross-hybridi zati on due to high degree of sequence sim]ari %‘?“ i s_observed
for the VE@Re08{184184gi on priners. Mitations due to crossthYBKAYP2A%En using
| eader-primers will be elimnated fromthe final protein because |eader

sequenceg 8d,90¢heaved, Hd ordo0iang D Abst 2260255 27HPBON, 828,B50N8750e 400  One
feature of t'he present invention is primers which anneal in the 3' end of

t he | ead8MeISSencodi ng sequence preceding a variabl e regi on encodi ng
sequencey R BrihBRi of theSreb et irveRlior ¢sapriser géne\@rebmb F&yjidre @ho prederabigfiallg

sequences. I n one enbodi nent of the ese t he mul ti, pl ex
over | ap-Pamesnaieaddiienalyreayipped Mithia | E"?rd?‘P?tHbe\éu? 4%%”50%& I %p';J' BQT ensi on
;);:Ra?nfiggg;'ﬁé 'Sﬁﬁuﬂﬁgﬁ \ggpﬂ .% fj\éﬁ%ﬂ &ﬁthbraaﬁ@cfbﬂ thé g@ﬁ'eépeﬁﬁfoaﬁ'tmltphrtmlﬂfﬂfa Sets 28

| o Lhe sense stran
of an i mAIes &Il APRIRXIMaEY fr'&’ﬁéﬁtﬁsﬁé’@ﬁcﬁ’ﬁt'éﬁ% %tégﬁﬁé’ﬁﬁ?eb hIB ee{t | east one
VK pri nfakir& TR ERipliAdatioh thd ﬂitﬁné\ﬁésleﬁ@‘@%@déd fo&hd térﬁetayéqumspgl obulin Iight
chain vari abl e regi on encodin guence or | t E{alr&‘! E lie r on
cader | SRl of HAPTESIRBVENGN H61h HETRIS Flo S RIS IEL o) i n
step a) tm%%’@aﬁ?ed'f@ﬂﬁkaé@@y lidatlof Mhils dddptaifor Ekage ©F régbrbvation or omlperrent ary

to the sense strand of “an i munogl obul'in heavy chain domain encodi ng
sequ@nc@ﬂ%ﬁ@"@‘@t | east one nWVH priner conplenentary to the antisense

strand QdiofAg IS HRYPTRIM 6o De AMMesiRds Toradr!IGHtee an@ BorpristTestitiun sieguence
or heavy chain variable reg |on | eader se%uenc

r} B@Rgedoffrmnga
primer Sod/afregembination sites, (’@)C e upely! oy thednsertinnee PHEMm US‘Lf"mnaé1 present
i nventi ofp ;ﬁ,a{ém;orchal n priner are adapted for anplifying both kappa and
| anbda |1 ht chain variabl e re I.on encogthﬁ uences. In a further

enbodi net eﬂﬂblqllﬁz{‘a@? B%@ﬂt'of‘rmﬁ imERsets 9 ‘Eff B0 X A IR LBar 1 y

l'i nkage that dne. paﬂr(rﬁrﬁé@%yemsé Brénédred)bfhe GRNPHABES weqump@a |vﬂﬂh-eeﬁfﬂ<egé4 on
tails. This generates vari abl e regl on encod* %gggﬁigﬁ ces i nked in

atr e
a head- tiall erti@ining aPSfActigastitethat UBBR clerugae Wil ew&B.adﬁS*Bﬁ 190 ditRg

sequencqgcdidy f th@ﬁiﬂ(dg@‘tél%f'on’é%ﬁh'dﬂﬂ}e @cbﬁ@brlm&%dﬂwmﬂﬁdgm%dﬁlﬁhaﬁm&er s
contain linkage tails or the K and rev rrers cont %ar?%méage tails,
i

pr ef er atiprget w%ﬁ@cqs@m %’Po%ﬁiﬂt @fntﬂﬁtsﬁ??f‘ E’?Efréﬁ I8 OB SitPp o
l'i nkage gkt upmo?&Qgééﬂﬂ%ﬁﬂaﬁlﬂ@Q@lﬁ/%gﬁéﬁowﬁw iekted inegieqrartes tnginng
sequences in a tail-to-tail fashio ar | g{ﬁl}g’e(d contain

| i nk®ge Rrimarset. Jhisrsecarnd Sﬁstrﬁt"%@teﬂﬁ?ﬂf’%f" tg%ﬁﬁ?‘gﬁéﬁ M5 "8l ensi on
tails. RigpdefisRidifl thitof tHEirsrimd|sex A%dn@ﬁérdﬂ@(rﬁﬁnbdrmfd@btléwmﬁﬂcbs phe X
over | ap-extension prinmer mxes, of the present mvg_gt !E‘E”nff ITFI’I se two

primer shelnkedhy designing PEMBY $8IS B WaY. RASICER Sitgs W C¥ gt
di ff er enfochfrbfB, ir thé Target/dafliéiRies @ﬁ@ﬁ@be%oédhe Fpﬁmemts prmmﬂe @At a mul tipl ex
prinmer mx conprises nore than four differe m? rrultlglex}é)rlrrer
T of tarenmaBSanaaRER 816 16 IApSReRlrioh UL e o RSN oot SEgeAse-
Sequencegsisfinfod tH&%a@t.dﬂ%ﬁ@AmctBﬁ YA LK TR ill djra«rébls}@remﬁommyds: hai n
vari abl e regi ons nay anplified in the sane vesse]k E%SQ !
i nvent i dmkam%@f t@'fﬂ%?&f&@ﬂ%%o'@? W%F%gff*éﬁq'éﬁ’ﬁcsd\&(?’t%"?ﬁ?d!” Wﬁ%b 08 on of
the target sequences will be cleavable by the restriction enzymes. Suitable pairs of restriction
sites are for example, Spel with Xbal {alternatively Nhel or Avrll can substitute one or both
of these), Ncol with BspHI , EcoRI with Mfel or Pstl with Nsil. For linkage, Spel can for
30 example be located in target sequence one, Xbal can be located in target sequence two,
Ncol can be located at the other end of target sequence two and BspHI in target sequence
three and so forth. To simplify the process further, it is an advantage if the restriction
enzymes function in the same buffer.
To enable linkage by recombination the primer sets of the multiplex primer mix can for
35 example be designed as exemplified in the article by Chapal (1987 BioTechniques 23, 518-
524), which is hereby incorporated by reference.
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direction of the products that is 5’ to &' (head-to-head and bi-directional). However, linkage

t-start

15 tails might as well be added to the reverse primer(s) of each set. This resulfs in a linking
direction of the product that is 3’ to 3’ (tail-to-tail and bi-directional). A third option is adding
the linkage tails to the reverse primer(s) of the first primer set and the forward primer(s} of
the second primer set or visa versa. This results in a 3’ to &’ orientation (head-to-tail and uni-
directional).

20 When linking more than two nucleotide sequences of interest some of the primer sets need
to have linkage tails on both the forward and reverse primers, such that one tail is
complementary to a tail of the preceding primer set and the other tail is complementary to
one of the primers of the subsequent primer set. This principle holds for all the primer sets
that amplify target sequences that are to be linked between two other target sequences.

25 The design of the gene-specific primer part generally should observe known primer design
rules such as minimizing primer dimerization, hairpin formation and non-specific annealing.
Further, multiple G or C nucleotides as the 3’ bases are to be avoided when possible. The
melting temperature (Tm) of the gene-specific regions in a primer set should preferably be
equal to each other plus/minus 5°C. In the present invention Tm values between 45°C and

50 75°C are desirable and Tm values of about 60°C are optimal for most applications.
Advantageously, the initial primer design can be aided by computer programs developed for
this task. However, primer designs generally need laboratory testing and routine
optimization. This may be done, for example, by analyzing size, restriction fragment length
polymorphism (RFLP} and sequencing of the amplification products obtained using the

35 primer sefs. The use of degenerate positions within primers is a useful approach when

amplifying sequences with variable regions or when searching for new family members
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25i mportant. Thus, initially all the individual priner sets that are to
constitute the final primer mx should be tested separately in order to
identify optinal annealing tenperature and tinme, as well as elongation and
denat ur i nWO20P#EW418¢hi s wil| give a good idea about the AMGIRIGRI$/039P48 whi ch
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concentration reduces the anount of product. A good bal ance between dNTP

and ngaénf?@cﬁﬁﬂr(w,t'mﬂ‘é:fgﬂﬂmmf‘@ i2®p uM dNTP (of each) to 1.5 to 3 nM
MO 2. e fuRRE: Bufur&6r the prahi nvéﬂnnqe%eﬁﬁhé—xse@s;@?eﬁqe amﬁlﬁﬁmwﬁyfof' ce for

mul ti pl ex overla ext ensi on PCR; however, buffers 25based on oth
conponert§lesiida seauensgs cpmaining vafiaiis regign enceding Se@#‘e%ﬁtﬁmﬁl%ﬁﬁ StUﬁEr eof

may al sqaffiedBid Rapbaq#gh&hfau@qblgoww'ltghnhhéé)nruhn)tjaln&m dh&%&'(@p ¢4-8fsi on PCR
Primer pairs involved in anplification of |ongéer products work better

at | owe rm'ﬁ%)l gndagrgbigtheayy 6*:‘%”9( €.¢ VHh1g i m@emmenmunmi@wm, fmdl G Y ORI 1S
i nvol;veds T4R aé}%b?émablo%bcltﬁbr;ner ot féﬂﬂaé GrfdliR6h of %‘ﬁ«%ﬁlﬁ?‘ﬁl@l@oﬁ&e Qﬁ esSal t

concentrations % o0 100 MM K Ral si ng concen I'on
containing vana le region encoding sequences often comprise a plurality of primers where

several primers can be degenerate primers. Amplification of families of immunoglobulin light
chain variable region encoding sequences is for example performed using a primer set
comprised of a plurality of primers complementary to the 5’ end of the variable region of the

30 kappa chain (mVK primer(s)) or the kappa leader sequence and/or the lambda chain or the
lambda leader sequence (forward primers) together with constant region kappa (mKappart
primer(s)) and/or lambda primers (reverse primers) or a plurality of such primers.
Alternatively, light chain joining region primers may be used as reverse primers instead of
the constant region primers. Alternatively, forward primers annealing in the UTR region

35 preceding the leader sequence of the variable light chain may be used. Equally, families of
immunoglobulin heavy chain variable region encoding sequences can be amplified with one
primer set utilizing various primer combinations. For example, a plurality of primers
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30to 2X instead of 1X may inprove the efficiency of the nmultiplex reaction.
f. DNA Pol ynerase The present invention is exenplified with Tag pol ynerase.
Al ternatively, other types of heat- resistant DNA poly i i ng,
for exarrb‘f(é,z%ﬁfﬁﬁi‘,lsbhusi on, Pwo, Tgo, Tth, Vent, Deep-vg({ﬂﬁrﬁ'goog@%ﬂ?ejd.
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well. Basically there are no Limtations tcg] t he 'V'ﬁriﬁ o:?(,s thg&fq%@ﬁpe used as
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for anplificatjon and expression in cells including, for exanple, bacteria,
yeast , @M‘ﬁcﬁtﬁﬁéﬁfYQW%%Q'OEQ"FQC,“"%P%‘meng%?'I s, or mammalian cells. Such 20
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In a further embodiment of the present invention, the immunoglobulin mVK primers carry

linkage tails, preferably in the form of complementary overlap-exiension taiis. This generates

variable region encoding sequences that are linked in a head-to-head fashion. For the

35 linkage of variable region encoding sequences in a head-to-ail fashion, either the mKappar1
and mVH primers contain linkage tails or the mVK and mCHrev1 primers contain linkage

tails, preferably in the form of complementary overlap-extension tails. For the linkage of
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WO 2008/ 104184PCT/ DK2008/ 050048 facilitate the expression of chineric
proteins that facilitate the display on the surface of a fil anentous
bact eri ophagg or cell. In a bacteriophage display system the |inked
nucl eot i OSBMAEs of interest may be inserted in-frafETRK¥OZE MEnce
encodi ng a coat protein such as pill or pVviIl (Barbas, C.F. et S. 1991.
Proc. N&Ia'rtablé@é@on §ﬁ¢odlrlé9éeq§8nce§% B-t4i2ail KRN, %I—ﬁancﬁhKﬁFﬂaﬁ%ﬁﬂr}erf roc.
Nat|. Acad, .Sci. USA 88, 4363-4366). In one enbodi ment of esent

i nvent i g ac"ﬁ@”'ﬁaﬁﬁlt@)ﬁsd%@fer%@bP?éﬁ%orﬁfOflqoﬁlpé%"?fﬁ%ﬂyédﬁ'%e’%ﬂﬁl@h g of

i nt er estprefer& AN, 16 fuliblepridfEiiRy, fRIIdINY MeaM¥x sb@Ha@ -BdrisRI (Rinkegi ON

encodi ng sequence associated with a |ight chain_variable region encoding
sequencd¥ed Al JiecPrepit invention,camprisg tvaPeMer Gelst bius A Fultinkex RIiner 8&quence(s)

encodi ng:oﬂﬂﬁls@é aﬂ@éﬁ f&ﬁ#%rérﬁ'dﬁ?ﬂé’ﬂ@% Qi en aﬁﬁébf'ibﬁi?:b pﬁ'éh’%lt Moentidned er ably

bot h hunan g ht and_heavy, chai n const ant re,%l ons. The insertion is
engi neerfﬁ'dt'%ﬂ H"@‘ﬁ'é’t”“"t‘F?@‘Hrisﬁﬁﬁ’tﬁl’r%%‘wo%ﬁ%e é}r%é‘\%!ﬁ'ﬂ% PHMr §1ix of ght

chai n vap pRisenf iRGEEBN R \GRAI OGNS emﬁ@eﬁ@n%r Rirddtsehiddeb T d %r?@% Vielsdl hf’or
const ant regli on encodln seguences. Such an |nsert|on can for exanp

gener at eeXQ”PéPokﬁﬂPalﬂ(ﬂﬁlbﬁa pad @?BYVe%"bYﬁr{?@& rggiong May| he-arepigied inheisemgy
expressiyalsaject or or an expression vector encoding 15a fragnent of a
full-length antibody. Preferentially such a vector is an expression vector
sui t &bl € e%weﬁ?wi%e'@cor@%&%? Primefisdefedn dditignaliBaamalificationtohths) and

the consipsd pfoegb@%bm&bwrhamﬂeﬁmq%mmmwma@é@y §ﬁerfr0mthe
human i mmunogl obulin classes Ig A2 | gD,

or |gE, r??@?"é'ﬂi’ft'%‘r%ﬂﬂyl’W@J“Q'ﬁ’éo‘é‘%f'ﬁpﬁ‘iq”éﬁ’"d?-'gBcpabr%@radmdﬁ'PFallPéﬂﬁﬁﬁ‘li’f' #bi nant
ant i bodysanlpa ;fé?'fékrhb@ﬂs;h@atp'ﬁ%e@ﬁﬂ;‘éhd’é‘ﬁte@fb@\ébhpﬂﬁ}ﬁﬁ%hé‘m‘ﬂ&ﬁqgr‘ ROsaf@HERces the
vector nma also contain a constant |ight chain encodi ng séquence chosen

f r om hurkdHehISpAsaRL rBix wpfﬁmr&ﬁaﬂ%out%wwe ob therrapitiplax pRMeh@bgRiByIERIeHn of

chi ngri Coveﬂép>Jasa@h§§n gﬁmehﬁmd mﬂéﬂmgnh@b%brsdﬁatmesns% bltefS} & &ﬁﬁé‘rﬁi only
encode the i nmunog ulin variab regi on encodi ng chyences (Fv' from

t he non-h8RART %éeﬂeestraw fﬁﬁh%ﬁf&keﬂﬂaplﬁvﬁdwan@eﬁﬂhm eSaRpiely ea@i@lmant
regi on( she hﬁ{pﬁﬁ'c,%ntlﬁrﬁ) bf tﬁefénwe ﬂnk&ksﬂmhet trhie pzé"ﬂéeg :I}/ M PRlifcrESH MBS 1N a

step of the nol ecul ar arr&)/tr i catlon procedure C{yﬁ]ad to the vess_el s a
huran ¢ GifRAUEHPT ikgH SrPdyFbRAtEInR ram the BMtglex R T-H GRoliowed hyliriaos &y liswios and
appr opr igrecdMidingion oa%mme@ammemnhﬁie&@ehben rot-peRt h vari abl e and

const ant_region(s) frame. In this way the human const ant kapga or | anpda

chai 1. ) teHiRtab o PUAET S Whgh S e FRMRAReCHE HA ORI G fispbing @ etmany,

usi ng thh%tl;ﬂéQRQﬂi{DR of Rt %léx%v@ﬂa@éﬁt@’zélgﬁ R&%R%eﬁﬂuﬂﬂcﬁr b@%édﬁﬁi“l’%ﬂ site
wi thin the coding g% ence, which is an advantage |In anot her enbodi nent of

t he pre?&ﬁtt'ol‘ﬁ'\ﬁé‘ﬂﬁ"if ionyh & livsed nHelaptidesipaEpRGesein thﬁerqsenklaaem@e|semade

sequencfiner sePERErmRRAG Ristéd grirferdset.MBicyesfyni HRkSiel Pahfens §aepsliyibssqasence
associ at ed with a 13 chain variable regi on encodi ng sequence or a y chain
Yy

vari abl é"% 838 HegiaR Hdehas 08 fircsrne-res 6'§|P§f"@65 Rfeviqu Ge%‘ﬁﬁ’ieﬁ e&epHble regi on

encogi n%éﬁﬁ‘u’rﬁ@?ﬁrﬂy%‘éﬁftﬂy@ &bing anh8AmY dosmke df FRWMRT |$ne?§ §sddiagrd ed into a
vector that contai ns sequences encodln one or _nore R const ant donmi ns.

The i nsdpyliiggx Rd- %@l"ﬁ%‘#@@f&%@ﬂaﬁ ﬁét?"%'ﬁ'é RTRER: Ee wmﬁ%@de%&mgafmrear egi on
encodi NGeSRAYRTR %gﬂh@refd’r‘e bE 3ABrdranaithediPkée siRa0GE dbthiddd by O multiplex RT-
2008/ 104184PCT/ DK2008/ 050048 const ant regi on encodi ng sequences. In_a
further REidéd PW@?\PV ligkage by ligatieryer ’P§°r§b'€ﬁi"?fb‘?r| Ry 'EB&'BP'S% §V%’WW@G@’&*°“ RT-

conpri Sipgr sa@uamsﬁo haebsuﬂgwgmaudt%mm ﬁbmrthé Redte@PER Rrth&Ssehvdd
const ant [egl on been shown hat such constructs increase Stablllty
clgm%eé %werrﬁlé:%@@

of s8I ulpd cifigity: eSB?C’ﬁ'IY of flag gitiplextvpramsextersion RT 2GR 23) |

5Li br ar itgghnefogy Od8RERrARsHGuIPhe hdtBd BiRHBNAI MDNBRK 'pﬂmeﬁﬁ%{xé%ﬁnulf'éléﬁduced into
vectors by two different approaches. In the first approach, the single

cognat e qysfiaRsexpRsion UL Xen dal havaPesn i"i’ﬁcﬁb%d RigVioHBlY &re auitable forrh) s

L brary @mbtREbA With BestdigitintdrisBewhoe pgﬁcmmufﬁgemera@amo@é| a%nﬁ@ézbﬁdm sbn t he
second approach, all the cognate pairs are pooled prior to vector

i nsert i 6ASES BEIVNRPriBYPrs Pl tﬁaw'w\@wmmmﬂ%ﬂ%%ﬁ ?%PB‘W@@F‘ PrFEREIAL i ng a
pool gd Ickhhhanisedfortes badifionabPHmpliftatibi bRa !eéﬂﬁésté’&PCch%n%‘ﬁgg'hé@ﬁs a large
diversity of pairs of variable region encodi ng sequences e aspect of the
pr esent eRTRIRCiIBi s a library of antibodies with cognate pairs of |inked
variabl e region encodi ng sequences. Preferably the individual antibodies of
the library conprise an i munogl obulin Iight chain variable region encoding
sequence associated with a heavy chain _variabl e regi on encodi ng sequence
from one species and human constant 15F8gi ons.



Anot her preferred library of cognate pairs conprise |inked TcR region
encodi ng sequences, where each individual TcR region encodi ng sequences

conprise an al pha chain variabl e regi on encodi ng seque i with a
beta cha"fP ¥¥i1¥3PL regi on encodi ng sequence and/or a %‘%‘@3@@3’“3@3&

vari abl e regi on encodi ng sequence associated with a delta chain 20vari abl e
regi on enggslbmBodM@HESCRe prisestinaition, it mbdure ok emeskypriniany Brutsedasi s a

sub-1library of cogpate .rs of linked riable.reaqi i, ences
whi ch efeBle PrigEEies Mediekierel s g era 314 PRed an FehllaRAf Shdde REfh
parti CU'eﬁEodiﬁdﬁ&fiueﬂE&&ﬂf erably thglse cognat e pgi Ls corrp[]i se |inked
i mmunogl obul in |1 ght ain varia reqgi gn_an eav Ln i egi on
encodi né‘leéﬁﬁk@m?ég?t E!L'eaﬁ’rﬁﬁ%{’tdwgi"ﬁorbg%h? ?%ﬁ? 8°T8rd)§e§noqgﬁav%é‘{gy r?‘ﬁ'{é‘ﬁgﬁh
va:j i 3b: £cg,u!fe@%h_ﬁa.@r(g)’m;aanalitt)rlnygﬁrstenau,nﬂpieﬁsrimg}ﬂr‘m‘mmEntiﬁeg.smmmpfxeh:ierrsionapvrin:{aeblnua'x BBy ;)n_
an elta chain variabl e region_encodin equences. r [ iment is
a sub- | iasiespRd aested pgerihg Q‘%ﬁﬁ%ﬁ?e ?’?’%@E’?%q/p q'ogooéﬁ%etfé%éar??%r l'g\?éq'\g/%ri abl e

r egic on @3{@%&3;@?@?@@?@5ﬂﬁﬁiplﬁefmihidﬁﬁﬂbdﬁu{tip%@eﬂaﬁ-fbgebmsimemmmmix. Theg
preferred enbodi nent o e _pr.esen entjon.is.a |libra - rary
encodi nd'Se 85 RN BB %*%F"faﬁ’ﬁﬁ'g?@réﬁa@ﬁl' iafionis9enatly F%%vgrf ?igggl{??'ect ed
1|‘ r %T humlate"k\i/lmcmA .@w%@f%mmmr b?%plelb?m?#liécgﬂt id gifficult tp@esigngGRestédy G3,

, or . | Anot her, preferred feature of .the present i [ i .

| i ey POIMSE (T8 HACRNS e aior G 1 vadaparaod S eraen oot el A et o
chthS- _ woulaahhéu%ﬁtbléhﬁeﬂﬁn mh@:oﬁfmm?ritgulemmi?mgiregfgme(z%mmgr Birther,cfensai d toa

i brari es, ich are conprjsed. of a as : , ) ,
106 or T58ed G Pahbe EOGRADST s desiHbiP o feRgson g of e nkad sodfehosd i
2008/ 1041846 o OB6&8x0048 I n a further enbodi nent of the present
invention, said |i1braries of cognate pairs of |inked variable region

encodi ng_sequences . Qbt ai ngbl e a od conprising the steps

descri bga"ﬂ'g'rz@ BN oi-ﬂ{ugu@?)bﬁgpaap?x%ﬁgboqng# d the parent library. Screening
and Zel erdd grarpdiass ¢fatiemiultipicRrorenaméxtprsicrsPOR steméfenbtty thieitaisteprargii toa
encodi ng ,sequences isolated froma donor. utilizin n met hods of
the pr esgér?iﬁe“ﬁ’ﬁ?é’ﬁ?qenge qaé'(:t@&?é'&'%eg’ SSVERY 8%*5‘!%19%%3 %e\%éfbsr%%@'%@? " bi ndi ng

pr ot ei nsHéHegaki,ah &3 ane 997.|BioTeshhiques BY,:604,511; Markootatds, Rdete). 2092aJ.d8ii r ed
target, in particul for combinatorial. librarjes. f esent
i nventi df?%%ﬁ@ﬂf)éég §1 )'eﬁ?'?eéﬁlﬁgh? sand oghmggﬁ?nn%?rgﬁwgp ggé@ﬁ’m@%‘ [gﬁ-lcodi ng
a subsetpER, slinsagisiteirato bétwbemditegaddmpecprimers is less ipoelatefdr surhianst a
particular target. For libraries of cognate pairs the diversity of the

|i br#fry 8% ¥pected to represent the diversity present in the donor

material, with onl%/ (g m nor .nunber of randomy |inked variabl e regions.
Thus, an enri% MM ?'bcﬁ"ﬁ'&yoﬂot be necessary prior to the screening for

t ar get - SpRCédncenthitiodiohtheadimens tareting heaveildp-extynsaniad edexsmple grealeanshi r s.
o s BT B AB0 o B R Y b B AR et oo
f urt her @)@mdrﬁtaﬂi (f@(@@tﬂﬁl@J@amil&dpiaI@rimeys)by se! ect ing a su_bset _of pairs of
oo Foi ol P ek har e e Oy DGRERTREAE) ARtk
encodi nga$£esaners higher 8L ittreaynislpessibildoarqualide thamgeditication efficacyc dbisat e
F :ir gr]Zt B g%lég pg idBrﬁ%%g hé{ﬁ&a%?é?l%giccr)rr%%tntrgt?ontot??heo rr)rlerﬁéarnstet {Nﬂ%éﬁ %éq‘?ﬁes &IﬂSlificia\%ﬁar y of
with low efficiency, or lowering the conceniration of the other primers. For example,
sequences encoding for heavy chain variable regions tend to have a higher GC% and hence
30  lower ampiification efficiency than light chain variable regions. This points towards using Vi
primers at a lower concentration than the Vy primers.
Further, when using a large number of primers the total primer concentration might be an
issue. The upper limit is determined experimentally by titration experiments. For the
“AmpliTag Gold” PCR system from Applied Biosystems the upper limit was found to be 1.1
35 uM total oligonucleotide concentration, for other systems it may however be as high as 2.4

pM. Such an upper limit of total oligonuclectide concentration influences the maximal
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pairs of variable region encoding sequences is transferred to an expression

vector. The expression vector may be a manmal i an expressi on vector, a yeast

expression vector, a fungus expression vector, a plant expression vector, a

bact er i alWexXpI8&94186n vect or dependi ng on the type of celPICT(RIAF/EH0048

screening. Preferably the expression vector is 25manmalian. |mmunol ogical

assays %o@c?‘ﬂﬂﬁbﬁ‘bf Mdﬁ'l&uﬁpﬁ}ln?erg of thregﬁdn?l@bﬁ‘bhh%P céﬁceﬁ%ﬂﬁf is SRRSO it i§ hkeIY

i mmunogl o In variabl e region encodi ng sequences assays are we

know i n tplgausE 3 pmraDQ%ﬁngImWe for exanple FMAT, FLISA, ELISPOT, ELI SA,

membr AnerRAAN df theolighhigdisdt 18§ hd b The
ﬁ/erﬁ‘bego IS ?éé‘cﬂa lﬂnﬂ{e?g a\féréécy e ¥olihd c%énrd%"rtaﬁ he

assays can orne |rect 30manner Izin

pol ypeptmyigley pvﬁﬂa@@xtefnsm RGR. Hﬂh%mgf esheligphudlentidas. have @gcvctme@ thedz;ﬁshg
sequgncq? ternatively, the i Mmunoassays can be perforned in conbination
W th or oLf owi ng enrichment methods such as phage display, ribosome

di splay, bactipcr cyehiifesnditorsay, yeast display, eukaryotic virus

di spl ay, RNA display or coval ent display (reviewed in FitzGerald, K., 2000.
Drug Di Jysferentigiatpesyclingzopdigpns aistas felyyfat e Fab expression librari es 35and
cognat e ful IpdRghibrant i body eipsessi on |ibgppi es can be subjected to
screening, thereby generating a sub-library of positive clones. Such
screeni ng ad¥Esingid enri chr®h€0 sWO 2008/ 105k | DIAYOEMBEh0E S below
procgdures afge also suitable for Fv or scFv fragnents, n@p.]gbl natori al

| ibraries of |inked variable regions. In addition to | nol ogi cal

screeni ng, &Xgsianal f eat ur el &N X BBLi nvent i®M72°€ t hat EPk 'Seﬁmpw Rradudtse of
various types of functional screening to select antibogyusgmrigti ng cl ones

wi th 5desired perties. Such screening assays include™™ut are not |inted
to prolifer éi&ic&ﬂlﬁ@wys vi r#58Q nacti vati on assays, cell killing assays,

etc. Preferahhy ekidfsibynCt i ongl piissays can b&-,ﬁ@gji ed out in high-throughput
format using supernatants fromcells transfect Wi th expression vectors of

t he isnvdiy itgnsingle-siepgpulfiplex evertapeydenaion REPGiejeliovdng steps wata it infthe

sel ecti e Bfclifg ﬁwg;rémg;nar%teé ahidlifision bASiRG Cliine S6GIRAL € pairs or

conbi natorial pairs of variab regi on encodi ng sequences is perforned by
using a hi grRQVﬁfs@JW%Pt@Br e’iﬂfnﬁg assa#2-60iCgh- t hFhnsgiepnditiens @emlseg'sedsays
could be, but are not restricted to, ELISA assayghfig'skp ?,gpg#e%,gg

sem -automated or fully automated equipment. It coul c? so be a nmenbrane
assay in which bacteria are robotically picked affhsgrptipnds pereraegn
apprpri at e pEREREEa@NaliGR Af188M Pl giees generﬁattéwrtaapﬁ%ﬁaséé Rf colonies
expressi ng ant’i gen-bi ndi ng nol ecul es. The nol ecul es are Secreted through

t he menbrane onto a second underlying antigen- cdﬁV@ébﬁéfhﬁhﬂaﬁeStQmREh can be
devel oped separately and used to identify cl Onespéhaﬁ\ctﬁéﬁér?é‘?co?d?ﬁ g)en

bi ndi ng nol ecul es towards the desired target (de Wldt, R M, 2000.
Nat. Biotechnol. 18,989-994). \Wen a sub-Ilibr arym@'f'Ufé@‘gf?é{e pal rs or

conbi natlpi’é,'p%s:ﬂ@'tds §pt‘ﬂ'f1lz@%ﬂ HeRa H&H}Hétaﬂ; ELRESIY RS ar RS emiprsbiRAs PY an
appropriate technolo possible to erforman additiona anal ysi s by
DNA ¥eqi@peitaiy. Dius; | laliy ﬁlkﬂl? 'FWH@@FWISPW thatche tq:mswumaﬁhpélbaleormw| on and
heavy Cligk Bnyidi b8 'tbsiod SRR/ Bl BBANT Bpfifal drnbaindibmBblantt e frfdl
sequencing w I provide i nformation about brary “diversity such as
gernii n@SdYQ”gﬁsrﬁbﬁ%ﬂP'ﬂ and dgnatupng ties.diis witl oivea gend idpa ﬁbwtmﬁéwﬂmﬂ’r egi ons.
such an \@ikH Whick m@slelpa%?ﬁab% e RiRfdO0r mte HURIES over 'éirbnrs%ﬂrp(ﬁ%@at a
broad diversity, and | eaving out repeated clones. Secon DNA sequenci ng
will reve¥ nutations introduced during the isolation pr ocess VWhen

anal yzi 'F&oé(léﬁﬂs@hﬂhepdoﬁﬁb@&e%mﬁk} "P&&%%?é '&f‘estotlmbﬁm@F &ﬁd&hﬁ&t&ﬂ&%&gﬁﬁte 0

nmut ati ons to consi der when assessi ng whet her a nmutation is accept

The npstCONBRINIAEAT CAR P CWErcATie Aiusng & Bigh PumpehLeh thergwd cyiesyiAugh twmber of v
gene pr iyl tfeid CoctRMIRNGAWSEREL 3k BYRFcish cREoMERRy S0l b Efessequence to
which it _1s not totally honol ogous . hanges i'ntroduced are nainly
substit Lﬁqﬂbﬁé lasgenextapsen {imee ean Wﬁfg"%%dﬂls'tl%{ﬁx eyRslapdarsiondiCRoeFIcesHn. Due
to the hicalh RASER iRfes TBANANES. HOTHHAGYEPE LURBAY 1O FRTGHAELPRRPSxtensRTe Of
these changes may be significant, sonetinmes wth no natural counterpart.
Such;schanges o ek bRl @venta! |y affect the i mmunogeni city of the variable
regi on by creating new epitopes. Such changes
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35can easily be identified and subsequently repaired using standard

nol ecul ar bi ol ogi cal techniques or the clones can be excluded fromthe
library; Errors created by the Tag DNA pol ynerase are nnst il

i dentifi é@?%s’tl?ﬂés‘bonstant regi on encodi ng sequences andC¢anz? toss’
2008/ 104184PCT/ DI C2008/ 050048 easily be elim nated. However, Taq induced

nut at i ORfuItMIdd POR réstibreca] Bsigaifigantiy anproved b:h&SIM@.BIFHm eddnm@ sucheaec odi ng
sequences where they are |nd|

ui.s t he ral Ly occurring
somat i c DMR@tg"wEe! IRANRAIdg, & 'i’ﬁt@ﬁ ’t"mg}r@ @N’&%?S&W& ﬁ“iﬁ ons in the
vari abl gefi&ff=80n easiedi ng sequences Considering that the nutations are
non-systenmatic and only affect particular pairs in distinct ways, it
appears reas@nanire dnd MySKLegar d such changes. In a further enbodi nent of
t he present |nvent|on t he s of target-specifi d,possibly
Sequenc DeanaIeeadBaNGSBIets (kLR SR RGBT RIS GrPefart R + abl e
regi on afifigh®ecérishakenyion POR. G’héfb@BmN'H?lcmdienmathIsl emeen a0e ahd 408 bt r ed
to a manmuali an eXE@rT%tsal gq, vg&qg ?\ﬁ% a tranﬁ ﬁr can erfor d into any
of the PberdydNTe 84 TPn iy Y PER WRIEN 4e anup Bf" q{b'str?% &xpr essi on
of a fU'rlran%BgLé%véermi&d?éaﬁtr@ahs mgm bf eddheiNTH)@Rffice %o AchigerPORMEd with a
manmal i an cognate full-1ength antibo

expression |ibr such_.a transfer
may not apwlifiessigedNThsigals ﬁ@rseﬁﬂ{b‘tﬁfPr?%ﬁW'"Qﬁre?zﬂ%g ﬁ‘ge'ytH(?@ﬁPl 'B%S“‘E%h

par el@t c&&é@rﬂulilﬁeﬂﬁﬁﬁr@ﬂaﬁQjofrfo@ﬂibﬂ( WMWB%@MB%U@@BW@M@@W@Rbhqddtsﬁ@ﬂ i on
whi i s enrich T- I'ymphocytes. The pairs of |inked 15vari abl e region

encodl n@f\g&ﬁﬁéma%ﬁﬁqﬁﬂhﬁpﬁﬁ‘ #@0%arent library, may be sel ected for

encodi “%ﬁgﬁiﬂiﬁ%%f mbz*%h&&t&fnoh iéﬂ?@i@al\éﬂ{cb&ﬁtb@ Ump@méﬁqwmeﬁagr@emﬂsed of
al pha an ta and/or gamma and delta chains that enC?GbSQRPndI ngaﬁéot ei ns

with a dependant erayges. itiondp {Re DA RelvatersRg: Hedgipla rigier ate

pairs o dm@@% fvg;ﬁ* &heﬂ%ﬁiré&heﬁﬁﬁmmn?zs R6dehntratioh \ﬁmldbpér&mpm@rmmn
subsequent |y entif froma

t |
205t AN EPTCOneRORI B BN, 35 SR PHEP RO BeT dr AT RO BhHRle

conpl exw Suf%rs c&ﬁélh%ﬂelaMrE sudt @ EDTRIBEGTA, el &ﬁﬁht N[Q8*70pt:ﬂ¥ﬁﬁ5mé§1®é
Novak din. Invest 104, R63- H’ngﬁlﬁasu“ ng cel |l ul ar

res ponseéi‘i:teieﬁii EH@S’F"U? Mibf Cé@BQtr?tﬁnéé%té'*zﬁ tW%PQ“E‘S& Pe¥eMBans such
as yeas'[coﬂfg}ét@ﬁér?éfbr‘éﬁ&n g anAaMm&ﬁFéHGbéwgéid ERslsioe Mg emchiéxpapiggd on 25The

l'i braries present invention can be transferred to vectors. Sﬁht abl e
for exprsegeouamnealing Fauimer bninedrrest imenlae sias SRIEPY denteasng FReRIEEl- Rl ei ¢

aci d,;sequenfesnaid, bmr?ard‘éaaate IMyZP&drickRtvdtith rédided Bhearh 8@t @NpRADERI Ni ng
bi nding proteins or fragments thereof. Such vectors are described in

Vect or s Aagebd bataneeihstwerscdN thandMgChis eprieximgtely R 194404404 dAPdpf %a&h)

exanpl etgqlé]tofrﬂﬂw é.lntl bodi es, Fab fragnents, Fv fragments, scFv, menbrane
bound or " sol ub *300r TcR fragments of a species of choice. One
feature of the poy r{ggﬁé,eg t#fonl S the introduction into a host cell of a
library or a Sub rary of vectors of cognate pairs of |inked varjable
regi on eﬁmaualtyg@@qa@dwbléﬁar%squC%ionmUElplﬂXcﬂ’{éﬂ%eﬁﬁi'w8 Bolpmg\er guifiersof

linked vaiibab) %tkfe‘?%rﬂ@or?é?ﬁ@%]éﬁ%}s%ﬂ%ﬁ@@?% ®f TASPCH, for earbPBtiGHAGhSreof

expr eéssi on. osen from act eria, yeast, other fungi,
35i nsectmapdlsg be pplimized & fusctiasrwitrethaaultinex-euerio-exignsian FiCEs SIS parhoses

| BHK
ol T, nORdf bR TRy ARG ol By B Db 0 R e el | o

NSO) , NIZ@ B E®, mMul{lemhamasmnmaﬁrﬂam mvelyediiniheampbigatign §tﬁmﬂé§0¢|§£%wefél s,
HEK 293 bl St higHer BERcSTbRIrStidNs]E & 86 100 mM KC). Raising the buffer concentration

30 1o 2X instead of 1X may improve the efficiency of the multiplex reaction.

f. DNA Polymerase
The present invention is exemplified with Taq polymerase. Alternatively, other types of heat-
resistant DNA polymerases including, for example, Pfu, Phusion, Pwo, Tgo, Tth, Vent,
Deep-vent may be used. Polymerases without or with 3'to 5’exonuclease activity may either

15 be used alone or in combination with each other.

Vectors and Libraries
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The introduction of vectors into host cells may be acconplished by a nunber
of transformation or transfection nethods known to those skilled in the
art, including calcium5phosphate precipitation, electroporation,

mi croi nj e\Yf)lzB% H840sone fusi on, RBC ghost fusion, prot &STA200$AIE i r al
infection and the |ike. The product i on of nonoclonal full-length

ant i bodi® linkage bfm@mﬂaé secﬁ)énf:ésigﬁmt'éét acebraingvo fneapesunt mvem:dnqirbddmem
The producti o r econmbi nant H"@@ nal ml bodies to be used
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bri ef, thlé %ﬁ%ﬁo'o mv{vesth ener ati on, of ﬁcolletlon of cells,
oui t abl Praduce P theciresant iventigra In AT Garlgraies OF PORTWRAB! ¢ he
t echni qu@naslerra@len teﬁdsodand sdjuanoesdike 0fBsiced BRhiifian cénst@atts%}t@vefeawértd as
appli ca ﬁtfor a conbinatorial library. The individual cells in the

col | ect i'gRt FPRIYSEALENEPE: capabl e of expressing a distinct menber of the

reconbi rtanféfepmryetme@reévnnmmgsonretrel ifsdridn @@gagjn@ant ESHtsiRing lipkéd y of
cognat e 15%8“3 I n orde I vidual cells, ex ess a

inferestoes ki O% %de lsatid

singl e dWleatide ﬁ%qtte"a?ﬁjo riBtFrE‘é 0 dpragy ke pugleat Stse‘ﬂltﬁ‘é‘CB%PVEF bi ndi ng
prot ei n,gehbratediby elnceﬂ&sn of tﬁ@ﬁt&éﬁﬁﬁv@iﬁﬁﬂdhﬁ%uﬁtﬂﬁe Qegafst ﬂfh@ﬁbrhﬁeéiﬁﬁy be

i nt roduced ,i.nt o c Site in the nme, of each

site-s
G O dopmbial prales & Rire nealerabi ioraees ¢ o0t o PRES DEYTebi 8R! cel 1 s,
si nce t hinso@ing sefientes.ame! resigcttn ditee gbreraledasydink bofer pﬁt'ﬂ@tsnﬁeﬁé@bﬁ@tél%darf rom
each cell, .but, gl so because, i Zg)qqséagr}_l rates cells that are virtual R\;ed
i dent i cagleht'(‘}eﬁtﬁa PIRSTHEE, pr‘éf?ﬁt%.'}t edfie q!png)qrfaée estriction gitest thear i abl e
r egi ons vettor bechoidd. v'hdumkedqmmi @c@aeqtsencé“&lbﬁnter@ut tavalsb bem@derted @to Unbi ased

rowt h of he collectign of cells over the d . of tine necessary for the
B oduct [ERIOTS Y (RRTPEPM ) et B PRTleq PARPEHT CHHGEMeERMY | ne

wi t hisonlegquipped mheggtathblerreeormﬂnamwé aha th@%htortdﬁ CRGicAENSIAEBRE &k delly
IIs ont ai nin si ngl e FRT

avai |l abl Invitro

Sl t o st el ey BB RIoTL o R VEtBE o] R b et Fe e s Pl e Bty FRT

si t e angepemitédby aﬁwcﬁde lrrmttmléﬁmmrf&agalmitghctdseatflﬁhdopree@nrgnmem@e The; e

are severa nown reco e a-reco I nas n, I n,

o e S btorppRaloiq L Ran o FRE S AR Tos BiicALch e84 xptestn BLoATR TIcUSITP: b

used i n ferosRinpé, lbaatevmtybabhetrrerwm effeeneHiis gplameRnd)ioh aldnfalfintels. Sueht her,
at enabl es t he 3OSeIect|on

appropri ate vect LS C ecti qn nar ker,

o PP e Brr ey Bhrisad i foeliete fBheEinte Fore il e po SR SRR ur i ng
cel I |i ngspaytoftthe priactusddred isth tee vaReTBpresionnsl ths IngaBadd proalietigmdfdrom such
a cell lLine can b@ obt ai n%%a‘gy seYeraI different transfection and

manuf act"E}FSWSB 0fq the ggnaroe 0 is to use a library of vectors nixed

t oget herClomihg afd Shitgé @cEoNERes ptef@ebiyfb@&tehha/e%&irg HsWevel, itldo®dbr §pbost cel |

line vmthasmgfﬂﬁsalnte l?(i,jon site ell. This nethodlsterrred bul k

t r ansf e¢EFOF BP W‘t"?f’"tﬂﬁ PrePequres he vect or and host cel |
design MIQMapv@dtMsd:@ﬁerdiQd!pw b p uxeetdréta:t ptiag I@ﬁild’ﬁédﬁﬂ@bn%lﬁhimdﬂrtﬁ‘rﬁth‘e,apam e

appr opr 1aee oLF B4 B oot LG oy oAl DCe Bt upon

gener at ake bigplay ef i nprdte.atmcmmg foriexafr@rQ amumm profdity 64 HRagmentah&redr, on the
manufacturln ecc}[ors S I|t into

fract | onuegaiaTIAmAgloss B cieriaatiade, er Ry vagors stichia s ST L
|'i brary DNA a/eeemws of mammadlian celoaefated kriwn iR & athle¥e c@mbi"s’écﬁ)t exarfple St he

library co utes 10 to 2 di vi dual vectors. Each conposition is then

t r andf e(y{raﬁv h)tr%or vectors encoding fo P r chimeric proteins.
Expression vectors exist for all the mentioned species and the one to be chosen completely
depend on the protein to be expressed. Some expression vectors are additionally capable of
integrating into the genome of a host cell either by random integration, or by site-specific
integration, utilizing appropriate recombination sites. Expression veciors may be designed to

35 provide additional encoding sequences that, when the linked product is inserted in-frame to

these sequences, enable the expression of a larger protein, e.g. a full-length monoclonal

antibody, when introduced into an appropriate host cell. This in-frame insertion may also
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an aliquot of host cells. This method is termed sem -bul k transfection. The
nunber of aliquots transfected will depend on the size of the library and

t he nunber of individual vectors in each fraction. If t ' f Or
exampl e CHARBHPMIBL 100 distinct cognate pairs, which aFéT/bbc:g{;@;@rth“g
fractions containing 20 distinct nmenbers in a conposition, 5 aliquots of
i ohost  gadilltate W ibxpressith dfehbeericrpotefnsdhaidaciitats the disblepoy theospiase bf an

titufi ‘di stinct fract] f th i gi.nal Li T | j f
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o v b RaRRE s ARt 4 gl ot e P TonlRi el B s o
each al iogg@peties, waertedano bhecll tratiodritaind seqldnse(spémoaingropeies mave hu@@A t hi rd
wa

y, is.a hi t hr oughput . nmet.hod in e ost .l s.,are transfec
sepalat WW“H&QRB“%W@%%B‘ JReRIAS: WSWW&OE%HW?T f':qeqtﬁad 3%"% ?hﬁ?'b?%s%%gcognat e
pai rS]; T@Qignﬁ'ﬂhbmﬁbeﬂlﬁbnt@éﬁ@deér?d'Bud‘,br}juhaithlbﬂiﬂkaifia}atlyﬁhk_ainﬁbmbimﬁgidmwmy ~
transfected host c s are prefera sel ected for.sit eci fi ,
i nt egr aﬁ'QBtrFf?g‘p‘ﬁ’F@E%I r?Q'OFTﬁB&? ?ﬁod'ﬁé?escaé? NS¢ 8‘?1515fragr8?|§°rt§€§8nﬂﬁ@r{eg'8p ection
my be amabdidgdeiqMehbed. SepR ah insertinalanfferadaimpie génveatand-aprefgatdll y, those
Wth simlar %rowth r at are used to ener{ate a pol Xcl.onal cognat.e pair
'\ b ar y SPGEREN TR0 A Fleaal arDBp SRTREIIORRE 8" 37 REISTh oA P E RO
desi 1sed gpignedranph fulidbhgth antbdagf Prefergetisdly atdng védier isanekprebsiomdeadrel y af ter
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i ndi vi du ransfect st r e ore selection is
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pol &I orfRMFSPUNg SEENGES RPHEGIo0 AT FIsgHEPMa & sopstantdah chameicogry
bi or eactgefGencE®osdn foslihLifrehenabda or Kdppa shaige Tiis isiprefbrredian théd geseratidroof
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manuf actQmery %PP&Q%W H\?."ngﬁ%mé'?jr%cgﬁf’r?ﬁﬂ?erﬁ?sﬂrh i té%sgﬁton rﬁP&ﬂ&f 8§ is a
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il § 11 GBE VePeledt NTRRCE AN Rl B o gEhd Breb M LB ATo R Enhe
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of |i nkeinRfH dons@ht Nesviyahbin ri@theaddacByusigg sesipeease therg iy adddoor of  host
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d the present inv .enconpas

popubat i RSAVIGINY @dpstection Sitg H‘cfh?l@o‘f'Bg ?ﬁ‘@le&F%’é’V@&i § ana%tVﬂrétag? brary the cells
have begf ghbmasémbomtheht Gnisd pkett ivdnllon, Mieindivilobysegaatls fahd linkedt he

popul ati on of cells onl '

, g consti L¥[ elsﬁé coHe. c%gﬂﬁteiai r ofd. the entire
| i brary BiCleoHgf82REPSET 'S CORRESTHL it Y P GO VAEHDR Fe9st ¢R8P 5PAYS) °61
cognat e fsRbfiste8 XGRS ciidh Qaridbireghencodiag seqeihnes bed y2hin varialiieségiqr ef er r ed
10% of the total nunber of individyal menB%rs .exEres ed fromthe
popul at i YIFOHINI FESYence@sLocigtpd 3'”[5%?%53?‘@@”@ JaPHR APCIHNG FFIVBP & ent
| nvert i OPrefdritsty, ARsH4 Imké® Bediionb&sireditddriad iirfo aaveoml inancaredihs sedueAcgopul at i on
of host cells as descriJPe in trEe above_can be utilized fdor hhﬁ ?ﬁ<epressi on
of a encoding one or more TcR constant domains. The insertion Is engineéred such that

inserted linked variable region encoding sequences are in-frame to the corresponding TcR
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recombi nant pol ycl onal binding protein, since individual cells of the
popul ation constitute variable region encoding sequences of different
diversity. One enbodi nent of the present invention, is a reconbi nant

pol ycl onWVORPB8#$4expressed from a popul ation of host PETK2987950948i ng a
library of vectors encoding diverse cognate pairs 20of Iinked variable

regi on eRESEhNSgRATHEHERS seURESs. 38 & furbher bRbakYndnS, stBk aivealt B HohimBAc Met hod
of the present Invention, Typically, a reconbinant polyclonal prot ei n of
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enbodi nent of t Eresen invention, is a reconbi nant pol ycl onal
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ganma ¢ hanths¥ HdeftRinGnto’aitsble k/bél&%(béhbidﬁn? @l aoele@h@ra?y bR, SSUPH Kbtary
encodi ng sequences Anot her enbodi rent the present invention is a host

cel | WsuiqfyBe ersrqsampﬁhseaa&r%ﬁlvsrsﬂa OT'rB?if?ccPchﬁﬁ‘Pb!%FQ&'%'I PrcodingpeAveNERar a

nmonocl onghe adPecbsidiie pRIBAT iFRMIBA i mﬂﬂﬂaéf%nﬁl%d‘emnmc@gﬂawépws%%@dv ari abl e
region with a heavy chain variable region or R conpri sed of

a cognatv@rigkleregen SW‘POSFWQUSWFB%P@W@BW&‘P Rdividugl aetibadigs of Bis1liBrantgi on or a
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vari abl e region. Preferably sSuch a nonocl onal production cell line is not a
hybr i dorfeheady (chpin yarialap segien wﬁgﬁapemmag}e EPBCI%‘J:@%W'W SRSt ed by
addi pg trBgiohe! | owi ng steps to the nethod of linking a plurality of
non-cont i guous nucl eotide sequences of interest_a) inserting 5said |inked
nucl ei c AOMPr PERferspr raryff Gognaje peiss corppriserinkediER fRPian PRFOEG IHAUETHRSS, a

host  celytieré badinbivitabi THR ﬁe@idﬁ éi%amg %bh@edé@g%mﬁﬂé@éﬁ hIBAS chalh Vakdtse f OF
expression; and d) obtaining %?‘@'F ei n product expressed fromthe vector

i nsert edegiAb gneedlieg ?R%*P“%WSOGWF B p9ta PR ‘(?é'é‘P'Sr" egiAR CRSRIISGIMERCE he

host Ce'dndﬁﬁ%@h@gﬁé‘ﬁmh RelbinivaHable bfcdofig se‘aﬁel’v’@ér As32BLiBtetRAIhO NSRRI
sequences ications of the lnvention One of the mejor applications

of tHe ﬁ’ﬁ@é@ﬁfeg‘%@f‘ﬁqdﬁg ﬁeéluﬁ'ﬁ@ | i nkage of cognate pairs of variable region

encodi NG SEAHENSEHH 0fQ§eP§%'sé v rfBN %%%&hh’d—h’r} d?%ay#‘télﬂgné b*g#%ke&Ma%:e
vari abl e regl on encod I ng q,gences or TcR al g a and beta chain or ganmmma and

del t a cHegiRN GBEGHN @qusg? Al BFadls fodrpirad Binding,spgcificiies dirpciasAgaiist Aet hod
for the ,ﬂeﬁt@raattarg& pfeféréb!yhﬁ@srel @nale [fa%%ﬁ\%n@@hﬁk%d :muﬁg%bsumghpcﬁahﬁ

generation of cognate paif libraries, the nultiple
i nkage vg§iab! Pg%a'%ﬁn%hewé@m \REaplgHegien ﬁn@)cvﬂﬂ %ﬁ%?@@@%V eR@ighackaBnsi on

RT- PGR tyaabhik @efisn 8hd b&x8 RABRSAREDIE /@6 b@ébdrr@vséaaehﬁésldnéﬁﬁ TeR daffina
generation of conbinatorial Iibraries of chineric human/non-hunan

ant i bodi%83INPrigkiereginm ARd ARl ?'@é‘hﬁﬁ"’!ﬂ?@ '$6108 9HGRAINGFEHIENGES-genet i cal | y

di ver se £Rirth&r eiBbdimkhsia b&ublibrFy §ue&ea fiRAPA parehPRbray @Qs@{dté Pa.fy ofon RNA
purified fromsuch a population of cells. The |ibraries, sSub-libraries, or

si ngl e MeERRS r?Q‘W%??@'T@fSQQHQ%‘@SIqSMPF'@ tf‘%‘igh?‘ftélﬂ%'“ﬁ’ﬁ'ét'oéxpr essi on of
pol ycl O'Jﬂabre%rré@lﬁé?ﬁk?ddﬁﬁ@fht PR |SreBént uﬁ%ﬁﬁ&i ald [)br:.fﬂ‘? raesbmn@rlarwnceeﬂn feb@m
ant i bodi es %/ obtained fromthe braries o present invention
30 pairs of full- Iength chimeric |mmunoglobullns selected from human mmunoglobulln classes
IgA1, IgAZ2, IgD, IgE, 1gG1, 1gG2, 19G3, igG4, or IgM.
Another preferred feature of the present invention is a library or sub-library encoding for
soluble and stable cognate pairs of TcRs.
A feature of the present inventiion is the diversity of said libraries, which are comprised of at

35 least 5, 10, 20, 50, 100, 1000, 10*, 10° or 10° different cognate pair antibodies.
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The use of reconbi nant nonocl onal antibodies in diagnostics, treatnent, and
prophylaxis is 25wel |l known. Reconbi nant nonocl onal and pol ycl onal

anti bodi es generated by the present invention wll have

appl i cat i"B‘i’ig('“é@““&ﬁ‘li body products generated by existi nf%ﬂ@ﬁ%@g@aqoéss. I'n
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.30 ni. of. Rpg 1640 W/%P%o FCS .a
to a 74 PHingaiinities iniailrary 3MRP3RA A'S898YEBAY) in a 10 cm dish. Wth the
back;sof 1a aSyttigt@mbebinige bf theipeesept ineertionsthe maticedt aitgedietating adibrary of daist er .

RPM 1640

The 15filter was rinsed 10 ni 0% F | Ut i i r was
r enoved %h@‘qdh‘@‘”aélﬁ fegipn PGPS $5AY8NGRS: ‘I%‘fl‘ﬁf ﬁgﬁségﬁ%%{'%g%sg%gp'fa@e*fs wer e
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t hr ough Vﬂﬁ%gﬁﬁea%rﬂﬁ'gﬁ?ef:ﬁ?'g’e%”f%@@telgﬁ B %ﬂ&np%%dg\%r%%dpggagﬁ .eﬁgfseiq"lﬁi wer e
pel | et edseanéndes; is dRpaaGesd a IbrEGf tar§abPvEE: tograe pairs.a cel | density at
202x107cel | s/ ul nd frozen. Frozen.vi it h t i Lngl e
cel | MsuapersrBies peneamien) o fF esehiaviibh e =R 0 TBRCHEER bRt haved
at 37 C mind of vandfeareniod dneodiby sbquenbes isittansfiemred & an exppessientectar 0T
ice-cold RPM, 10 % FCS , was drop:.w se added to the t I.| e i.rling.
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Cells were pelleted and fesus ded in. 1 P 2 % FECS. (final .volune) and
subsequeqﬁﬁegg'ggap tYR# Phe Iiyﬁgforgﬁfqen@gng;eﬁ%@qu ?ﬁpé%ioh\}@g?o( BD cat no
553270) mBcnahan. CD138 PE diluted 1:40 (BD cat no 553714) in 1 m PBS, 2%
FCS or with anti B220 APC (BD cat no,553092)  di.l ut 1.4 nd anti MHCI |
Fi T ( BUMBiORgiosheaKa 7 PRI Su bR G e i bERraR SBed o 4 C for 20
mn in tkgneglbuli viiable regieh kacotirigsarasheas. Suth assaysvatehwdl kriowRBSe &t % FCS
and added up to 15 m PBS, 9 ( | £, serum . Jus fore
201t ng. o1t Cnstuibdateregipa FA. FRa’ EERPOT SRS AR HR s SRIE count o
app. 100@esRADBosE lanals o filtéret arFPCS. The st dysataaieithadse perkruepincd didedtn
Figure 3. Fig 3A Pl positive (dead ells were excl| uded .i ottom |l eft
panef? (Iji'?f‘”e?‘h'éth'ﬂg Qﬁ@w&ﬁ&ﬁsﬂa@r‘%d@%@‘ed@"&ﬂﬁ%'°h‘i?‘5‘h‘{ar'éﬁfté’§9e'ﬁ'?gh in
bot t om r é@htingaeglericBR)Altematiaély ythe dombhesdssays can be performed in combination with
or following enrichment methods such as phage display, ribosome display, bacterial surface
display, yeast display, eukaryotic virus display, RNA display or covalent display {reviewed in
FitzGerald, K., 2000. Drug Discov. Today 5, 253-258). Both cognate Fab expression libraries
35 and cognate full-length antibody expression libraries can be subjected to screening, thereby

generating a sub-library of positive clones. Such screening assays and enrichment
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(TT) or ﬁrﬁ%ﬂré@.”ﬁr& a@d@uﬂ@oaé&ﬁﬁw&%s@ﬂa@me%r BonsRaehal I%rse@%fﬁﬂléﬁ005 062)

i n PBS. 1e sanme vol une of was present in the control | s. The plate
was | ef tvagablg regionse day after wel s were washed three ti mas in PBS before

bei ng b'lﬁ‘éﬁ&ﬁoﬂ"célﬁmﬁgﬁld&lca@%eﬁ n% é)/ﬁpﬁélame@tdrg opﬂmenﬁ&qlsﬁﬁéttlt éabfbsC. The

pl ate was noved I"'ncubat or hum dity) 1h before
addi t i orth®fseef vasiouqtmeg pf wartiapal wre%mw @tsﬁeiermbwméwéc%ﬂ@abﬂésw anti | gG

coat gd Rkirsd ﬁageh.becéﬁfcﬂ é&FEéhﬁ@%és‘éys |WEQH€%V‘A(rE%Hﬁmfé@'tb g@maﬁdhcdsggfsd as

control. The plate was noved to an 1 ncubator

huni di tyf)rusm@tl‘@érpnaﬁ%@as celidling assayssiaPraesiythsifngiphal osseysr@idife t he
cells, aridy ﬁﬁgh.tﬁﬁc?a&u@)?ommﬁ@&mtéms lfrerrP&ﬁs téHQé&@H%ﬂh' y, the

wel I s were adde - conj ugat ed goat™ anti-nouse 1gG (CaJtag M30007) dil uted
1: 3000 |G¥PH3MOH¥GQ’MSSH|1H¢W¢R“%‘O\AUH (100pl /wel1). After 2 hrs incubation

37 C wg} 'aspré\%Fréd%'BS%én*ﬂbﬁﬁetpkéﬂ%ﬂt inoeﬁ%%"@le%%&l&?gﬁag& fisthhydbeslgby three

times with onl S. Spots were then devel oged with 100 pl chrom)genlc
subsr at@e@@%@matmeaifﬁ OFZ@WQ‘JE%%PE'ES efrarigbls ragjpmeneading sequences is

3-am no r%rl%ﬁﬁé{& sgalngﬁ%g' H-fﬂr&:g%%ls&%éﬁ‘ﬁga&éb?tﬁgh-ﬂﬁoégﬁput Iaeeﬁ %Qésays

devel opnment was washi n tap water after ng t he
resul t s doHldkep et are rpt %W“&S’eﬂol EL SS@IﬁBerfﬂf@'ﬁd be@mlﬁu@mat@el@ré‘u
Figure %}?rﬁaee 'eﬁh:ﬁmfeﬁf |tEBu%r£s@5@§%m%n@BQ§mh Wil aéc%na’oar@/&ﬁfoﬁeau TT

specific asma bl asts 25(P positive, In Fi gure
3B) are mkégaw ga@d%gmt@ﬂnm@wlate mefﬁﬂesoﬁ tpp@é@@%rtpéﬁge% ﬁ@%’@tﬁlﬂ'ﬁf@yﬁt y of

the PC L cBiBnie nLe eRbr‘é@éiﬁb 'aﬁﬂ,zé?xf—buﬁ&ﬁ& hididcufiat Tﬁ’&ﬁ'iof‘e%u%%ta?é sécTetbmmau@a
Tabl e spot s nber~ of sorted cells) Coat SPCO (1 01)
ND ND p]gpr()bl(apg ogl;q;g second underlying antlgen -coated membrane whlch can be developed’
separately and used to identify clones that secrete antigen binding molecules towards the
desired target (de Wildt, R.M., et al. 2000. Nat. Biotechnol. 18, 989-994).
When a sub-library of cognate pairs or combinatorial pairs of antigen-binding clones has
20 been selected by an appropriate technology it is possible to perform an additional analysis
by DNA sequencing of the linked immunoglobulin light chain variable region and heavy chain
variable region encoding sequences. First of all such a DNA sequencing will provide
information about the library diversity such as germline origin, family distribution and
maturation within the CDR regions. Such an analysis will enable the selection of clones
25 which represent a broad diversity, and leaving out repeated clones. Secondly, DNA
sequencing will reveal mutations introduced during the isolation process.
When analyzing variable region encoding sequences there are three types of mutations to
consider when assessing whether a mutation is acceptable: i) The most frequent type of
mutations result from cross-priming, where a V gene primer due to sequence similarities
30  primes a germline sequence to which it is not totally homologous . The changes introduced
are mainly substitutions of naturally occurring codons at one particular position. Due to the
high degree of sequence homology between V-gene sequences . Some of these changes
may be significant, sometimes with no natural counterpart. Such changes could potentially
affect the immunogenicity of the variable region by creating new epitopes. Such changes
35 can easily be identified and subsequently repaired using standard molecular biological
techniques or the clones can be excluded from the library; ii} Errors created by the Tag DNA
polymerase are most easily identified in the constant region encoding sequences and can
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possibly sequence analysed pairs of linked immunoglobulin light chain variable region and
heavy chain variable region encoding sequences are transferred to a mammalian expression
vector. Such a transfer can be performed into any of the vectors described in the previous
10 section, enabling the expression of a full-length recombinant antibody. If the screening is
performed with a mammalian cognate full-length antibody expression library such a fransfer
may not be needed.
In another embodiment of the present invention, the parent library is generated from a
lymphocyte-containing cell fraction which is enriched for T lymphocytes. The pairs of linked
15 variable region encoding sequences constituting the parent library, may be selected for
encoding a subset of pairs of linked variable region sequences, composed of alpha and beta
and/or gamma and delta chains that encode binding proteins with a desired target
specificity, generating a sub-library of cognate pairs or combinatorial pairs. Antigen-specific
T cell receptors can subsequently be identified from a pool of fransfected cells using
20  standard methodology such as staining with tetrameric MHC-peptide complexes (e.g.,
Callan, M.F. et al. 1998. J. Exp. Med. 187, 1395-1402; Novak, E.J. ef al. 1999. J. Clin. Invest
104, R63-R67), by measuring cellular responses in the form of IL-2 release or by more

sophisticated means such as yeast or retroviral display techniques.

Host cells and Expression
25 The libraries of the present invention can be transferred to vectors suitable for expression
and production of proteins encoded from the linked nucleic acid sequences of interest, in
particular variable region containing binding proteins or fragments thereof. Such vectors are
described in the Vectors and Libraries section, and provide for the expression of for example
full-length antibodies, Fab fragments, Fv fragments, scFv, membrane bound or soluble TcRs
30 or TcR fragments of a species of choice.
One feature of the present invention is the introduction into a host cell of a library or a sub-
library of vectors of cognate pairs of linked variable region encoding sequences or a single
clone encoding a cognate pair of linked variable region encoding sequences, for -
amplification and/or expression. Host cells can be chosen from bacteria, yeast, other fungi,
35 insect cells, plant cells, or mammalian cells. For expression purposes mammalian cells,

such as Chinese hamster ovary (CHO) cells, COS cells, BHK cells, myeloma cells (e.g.,
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wer e:  1dibrary.9fe indilidual G&fis in the collection of cells are capable of expressing a distinct

member of the recombinant polyclonal binding protein for example from a library of cognate

15 pairs. In order to ensure that the individual cells express a single cognate pair and not
several cognate pairs of the polyclonal binding protein, the nucleic acid sequences encoding
the cognate pairs are introduced into a single site-specific site in the genome of each
individual cell. This is an important feature of the collection of cells, since this prevent
scrambling of the heavy and light chains expressed from each cell, but also because it

20 generates cells that are virtually identical to one another, except for the small differences in
the variable regions of the individua! cognate pairs. This trait will enable an unbiased growth
of the collection of cells over the pericd of time necessary for the production. To ensure
single site-specific integration, a host cell line with only one integration site should be used,
these are commercially available e.g. Invitrogen’s CHO Flp-In cells containing a single FRT

25 site. Appropriate vectors for this cell iine contain a corresponding FRT site and are
introduced into the genome using the Flp recombinase. There are several other known
recombinases e.g. Cre, beta-recombinase, Gin, Pin, PinB, PinD, R/RS, lambda integrase, or
phage ®C31 integrase that can be used in combination with their corresponding
recombination sites. Further, appropriate vectors contain a selection marker that enables the

30 selection of site-specific integrants.
The generation of a polyclonal manufacturing cell line and the production of a recombinant
polyclonal protein from such a cell line can be obtained by several different transfection and
manufacturing strategies.
One way, is to use a library of vectors mixed together into a single composition, for the

35  transfection of a host cell line with a single integration site per cell. This method is termed
bulk transfection or transfection in bulk. Generally, the vector and host cell design previously
described will ensure that a polyclonal celf line capable of unbiased growth will be obtained
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GCTGT AGHHBF&y Ghnstitited 10426 kidividual vectors. Each composition is then transfected into

an aliguot of host cells. This method is termed semi-bulk transfection. The number of

aliquots transfected will depend on the size of the library and the number of individual

vectors in each fraction. If the library for example constitutes 100 distinct cognate pairs,

which are split into fractions containing 20 distinct members in a composition, 5 aliquots of

1 host cells would need to be transfected with a library composition constituting a distinct
fraction of the original library. The aliquots of host cells are selected for site-specific
integration. Preferably, the distinct aliquots are selected separately. However, they can also
be pooled before selection. The aliquots can be analyzed for their clonal diversity and only
those with sufficient diversity will be used to generate a polyclonal cognate pair library stock.

15 To obtain the desired polyclonal cell line for manufacturing, the aliquots can be mixed before
generating the freezing stock, immediately after they have been retrieved from the stock or
after a short proliferation and adaptation time. Optionally, the aliquots of cells are kept
separate throughout production, and the polyclonal protein composition is assembled by
combining the products of each aliquot rather than the aliquots of cells before production.

20 A third way, is a high throughput method in which host cells are transfected separately using
the individual vectors constituting the library of cognate pairs. This method is termed
individual transfection. The individually transfected host cells are preferably selected for site
specific integration separately. The individual cell clones generated upon selection may be
analyzed with respect to proliferation time and preferably, those with similar growth rates are

25 used to generate a polyclonal cognate pair library stock. The individual cell clones can be
mixed to obtain the desired polyclonal cell line before generating the stock, immediately after
they have been retrieved from the stock, or after a short proliferation and adaptation time.
This approach may eliminate any possible residual sequence bias during transfection,
integration and selection. Alternatively the individually transfected host cells are mixed

0  before selection is performed, this will enable control of sequence bias due to {ransfection.

A shared feature in the manufacturing strategies outlined in the above is that all the
individual cognate pairs constituting the recombinant polyclonal protein can be produced in
one, or a limited number of bioreactors. The only difference is the stage at which one
chooses to generate the collection of celis that constitutes the polyclonal manufacturing cell

35 line.

One embodiment of the present invention, is a population of host cells comprising a cognate
library or sub-library of linked pairs of variable region encoding sequences.
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nmMvH A 0. 04 TATTCCCATGGCGCGCCSAGGTCCARCTGCARCAGYC 3 nivH B 0. 04
TATTCCCATGGCGCCCCGARGTGVAGCTKGTKGAGTC 4 nmivH C 0. 04
TATTCCCATGGECCCCCCSAGGTGCAGCTKMAGGAGTC 5 WA/IT, RRA/IG S=G C, Y=C T, K=G T,
MEA/ C, HEXBRIOSEOMSE conc. - final concentration. Tabl e PET/IHEI08%/0300480
nouse Synpl ex nested PCR Priner Conc. nM Sequence Seq. no mMIH set

In a further embodiment, a population of host cells comprises a library obtained from a

population of isolated single cells constituting lymphocytes, utilizing the multiplex RT-PCR
amplification followed by linkage by ligation or recombination or the multiplex overlap-
extension RT-PCR technology of the present invention, to link the cognate pairs.

s Another embodiment of the present invention, is a population of host cells comprising a
combinatorial library or sub-library of linked pairs of variable region encoding sequences.
A population of host cells according to the present invention, will encompass a diverse
population of cells corresponding to the diversity of the library the cells have been
transformed/transfected with. Preferably, each cell of the population of cells only constitutes

10 one cognate pair of the entire library of cognate pairs, and no individual member of the

* library of cognate pairs exceeds more than 50%, more preferred 25%, or most preferred
10%, of the total number of individual members expressed from the population of host cells.
In a preferred embodiment of the present invention, the population of host cells is
mammalian cells.

15 A population of host cells as described in the above can be utilized for the expression of a
recombinant polyclonal binding protein, since individual cells of the population constitute
variable region encoding sequences of different diversity.

One embodiment of the present invention, is a recombinant polyclonal protein expressed
from a population of host cells comprising a library of vectors encoding diverse cognate pairs

20 of linked variable region encoding sequences, where such a library is obtainable by the
method of the present invention. Typically, a recombinant polyclonal protein of the present
invention is comprised of at least 2, 5, 10, 20, 50, 100, 1000
composed of different cognate pairs.
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A preferred embodiment of the present invention, is a recombinant polyclonal

25 immunoglobulin expressed from a population of host cells comprising a library of vectors
encoding diverse cognate pairs of heavy chain variable region and light chain variable region
encoding sequences.
Ancther preferred embodiment of the present invention, is a recombinant polyclonal TcR
expressed from a population of host cells comprising a library of vectors encoding diverse

30 cognate pairs of TcR alpha chain variable region linked with beta chain variable region
encoding sequences and/or TcR gamma chain variable region linked with delta chain
variable region encoding sequences.
Another embodiment of the present invention is a host cell suitable for production of a
monoclonal protein. in particular a monoclonal antibody comprised of a cognate pair of a

35 light chain variable region with a heavy chain variable region or a monoclonal TcR
comprised of a cognate pair of an alpha variable region with a beta variable region or a delta
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mMIHL 200 GGAGGCGCTCGAGACGGTGACCGTGGTCCC 12 miH2 200
GGAGGCCCTCGAGACTGTGAGAGIGGTACC 13 ml H3 200 GGAGGCGCTCGAGACAGTGACCAGAGTCCC
14 m} H4 200 GGAGGECGCTCGAGACGGTGACTGAGGTITCC 15

WO 2008/104184 miK PELDK2008/050048
variable region with a gamma variable region. Preferably such a monoclonal production cell
fine is not a hybridoma cell line.

Such a monoclonal antibody or TcR can be generated by adding the foliowing steps to the
method of linking a plurality of non-contiguous nucleotide sequences of interest a) inserting

s said linked nucleic acid sequences into a vector; b) introducing said vector into @ host cell; ¢}
cultivating said host cells under conditions suitable for expression; and d) obtaining the
protein product expressed from the vector inserted into said host cell. Preferably, the vector
introduced into the host cell encodes an individual cognate pair of variable region encoding
sequences.

10 - Applications of the Invention
One of the major applications of the present invention is the linkage of cognate pairs of
variable region encoding sequences, especially immunoglobulin heavy and light chain
variable region encoding sequences or TcR alpha and beta chain or gamma and delta chain
variable region encoding sequences, by a high-throughput method for the generation of

15 libraries of cognate pairs. In addition to the generation of cognate pair libraries, the multiplex
RT-PCR followed by linkage by ligation or recombination or the multiplex overlap-extension
RT-PCR technigues of the present invention may be utilized in the generation of
combinatorial libraries of chimeric human/non-human antibodies by performing the
technique on a population of genetically diverse cells, cell lysates from such a population of

20 cells, or on RNA purified from such a population of celis. The libraries, sub-libraries, or single
clones from one of these libraries facilitate the expression of polyclonal or monoclonal
proteins. Especially monoclonal or polyclonal antibodies may be obtained from the libraries
of the present invention.
The use of recombinant monoclonal antibodies in diagnostics, freatment, and prophylaxis is

»s  well known. Recombinant monoclonal and polyclonal antibodies generated by the present
invention will have the same applications as antibody products generated by existing
technologies. In particular, a pharmaceutical composition comprising a polyclonal
recombinant immunoglobulin as active ingredient, combined with at least one
pharmaceutically acceptable excipient, can be produced by means of the present invention.

50 More preferred are pharmaceutical compositions where the polyclonal recombinant
immunoglobulin is comprised of cognate pairs of variable region encoding sequences. Such
pharmaceutical compositions of polyclonal recombinant immunoglobulins can be used as
medicaments. The polyclonal recombinant immuneglobulin of the composition can be
specific for or reactive against a predetermined disease target, and the composition can thus

55 be used for the treatment, amelioration or prevention of diseases such as cancer, infections,

inflammatory diseases, allergy, asthma and other respiratory diseases, autoimmune
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m] K1 200 GATGGE GCAGCCACAGITCGITTGATTI CCAGCTTGGTG 16 mIK2 200
GATGGTGCAGCCACAGITCGTITTTATTTCCAGCTTGGTC 30 mIK4 200
GATGGTGCAGCCACAGITCGTITTTATTTCCAACTTTGIC 31 mJ K5 200

GATGGT GCAEOCHSABHIBEGT TTCAGCTCCAGCTTGGTC 17 5 EXAMVPLE 3. PCH/IJRI0A%059948
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5 Examples

Example 1:

Balb/c mice were immunised subcutaneously with 50 ug Tetanus toxoid (TT) in complete
Freund’s adjuvant. Mice were boosted on day 14 with 50 pg TT in Freund’s incomplete

10 adjuvant. After additional 30 days, the mice were boosted with 50 ug TT in Freund'’s
incomplete adjuvant. Three days after the last boost, the mice were sacrificed and the
spleen taken out and transferred to a tube containing 30 ml of RPMI 1640 w/10% FCS at 4
°C. The tissue was transferred to a 74 um cell strainer (Corning,136350-3479) in a 10 cm
dish. With the back of a syringe plunger, the spleens were macerated through the filter. The

15 filter was rinsed 10 ml RPMI 1640, 10% FCS solution. The filter was removed and the dish
filled with 20 mi cold RPMI 1640, 10% FCS. Cells were transferred to 50 ml tube and
centrifuge at 300 x g at 2-8 °C for 5 minutes. Cells were re-suspended in 5-10 ml 4 °C RPM!
1640 w/1% FCS and filtered through a 50 um syringe filter (Becton Dickinson, 340603).
Cells were pelleted and re-suspended in FCS; 10% DMSO to obtain a cell density at

20 2x107cells/ampoule and frozen.

Frozen vial with splenocytes in single cell suspension from Balb/c mice immunized with
Tetanus toxoid, were thawed at 37 °C and transferred to 15 ml tube with ice still present. 10
mi ice-cold RPMI, 10 % FCS was drop-wise added to the tube while swirling. After one wash

25 in 10 ml FACS PBS, 5 ml PBS, 2 % FCS was added before filtering the cells through 50 pm
Filcon (Becton Dickinson cat no 340603). Cells were pelleted and resuspended in 1 ml PBS,
2 % FCS (final volume) and subsequently stained with either anti CD43 FITC diluted 1:100
(BD cat no £53270) and anti CD138 PE diluted 1:40 (BD cat no 553714) in 1 ml PBS, 2 %
FCS or with anti B220 APC (BD cat no 553092) diluted 1:40 and anti MHCII FITC (BD cat no

30 553547) diluted 1:200. Cells were incubated at 4 °C for 20 min in the dark. Finally, cells were
washed 2 times with 2 ml PBS, 2 % FCS and added up to 15 ml PBS, 2 % FCS (foetal calf
serum). Just before sorting, Pl was added at 1:100, and cells were sorted in an event count
of app. 1000 — 2000 cells/sec. Gatings for both stainings are depicted in Figure 3.
Fig 3A: Pi positive (dead) celis were excluded in the bottom left panel {(P1). Then plasma

35 cells were gated as CD43 high, CD138 high in bottom right panel (P2). Finally, doublets
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43(6):772-85. Ten human carcinoma cell 5lines derived from squanmus

car ci noggse 8fciided iferRASSOH, HSCkW) plettpp eigist panpe (3. Galispbsitive O3l three

t /cell t . Cell | t d
| " DENRIEa S0 BRSO e o pei BB oy ne Serum s

d ycerol, 5mM Sodi um Pyruvate and 1% Penicillin Streptonycin. Before each

i nmuni zati on the cells were washed in PBS, trypsinized with TlypLE and
resuspe o growt h medi um Subsequently the cell 10 suspensi ons was
washed twice in PBS by centrifugation at 250Xg for 5 mn, dislodging and
resuspension in 15 r anti FBS and
O e oSl b B RS R VR BERER o Pt
modul at ePEtsh |sorfm>m|©cmgm@n@e)efd?@bembeoateuwm1mnumizz|aagfmtmrmenqmom @TFoeund' s

Adj uvant er eas | nc |ete Freu I s used
15f or t ﬁae%%%téwuafﬂﬁ o AAroR T NS, o i BT nbRedl At hekat®
CoNMpos eqoRimdBfIFESWa® p&e@eﬁtnnl tr@%mm WElR. Tioe platechadlefitat &i°C| kg dair afted,

Mycobact eri um speci es, are. adde dj uv s h §e
gi veld rvElsiErg Hﬂa“qdéPﬁegﬁeé@?’E‘r? f%r]eaﬁleh]g ﬁq‘%ﬁﬁfﬁﬂg’%@g gggmén? i/"ssckused for
the fir shindgonaet d leR2$4C. PRSIkt WEs NGl the heobaster (8del 586 CO,LE0886 f or

subsequent I mruni zations. The enul sions were teste n r on the
20sur f adwmidity) g befose aiditipngitcatis. 10p 1 eRlisdp BRMRIBRdR ﬁgp‘é‘:’s eg F‘gﬁj Eté

emul si & & 2ot Nefls 8R4 blolked &l?%l@%&@ﬁ mhkﬁo@&feﬁ@ﬁvﬁ?dmh@@b)és%bmm €The

errulsmn were admni stered to m ce. pendi /g he schedul e (see Tabl e
4y, 25- MBp@smg@]ammcmbﬂtot@VP@ ﬁé@@%sm B\dm@ﬁth'rhﬁf’ét?ﬁ%t eNfRte ot al |

m ce received t | or
D00 1 * iR i sELfs B Rematd iheBeBE oK el 86 Aok TheBnO0ERA BRIA D
subcut ar%mﬂups(:(wemtly th@@ehwapaﬁdedh&?&f c@njquat@i goaganti-mauag dadifcaliae. v. ). At
Spl oens Mot AfudLfSiERRAEL 2ha SO ik it Clouhalh DA zHts irddBaddhf

( Cor ni ngmtmms @4ieoyashed dhree ltimssike P@Sﬁra@é%dwean PAfdigwrd by dhree timep with
resuspend 0 t for 5
m nut gs ”ﬁlpég §§’ot%w§:)'\{be¢/§§\pcarl SQESN @nﬁ Ogﬁgh%lagﬁ%é&'géﬁtggo%’/ﬁtﬁg%gfl | tered
30t hzoughO 5% 61,Qprasd @ Brgg/mi pi 3-em"(<ﬂ3#tm1$6@@39|eah@ 1ibsadite aeetatp, pH 5.1

i th 105 BB SR B o R B R BB o oG, “Facs

sorting of nurine plasma cells Vials with frozen spl enocytes were thawed at

37C and transf t ; -cold
RPM , L@@Eﬁ e%@kté 'ﬂ t%tﬁowq| hgrag@‘réu\r%g&g& %@ Hlé\d se a 3eéd {G(? t‘%ﬁgrﬂt EIEGI% whi |l e
SWirli ngsA)Mptaeiflc fon@ T\eas hreisantl) approxinGseIPRSe, Whateas-Uhspifici plasieriblastBef or e

filterin I 5 and
resu&pe n@gd Bﬁﬁﬁ %ﬁll—%c%gggl %6[%? Egé{{e)? 8%%#&% (550(5%%E %%%@mﬁ%ﬂﬁﬁ;zﬁ? FBS
(final v'Eﬁlsl itejtraiexiths tsaperiditywftthe RE: to-RED Broxiuttdapispaaiic auibedies@itentEor di ng
to the S, |f|({, @HUUOI’I to a final concentration of app. 5 pg/m. Cells
were inc lféchg 4C for 20 mn in the dark. Subsequently, cells were
washed 2 tines with 2 ml FACS buffer. Up to 15 m FACS PBS were added.

Pr opi di U'Fétlplgqi de (PlI) was added at

Number of spots (number of sorted
cells)
Coat: PBS | PC 0 (1,001) ND ND
PB 0 (13,976) | 0 (1500} 0 (150}
Coat: TT PC 22 (1,002) |2 ({250) 0 (50)
PB 54 (13,257} | 0 (1500) 0 (150)
Coat: o- PC 55 (1,000) |6 (250} 1 (50)
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51: 100, and cells were subsequently sorted into 96 well PCR-plates,

contai ning PCR reaction buffer (see below), and spun down for 2 mn 400Xg
before the plates were frozen at -80C. Plasma cells were gated as

CD43- posiWOBISOO4IB38 positive. Linkage of cognate VH an®C¥/DK2988/456048he

| i nkage of VH and VL codi ng sequences was perforned on the single cells
gated as i opl asfpacet s, Thgertitar] ma IR g odhsaye v and V0L

codi ng sequences‘gGThe oro%gdure u ??szdebgga Y Mre based on
a one-step multiplex overl ap-extension RT-PCR foll owed by a nested PCR The
primer mxes used in the present exanple only anplify Kappa |ight chains.
Primers capable of anplifying Lanbda |ight chains could, however, be added
to the rEXample@x priner mix and nested PCR primer mix if desired. If Lanbda
priners 15are added, the sorting procedure should be adapted such that
Lanbda positive cells are not excluded. The principle for |inkage of

cognat e Adspzandviallof splguesytasswassstained s dasesitbed in exajople 11. The 96-wel | PCR

| at : : M| th
Uit pt S E(ert A IR r RSl SREL Ehelitrty Gtb B0 APl A 0L | "
bef or e tHirstsiR gositivedn deasiasils wespexchideddn redwtiooniel parel(PlORES: 6p188 - PCR

Buf fer; .3 J F J . A .

i bi ¢ PR e EOETRIGR, bRt GR1S8 nERTOORSTighanh & EORRPHEN QP RGPRI:

Enzyme MR138iBlerniediatel 643 (vaddD000els apsitivenfox Pl 200 epth ebiba four gatastwgre t he
i fi - [ ' - t Th | at ~

Pnouiat S9p8 T8 FRENEBE 6B i iof Lyl e B L, Bt fon of the RVA

fromeach cell. Following the RT, the plates were subjected to the

fol | ow ‘ ; ' C,
min ar 138 S pA dob e e Bligsodadint) #Res BRctloibing 16 gR8 e BT
Ther mal tubes werevgenthifigePesd resuspemiarkistDulacco’s ngwlifigdl Eagld’smedium@ydairingt o

cycl i ng.> AFRNRE TG AR, PRGSO T BRAMTIS SRRt BB 1 (e

f ol | vwi ril@ wiprr wbe and fegemahr8@Ell (20-pl reactions) to obtain the given

final c o, Fas: , ] ch),
nest ed ﬁlﬁ’ﬁ’g%‘g %%?8%)8( ggihlll %ﬁ@%@}%ﬁgﬁ%&r}o@ﬁ@ﬁnﬁg ngg%%%ﬁdf Q%f:s E’ﬁzynes)
and FastsSriad iymHpgitiesiodomnaye thezopntenBbblo6-kaprs aptib®RlyohBNA. Fle basipl ate f or

t he nest PCR, nsferred fromthe nultiplex overl ap-extension
PCR reaﬁﬁglﬁg%#ﬁﬁgéﬁa%% pl ates were subjected to the follow ng

t her nocyl i mg:Fi8bis(i@tfogBakan Rl roadtion3these beaty BOUghDChagrearegirink@IQ)y, speificl n at
72C. _Randoml ycoﬁ@aﬁ?rteggnr ‘?rﬁ?etré ons were anal yzed on a 1% agarose gel to
veri7f°y t he preéséence A over | ap- extensi on fragnment of approxi mately 890
basepai rs ¢b@BeconiiPiBGRtrhed ARIFIEOK200ET 0509 YB dhdevihbatgion\pemerst ored at

-20C until fur in . n e repertoi.r of
li nked VH an?"@/?f?igoaﬁ.{‘%%%% Bgoft %'E‘r‘??%@6%'2‘{’@3%3%‘85%’yp%%ﬁ?%ﬁgsﬁ‘ﬁ'ﬁ%‘tﬂg
m xi ng pairs the tmmelticrf efreetlapl bandss 3’ prindersarelopated fin the dopstaneregioatal teav,%
agar ose gel ealn Gt Ep(g,lhlrem s. The human kappa constant |ight chain encoding
sequence was sgl aby 5overl ap extension to the VL coding region of the
pool gd PCRe priadtis tperfofmdd akestedHbaztion ¥nplifgitigoalypainjugaldd \iined XK. uskgelthuman
kappa const ant dI éﬁ‘?t chai n encodi ng sequence was anplified froma plasmd
cont ai ni ng t I8 rijergequence of a human anti body with a kappa |ight chain
ib nf? reag'lt\l'fl_ grrr@dmtag&egbml\;ﬂi prebuﬁtsicoﬁ%@bvm a(zrﬂ\kﬂ;c&'njﬂmwssénd tgﬁ’ alm_Jér'tcpn(T o
uffer, m X , eac J r priner .an pa3' prinmer abl e
oy and pl asebrecspnil & 1BRTEhe 36 sapH be RPicxruEl *90BRe of 50 bl . The
reacti on was subjected to the follow ng thernocycling: 25x(30 sec at 95C,
30 sec aL 5b5C, 45 sec at 72C), mp at 72C. The resulting, PCR fr nt
e Br | Fodie symires andinGaRt R st et CepebbrghAOT LS SRR oo
pool ed RER dnipigyimyine @hgerROhe B@p R T-PCReiMESestiRlly aecbriing tdMeanadridt@drsand

instructions. Frozen cells were thawed on ice, resuspended and centrifuged. In each dilution

series was used cell lysate corresponding to 100, 32, 10, 3.2, 1, 0.32, 0.1 and 0 cells. Total
reaction volumes were 20 pl. Cycling conditions were:
35

e 55°C, 30 min.
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15 purified PCR fragnent of the human kappa constant encodi ng regi on
(Appendi x 1) by the follow ng splicing by overlap extension PCR (50 pl

total vol une) containing: human kappa constant encodin i nt
(1.4 ng/ BYQ 20081104184 ed pool ed PCR fragment (1.4 ng/pl), gﬁﬁﬂk@@“@iﬁw

Pol ynmerase (0.5 U, Finnzynes) and FastStart High Fidelity Enzyne Blend (0.2
U, Roche),e | wst@stsShiart buffer (Roche), dNTP mix (200 pM each), nhKCrev
prinmer and 20mJH set prinmers (see Table 6). The reaction was subjected to
the follow ng thernmocycling: 2 mn at 95C, 25x(30 sec at 95C, 30 sec at
55C, 1 mn, alggd@Qpgek0 Hrin at 72C. The resulting PCR fragnment (approx. 1070
bp) was purified by pre%rative 1% agar ose gel el ectrophoresis. Insertion
of cognat e* VBOHhPBONgec. codOrRyclesirs into a screening vector 25In order to
identify aptiBediges;with binding specificity to EG-R the VH and VL coding
sequéences obtai ned were expressed as full-length anti bodies. This involved
insertion of the repertoire of VH and VL coding pairs into an expression
vect or and.t%ar@fﬁ)crbfnon into a host cell. A two-step cloning procedure was
enpl oyed for Jefrerati on of a repertoire of expression 30vectors containing
the Iinked VH and VL coding pairs. Statistically, if the repertoire of
expressi.on ve ; i i 1 i t he
mumber - I ESRHTERG Wel elioich LR RS ol RlMert SO AR SLREIATE | e
scr eeni polyrmespaset (Rocke) andeupplies! reggents kesentigydccordingdp theympegfactyere pairs

are represen : [y - [ - t e e

ot ai nod S F5e1 Pt Kr-APR rEKEbh ARl FEshR plr AEREY WERART ot

scr eeni vglunigr ofe0l pf., Redotiop oendiiond WeGR pr oduct of the repertoires of |inked
VH and VL coding pairs, spliced to the human kappa constant codi ng region,
were cleaved with Xhol and Notl DNA WO 2008/ 104184PCT/ DK2008/ 050048
endonucl ease®5aC, 3theec egognition sites introduced into the termni of PCR
products. Th %e ved a urjfied fragments were ligated into an Xhol | Noti
di gelt ed Wﬁﬂ’%&g ’a:ﬂ)?eé‘G cé@L‘"‘lson vector, 00-VP-002 (Figure 6) by standard
| i gation psogeegrspsecihe |igation mx was el ectroporated into E. coil and
added to 2xYT plates containing the appropriate 5 antibiotic and incubated
at 37C over night. The anplified repertoire of vectors was purified from
cell's recoveredcfimomd he plates using standard DNA purification nethods

(Q agen). The plasm ds were prepared for insertion of pronoter-|eader
fragnments by cl eavage using Ascl and Nhel endonucl eases. The restriction
siteg fof ibessremayr@stiomrssdleakedaleinmend ohe Wslagadsygerodi ng gene
pairs. Follow ng purification of the vector, an Ascl-Nnhel digested bi-

i odirectional manmalian pronoter-|eader fragnment was inserted into the Ascl

and Nhelprb@shé Féshit onthsiSyamidkorbthameated deil g@kies MFigue@ditisatoar TH wei @at ed
vector was anplified in E. coli and the gLsﬂaﬁsm (E) S purified E’Zsi 591 %%iandard
met hods.inReayeanstlightehaiepartanls reeioss veip Caltsalg \?2@’3“6&"@ ARROXMARNY oy ld i nt o
E. coli A iepipe RohPap 3. CoRetHE fher Gales Wets ea biiiciRaTwilElkage oalgbethgt ed
into 384-wel|l master plates_and stored. The glunber o(g gig,aggﬂg%%l oni es
15ex®ee REEsPIedran ARRIPXiBRIE B felSERIJPHGUEEBYSIGR theGR¢s 310 of 8>St WS gi vi ng
95% per ¢y isimdeLidtagsr §RhplBX e BigleQfell fviel, while ife ¢D4BHIgh OBHBS oDt ai ned.
DNA plasm d was prepared from sel ect ed cl ones above and Freestyle CHO S

cel | s (lipgrmediglespuiddediser BHEIBRSSEHIGeM2- 11 scal e for expression of

ant i bodiggid 29801sdi Yndisk pritferRIUACHE MR CoMmbIndEtRUSHd @0Biblex Tdstistper nat ant s
were harvested 96 hours after transfection. 20 Screening for binding to
EGFR extracel lul ar domain in general, the screening was nade as a two step
procedure. THE afppoody-Ti1brari es were screened for reactivity to

reconbi renimeEGFR pr ot SlequenceEL|l SA after which FMAT (FLI SA) was used as a
cell based appro@™, with the NR6W EGFR cel|l line (Batra et al, 1%bd°-ce| |
Gowh Dfter, o6(10)1251-9), Tor detection of EG-FR-antibodies binding to

cel | - surfapr.A5expr es et sSRRscBUCETrodEcand 108/ 109 |ibraries (Table 4)
t he ELI pex for g ITeaftregGFR representing the
extr ace%ﬁ%@%rdoéfgi n%ﬁt@%ﬁég@% 2

mVH set

mVH A 0.04 TATTCCCATGGCGCGCCSAGGTCCARCTGCARCAGYC 3
mvVH B 0.04 TATTCCCATGGCGCGCCGARGTGMAGCTKGTKGAGTC 4
mvVH C 0.04 TATTCCCATGGCGCGCCSAGGTGCAGCTKMAGGAGTC 5
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Briefly for the ELI SA, Nunc mexi sorb plates (cat no 464718) were coated

with 1 pg/m protein (in house produced),
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val i dati on of sequence and specificity. Sequence and specificity validation
In order to validate the antibody encoding clones, DNA plasmd was prepared

and transfection of FreeSt

ELI SA,

effe

yle CHO- S cel | s (Inwtrogen)

in 2-m scale was
perfornﬁAMPLEﬁpSMFQNfaM%enmtaﬁﬁ wer e harvested 96 hours after

transf eqmggp, apgps ession levels 35 were estimated with standard anti-19G
an e specificity was determ ned by EGFRand EGFRvI || -specific
ELI SA. $5%ale Bt‘\th’Cchmleé\ aeCB7BHomicet (8- 10awesks i) overe wsed fop@enbnizatiops dpd

Sequ1%nC?nJect}égsm%fﬂé?éﬂt%lPﬁa—J M%/ﬂ%ﬁﬁ%ﬁ toSEWJégerPéssﬂ‘@tdeﬂg roliferative
Commercially available EGFR proteins (R&D systems cal#1095-ER or Sigma # E3641)

were used for some of the immunizations. For other of the immunizations recombinant

human EGFR and EGFRvlil produced as fusion proteins were used consisting of the ECD of
EGFR or EGFRVvIIt and human growth hormone (hGH}), also including a Tobacco Etch Virus
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Cellul ar damage will inevitably result in loss of the ability of the cell
to maintain and provide energy for netabolic cell function and growth

Met abolic activity assays are based on this prem se. sure
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FACS sorting of murine plasma cells

Vials with frozen splenocytes were thawed at 37°C and transferred to 15 ml tube with ice still

35 present. 10 mi Ice-cold RPMI, 10 % FBS (foetal bovine serum) was drop-wise added to the
tube while swirling. After one wash in 10 ml FACS PBS, 5 ml FCS PBS is added before

filtering the cells through 50 um Filcon. Cells were then pelleted and resuspended in 1 ml
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In order to elimnate these drawbacks and to ensure that selected clones
mrror the natural hum)ral | mmune response, such cross-primng nutations
were corrected in a process called clone repair. In the first step of the
clone rep¥P208¥¥¢Bdure, the VH sequence was PCR anpl i fi FETHREINOYONGHS: i ner
set containing the sequence corresponding to the VH gene the clone of
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corrgct i 8 addy, T@é&m&; ,bﬂasﬂyaméehb@e bé%ﬁﬁféb%ﬁcﬁ'ﬂ'%@L&rﬂbQ@P%We%eﬁé @Férﬁcﬁg
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2008/ 1042AdeCH6IPEERQSHAES BRABcedvBHPthawed and the sorted cells served as template for

the multiplex overlap-extension RT-PCR. The sorting buffer added to each well before the
single-cell sorting contained reaction buffer (OneStep RT-PCR Buffer; Qiagen), primers for
20 RT-PCR (see Table 2 above) and RNase inhibitor (RNasin, Promega). This was
supplemented with OneStep RT-PCR Enzyme Mix (25x dilution; Qiagen) and dNTP mix
(200 pM each) to obtain the given final concentration in a 20-pl reaction volume.The plates
were incubated for 30 min at 55°C to allow for reverse transcription of the RNA from each
cell. Following the RT, the plates were subjected to the following PCR cycle: 10 min at 94°C,
25 35x(40 sec at 94°C, 40 sec at 60°C, 5 min at 72°C), 10 min at 72°C.
The PCR reactions were performed in H20BIT Thermal cycler with a Peel Seal Basket for 24
96-well plates (ABgene) to facilitate a high-throughput. The PCR plates were stored at -20°C
after cycling.
For the nested PCR step, 96-well PCR plates were prepared with the following mixture in
30 each well (20-pl reactions) to obtain the given final concentration: 1x FastStart buffer
(Roche), dNTP mix (200 uM each}, nested primer mix (see Table 5), Phusion DNA
Polymerase (0.08 U; Finnzymes) and FastStart High Fidelity Enzyme Blend (0.8 U; Roche).
As template for the nested PCR, 1 pl was transferred from the multiplex overlap-extension
PCR reactions. The nested PCR plates were subjected to the following thermocyling: 35x(30
35 secat 95°C, 30 sec at 60°C, 90 sec at 72°C), 10 min at 72°C.
Randomly selected reactions were analyzed on a 1% agarose gel to verify the presence of

an overlap-extension fragment of approximately 890 basepairs (bp).
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101 Balb/c Day 1 25 pg rhEGFR (R&D systens 1095-ER) CFA S.C. Day 35 25 pg
rhGH+ EGFR (Synphoge n) IFA s.c Day 56 25 pg rhEGFR* (Synphogen) |FA s.c

Day 70 25 pg rhEGFR* (Synphogen) IFA s.c Day 73 108 Bal 07 HN5
cel | s CFWQ2(98/143§4 28 25 pg r hEGFR* ( Synphoge n) | FA S.%ﬁc’ﬁ@%ﬁé@ﬁm HNS
cells IFA i.p. Day 56

The plates were stored at -20°C until further processing of the PCR fragments.
The repertoires of linked Vi and V_ coding pairs from the nested PCR were pooled, without
mixing pairs from different donors, and were purified by preparative 1% agarose gel
electrophoresis. The human kappa constant light chain encoding sequence was spliced by

s overlap extension to the V_ coding region of the pooled PCR products of linked Vy and Vi
coding pairs (Figure 2). The human kappa constant light chain encoding sequence was
amplified from a plasmid containing the coding sequence of a human antibody with a kappa
light chain in a reaction containing: Phusion Enzyme (2 U; Finnzymes), 1x Phusion buffer,
dNTP mix (200 pM each), hKCforw-v2 primer and Kappa3' primer (Table 6), and plasmid

0 template pLL138 (10 ng/ul) in a total volume of 50 pi. The reaction was subjected io the
following thermocycling: 25x(30 sec at 95°C, 30 sec at 55°C, 45 sec at 72°C), 10 min at
72°C. The resulting PCR fragment was purified by preparative 1% agarose gel
electrophoresis.
The purified pooled PCR fragments of each repertoire was spliced to the amplified and

15 purified PCR fragment of the human kappa constant encoding region (Appendix 1) by the
following splicing by overlap extension PCR (50 pl total volume) containing: human kappa
constant encoding region fragment (1.4 ng/ul}, purified pooled PCR fragment (1.4 ng/ul},
Phusion DNA Polymerase (0.5 U; Finnzymes) and FastStart High Fidelity Enzyme Blend
(0.2 U; Roche), 1x FastStart buffer (Roche), dNTP mix (200 UM each), mhKCrev primer and

20  mJH set primers (see Table 6). The reaction was subjected to the following thermocycling: 2
min at 95°C, 25x(30 sec at 95°C, 30 sec at 55°C, 1 min at 72°C), 10 min at 72°C. The
resulting PCR fragment (approx. 1070 bp} was purified by preparative 1% agarose gel
electrophoresis. '
Insertion of cognate Vi and V_ coding pairs info a screening vector

25 In order to identify antibodies with binding specificity to EGFR, the Viyand Vi, coding
sequences obtained were expressed as full-length antibodies. This involved insertion of the
reperioire of Vy and V; coding pairs into an expression vector and transfection into a host
cell.
A two-step cloning procedure was employed for generation of a repertoire of expression

3  vectors containing the linked Vi and Vy coding pairs. Statistically, if the repertoire of
expression veciors contains ten fimes as many recombinant piasmids as the number of
cognate paired Vi and Vi PCR products used for generation of the screening repertoire,
there is 99% likelinood that all unique gene pairs are represented. Thus, if 400 overlap-
extension V-gene fragments were obtained, a repertoire of at least 4000 clones was

35 generated for screening.
Briefly, the purified PCR product of the repertoires of linked Vy and Vi coding pairs, spliced
to the human kappa constant coding region, were cleaved with Xhol and Nofl DNA
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25 pg rhEGFR*, (Synphogen) IFA S.C. Day 59 109 Balb/c Day 1 1x107 HN5 cells
CFA i.p. Day 28 25 pg rhEGFR* (Synphoge n) IFA s.c. Day 42 1x107 HN5 cells
|FA i.p. Day 56 25 pg rhEGFR* (Synphogen) PBS i.v. Day 59 111 Balb/c Day 1
25 pg r hEEORMWY¥IRdhog en) CFA S.C. Day 28 25 pg r hEGFRPGTREINE/NIP48 *
(Synmphoge n) IFA s.c. Day 42 25 pg rhEGFR+ rhEGFRvI | | ** ( Synphogen) | FA

s. c. DaYerkfendSlesdbsrdt bdBogMdardtss lidtrodutery R @e @thini bAPER products. The
cleaved and purified fragments were ligated into an Xhol/Notl digested mammalian IgG
expression vector, O0-VP-002 (Figure 6) by standard ligation procedures. The ligation mix
was electroporated into E. cofi and added to 2xYT plates containing the appropriate

5  antibiotic and incubated at 37°C over night. The amplified repertoire of vectors was purified
from cells recovered from the plates using standard DNA purification methods (Qiagen). The
plasmids were prepared for insertion of promoter-leader fragments by cleavage using Ascl
and Nhel endonucleases. The restriction sites for these enzymes were located between the
Vi and V| coding gene pairs. Following purification of the vector, an Ascl-Nhel digested bi-

10 directional mammalian promoter-leader fragment was inserted into the Ascl and Nhel
restriction sites by standard ligation procedures. The ligated vector was amplified in E. coli
and the plasmid was purified using standard methods. The generated repertoire of screening
vectors was transformed into £. coli by conventional procedures. Colonies obtained were
consolidated into 384-well master plates and stored. The number of arrayed colonies

15 exceeded the number of input PCR products by at least 3-fold, thus giving 95% percent
likelihood for presence of all unigue V-gene pairs obtained.
DNA plasmid was prepared from selected clones above and FreeStyle CHO-S cells
(invitrogen) were transfected in 2-ml scale for expression of antibodies (according to the
manufacturer's instructions). The supernatants were harvested 96 hours after transfection.

20  Screening for binding to EGFR extracellufar domain
in general, the screening was made as a two step procedure. The antibody-iibraries were
screened for reactivity to recombinant EGFR protein in ELISA after which FMAT (FLISA)
was used as a cell based approach, with the NR6WtEGFR cell line (Batra et al, 1995, Cell
Growth Differ, 6(10):1251-9), for detection of EGFR-antibodies binding to cell-surface

25 expressed EGFR. For the 101 and 108/109 libraries (Table 4) the ELISA was performed with
recombinant EGFR representing the extracellular domain of the EGFR.
Briefly for the ELISA, Nunc maxisorb plates (cat no 464718) were coated with 1 pg/ml
protein (in house produced), diluted in PBS at 4C over night. Prior to blocking in 50ul 2%-
Milk-PBS-T the plates were washed once with PBS + 0.05 % tween 20 (PBS-T). The plates

30  were washed once with PBS-T, 20 ul of 2%- milk-PBS-T and 5 ul supernatants from the
FreeStyle CHO-S transfectants (see above} were added and incubated for 1 % hour R.T
after which the plates were washed once with PBS-T 20 pi per well. Secondary antibody
(HRP-Goat-anti-human IgG, Jackson, cat no 109-035-097) diluted 1:10000 in 2% milk-PBS-
T was added to detect the antibodies bound to the wells and incubated for 1 hour at Room

35 Temperature. The plates were washed once in PBS-T before addition of 25 pi substrate
(Kem-en-tec Diagnostics, cat no 4390) that was incubated for 5 min. 25 pl 1M sulfuric acid
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Day 59 118 Balb/c Day 1 1x107 HN5 cells CFA i.p. Day 29 100 pg rhGH EGFR
(Synmphoge n) IFA s.c. Day 44 1x107 HN5 cells IFAi.p. Day 58 25 pg rhEGFR

25 100 paV0 HEBIBAER (ymphoge Day 44 1x107 HNS col o | HCTRIE o570
rhEGFR, (Sigma Day 61 WO 2008/ 104184PCT/ D1C2008/ 050048
was added after the incubation to stop the reaction. Specific signal was detected on an
ELISA reader at 450 nm.
For the cell based FMAT detection of anti-EGFR antibodies, SKBR-3 (ATCC #HTB-30) or
NREWIEGFR cells were kept in growth medium. The cells were counted and diluted to
s 125,000 cells/ml with the Alexa-647 conjugated goat-anti-human IgG (H-L} antibody
(Molecular probes No. A21445, lot no. 34686A) diluted 1:40,000. A total of 20 pl of this
suspension was transferred to 384 well clear bottom Nunc plates. Subsequently 10 pi
transfection supernatant was added to the cells. The FMAT signal from the reaction was
measured after 6-10 hour of incubation.

10 The data from the screening indicates that 221 (4.8%) of the total clones were positive in the
ELISA. 93 (2.0%) of those clones were also positive in FMAT. In total 220 (4.8%) of the
clones were positive in the FMAT and among those 127 (220-93) uniquely positive for the
cell surface antigen. The 111 library was screened in a similar fashion, but since the
immunization procedure was made to generate antibodies specific for the deletion mutant

15 EGFR receptor EGFRVIII, the ELISA screenings included assays to detect both wild-type
EGFR and EGFRVIII. Seven clones were identified to be specific for the EGFRVIIl in the
ELISA and interestingly those clones were negative for staining of WtEGFR expressing cells
in the FMAT. 13 clones were identified to be positive for the wtEGFR in FMAT and ELISA
but not for the EGFRuvIII, which were unigue for this library compared to the 101 and 108/109

20 libraries. All the ELISA positive clones were selected for further analysis.

Sequence analysis and clone selection

The clones identified as EGFR-specific in ELISA were retrieved from the original master
plates (384-well format) and consolidated into new plates. DNA was isolated from the clones
and submitted for DNA sequencing of the V-genes. The sequences were aligned and all the

25 unique clones were selected. Multiple alignments of obtained sequences revealed the
uniqueness of each particular clone and allowed for identification of unigue antibodies.
Following sequence analysis of 220 clones, 70 genetically distinct antibody sequence
clusters were identified. Each cluster of related sequences have probably been derived
through somatic hypermutations of a common precursor clone. Overall, one to two clones

30 from each clusier was chosen for validation of sequence and specificity.

Sequence and specificity validation

In order to validate the antibody encoding clones, DNA plasmid was prepared and
transfection of FreeStyle CHO-S cells (Invitrogen) in 2-mi scale was performed for
expression. The supernatant were harvested 96 hours after transfection. Expression levels

55 were estimated with standard anti-IgG ELISA, and the specificity was determined by EGFR-
and EGFRvill-specific ELISA. 85% of the clones were shown to have the correct specificity

and sequence.
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n) E3641) IFA's.c. | FA S C Table 5 Nested prinmer set Priner

Conc.

10

15

20

25

30

35

(nM Sequence Seq. no nHCrevl- 0.2 GGACAGGGMICCAKAGTTCCADKT 18

WO 2008/104184 PCT/DK2008/050048

Screening for anti-proliferative effects

Cellular damage will inevitably result in loss of the ability of the cell o maintain and provide
energy for metabolic cell function and growth. Metabolic activity assays are based on this
premise. Usually they measure mitochondrial activity. The Cell Proliferation Reagent WST-1
(Roche Cat. No. 11 644 807 001} is a ready-to-use substrate which measures the metabolic
activity of viabie ceils. it is then assumed that the metabolic activity correlates with the
number of viable cells. In this example the WST-1 assay was used to measure the number
of metabolically active cells after treatment with cell culture supernatants containing different
anti-EGFR antibodies.

Prior to performing the WST-1 assay different volumes of 2-ml supernatants (0, 10, 25, 50
and 150 pl) were transferred to appropriate wells in a 96 well plate.

HN5 cells were then washed with 1xPBS and detached by frypsination with 3 ml trypsin
solution. 17 ml of complete media were then added and the cells spun down at 300xg (1200
rcf} for 5 min. The supernatant was removed and cells re-suspended in DMEM + 0.5% FBS.
Cells were counted and their concentration adjusted and 1500 cells were added to the wells
with supernatants so that each well contained 200 yl media in total. The plates were
incubated for 4 days in a humidified incubator at 37°C. Then 20 yl WST-1 reagent was
added pr. well and the plates incubated for one hour at 37°C. Plates were then transferred to
a orbital plate shaker and left another hour. The absorbance was measured at 450 and 620
nm (reference wavelength) on an ELISA reader. The difference in the levels of metabolically

A

1- (ODexp.— ODmedia 100
(ODuntreat.— ODmedia)

These values were then used as the basis for a supervised hierarchical cluster analysis
{clustered based on reactivity in ELISA) performed using the free software Cluster and
TreeView.

It is preferable to be able to screen for functional antibodies at an early stage in the antibody
selection process. The culture supernatants from 83 2-ml transfections were used to screen
for growth inhibitory functions in a proliferation assay performed using HN5 cells in 0.5%
FBS. Results were visualized by simple hierarchical cluster analysis. As can be seen in the
cluster analysis (Figure 7) a number of supernatants were found to decrease the number of
metabolically active HNS cells (dark grey) in a concentration dependent manner (Cluster 2).
Similarly, some supernatants increased the number of metabolically active HN5 cells (light
grey) in a concentration dependent manner (Clusters 1, 3 and 4). An interesting observation
was that supernatants, which decreased the number of metabolically active HN5 cells, had

reactivity 2 (black arrows) whereas supernatants which increased the number of
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hmIK set hmIK1-v2 0.2 GACAGATGGTGCAGCCACAGITCGITTGATTTCCAG 19 hmlK2-v2
0. 2 GACAGATGGIGCAGCCACAGITCGITTTATTTCCAGC 20 hmiK4-v2 0.2
GACAGATGGTGCAGCCACAGTITCGTTTTATTTCCAAC 21 hmJK5-v2 0.2
GACAGATGQZNEAHABNGTTCGTTTCAGCTCCAG 22 K=G' T, MeA/ C, CEAEMCUBANME £ g
concentration. Table 6 Kappa constant splicing priner set Primer Conc
Sequencgnetabolically active HN5 cells had reactivity 1 {grey arrows). Supernatanis with reactivity 2

were positive in both wtEGFR and EGFRvIll ELISAs, while supernatants with reactivity 1
only had reactivity towards wtEGFR. Thus, such analyses may provide relationships

between antibody reactivity in ELISA and functionality in cellular assays.

s  Clone repair
When using a multiplex PCR approach, a certain degree of intra- and inter-V-gene family
cross-priming is expected due to primer degeneracy and the high degree of homology. The
cross-priming introduces amino acids that are not naturally occurring in the immunoglobutin
framework with several potential consequences, e.g. structural changes and increased

10 immunogenicity, all resulting in a decreased therapeutic activity.
In order to eliminate these drawbacks and to ensure that selected clones mirror the natural
humoral immune response, such cross-priming mutations were corrected in a process called
clone repair.
In the first step of the clone repair procedure, the Vy sequence was PCR amplified with a

15 primer set containing the sequence corresponding to the Vi-gene the clone of interest
originated from, thereby correcting any mutations introduced by cross-priming. The PCR
fragment was digested with Xhol and Ascl and ligated back into the Xhol/Ascl digested
mammalian expression vector {Figure 6) using conventional ligation procedures. The ligated
vector was amplified in E. coli and the plasmid was purified by standard methods. The Vi

20 sequence was sequenced to verify the correction and the vector was digested with Nhel/Notl
to prepare it for insertion of the light chain.
In the second step the complete light chain was PCR amplified with a primer set containing
the sequence corresponding to the V -gene the clone of interest originated from, thereby
correcting any mutations introduced by cross-priming. The PCR fragment was digested with

25 Nhel/Notl and ligated into the Vi, containing vector prepared above. The ligation product was
amplified in E. coli and the plasmid was purified by standard methods. Subsequently, the
light chain was sequenced to verify the correction.
In the case where the Kappa constant region of a selected clone contains mutations,
introduced during the ampiification of the genes, it is replaced by an unmutated constant

1 region. This is done in an overlap PCR where the repaired V,-gene (amplified without the
constant region) was fused to a constant region with correct sequence (obtained in a
separate PCR). The whole sequence is amplified and cloned into the Vi containing vector
as described above and the repaired light chain is sequenced to verify the correction.

15 Table 4 Immunization schedules used to generate starting material for anti-EGFR cloning

Schedule, | Stra- | Injection | Injection2 | Injection 3 Injection 4 Termina-

Mouse in 1 tion
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Seq. no.

Human kappa cons ant anplification
GAACTGTGGCTGCACCATCTGIC 23 Kappa3'

0.2

hKCf orw 0.2

ACCGCCTCCACCGEECGEECCGCTTATTAACACTCTCCCCTGITG 24 Splicing by overl ap

ext ensi onWOPAIEA041840. 2 ACCGCCT CCACCGGCGGCCGCTTATTAACACT BXEABCIMFIOMAGCTCTT

25 mJH set mJHL 0. 2 GGAGGCGCTCGAGACGGTGACCGTGGTCCC 12
group
101 Balb/c | Day 1 Day 35 Day 56 Day 70 Day 73
25 ug 25 pg rhGH- | 25 ug 25 ug
rhEGFR EGFR rhEGFR* rhEGFR*
(R&D (Symphoge | (Symphogen) | (Symphogen)
systems n) IFA s.c IFAs.c
1095-ER) | IFAs.c
CFA s.c.
108 Balb/c | Day 1 Day 28 Day 42 Day 56 Day 59
1x107 25 ug 1x10" HN5 | 25 ug
HNS cells | rhEGFR* cells IFAi.p. | thEGFR*,
CFAi.p. (Symphoge (Symphogen)
n)IFA s.c. IFA s.c.
109 Balb/c | Day 1 Day 28 Day 42 Day 56 Day 59
1x107 25 ug 1x10" HN5 | 25 ug
HNS cells | rnEGFR* cells IFAi.p. | rhEGFR*
CFAi.p. (Symphoge (Symphogen)
n} PBS i.v.
IFA s.c.
111 Balb/c | Day 1 Day 28 Day 42 Day 56 Day &9
25 ug 25 pg 25 g 25 Jg
rhEGFR* | rhEGFR+ rhEGFR+ rhEGFR+
(Symphog | thEGFRVIII* | rhEGFRvIII™* | rhREGFRvII*
en) * (Symphogen) | (Symphogen)
CFA s.c. | (Symphoge |IFAs.c. IFA s.c.
n)
IFA s.c.
118 Balb/c | Day 1 Day 29 Day 44 Day 58 Day 61
1x10’ 100 pg 1x10"HN5 | 25 ug
HN5 cells | hGH-EGFR | cells rhEGFR,
CFAiLp. (Symphoge | IFAip. (Sigma
n) E3641)
IFA s.c. IFA s.c.
119 C57B | Day1 Day 29 Day 44 Day 58 Day 61
1x107 100 pg 1x10" HN5 | 25 g
HN5 cells | thGH-EGFR | cells rhEGFR,
CFAi.p. (Symphoge | IFAip. (Sigma

55




mIH2 0. 2 GGAGGCGCTCGAGACTGTGAGAGTGGTGCC 13 mIH3 0. 2

GGAGGCGCTCGAGACAGTGACCAGAGTCCC 14 mIHA 0. 2 GGAGGCGCTCGAGACGGTGACTGAGGTTCC
> :

ﬁg- nge%?ﬁoﬁhoﬁgf' body constant regi on sequences Hunlw)acn,ml)%%%gogkson (Seq

ttcatcttcccgccat ct gat gagcagtt gaaat ct ggaact gcctct gtt gt gt gcct gct gaat aact 5

t ct at cfTagagaggfcaaadt acagt gggagat ggat agcgccct ccaaf Egegt)aact clccaggagad

t gt cacfgagcaggacagcaaggacagcadct acagcct gagcagcaccct gacqct gagclaaagcagad

t acgagpaacacaaapt ct acjgcct gcgaaé'f’éé&ccatcagggcct gag:ﬁ%g gt calcaaagagct

t caacagggugagagtrgttaat aagcggccgccecggt ggaggcggt MPHuman TGKC region (Seq. no.

27) TVAAPSVFI FPPSDEQLKSGTASVVCLLNNFYPREAKVQAKVDNAL QGSGNSQESVTEQDS

KDSTYSL 38t T Slealey PRPIey$RICEVTHQGL SSPVTKSFNRGEC Exonl 1..298 Intron 299..689

Exon269¢ g "&4 ITTRIRE, 735 - 852 EXON3853. . I18Z Tniron 1183..12/9

20Exon4 5% . 1602 >hunaSeyi#ige const ant domai n genoni ¢ sequence (Seq. no.

28) agt #evreccaccadBgcccat cggt cttccecect ggcaccct cct ccaagagcacct ct é&ﬂg@%acag

cggccctgggetgectgytcaagyactacttTtTrrgaaccyggtgacyggt gt cgr ggaactcaggegecet 25

~ gaccagc tgracacgttcc £7948 tact ccct cagcagegt ggt g
accgt gcﬁﬂf‘%@gﬁca%?t ggg@%&é@ci"fIa:cjat}g/%%caacg?ggat cacaagcccagcaacacca
aggt ggacaa aggafgt t ggt gagaggccagcacagggagggagggt gt ct gct ggaagccagget cageg
ctcctge 8efcat cccggct at gcagt cccagt ccagggcagcaaggcaggecccgt.ct gect ot t
cacccgghgutdne gc@;égccc%&Pﬁq@eﬁﬁgﬁﬁgﬁg@@&@@ggﬁ@g\?ﬂ@gg& aggcf®tg
hmJK2-v2 0.2 GACAGATGGTGCAGCCACAGTTCGTTTTATTTCCAGC 20

hmJK4-v2 0.2 GACAGATGGTGCAGCCACAGTTCGTTTTATTTCCAAC 21
hmJKS-v2 0.2 GACAGATGGTGCAGCCACAGTTCGTTTCAGCTCCAG 22

K=G/T, M=A/C,D=AGT, Conc. — final concentration.

Table 6 Kappa constant splicing primer set

Conc Seq.
Primer Sequence

no.

Human kappa constant amplification
hKCforw- 0.2 GAACTGTGGCTGCACCATCTGTC 23
.| Kappa3' 0.2 ACCGCCTCCACCGGCGGCCGCTTATTAACACTCTCCCCTGTTG 24
Splicing by overlap extension
mhKCrev 0.2 ACCGCCTCCACCGGCGGCCGCTTATTAACACTCTCCCCTGTTGAAGCTCTT 25

mJH set ‘

[ mJH 0.2 GGAGGCGCTCGAGACGGTGACCGTGGTCCC 12
mJH2 0.2 GGAGGCGCTCGAGACTGTGAGAGTGGTGCC 13
mJH3 0.2 GGAGGCGCTCGAGACAGTGACCAGAGTCCC 14
mJH4 0.2 GGAGGCGCTCGAGACGGTGACTGAGGTTCC 15
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30 ggcaggcacaggct aggt gcccct aacccaggccct gcacacaaaggggcaggt gct gggct cagacct g
ccaagagccat at ccgggaggaccct gcccct gacct aagcccaccccaaaggccaaact ct ccact ccc
t cagct cggacacctt ct ct cct cccagatt ccagt aact cccaat ctt ct ct ct gcagagcccaaat ct
t gt gacaa WO HEHB*gcccaccgt gcccaggt aageccageccaggect cge RETERISI08/0MMSg c
gggacaggt gccct agagt agcct gcat ccagggacaggccccagccgggt gct gacacgt ccacct cca 35

t ct ctt cidppafancal garshbedi G9AOBRCERLcAHGhbhiedsCt t CCCCCCaaaacccaaggacac
cctcat gat ct cccggacccct gaggt cacat gcgt ggt ggt ggacgt gagccacgaagaccct gaggt c

aagt t caadluggt EGHt ggad ggcifeggaygt goat aat gccaagacaaagccgcgggaggagcagt aca
acagcacdgitaetgtigrggrcagegitoet cat Rt rgrmecagygact @‘g@ﬁgwﬂgg@mgga@tacaa
gt gc&ag %ﬁé%‘&é@a CERIIEE @%%%tt@ SAEEERACEATHGE acc 40

e e

t gaccaagaacc at cccagcgacat cgccgt ggagt g

ggagg,gca;a@gg,gcm@c]%qgga@@act@ca@gaccacgcct cccgt gct ggact ccgacggcetccttce

tt cct ct atvagesagebearout guacaagAgeRggERcRgengdosasngbetdopt cat gct ccgt ga 45

t gcat gagusrts Hsac KA CE KIEH AN JBEagECIKSFEREHCgt ccccgggt aaat ga >1 GHGL ( Seq.

no. 29)

SASTKGPSWPPL APSSKEESGGT AAL GCL VKDYFPEPVTVSWNSGAL TSGVHTFPAVL QSSGLYSLSSWT

VPSSéL EEU@\?RIE NTKVDKRVEPKSCDKTHT CPPCPAPEL L GGPSVFLFPPKPKDTLM SRTP 50
DGVEVHNAKTKPREEQYNSTYRVVSVL TVL HQDW. NGKEYKCKVSNKA

LPAPI EK L PPSREEMIKNQVSLTCLVKGFYPSDI AVEVWESNGQPENNYKTTPPV

L DSDGSF T\{ Sl FSCSVMHEALHNHYTQKSLSLSPGK C ainms 1. A et hod of

pr oduci ng{oagl i bpasy. 1@h2 cognate pairs conprising |inked variable region

encodi ng sequences, said nethod conprising: a) providing a

| ynphoc ythexngo meHsidegscelt dbmaiat gonnh ¢ ormmgaenaddnég.donor2s)b) obtai ning a

popul at iasttgeftdcsetadgdesiatgi e cteb¢chyadicstr¢dariqugocetdtstdravacsaiad cel |

fract i orf99AAFVAIEGEIISFIP FRAGIBE PIRAF A GCEJ2 BT ITRESCEP It FheFEChcaIcheeEt a

subp%)S uI%FF?)?F‘J@F‘?’E%CE%‘FW%C%?gétgh?‘itéﬁ%?tqcﬁc?ﬁﬂfcé‘k ESSCIEPEP BUHEICI 38

t CFg cfe 98 cc&ﬁ ﬁgt G ARy et ecting i nk
g? ;ggnﬁ B&} Egt%g%%a 3@9 acag%% ES’ %gccfg%gggéi IOE g?e
i sol at ed:-gk t%c defoyt cabﬁb&%a 9 Sy ciPLiRCHE &y

fication
pr OCﬁ)dur@,ca@é}K?aJc@@cﬁd Qo SEPENERS O d-Bt FRS b2 SiBg- Rt @rMRyat € @ééﬁged from
an i sol atcedgsjargt et cgbacacipeput@izctegtctsogemapgeeddas ctandcedidect i ng
| i nkage twhattmsanptdtired-asticteobt deagbrpencestot tetvttet@sgagickhetatet hod
accor di ngtoecadzarmaracatcerFrataeclagapiracyte-asoat e triperteetdcticragad on
npri se@gé‘ %ﬁéegﬁté’gag%?ﬁF*égftﬂtﬁBWQQBWC%?%WQWHBWF%‘?C&&@F‘F%a or
Whl tg bl (E éc%@éacc Ega E FC;tjcji: @ 2 ccac aa,gaccctgg TEf erabl y
spl enocy';t §tc f %g gi) (Cg eon g%aE %3? fraction
or geyd g%aﬁ &eﬁ = 1 i s, 3. The
aﬁ@eagﬁﬁgt&@a@ @acﬁacétwca e @E@a@aw&c@u@ &QE& a88HeheLs: of
|nt e:oestcg&@@@jﬂg&@aqgmuaﬁglg@&mga@gwcayrgba@jgec&ag:lc@ﬁt@m&e@hg&gt@m@e@@s and the
| i nkage gener@attgscateognaices paicnagifacaatdgghttahacoigrartaikcecyrgyoryaencodi ng
sequencegassodicat edyonctdrcaghedeycolvdicpreamct adtlag cregiconcagngotitagas@guence.
4. A net megmcafaéﬁwagcqqaﬁﬁawcsaﬁaauaaﬁqucwgéwﬁgg gursaparsItesticde
sequenc%cﬁFcﬁaﬁF%‘F%@F cW@F‘é‘?"‘Wagﬁ?%aﬁﬁ‘bqgééﬂ?%ﬁﬁg%%@%ﬁ’E:‘é%tCB’Fg‘itr‘?F‘é"r‘?é’st
conpti se- %?SF?%F&C?%GF%%“&HE%C&CH‘@a‘-]sa&aﬁ%‘%%égc%%at‘f EIPTIRAGE generates a

conbi natqrhal (skhraly of, pairs of variable region encoding sequences,

pr ef er abjn¥ribesebinegak g@é@m@cm@@@gwﬁ@ﬁﬁs@hs@uﬂ@&ﬁmgmﬂ%m@m

i mmunoghvalebidrovar diaiher dve gvtHkve ek Ngrce qrant.escandL il pkbnkagerrgener at es
a cosbi reatrovvalvshenear ynof D@ vHEAKTK PREEIVN S ChraivisvirartHgiiercregicansaad heavy
chai n varPRabEET IS KA GORRERIYG UL PR REBIFEINC ST CLYRGRY PARTAVBUE DGRPENNYKNGE VA )

anpl i fyiirgPC Y LESRAIVEK PRRCIGI See THEA LBNPITRR S Icd5Feh procedur e, nucl eoti de
sequences of interest using a tenplate derived froma popul ati on of
genetically diverse cells; wherein the genetically diverse cells are
derived froma | ynphocyte-conprising cell fraction froma rodent donor
and wherein at |east a subpopulation of the cells are enriched in and
express CD43 and CD138 antigen or MHCI|I and B220 antigen; and b) effecting
| i nkage of the nucl eotide sequences of interest anplified in step a). 5.
The net hod of any of the preceding clains, further conprising assessing
prior to nultiplex nolecular anplification that the popul ati on of

| ynphocyt e-conprising cells conprises cells that express CD43 and CD138
antigen or MJCH and 8220 anti gen, preferably CD43 and CD138. 6. The net hod
of any of the preceding clains, furt heb’ conprising enriching said

| ynphocyt e- conpri sing cell fractlon for a | ynphocyte popul ati on expressing
CD43 and CD138 antigen or MHCII and B220 prior to nultiplex nolecular




7. The nethod of any of the preceding clains, further conprising isolating
fromsaid | ynphocyte-conprising popul ation cells expressing Cb43 and CD138
antigen or MHCI|I and B220 antigen prior to nultiplex nolecular
anplification. 8 The nethod of any of the preceding clains, wherein the
enrichnent or isolation conprises MACS, FACS or another automated sorting
procedtldim®. The nethod of any of the preceding clains, wherein the donor
is a nouse. 10. The nethod of claim9, wherein the nouse is a transgenic

mouse. 1, 11. AThéthe@bheddasiee alibRly b%o’@'ﬁ%te‘}ﬁaiﬂs'&%rrﬁfri_@ﬁﬁ%h@ &lrl%i;)f@;re wherein

said multiplex nolecular, anplification procedure s a nultiplex - PCR
anpl i f iSPSPFBHSeHsHCHHh Saldh ethod comprising: * sai d nul ti pl ex RT-PCR anplification

is a two stappRvaRgslyRPRBES BB pAsiAg Al f4&i i ption step
- prior to tggz)?rul 1 @ﬁ% e%ﬁ%CR %rrpl [ Pi clagi onf,?é&mﬁ%ﬁ{é%&ern?a&gvr\her ein said

mul tipl ex R SERNRYA PeRUationsh iﬁO@t?daﬂﬂ@Jﬁrﬁé(H)g pydigtribuiing eells frop saidrpell si ng
initially add'fra&ioalihdibibsalgqﬁﬂacggﬁnﬁaﬁtyr&ﬁ%és%ﬁ Whisfeil 81 [E2&¢R %b@ &l&thfr{ ot
anpli f e VR '192

transcription d multiplex P ication 1nto a sin vessel .

The net hod acE‘%E&rﬁﬁnE@e&?d? agd expresy L8 @ENAECR1 3§ antigeneeMEGH ardd B220 nkage
of the nucl eoahsiensgguences of interest is effected in association with the
mul tipl ex P%R anplification, utilizing a multiplex overlap-extension priner
m x.  13. The fee'hdeo aed sifesting linkaas efithe variablgregisnenchdingstqugrices contained

over | ap- ext engi i PopuiBRion B XsofREPSih I@%e[l@%yf Q@ﬁ'if?ming}ﬁglﬂﬁﬁg ﬂ‘?que?céjﬁe{r hmK

primer conplenmentary to the sense sirand o nog chain
regi on encodi ﬁl@pg@aé@he@pe@})reamuql@a@@ sgaeneRi opintarest usingl tempratadgrived t he
anti sense strasd #fis RGO i iti j L ' cedi ng
sequence or |ight c_h(g?tr?ﬁvar |_I a%llgntge%c{bg‘rﬁhlgﬂtga%E%@%é@%&%?A gﬁ%“%gggﬁbﬁ%% ogf
forming a priteranplfiednpelestde spouppeessf interest ep a); c) at | east one
nCHrevl, nHCrevl-ext, or mJH prinmer conplenentary to the sense strand of "an
i mmunogl obuli n heavy chain domai n encodi ng sequence; and d) at |east one
nVH pr fner Eegpieipdracapidinaiotgiaimaln wiheeairs thedympinetyts-centainimgeab hationl i n heavy
chai n ‘e&%bﬁﬁs%p‘le@ﬁbﬁ@s,%&ibﬁgd,sﬁﬂ%%gﬁoﬁ,rm&%\ﬁ}éleﬁpéélﬂ %fﬂf/ﬁi%béigot{ ?eéll on .
| eader sequence, and capable of formng a priner set wWith the pri |s(s) in
step cprefarablyiselenaeyiesionlens merigwi morerreterathhsplpnanytesi angd aptmnatly, whereher

Cognat & AT PASEIG-EotlabNg coh WBLRH: OLSTVEREPRT EHURF SRt el pdb R oBl o,

a) i nt PBa8MaPiagtsa vector encoding a segment of |inked nucl eotide sequences
into a host cell; b) cultivating said host cell under conditions adapted
for expression; and c) obtaining the protein product expressed fromthe

vect or 3i nsefhetrethedecsaidingoslaindl or 2, Mpemirethertuctotioe sequbinnes ofdnierest m 14,
wher ei i ERR : ! O Lodi vi nbers, of the
B ar o g A S el BB R 18P Paol <
r egi onCeERIPAIGOlRlifh sbain yegalle saieh enaading spquendesdssoviatedatithea hemyly@hain

encodi pghizbRAMNERReHDGIng 3bGusiguences are inserted in-frame into a vector
cont ai ni ng sequences encodi ng one or nore i nmunogl obulin constant domai ns

or fragnments thereof.

4, A method of randomly linking a plurality non-contiguous nucleotide sequences of
interest, wherein said nucleotide sequences of interest comprise.xariable region encoding
sequences and the linkage generates a combinatorial library of pairs of variable region
encoding sequences, preferably wherein said nucleotide sequences of interest comprise
immunoglobulin variable region encoding sequences and the linkage generates a combinatorial
library of pairs of light chain variable region and heavy chain variable region encoding
sequences, said method comprising:

‘a) .amplifying, in'a multiplex molecular amplification procedure, ﬁuclemtide sequences of

interest using a template derived from a population of genetically diverse cells;

wherein the genetically diverse cells are derived from a lymphocyte-comprising cell
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[ [ | Si transferring said
16. The method according to claim15, further conprising : _
cognate pair or library of target-specific cognate pairs of variable region
encodi ng sequences to a mamalian expression vector, wherein the mamalian
expression vector optionally encodes one or nore constant region donains

sel ected fr omfdautimrfmmﬁ@@it%ﬁb# Bn§ M%W al [B4%1a éLﬂfﬁB Lﬁl{aﬁiﬂ]of tl%zt;ellls%

| ht chai n or | anbda
19&, 19G3, | %nnchedqn ang ;? %ss CD43 and CD138 antigen or MHCII and B220 antlgen and

b) effecting linkage of the nucleotide sequences of interest amplified in step a).

5. The method of any of the preceding claims, further comprising assessing prior to
multiplex molecular amplification that the population of lymphocyte-comprising cells comprises
cells that express CD43 and CD138 antigen or MHCIl and B220 antigen, preferably CD43 and
CD138.

6. The method of any of the preceding claims, further comprising enriching said
lymphocyte-comprising cell fraction for a lymphocyte population expressing CD43 and CD138
antigen or MHCII and B220 prior to multiplex molecutar amplification.

7. The method of any of the preceding claims, further comprising isolating from said
fymphocyte-comprising population ceils expressing CD43 and CD138 antigen or MHCH and
B220 antigen prior to multiplex molecular amplification.

8. The method of any of the preceding claims, wherein the enrichment or isolation
comprises MACS, FACS or another automated sorting procedure.,

g. The method of any of the preceding claims, wherein the donor is a mouse.

10.  The method of claim 9, wherein the mouse is a transgenic mouse.

11, The method according to any of the preceding claims, wherein said muitiplex molecular
amplification procedure is a multiplex RT-PCR amplification; and wherein:

said multiplex RT-PCR amplification is a two step process comprising a separate
reverse transcription step prior to the multiplex PCR amplification, or

wherein said multipiex RT-PCR amplification is performed in a single step
comprising initiafly adding all the components necessary to perform both reverse transcription
and multiplex PCR amplification into a single vessel.

12. . The method according to any of the preceding claims, wherein said llnkage of the

nucleotide sequences of interest is eﬁected in association with the multiplex PCR amplification,
utilizing a muitiplex overlap-extension primer mix.

59



13.  The method according to claim 12, wherein the multiplex overlap-extension primer mix
comprises:

a) at least one mKappar1 or hmJK primer complementary to the sense strand of an
immunoglobulin light chain region encoding sequence:

b) at least one mVK primer complementary to tHe antisense strand of an
immunoglobulin light chain variable region encoding sequence or light chain variable
region leader sequence, and capabie of forming a primer set with the primer(s) in
step a);

c) at least one mCHrev1, mHCrev1-ext, or mJH primer complementary to the sense
strand of an immunoglobulin heavy chain domain encoding sequence; and

d) at least one mVH primer complementary to the antisense strand of an
immunoglobulin heavy chain variable region encoding sequence or heavy chain
variable region leader sequence, and capable of fofming a primer set with the
primer(s) in step c).

14. The method according to any of the preceding claims, further comprising inserting the
linked nucleotide sequences or a library of cognate pairs into a vector: and optionally further
comprising the steps:
a) infroducing a vector encoding a segment of linked nucleotide sequences into a host
cell;
b) cultivating said host cell under conditions adapted for expression; and
¢) obtaining the protein product expressed from the vector inserted into said host cell.

15, The method according to claim 14, wherein the linked nucleotide sequences or the
individual members of the library of cognate pairs comprise an immunogiobulin heavy chain
variable region encoding sequence associated with light chain variable region encoding
sequence and said sequences are inserted in-frame into a vector containing sequences

encoding one or more immunoglobulin constant domains or fragments thereof.

16.  The method according to claim 15, further comprising transferring said cognate pair or
library of target-specific cognate pairs of variable region encoding sequences to a mammalian
expression véctor, wherein the mammalian expression vector optionally encodes one or more
constant region domains selected from human immunoglobulin classes IgA1, IgA2, igD, IgE,
lgG1, IgG2, 19G3, 19gG4, igh, kappa light chain or lambda light chain.
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