Method for obtaining immunoglobulin encoding nucleic acid The present invention relates to a method
and means for obtaining immunoglobulin encoding nucleic acid from a single immunoglobulin
producing cell with a multiplexed polymerase chain reaction (PCR), and also to a method for producing
an immunogdishiii/#fEreby the immunoglobulin encoding nucleic acid i€ oBEIHEY Y18 a single
immunoglobulin producing cell in combination with in vitro translation. Also encompassed by the
current invention is a method for characterization of recombinantly produced human Fab-fragments.
Background of the Invention Since the establishment of hybridoma technology (Cole, S.P.C., et al.,
Monoclonal 10 Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); and Boemer, P., et al., J.
e iy B el PR U BASAORI hNE S gcila Blay o pivota role i
scientific research, human healthcare and cﬁagnostlc . Consequently;, the generation of monoclonal,
especially therapeutic, immunoglobulins is a field undergoing intensive research. In this respect, the 15
hybridoma techritlogiesmndiphag@disiites techmetogy didooemstfoonbtiinRg amuhwigiebul®, J. Mol. Biol.
227 (1992) 381-3883MarksciiP- askidlron MokiBiR). 222dAo03ba1-pR &L ARIPNEsh ofhers, two
commonly used te?{nr’io %gieslforetggegc r;l?rar'ggrhgf @(&gcl%}pl 'Srg%ug%%%li S. I%nglrligoma
technology obtalnrll?r_lépoefxs aB?eyc’:?ones IS a ur_tﬁe, th S, |’m|n|s?1|n diversity o %g antibodies, as only a
20 limited numb@t BrBUEeRY s udeEdufihy mgaawg}%*ﬁﬂga?@aoagﬁw isteiarsi bl RetBeed.
Similarly 5a drawfrack fsphigde enmysagtaisiitaplvdsen g orabinatavaitibrsion apptivachedis the random
pﬁiring of the immynagipbulinBeavyanshlight diaing T&@r&@smﬂfﬁanofimioﬁgéﬂ@w}qaw and lligt?tl
chain pairing, ang non-cognate pairing, necessitate the screeni large number of inununoglobulin
25 producing cef?éalrﬁ%? ér‘t%niagﬁ?? ’%e‘ﬁ%?f%d’é%g c‘fgfﬁgiﬁr{\%eﬁ%go |g’|%a finity. In addition, such
_ gp( iglgiyttdrqss-rgqctivity to hur_nan antigens. I_:inally, the genetip
identified by selection and screening of combinatorial

non-cognate pai
diversity of targetspeciic: OTT0gJo0u
libraries is commonly limited due to inherent.selection biases, 2 hybridoma technique. A different
method is based®BIf it &ciGRARARNHEH 8fe ﬁ?&ﬁ%ﬁf@ée&w @é’tfgﬁ&% gfﬁlt e’iﬁ%ﬁfu%ﬁ%glu%ﬁf Usually it is
sufficientXto idendifyiitiediseand feacst tHecwrmiadlandyibiss. or Vdh Bl hé Bereedioss 8 only the
CDR3 region. Fgr axampie, the BNA $5i86jaiadrisoishal pechatimobuliagbbiwirpenghdcing cells and is
used for the contgaycgoﬁm cRNAbiapseRcadg e FRRJCHasSihsimmuaRalRkUlin. The

cDNA-library is then transfected.into a suitable host cell, such as NSO or.CHO, %nd screened for
4}‘nonm:(:ilona 1 erageutzc

specific immuno %ﬁﬂﬁeﬂﬁd.ucw_gn. \R/‘B"’%Bﬁhoﬂ 84 reports a’meﬁ%%c*agryc_lonlng ognate
antibodies. The seisaslyBHERStiNGOMRIENMsTENRRIBARCIIGH Ay dh HHfareaPeidhE reported by
Tiller et g8. (Tillehybrideingd. techimingnaind/etags 2000 T3chhdldSd Y Bxeeuhinger BiRl. @daeuninger,
/S-, eltl ?'-, Blﬁod %(&%,9@), 15¢ 512854 Q%ﬁtqat?% @fsqks@?lgmgglyg%gt%,ngjeﬁ&eﬁ%gmg -;el:]-rLch t
-cell lymphoma, esign and testing of neste - imer is reposte ohatgi e
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composition for &ResiaEea B spasienatempunosioby afe Pty adarhing eeyotineies 95 . and
Haurum, J.S., J.sMble Biohe8358 { 200617 64 tRiniejsbit @ dinesste m Rihanantiipidies vavleqhektension
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ang, X. an ar, B.D., .1..Immunol. Meth. -225: Coronella, J.A: and.Junghans,
R.P., Nucl. Acid$ eaé”.t%‘i‘l&i&n@%)? &?é?%‘i% é’%éﬁﬁ% aﬁ%?ﬁ%.,%ggtpg??’(%ﬁ%etﬁ:oﬂél.r%?%”%yzz (2006)
979-988) report HE3EL ABHNEABES df ADFnERARRpPaLEE PE B ERPIERIBIORYE L AersaripRd &N d translation.
Summary The cuhednt. disel disseeistidirenfebleins ppeifiteemybatinightsclaia petingg fod providing a

human monoclopgd3tibadyX g0 AHRHSING LG dsMibkl anlatinigel Aduelel aishangdsiaghuman

immunoglobulin G fragments whereby the,nucleic acid is,qbtained. eCHi ffication of cDNA
frag men%éo obtaiﬁéﬂéﬁ%ﬁ%tﬁéﬁ%ﬁ ﬁ@%%tg écliﬁlgll%l hﬁ?ﬁ‘%%‘éﬁﬁ%ﬁ nc%%%ﬁ%%gS uﬁ%%? éggﬁ ,%&asmablast
or plasma cell oraﬁdﬂii%’élI%F%ﬁ%ﬁ?%}"éﬁr?ﬁﬁs?ﬂ@%’ﬁﬁ%ﬁ‘%?ﬁf?ﬁoﬁﬂ?ﬁﬂﬁﬁcfb@%FWMS method it
is possible to chansigtexizeFazdty of thenugabeticof Greuided B-caligeiviteedspetntaiinglabtigen binding
characteristics ofdhigi peadig e isaivsnasipRURLHRUSf N@lessabimmuneglebiineliviatsity occurs. As
the analyzed B'ﬁ%ﬁﬁe?ﬁué” mature f '%%ﬁi&??iﬂgéj after the in vivo maturation process it is very
unlikely that their produced immunoglobulins show'cross-reactivity with other antigens. The disclosure
comprises a method for. the multiplex semi-nested PCR and multiplex one tube RT-GSP:PCR
(RI-Genggspecifl eﬁ?fr%@ﬁP@Rﬂ%’r%%%?ﬁ%ﬂ ication 6?(%“9“@ mglﬁ%%l I—P@%%%q G EETC%?ai?les (human
IgG isotype) froreEimyé BeeRIiBEpiosistiads oreNema dbf. e P PEEIo1E i€-8ubsequently
transcribed to mMRNA and translated in vitro in E.coli lysate. The expression was examined using
ELISA and Western blot. In a first aspect, there is provided a method for obtaining a nucleic acid
encoding an immunoglobulin variable domain from a single cell comprising the following steps:
performing a first polymerase chain reaction with three to six 5'-primer and one 3'-primer, performing
with the product of the first polymerase chain reaction a second polymerase chain reaction with
thirteen to sixteen 5'-primer and one 3'-primer, whereby the distance of the binding locations of the

primer employed in the second polymerase chain reaction is reduced compared to the distance in the
firet nnlvvmeaerace rhain reactinn Theciirrantdicelaciiraraompnricecamaethodforobtaininaaniicleie acid




5a In a third aspect, there is provided a method for producing an immunoglobulin Fab fragment
comprising the following steps: providing a single immunoglobulin producing cell, obtaining from said
cell the nucleic acid encoding the immunoglobulin light and heavy chain variable domains, optionally
also encoding a part of the light chain constant dgmain and a part of the heavy chain CR1 domain,
with a method as defined above, translating in vitro said nucleic acid and thereby producing the
immunoglobulin Fab fragment. Thecurrentdlsclosurealsoprowdesamethodforproducmgan
immuhubistomn Fesbrigihent cofifiisny tietbndwitg Srsse: @npré}%‘?dlrtseél%fﬁﬁfeoﬁnnﬁﬁnﬁ%bulm
produtindesellacabtaming fromihtcelinhenogieieicid énedling the imieoglobuliddigiy ate heavy
chain ysjiiahle demaies veftibrallydlse eseoeivg aopart afdhebght elgpinsconstantydaheaiCBRA a part of
the hegyy.ghaipCHLdagain, tﬁenqtﬁtma 't@eet@aéer@swagnxmp@lﬂ%ﬁ%ﬁ@m@gwuclelc

acid, traﬁslatlngln\ﬂtroth%nuclelcatad I}Erebélcprqdugngtheflmmu? OP%'r'zE‘r FaQ f(ggt& \t
fourthPas ecP%here :f&prowded a me or prg u0| ﬁi\]an immunoglo e fo owing

bulin co ISin
steps {PP6vidigasi et#ﬁm%?j‘&%%ﬁ Widublig EEN-OBRRING fForhhgﬁlth@}F{ clllé% adid
encodingatie imesunsdlobuith light %9 heavsza%masadn@mémﬁwat% itk HmétHenaslabied
abovesredotiaing the nucleic acid encoding the light chain variable domain with a nucleic acid
encoding an immunoglobulin light chain constant domain and combining the nucleic acid encoding the

heavyvi} gaté%g%ma? with a nucle}-lt dac% eanJdu}?1 an |mmtunoaqlgﬁlu hn heaﬁyachaflg constant

region, t KARHE &1l MR e combing cI gic%tids "t vatlng sal transtlected cell
under&f‘é‘ﬁﬁﬁﬁ@hs SitaBrRSIR expitedis ofiAR imR8HogRIBLRR, Bcobel thg thelfRti%ogidbulin
from thdleellar the CTitlvatioh, meditim dndlthersisy. ppddicing2an Gﬁﬁ’t@tﬁnd@l%ti@ﬁh-. Bracuninger
Thecugentinvariendisaprovidesamathodinsplodegingandmrasnogietiiinrepoaprisiag e dallawing
steps: mpifggtg'”&fastﬁgﬂée EMRUAOgIROMIINTRERAYEIRY Bedttto@tﬂtgtttgﬁtonsglg@eﬁet&h%@ggtﬂwld
encodlng he i Qo&;ki/ g Fg&g{and heav chaln v%n% eéal%mtamset l%t@k'nﬁotﬁﬁ ucéelc
encodtng}“%e? Shain Variab rhain w Wlt Rudieic acid encod unoglohu 6ilg chaln
constdnt J@?ﬁﬁtﬁq]n opériible foith, éﬂ@qum%%élﬁduete ac\g@nccg i’r@%ﬁg hé’av;}"&ﬁé‘?#
domairwihsitinncléie aslttengodin@areimmedinitebunilingosy chigin orstetht rB4IHTH @éeﬁdble form,
6a - travisiaating.h emldaryblicumi,a hfokalyativtelBwith 338 n(atled atids 7Rlaingebin theoprestigus step,
cultivagingiig;prRsiecedrelx18ons ePORdineniander sondilionsusiuiakic far tie expeessine of the
mmunoﬁqéllobulln relcoven%(]; the W@mu()@gl%&n t;r%?l %? Jolg the}@ul%ﬁtlogtWM@ Bnd tjnereby

producirig an immu og?ob nonee metho; o the los s the
immurBERSafn Mqtlﬁm@néglegﬁﬂﬂ)of%i% 50ﬂ‘?hah T‘%tboa %h ds f%r foducing
an immaitsg B Ea fldymERS br éﬁ%r’rﬁino@léb&‘iﬁ*@(’? tHe oﬁtaﬂlnné}?df’tﬁélt’ﬁ}cle:}) Eo&log%y a

metho@ assoliseTesetBherejorDeseriptiostoftive |nviertiolin®ire aspestiofithe auendntdnventiortis a
methoglfor-abtainindia-muglrisacid encoding an immunoglobulin variable domain from a single cell
comprising the following steps: performing a first polymerase chain reaction with three to six 5'-primer
and one 3'-primer, performing with the product of the first polymerase chain reaction a second
polymé%%{ggléﬁ&in reaction with thirteen to sixteen 5'-primer and one 3'- primer, thereby obtaining a
nucleic acid encoding an immunoglobulin variable domain, whereby the distance of the bindin
locatioR’eof HETsHMedsHIpIyRd its theddsebiny pb‘?ymé?ﬁ%@‘éhaﬁf‘t QRGNS reffucetl coRfEPEd to the
first pdlymeraselicigain reaction 1By echpiolingtthadnetiompidenpetits toatedavitrensktieimad pan B-cell
markefu€lBld9 (8¢ edcBaHsantuindn., HnehabeBladth 90(1997gnl 86s7 44hdcbellstiverenisdtated from
periphgral thO%bth'a&h%ym@ﬁ&ﬁt@ﬂ%ﬁﬂﬁ&gﬁsﬂ dinglaxels wseddaced;in438 Wellmniartiter
plate. TI%{eI\]nf&RN@ of these cle IS was extr?cbuﬂnlt ha}% YQl%en fo%r{gn tahnat bé/’ pSH fo'gi!;ﬁl Igglggp-s&emﬂc
PCR ampli tation accorénr%g to the current Invention for o a|n|ng nuc elc acid Ing an

immurigiBBuiRL G RdBeddrh anafons aF%tﬁ@t@lé‘éllalh Prtuction of the respective

immunoglobulin or Fab-fragment in one embodiment OD- values in the range of from 0.5 to 2.0 were
obtainggianglisoncanditiantlyise s Jriab-feagenapicyisigs ehérorl80 tarddé ngfmirsatRObBEd. With
the m%ﬁd%&f%%d'&g tﬂéh%rﬁ EEntinveR O%ﬁﬁw%@%&p%‘?@ﬁéﬁﬁ&d@é’afeﬁﬁ%@i%@gﬁm the

amplification ot heavy an in variable domains simultaneo Iﬁthe same polym erase chain
reactlﬁqh &8 ?ng?qm%%gﬁﬁﬁtlf iOh SPIReISEATy Chats varl%ffe omain and the light chain variable
domain in separate reactions the current approach provides for an increased sensitivity and an
increased amount of amplified sequences. The use of gene- - 8 - specific primer in both, i.e. all,
polyrnerase chain reactions enhances the specificity and accuracy of the methods.  More complex
gene structure in the case of human IgG requires a different strategy for the primer design, placement
and polymerase chain reaction for the sensitivity 5 and accuracy required. Thus, herein is employed a
multiplex polymerase chain reaction either without or with the linkage of the heavy and light chain
regions that are amplified. For the in vitro translation of the obtained nucleic acids it is beneficial that
the encoded domains comprise cysteine residues suitable for the formation of interchain 10disulfide

bonds. Methods and techniques known to a person skilled in the art, which are useful for carrying out
tha crirrent invventinn are deceribed e a in Arlicitibel EM ed Cirirrent Protoecnle in Moleciilar Riolaay



heavy and light chain polypeptides contains a variable domain (variable region) 30 (generally the
amino terminal portion of the polypeptide chain) comprising binding regions that are able to interact
with an antigen Each of the heavy and light chain polypeptides comprises a constant region (generally
the carboxyl terminal portion). The constant region of the heavy chain mediates the binding of the
antibody i) to - 9 - cells bearing a Fe gamma receptor (FcyR), such as phagocytic cells, or ii) to cells
bearing the neonatal Pc receptor (FcRn) also known as Brambell receptor. It also mediates the binding
to soneataEtom-fetladitefaetoratisr tHboclassidaloconftiertient Pystem stchs aseomponedy (dia). The
variabigetlofrain et aminms nesithuinsolight eeheavy, ehiainifdusatimprises different segments, i.e.
four framework regions (FR) and three hypervariable regions (CDR). Genetic engineering of
immunoglobulins is e.g. described in Morrison, S.L., et al., Proc. Natl. Acad Sci. USA 81 (1984)
6851-6855; discovne 23gmpEses s20mohedridehmiitn, MudiRlex Naere-353ed odtyR232397;
NeubengétipMxS., ebral., Natibte 10BT4GFP8E) R68- AT -Lanbep:diic RaimBidtethinol. 23 (200%)

LLL7- 15 bhederar Umarle ipeunedlobying denaiesagimmgnglobyly. pisigiaplyg;mapoclona
immunoglobulin, comprising a variable domain, 1.e, binding region, from afirst non-human species and
at leaSt B {Sorfiorctr LToR e o deriod drofih s&tond Qﬁff@l@ﬁt IS oris pathsedetieric
immurtegksillids &re gdiiefallyth prapdasd bynregombimanEDNA toshieiqubis: Irexmessimbodiasent
chimegig,imaudnegielulinsacomprssdmayse, rat, hamster, rabbit, or sheep variable domain and a
human constant region. In one embodiment the human heavy chain constant region is a human IgG

constant region. In another embodiment the human light chain constant region is a kappa chain or a
lambdb chafirsRGeRRet fdrers of dhirrated irmngibetbbolinebéristrapassed dy thddresantingvantion are

those immhiRiz Wi GiasarbsIBSHSS Gldhe ROf-RURIARIMARIBRIIRD BliMKeRs Whishtheoatiable domain

is deriyed has been ch ed. Such.i noglobulins, are alsa referred.to as "classzswitched.
e e Ry AR RE S BB BMIREN enton
are alSbetREedust kit 2t the QUHSENE rebidh FraStifetetrcaadron! XRETHERI-E)BE dEASHARt Yaglon
sequethéedhiata eiilicin ﬁnpmn_euaﬁ@I@bel]'nyvitheﬂjffehe_%prﬁmecﬁm;@gfithcfegﬂdidlg)l_é‘daq@imd_ithg_ _
andioniec REER' An(bRRIPTING. 18T GBAM ALAN iMmURadiOnt I RAQLATESHhpDUPIYedD binding

to the antigen, but exhibit various effector functions. Depending on the amino acid sequence of the

const&Rt ARGl SRHESSEPERREH SRRy lobulins are divided in the classes: IgA, IgD, IgE, IgG,

and IgM. Some of these classes are further divided into subclasses, i.e. IgG in IgG I, IgG2, 1gG3, and
1964, qmlgA indgahand deARiecordipg feithe immunoglabidin class toguhighan immungglabulin
belongs.the heavy chain constant regions of immunoglobulins are called.ﬁﬂél A), 5 (IgD), e (18E), y
190) S0 (PRI EES o TR 901500 16 ocbeCiivlh. Fi iR Bbuins
accordhsgfedanenimvemtion belong in one embodiment to the IgG class. An "Fe pan of an
immunoglobulin” is a term well known to the skilled artisan and defined on basis of the papain
cleavage -of inimairioglobulinst Imorieiemiaodimentpeithienntentiper ihenimmmunogiebubnlpmesniains as
Fe part a human, Fe.par, o8 a1 %ﬁ%@%@f%ﬁﬁﬁ%ﬁwm@%giﬂe}n a further embodiment of the
invention is the Fe part either an Fe part of a, human immunoglobulin of the subclass 1gG4 or IgG1 or
is an Fe Rart(ﬁ)ft% hIlIJlmag anﬂc dé/ o; t1 su%%@%s Ig%l, | G% gr%‘%% 1hWhiChai%moﬁiﬁed in %uch a way
that no Fey rece 1i‘org(e.g. IPey 3[11a3 in(%g andlorfio Ina BI ing as d&fined befoW'ehn be 10
detected. In REGHBEIINTEH thic pampesativamablEpdrt, ith alstheismbpeliyrsiese huin 1go4 or
IgG1 subclasgdeeiqartor scomhtesbheneaitdroohidmasalgicd subhglasmiteenfuitherspmagdinrent the
Fe part is froggiglté[p I{%ﬁés_g ﬁ@?s with mutations L234A and L235A. While 1gG4 shows reduced
Fey receptor (FcyRlIlla) binding, immunoglobulins of other IgG subclasses show strong 15 binding.
However Pro238, Asp265, Asp270, Asn297 (loss of Fe carhohydrate), Pro329, |.eu234, Leu235,
Gayo36, CRPoH 1 AEA a0t 1P el HB a1 S e Fhelibes
which, if dliadéei; plovidiessorfeditsed Fayireceptor bikwingitShieldkRtion etcdl., heBidl-Bieem. 276
(2001) 658464 Liandhd., Ricahd FASERcIaf (1993 1kackdl; Morganchd, fbalpmupolggy 86 20
(1995) 319+ 264,&1%{’ 0 30%r%§4zhlari1norrée %mbodiment the immunoglobulin is in regard to Fey receptor
binding of gG4 or Iggxnslubcfass or o??g(cﬂ or IgG2 subclass, with a mutation in L234, L235, and/or
D265, and/or contains the PVA236 mutation. In another embodiment the mutations are 5228P, L234A,
L235A, L235E, and/or PVA236 (PVA236 means that the amino acid sequence ELLG (given in one 25
letter amino acid code) from amino acid position 233 to 236 of IgGI or EFLG of IgG4 is replaced by
PVA). In a further embodiment the mutations are S228P of IgG4, and L234A and L235A of IgG 1. The
Fe part of an immunoglobulin is directly involved in ADCC (antibody-dependent cell-mediated
cytotoxicity) and CDC (complement-dependent cytotoxicity). An immunoglobulin which does not 30
bind Fey receptor and/or complement factor Cl q does not elicit antibody-dependent cellular
cytotoxicity (ADCC) and/or complement dependent cytotoxicity (CDC). In one embodiment the heavy
chain constant region has an amino acid sequences of SEQ ID NO: 01, or SEQ ID NO: 02, or SEQ ID

NO: 01 with mutations L234A and L235A, or SEQ ID NO: 02 with mutation S228P, and the light chain
conctant REreainon hacec an aminn acid ceaadiience of SEO ID NO: 02 ar S|EO ID NO:- DA \WO



The term "monoclonal immunoglobulin” as used herein refers to an 15 immunoglobulin obtained from
a population of substantially homogeneous immunoglobulins, i.e. the individual irnmunoglobulins of the
population are identical except for naturally occurring mutations that may be present in minor amounts.
Monoclonal immunoglobulins are highly specific, Eging directed against a single antigenic site.
Furthermore, in contrast to polyclonal immunoglobulin 20 preparations, which include different
immunoglobulins directed against different antigenic sifes (determinants or epitopes), each monoclonal
immunBofoBETT ANEted AGRMATAIGS AnTSHIE 6 o e spatiffiitythe o
monodionaitinghebnbyvividiis deeaidviintagetuddrr¢Hartheyivmeytiefslintnies) st neofuamingsted by
other imsnyaegiekinshihemadifienimenpeiaialy indisrtesdd e chanaetepafithe imamumoglobulin as
being orbot é@?%{@%@ﬁg@ﬁtﬁnt{%‘s‘g omogeneous po‘pulgtioril of immu o%obultgns and&ilstﬁ%t to be
constrlied as re uifing ppo ction of the imml}nogalo uiin b?/oa\ﬁ13}eﬁaasr?i§u ar method. Wﬁmuﬁoa‘fgbulins
having® dbirvativérgishescriodifiesiondeiaitich e sgemne aeldmegsesbaimsyifitarisiBeihich do
not affget Drafterctheccharasteristicsht et immnuegipkulivaaiedendtad FspNaam changed

irnmu lipns” fications Htro S hnigues.known in the. art, such as
o S B e 2% ons
includ&3R&edn Wik mih J cibFFRBIIRS TERE RS SO i inbraBrITR dtfe Hislfvg deSimilar
side chaiwethdse Families rachudé thomingacidsand Bre Withrldasicheidé-phiaiasi(egluysineyasgiaine,

alcine e e B e o e
chains (G A IS VAT IUEHE, SL8IBGEEC OIS, RN AL FIERENTR &F BERL Sbranched
side chains (e.g. threonine, valine, isoleucine), and aromatic side chains (e.g. tyrosine, phenylalanine,
tryptopHin, Rigtieihe)dFHGEULE prfdfctetPEIMTS acH rasfdiednof@sseht@ntos aftigaHbarRlingcif an
immurpgtatingin ean herepladetulith aaaots aminguacidresidue fiamichecsimesigdaichain faily. The
term "yagiable dgmain” (variable domain of a light chain (VL), variable 10 domain of a heavy chain
(VH)) as usedherein denotes each of the individual domains of a pair of light and heavy chains of an

immunoglobulin which are directly involyed in the binding, of the target antigen,.The variable domains
are gener"alIyot{ﬁtglﬁﬂ%rm%naf’&%i%ﬁinsa%‘gligﬁf) AR HERYy %Waingé‘ﬁﬁ%\%iab e d¥Haif bR ght and
heavy chain kb¥i@ tiseciame igefaralssitctieiher #héypossesinmm. 15 "immunoglobulin framework”,
and each domain comprises four "framework regions” (FR), whose sequences are widely conserved,
connected bythugedhypervariibte regibnshodiite matenismtaritydéidiminiagdeigionsma@bRB): The
terms “complemeniaty.delgrminig regipnofBR) Abriegrvapabig.regipg” i(g'é{ﬁ)ye%é‘:h algyised

interchangeably within'the current appllcatlon, denote the 20 amino a_%? residues of an antibody which

are mainly inVRAGBYin dhtigEiBhdirty VEIRtSworR T gidRACHER) aldthosE U Eblefo TBgions
other than thé hypesrarialodeaédipnmeTherefore, the light and heavy chain variable domains of an
immunoglobulin comprise from N- to C-terminus the regions FR1, CDR1, FR2, CDR2, FR3, CDR3,
and FR4. The framework regions adopt a p-sheet 25 conformation and the CDRs form loops
connecting the 3-sheet structure. The CDRs in each chain are held in their three-dimensional structure
by the framework regions and form together with the CDRs from the other chain the antigen binding
site. The immunoglobulin heavy and light chain CDR3 region plays a particularly important role in the
binding specificity/affinity of the immunoglobulin. CDR and 30 FR regions are determined according to
the standard definition of Kabat, E.A., et al., Sequences of Proteins of Immunological Interest, 5th ed.,
Public Health Service, National Institutes of Health, Bethesda, MD (1991). The term "amino acid" as
used within this application denotes the group of carboxy a-amino acids, which directly or in form of a
precursor can be encoded by nucleic 35acid. The individual amino acids are encoded by nucleic acids
consisting of three - 14 - nucleotides, so called codons or base-triplets. Each amino acid is encoded
by at least one codon. The encoding of the same amino acid by different codons is known as
"degeneration of the genetic code". The term "amino acid" as used within this application denotes the
naturally occurring carboxy a-amino acids and 5 comprises alanine (three letter code: ala, one letter
code: A), arginine (arg, R), asparagine (asn, N), aspartic acid (asp, D), cysteine (cys, C), glutamine
(gin, Q), glutamic acid (glu, E), glycine (gly, G), histidine (his, I-1), isoleucine (ile, 1), leucine (leu, L),
lysine (lys, K), methionine (met, M), phenylalanine (phe, F), proline (pro, P), serine (ser, S), threonine
(thr, T), tryptophan (trp, W), tyrosine (tyr, Y), and 10valine (val, V). A "nucleic acid" or a "nucleic acid
sequence”, which terms are used interchangeably within this application, refers to a polymeric
molecule consisting of the individual nucleotides (also called bases) ‘a’, 'c’, 'g', and 't' (or 'Le in RNA),
i.e. to DNA, RNA, or modifications thereof. This polynucleotide molecule 15 can be a naturally
occurring polynucleotide molecule or a synthetic polynucleotide molecule or a combination of one or
more naturally occurring polynucleotide molecules with one or more synthetic polynucleotide
molecules. Also encompassed by this definition are naturally occurring polynucleotide molecules in

which one or more nucleotides are changed (e.g. by mutagenesis), deleted, or added. A nucleic 20
acrid can eaither he ienlated or intearated in annther Nniicleie acid e A INn AN avnreccinn ~caccecptte A



5 and result in high recovery of the amplified nucleic acids encoding the immunoglobulin's heavy and

light chains or fragments thereof. Also provided is a method for the expression of functional and stable
Fab fragments after in vitro translation of nucleic acid obtained with the PCR-based method according
to the invention. 10The terms "polymerase chain geaction” and "PCR", which are used interchangeably
in this application, denote a method for specifically amplifying a region of nucleic acids, e.g. of DNA or

RNA. Thigmeifiod hasheea-deyelopad by ke MellidsegSibnVighler ME. £Lakmbrog. NagheAcad.
Sci. USA 79 (1 2} 2181-2’\}]%85) The reglon can blg a S'Q%I%‘ ene,i Eﬁ(gt gt_a ene, a c(gglggggr a
non-codiff ettt 18 _ St PER MR HGHE Ty i3ty & %)f%} ONA fragments B huiidreds®st base
pairs (bpyrakioulosonge tscHlifiqsesalRswiforhen St I NpERGHRATs IFEHAD RIS BhsEHirs (kb)
in size. Adnagic-RGiRsataautgeliires several components and reagents. These components include a
nucleic acid template that contains the region to be amplified, two primer complementary to the 5'- and
3-end of B yeginnde becamplified, tagohpiriasesdich@s Baqg aeplifiedasaler anaitter of
thermostgig ahitheipsg. deomusiaqlids riRherphaiand N TR omuhial e Ralymarase

synthesizes a.new strand, a buffer solytion providing a suitable chemical environment for optimum
activity and Bty B (e péﬁﬁ‘?fééra%’@l,hﬂﬂfép?@ﬁt c‘%‘ﬁl sTGEHRPaIf Mrge§ N é]ncf ?fﬁgﬁr?émé%o%}é?ent
cations likepbeassifimudpstisleT hbetarern stini-Aesr PERaeermtetve siE8sitEDdEnerase chain
reactionsepdclt eraployiitg atiledst frpgiolohRER: plinie tewditein in the first polymerase chain reaction
a first pair of primer is employed and in the second polymerase chain reaction a second pair of primer
is empipyededadhe firstapgiaecand pap:ofigemer 30maaRodl thepristekisithe samewbddthedther
PrimeLiRARNoE, WSERGIDGIRI |- 4B BHMRERCT UGiRAIIES DBV IR lernGRf the frst

primer an € second primer is reduced in the pair of primer used in the second
polymssB Bt TE BB U bSr fléﬁﬂglﬁﬁiﬁ%f’primer used in the first polyrnerase chain reaction.
The changed primer is either the sense primer or the WO 2010/094475PCT/EP2010/001008 - 17 -
anti-sense pREVEFTTNG firdt PEYEEp s ARERR e it asPOLBR ISy PER eXFRHIRNONESrimer of
the second paépofivhimer ST.erthmemastedgdinpernfor the second PCR binds within the first PCR product
and produces a second PCR product that is shorter than the first one. The technique, because it uses
four specifie:pemesdiaiher thaniwtdidas greatin gpecifibity dhaivsegulard® CRrictarralsonyididt
deteC,t@l'@"'eﬂﬁggﬂHférin&ﬁ%@wei&? sierleBCRJRisdado saaikhedasmes "auitiplex nalymemse chain
reaction”.or rgéjljt|r{ileex P Whécltﬂ1 gare é‘fs?&?é“t%‘fr%ﬂgel%@{}iﬂ'thiﬂ thal%o érﬁné 1%885? fion, 1%%note a

region . tleagef
polyrnerase chain reaction ém ing multiple, unique primer In a single reaction/mixture to 10

produgEheicoHS RSy intg siZB8 spEsHRSISiffdtent BIRIACEE N ceR. B thrgtifhg miligiE genes at
once, adgitipedl infotheatisnaan pelpbtaiased flomm arsivtientest rihethat-ptine pvisenplowvitireguire
severghiimsrthereagents Rd@sPredinesmpeorme Abpdiakingdeimperatunes fareachmemaksets
must be.eRtimigecio WAk SRILERINNITHR a.siegilipacliandirsiiemamplaansizes.shonld e
different’1 enough to form distinct bands when yisualized by, gel electrophoyesis. In,the huma
genon ¥ th oMo Iogﬁl%rgﬁi%fﬁ‘? tH8 | 3ﬁ"i‘Ltmot ﬁ)btﬂf ‘?fcoﬁﬂlrg?gﬁerﬁ{es Yre I%lgatesgcc%l
chrompdomersse;, 14haind 22agsiva Figiwrads. The hovsshgimuensgdiBealinte hdsirpletiantloctidean be
found grichronTasome 1A-Fiad2. 2pdith the chsesharanial oientation iTThe |6eus3 tgiimere In
5-endayiy- 20R I CllEE Rt e HOMAREe ME REQMEPIS RN HRghsprIosAMeRIgslassiiied as
depicted in the follo irllf% .?.ble%!. TablﬁlzGrouping of the"VH-genes into VH families according to
MatsulfaC FPPECHIE tﬁ.’e g.lm& StE391998) 2151-2162 and Tomlinson, 1.M., et al., V Base sequence
directory 1999. VH family Number of family members Genes with open reading frame VH1 14 9/ 11
VH2 4 3 VH3ye528n¢H4i3g1€ ¢elllaliHbb2aidivblthd MINADGT this cell.

In a further embodiment the methods according to the previous embodiment are

characterized in comprising the following second step:

- obtaining ¢DNA from the providled mRNA with a reverse transcriptase
polymerase chain reaction (RT-PCR).



- 18 - grouped in seven families, 6 functional JH-genes (J=joining) and in the most frequent haplotype
9 functional CH-genes (C=constant). The locus for the human immunoglobulin G light chains of the
types kappa (x) and lambda (7.) is located on two different chromosomes, chromosomes 2 and 22.
The 5 kappa light chain locus can be found on the;short arm of chromosome 2 (2p11.2) and comprises
40 functional V,-gene segments. These are grouped in seven families. The locus also comprises 5

b oeies A SDAs e ACTARIR. K" AAAZRCTRL MO oRiok (e Hoppe Reyle 37 (1900

1001 Lefranc, ., Exp. Clin. Immunogenet. I8 (2001) 161-1/4). 10Table 2:Grouping of the
Vrgen®&tinf, YaRiiTeer acoshditif to FoSIRICTS 3¢ eCAIDIgYedin invBst. 65511 POHMBRAC1 62910y family
Numbegaaidunciiongiijenesivihitrl @b ENeBL7 Med Mchddd.6a8cdideantiodéhlighti sHasnrocus can be

found gn ihe.ong arm GhaNrmESoMeiae.(22pd 1 fl.and.comerises 73 Mxoene afovhichRp are
functional. These are grouped in tep families which in a(gl}r(ljltlon aorg cgs[}ouped in thrf%,e ?Iusters. The locus
15als6USMBTSEs Y3 Tyelt@Si8RwHith 5 AERCHSRRIHRER 395 rdtiping Bftie RRCGENSs o vk

familiesctonty dingher&eipprat tiFhakt al.,, Hum. Mol. Genet. 4 (1995) 983-991; Farner, N.L., et S., J.
Immunol. 162 (1999) 2137-2145; Lefranc, M.P., Exp. din. Immunogenet. 18 (2001) 242-254. Vx family

Number of fujctonal geves Cluster vk 1582 SA Y3 8 AVIACYIERE WO\ i
variable domain the primer in the first polymerase chain reaction comprise the
nucleic acids of SEQ ID NO: 05 and/or 06, 07 and/or 08, 09, 10 and/or 11, 12,
13, and 104 and/or 105 and/or 106, and the primer in the second polymerase
chain reaction comprise the nucleic acids of SEQ ID NO: 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, and 104 and/or 105 and/or

106, and/or 142, and/or 143,

b) for obtaining a nucleic acid encoding an immunoglobulin kappa light chain
variable domain the primer in the first polymerase chain reaction comprise the
nucleic acids of SEQ ID NO: 16, 17, 18, 19, and 115, and the primer in the
second polymerase chain reaction comprise the nucleic acids of SEQ ID NO:
53 and/or 54, 55 and/or 56, 57 and/or 38, 59, 60, 61 and/or 62, 63 and/or 64, 65,
66, 67, 68, 69, 70, and/or 115, and/or 144, and/or 145,

c) for obtaining a nucleic acid encoding an immunoglobulin lambda light chain
variable domain the primer in the first polymerase chain reaction comprise the
nucleic acids of SEQ ID NO: 21, 22, 23 and/or 24 and/or 25 and/or 26, and 120
and/or 121 and/or 122 and/or 123 and/or 124 and/or 125, and the primer in the
second polymerase chain reaction comprise the nucleic acids of SEQ ID NO:
72, 73 and/or 74, 75, 76, 77 and/or 78, 79, 80, 81, 82 and/or 83, 84 and/or 85,
86, 87 andfor 88, 89, 90 and/or 91, 92, and 120 and/or 121 and/or 122 and/or
123 and/or 124 and/or 125.

In one embodiment of the methods according to the disclosure the immunoglobulin
variable domain is an immunoglobulin heavy chain variable domain or an
immunoglobulin kappa light chain variable domain or an immunoglobulin lambda

light chain variable domain.



- 19 - VA, family Number of functional genes Cluster Vx6 CVx72BVx81 CVx91BVx101C The
PCR-based amplification of the nucleic acid encoding an IgG HC and LC or at least the variable
domain thereof from a single immunoglobulin producing cell, e.g. from a single B-cell, is based on the
single cell deposition of B-lymphocytes 5 followedpy a PCR based nucleic acid amplification with
specific primer for the variable domain of the heavy and light chain. The outcome of the PCR is
essentially depending on the employed PCR primer. At best the employed primer should cover all

V-gerlasa shisdidspottbéhsrorie tatited formsshish fonduisbgiassecmeanpasied i tHEb INA S oding
the immy gglgguﬁe fEhblﬁqﬂig @%@W@ﬁg@%ﬁg@em@m@gz@bmﬁqﬁmmmﬁmr@@hﬁmlm
varia e a# é] talnec Hrom.cDA, By %ﬁﬂﬁg r h@gﬁgq{@bge%noga@%m’man

mmunogﬂo% I0CuS 1t is necessary (0 ¢ ere it prlmer | the PCR réaction in order to cover
as mmwﬁré@%ﬂh@%@%’él%é@ﬁr@fé@e iéhfd%]@%ﬁér%&é‘élﬁrﬁﬂ%’taﬁhg%%%‘ﬁ e&ilished
whichtigagtsehamaspedoefdne ﬁwﬁe\nmkﬂheﬂtmrﬁdﬁmﬂm&mbpdmﬂaﬁﬂgemmphilsmﬂomdfethemdclelc
acid e (E{)ﬁill %}agﬁg% ﬂ%'iﬁﬁﬁ @éﬁbiﬁlﬁﬁrﬂ gne polyinerase chain reaction. In this
embo iment thé primer are chosen in"order to provide for the amplification of nucleic acids of
approximately the same length in order to allow for the same PCR conditions. In 20 this embodiment
primeffaer thecntreletic acld@nsading tdﬂeohea\ma}héﬁs arezemploygadvhertaf onetigdbiriding irtthe heavy
chain G regip iy S Prexiding fes sl arrog fsagreRtaf comparable size to that of the
corresponding nucleic acid encoding the light chain.  One aspect of the current invention is a method
for obtaining a nucleic acid 25encoding at least an immunoglobulin variable domain from a single cell
comprising the following steps: WO 2010/094475PCT/EP2010/001008 - 20 - obtaining a nucleic acid
encoding an immunoglobulin variable domain by performing with the composition obtained in the first
polymerase chain reaction a second polymerase chain reaction with thirteen to sixteen 5'- primer and
one 3 '-primer, 5whereby the distance of the binding locations of the primer employed in the second
polymerase chain reaction is reduced compared to the first polymerase chain reaction. In one
embodiment of this method the 5'-primer employed in the first polymerase chain reaction bind in the
coding region for the leader peptide of the 10 immunoglobulin. In another embodiment the 5'-primer
employed in the second polymerase chain reaction bind in the coding region for the first framework
region of the immunoglobulin. In another embodiment the primer employed in the second polymerase
chain reaction provide for overhangs encoding the translational start codon ATG for 5'-primer and/or
the translational stop codon TTA for 15 3'-primer. This overhang is useful in an optional following
overlapping polyrnerase chain reaction for the generation of nucleic acids for the in vitro translation of
the obtained nucleic acid. In one embodiment the immunoglobulin variable domain is an
immunoglobulin heavy chain variable domain or an immunoglobulin kappa light chain variable domain
or an immunoglobulin lambda light chain variable 20domain. In one embodiment of the methods
according to the invention the primer employed in the first polymerase chain reaction for obtaining a
nucleic acid encoding an immunoglobulin heavy chain variable domain have the nucleic acid sequence
of SEQ ID NO: 05 and/or 06, and SEQ ID NO: 07 and/or 08, and SEQ ID NO: 09, 25and SEQ ID NO:
10 and/or 11, and SEQ ID NO: 12, and SEQ ID NO: 13, and SEQ ID NO: 14 and/or 15. Table 4:Primer
employed in the first polyrnerase chain reaction for obtaining a nucleic acid encoding an
Unrnunoglobulin heavy chain variable domain.



Primer descriptio n Sequence Denotation SEQ ID NO: V u primer binding in
TCACCATGGACTG(C/G)ACCTGGA VHL-1 05,06 CCATGGACACACTTTG(C/T)TCCAC V H L-2 07,
08 WO 2010/094475PCT/EP20 0/001008 - 21 - Primer descriptio n Sequence Denotation SEQ ID
NO: the leader peptide coding region TCACCATGGAGTTTGGGCTGAGC VHL-3 09
AGAACATGAAACA(C/IT) CTGTGGTTC TT V1L-4 10,11 ATGGGGTCAACCGCCATCCT VHL-5 12
ACAATG:I’C%’GT. TCCTTCCTCAT VH L66 13 Pr@er bincﬂng in the constant region

roviding a single immunoglobulin producing ce
- obtaining from the cell the nucleic acid encoding the immunoglobulin light
and heavy chain variable domains, optionally also encoding a part of the

light chain constant domain and a part of the heavy chain Cyl domain,
- generating a linear expression matrix comprising the obtained nucleic acid,

- translating in  vitro the nucleic acid and thereby producing the

immunoglobulin Fab fragment.

Tn a fourth aspect, there is provided a method for producing an immunoglobulin comprising the
following steps: providing a single immunoglobulin producing cell, obtaining from said cell the
nucleic acid encoding the immunoglobulin light and heavy chain variable domains, with a
method as defined above, combining the nucleic acid encoding the light chain variable domain
with a nucleic acid encoding an immunoglobulin light chain constant domain and combining the
nucleic acid encoding the heavy chain variable domain with a nucleic acid encoding an
immunoglobulin heavy chain constant region, transfecting a eukaryotic cell with the combined
nucleic acids, cultivating said transfected cell under conditions suitable for the expression of the
immunoglobulin, recovering the immunoglobulin from the cell or the cultivation medium and

thereby producing an immunoglobulin.

The current  invention also  provides a  method for  producing an

immunoglobulin comprising the foliowing steps:
- providing a single immunoglobulin producing ceil,

- obtaining from the cell the nucleic acid encoding the immunoglobulin light

and heavy chain variable domains,

- linking the nucleic acid encoding the light chain variable domain with a
nucleic acid encoding an immunoglobulin light chain constant domain in
operable form, and linking the nucleic acid encoding the heavy chain
variable domain with a nucleic acid encoding an immunoglobulin heavy

chain constant region in operable form,



coding region GCCAGGGGGAAGAC(C/G)GATG huCH-II 14, 15 In one embodiment of the methods
according to the invention the primer employed in the first polymerase chain reaction for obtaining a
nucleic acid encoding an itnmunoglobulin kappa light chain variable domain have the nucleic acid
sequence 50f SEQ ID NO: 16 to 20. Table 5:Pringgr employed in the first polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin kappa light chain variable domain. Primer
description Sequence Denotation SEQ ID NO: V" primer binding in the leader peptide coding region
GCTCAGCTEETSBRGCTCaREWiKE-1 16 GTABEEBTGCTAATGAIC TG \relge] 7 acids
TTCCTCCT@&;{@Q‘I{Q&@W&W@? 18 CAGACCCAGGTCTTCATTTCT VKL-4 19 primer binding
in the constant region coding region TTTCAACTGCTCATCAGATGGCGG huCK-I1 20 10In one
embodiment of the methods according to the invention the primer employed in the first polymerase
chain reactionfévasisainitega niiansicelert eveldingtan iFRnunSTRAIMEEMOMREFEht PRFTOLMable
domain haveiheyiiEeitacithasdidenseief SifadbeNeulal, and SEQ ID NO: 22, and SEQ ID NO: 23
and/or 24 and/or 25 and/or 26, and SEQ ID NO: 27 and/or 28. WO 2010/094475PCT/EP2010/001008
2 - recovering the immunoglobulin from the cell or the cultivation medium and

thereby producing an immunoglobulin.

In one embodiment of all methods according to the disclosure is the
immunoglobulin an immunogiobulin of class G (IgG). In one embodiment of the

methods for producing an immunoglobulin Fab fragment or an immunoglobulin is



Table 6:Primer employed in the first polyrnerase chain reaction for obtaining a nucleic acid encoding
an immunoglobulin lambda light chain variable domain. Primer description sequence denotation SEQ
ID NO: VA primer binding in the leader peptide coding region CCTCTCCTCCTCACCCTCCT VAL-1 21
CTCCTCACTCAGGGCACA VAL-2 22 ATGGCCTGGA(T/C)C(CIG)CTCTCC VAL-3 23, 24, 25, 26
primer binding in the constant region coding region AGCTCCTCAGAGGAGGG(C/T)GG Cxll 27,28
5In ong.eimbedimentnt themethods aacrEding I theinentigaithe primer employed in the second
polymerase chain reaction for obtaining a nucleic acid encoding an immunoglobulin heavy chain
varlable domaln have the nucleic acid sequence of SEQ ID NO: 29 and/or 30, and SEQ ID NO: 31,
HESQUINIEN. 82 8B BB08Nd SEQ ID NO: 34 and/or 35, and SEQ ID NO: 36, and SEQ ID NO:
37 and/or 10 38 and SEQ ID NO 39 and/or 40, and SEQ ID NO: 41 and SEQ ID NO: 42, and SEQ
ID NCPB3 st 48f artbies EerenGrvEstiong %QHDW%O% KHo/6PWIIRA] SEGPAFRO2E and
SEQ ¥ndiding9 and/onB0pagd!SHO |DaNaIS1 dewton 5FroTable 7 ritver estplopabitsithe séeond
polymgxaseiahatapeaction for 150btaining a nucleic acid encoding an immunoglobulin heavy chain
variable domain. Primer description Sequence Denotation SEQ ID NO: VH primer binding in the FRI

coding regloge%g@lgeﬁﬁg A&%%¥QQC&EI%G£E(C%{§3C LA TRET & 5’-primer and

one 3’-primer,

- performing with the product of the first polymerase chain reaction a second
polymerase chain reaction with thirteen to sixteen 5’-primer and one 3’-
primer, thereby obtaining a nucleic acid encoding an immunoglobulin
variable domain,

whereby the distance of the binding locations of the primer employed in the
second polymerase chain reaction is reduced compared to the first polymerase
chain reaction.

By employing magnetic micro-beads coated with the human pan B-cell marker,
CD19 (see e.g. Bertrand, F.E., III, et al., Blood 90 (1997) 736-744), B-cells were
isolated from peripheral blood. With the limited dilution approach, single cells
were placed in a 96 well microtiter plate. The mRNA of these cells was extracted.

It has been found that by performing the IgG-specific PCR amplification according
to the current invention for obtaining nucleic acid encoding an immunoglobulin
variable domain from a single cell in a thereafter following production of the
respective immunoglobulin or Fab-fragment in one embodiment OD-values in the
range of from 0.5 to 2.0 were obtained, and concomitantly, e.g., Fab-fragment
vields of from 180 to 310 ng/m! were obtained.

With the methods according to the current invention a multiplex polymerase chain
reaction is used for the amplification of heavy and light chain variable domains
simultaneously in the same polymerase chain reaction. In contrast to the
amplification of the heavy chain variable domain and the light chain variable
domain in separate reactions the cwrent approach provides for an increased
sensitivity and an increased amount of amplified sequences. The use of gene-



VHL-la 29,30 CTTTAAGAAGGAGATATACCATGCA GGTCCAGCTTGTGCAG VHL-Ib 31
CTTTAAGAAGGAGATATACCATG (G/C)AGGTCCAGCTGGTACAG VHL-ic 32,33
CTTTAAGAAGGAGATATACCATGCA (A/G)ATGCAGCTGGTGCAG V HL-Id 34,35
CTTTAAGAREBEAMRFHATACCATGCA G ATCACCTTGAAGGAG V HL-FXBEPAR1L001008
2010/094475PCT/EP2010/001008 - 23 - Primer desgription Sequence Denotation SEQ ID NO:
CTTTAAGAAGGAGATATACCATGCA G GTCACCTTGA(A/G)GGAG V HL-2b 37,38
CTTTAAGAAGGAGATATACCATGGA (A/IG)GTGCAGCTGGIGGAG V HL-3a 39,40
CTTTAAGAAG GAGHISTATFACEATEG A, GlGHGOARE TR EERGs\bibardbs4he specificity
CTTTAAGAAGGAGATAT TREAIS GTGCAGCTGTTGGAG V HL-3c 42
CTTTAAGAAGGAGATATACCATGCA G (C/G)TGCAGCTGCAGGAG V HL-4a

More complex gene structure in the case of human IgG requires a different strategy
for the primer design, placement and polymerase chain reaction for the sensitivity
5 and accuracy required.

Thus, herein is employed a muitiplex polymerase chain reaction either without or

with the linkage of the heavy and light chain regions that are amplified. For the in

vitro translation of the obtained nucleic acids it is beneficial that the encoded

domains comprise cysteine residues suitable for the formation of interchain
10 disuifide bonds.

Methods and techniques known to a person skilled in the art, which are useful for
carrying out the current invention, are described e.g. in Ausubel, F.M., ed., Current
Protocols in Molecular Biology, Volumes 1 to III (1997), Wiley and Sons;
Sambrook, J., et al., Molecular Cloning: A Laboratory Manual, Second Edition,

15 Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989), Morrison,
S.L., et al., Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855; US 5,202,238 and
US 5,204,244,

The term "immunoglobulin” denotes a protein consisting of one or more
polypeptide(s) substantially encoded by immunoglobulin genes. The recognized

20 immunoglobulin genes include the different constant region genes as well as the
myriad immunoglobulin varable region genes. Immunoglobulins may exist in a
variety of formats, including, for example, Fv, Fab, and F(ab), as well as single
chains {(scFv) or diabodies (e.g. Huston, 1.S, et al., Proc. Natl. Acad. Sci. USA 85
(1988) 5879-5883; Bird, R.E., et al., Science 242 (1988} 423-426; Hood, L.E. et

25 al., Immunology, Benjamin N.Y., 2nd edition (1984); Hunkapiller, T. and Hood,
L., Nature 323 (1986) 15-16).

An immunoglobulin in general comprises two so called light chain polypeptides
(light chain) and two so called heavy chain polypeptides (heavy chain). Each of the
heavy and light chain polypeptides contains a variable domain (variable region}
30 {generally the amino terminal portion of the polypeptide chain) comprising binding
regions that are able to interact with an antigen. Each of the heavy and light chain
polypeptides comprises a constant region (generally the carboxyl terminal portion).
The constant region of the heavy chain mediates the binding of the antibody i) to



43, 44 CTTTAAGAAGGAGATATACCATGCA G GTGCAGCTACAGCAG V HL-4b 45
CTTTAAGAAGGAGATATACCATGGA (AIG) GTGCAGCTGGTGCAG V HL-5a 46,47
CTTTAAGAAGGAGATATACCATGCA GGTACAGCTGCAGCAG V HL-6a 48
CTTTAAGARBHARHATACCATGCA GGT(C/G)CAGCTGGTGCAA V HEIEAG 088 mer binding in
the constant region coding region ATCGTATGGGTAGCTGGTCCCTTAG
AC(C/G)GATGGGCCCTTGGTGGA huCH-II1 51, 53 In one embodiment of the methods according to
the invention the primer employed in the second polymerase chain reaction for obtaining a nucleic acid

encoding an imoeliebgtehigin Rappadightctaor Erid)]eddnaiphhgveytiecdiseicigdid sdiguence 5 of
SEQ 1D NO: 530y ¢ @ega%@:@a%% qqsé%mgg@r@m 165404/ 5% and SEQ ID

NO: 59,and S 0: 61 and 3and/or 4, and SEQ
ID NO: 65, and ’g% 1‘\?6&888%8 ﬁ’ﬁl’é rﬁ%l E?fs %@Slca 0O: 69, and

SEQ ID NO: 70S¥sRISECH B NORmnesb o érb?ll’f?é?ah’rﬁﬂ%‘}‘éﬂllﬁﬁﬁé é‘@@&iﬁ&@@ r%lse chain
reaction§or obtaigung)ﬂ neeleichatidie noadiagmam sesndiffegiabsdimappa. digfiwhfmmeardable domain.
Primer descripti ChPsRRIN aER O NNV cpryer CTTTAAGA. AGGAGATATACCATG
(A/G)ACATCCA ATG CCCAG V"L-la 53,54 W 2010/09 475PCT/EP2010/001008 - 24 - Primer

description Seq%%ﬂ&?c%ﬁ&%@%@ %ngﬂ)bulms is e.g. described in Morrison, S.L., et al.,
Proc. Natl. Acad Sci. USA 81 (1984) 6851-6855; US 5,202,238 and US 5,204,244,
Riechmann, L., et al., Nature 332 (1988) 323-327, Neuberger, M.S., et al., Nature

10 314 (1985) 268-270; Lonberg, N., Nat. Biotechnol. 23 (2005} 1117-1125.

The term “chimeric immunoglobulin” denotes an immunoglobulin, preferably a
monoclonal immunoglobulin, comprising a variable domain, i.e. binding region,
from a first non-human species and at least a portion of a constant region derived
from a second different source or species. Chimeric immunoglobulins are generally

5 prepared by recombinant DNA techniques. In one embodiment chimeric
immunoglobulins comprise a mouse, rat, hamster, rabbit, or sheep variable domain
and a human constant region. In one embodiment the human heavy chain constant
region is a human IgG constant region. In another embodiment the human light
chain constant region is a kappa chain or a lambda chain.

20 Other forms of chimeric immunoglobulins encompassed by the present invention
are those in which the class or subclass of the non-human immunoglobulin from
which the variable domain is derived has been changed. Such immunoglobulins are
also referred to as “class-switched immunoglobulins”. Forms of "class-switched
immunoglobulins” encompassed by the present invention are also those in which

25 the constant region has differences from the wild-type constant region sequence
that result in an immunoglobulin with different properties, e.g. in regard to Clq
binding and/or Fc receptor (FcR) binding. The “Fc part” of an immunoglobulin is
not directly involved in binding fo the antigen, but exhibit various effector
functions. Depending on the amino acid sequence of the constant region of the

30 heavy chain, immunoglobulins are divided in the classes: IgA, IgD, IgE, 1gG, and
IgM. Some of these classes are further divided into subclasses, i.e. IgG in IgGl,
1gG2, 1gG3, and IgG4, or IgA in IgAl and IgA2. According to the immunoglobulin
class to which an immunoglobulin belongs the heavy chain constant regions of
immunoglobulins are called o (IgA), 8 (IgD), ¢ (IgE),y (IgG), and p (IgM),



binding in the FRI coding region CTTTAAGAAGGAGATATACCATGG (A/C)CATCCAGTTGACCCAG
VKL-lb 55,56 CTTTAAGAAGGAGATATACCATGGC CATCC(A/G)GATGACCCAG VKL-Ic 57, 58
CTTTAAGAAGGAGATATACCATGGT CATCTGGATGACCCAG 1/, L-1¢,59 . |
CTTTAAG AN ABAYATACCATGGA TATTGTGATGACCCAG VKL-24 60 2 1001008

CTTTAAGAAGGAGATATACCATGG AT(A/G)TTGEGATGACTCAG VKL-2b 61,62
CTTTAAGAAGGAGATATACCATGG AAATTGTGTTGAC(A/G)CAG VKL-3a 63,64
CTTTAAGAAGGAGATATACCATGG AAATAGTGATGACGCAG VKL-3b 65
CTTTAAGAAGEAGHENT AEATGE AT G TAATHAT AC fhs \ryengoggbelong in one
CTTTAAGAAGHAGAT AT ACEATBGIASATC GTGAT GG GEAGMHIbYMB s a term well

CTTTAAGAAGGAGATATAC . ]
g@%\\g’AﬁﬂA;I[DXCSgﬁA*%%ﬁﬁﬁ%ﬁ%ﬁ&ﬁ%%&ﬁ@f\éﬁé &8 cleavage of

CTTTAAGAAG ( AATTGTGCTCACTCAG VKL-6a 69 )
CTTTAAGAACEREIRERYABEATGER IR PEARAENRGY A1 gpgmoelobulin

5 contains as Fc part a human Fe part or an Fe part derived from human origin. In a
further embodiment of the invention is the Fc part either an Fc part of a human
immunoglobulin of the subclass IgG4 or IgG1 or is an Fc part of a human antibody
of the subclass 1gG1, 1gG2, or 1gG3, which is modified in such a way that no Fey
receptor (e.g. FeyRilla) binding and/or no Clq binding as defined below can be

10 detected. In one embodiment the Fc part is a human Fc part, in another
embodiment a human IgG4 or IgGl subclass Fc part or a mutated Fc part from
human IgG1 subclass. In a further embodiment the Fc part is from human IgGl
subclass with mutations L234A and L235A. While IgG4 shows reduced Fcy
receptor (FcyR111a) binding, immunoglobulins of other IgG subclasses show strong

15 binding. However Pro238, Asp265, Asp270, Asn297 (loss of Fc carbohydrate),
Pro329, Leu234, Leu235, Gly236, Gly237, lle253, Ser254, Lys288, Thr307,
Gin311, Asn434, or/fand His435 are residues which, if altered, provide also reduced
Fey receptor binding (Shields, R.L., et al., J. Biol. Chem. 276 (2001) 6591-6604;
Lund, ., et al., FASEB J. 9 (1995) 115-119; Morgan, A., et al., Inmunology 86

20 (1995) 319-324; EP 0307 434). In one embodiment the immunoglobulin is in
regard to Foy receptor binding of 1gG4 or 1gGl subclass or of IgGl or I1gG2
subclass, with a mutation in L.234, L2353, and/or D265, and/or contains the PVA236
mutation. In another embodiment the mutations are S228P, L234A, L235A, L235E,
and/or PVA236 (PVA236 means that the amino acid sequence ELLG (given in one

25 letter amino acid code) from amino acid position 233 to 236 of IgG1 or EFLG of
1gG4 is replaced by PVA). In a further embodiment the mutations are S228P of
IgG4, and 1234A and L235A of 1gGl. The Fc part of an immunoglobulin is
directly involved in ADCC (antibody-dependent cell-mediated cytotoxicity) and
CDC (complement-dependent cytotoxicity). An immunoglobulin which does not

30 bind Fey receptor and/or complement factor Clgq does not elicit antibody-dependent
cellular cytotoxicity (ADCC) and/or complement dependent cytotoxicity (CDC). In
one embodiment the heavy chain constant region has an amino acid sequences of
SEQ ID NO: 01, or SEQ ID NO: 2, or SEQ IDNO: 01 with mutations L234A and
1235A, or SEQ ID NO: 02 with mutation S228P, and the light chain constant

35 region has an arnino acid sequence of SEQ ID NO: 03 or SEQ ID NO: 04.



primer binding in the constant region coding region ATCGTATGGGTAGCTGGTCCCTTAA
AGATGAAGACAGATGGTGC huC,c-lll 71 In one embodiment of the methods according to the

inventi.on the primer employed in the second polymerase chain reaction for gl ucléic aci
encoding a®¥ f#8t16bulin lambda light chain variable domain have théq%ﬁ%#eléaggﬁbg sequeﬁgfof
SEQ ID NO: 72, and SEQ ID NO: 73 and/or 74, appl SEQ ID NO: 75, and SEQ ID NO: 76, and SEQ ID
NO: 77 and/or 78, and SEQ ID NO: 79, and SEQ ID NO: 80, and SEQ ID NO: 81, and SEQ ID NO: 82
and/or 83, and SEQ ID NO: 84 and/or 85, and SEQ ID NO: 86, and SEQ ID NO: 87 and/or 88, and
SEQ ID NO: 89 amshSE@ I DNECOR-graflodd formel SEQIBNGIOLe.8ndoded D [ROYSE. 10Table
9:Primer emplayedin, @bﬁﬁﬁ@@?&m%wgs&m@meaﬁmmfpar@htamm@mwmafmm%codmg an

immunoglobulin lambgda light.ch d -
Primer descripffofi 8¢ e%lce%grllr:)?\g :clgérl\ a;BQrou %%A%gﬁz%gfé/ &i?ﬁl{%g&% CC);OgA %

GTCTGTGCT@A@W@A@V&&L@I&%‘T@F? A’é‘ﬂ%&’;‘&%‘é‘i{ﬂ*ﬂ GEALRF @ Aerve
GTCTGY G(C/T) TIGAGES GAGuntEleniB, Fecigjeptinter dsieatitey immaromiobling iagishich

CTTTAAGAAGLAMAATIR I DAL Tglda bedadibbeddy @@dﬁ&.ﬁorﬁi hypervariable

CTTTAAGAAGGAGATATACCATGCA GTC LS%@h7gS mouse, fat,
CTTTAAGAAGEREATATALE ”l‘?f’i‘cs??f‘lﬁsr&&}i CTGA VAL-

CTTTAAGAAGBRSHATRPAE CATRI TR STEAG ‘é‘,&’dﬂi: eél SRS 5%3’ fnd Sitrinity
(see e.g. Morrison, S.L., et al., Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855;

10 US 5,202,238; US 5,204,244). In some instances, framework region (FR) residues
of the acceptor immunoglobulin are replaced by corresponding non-human
residues. Furthermore, humanized immunoglobulins may comprise further
modifications, e.g. amino acid residues that are not found in the acceptor
immunoglobulin or in the donor immunoglobulin. Such modifications result in

15 variants of such recipient or donor immunoglobulin, which are homologous but not
identical to the corresponding parent sequence.

Methods for humanizing non-human immunoglobulin have been described in the
art. Generally, a humanized immunoglobulin comprises one or more amino acid
residues introduced into it from a source which is non-human. These non-human
20 amino acid residues are often referred to as “import” residues, which are typically
taken from an “import” variable domain. Humanization can be essentially
performed following the method of ‘Winter and co-workers by substituting
hypervariable region sequences for the correspénding sequences of a non-human
immunoglobulin (see e.g. Winter, G. and Harris, W.J., Immunol. Today 14 (1993}
25 243-246).

The term “human immunoglobulin” as used herein, denotes an immunoglobulin
having variable and constant regions (domains) derived from buman germ line
immunoglobulin sequences and having high sequence similarity or identity with
these germ line sequences. The variable heavy chain region is in one embodiment
30 derived from germline sequence DP-50 (GenBank LO6618) and the variable light
chain region is derived from germline sequence L6 (GenBank X01668) or the
variable heavy chain region is derived DP-61 (GenBank M99682) and the variable
light chain region is derived from germline sequence L15 (GenBank K01323). The
constant regions of the antibody are constant regions of human IgG1 or 1gG4 type
35 or a variant thereof. Such regions can be allotypic and are described by, e.g.,



CTTTAAGAAGGAGATATACCATGTC TTCTGAGCTGACTCAG VKL-3c 80
CTTTAAGAAGGAGATATACCATGTC CTATGAGCTGATGCAG VAL-3d 81
CTTTAAGAAGGAGATATACCATGCA GC(C/T)TGTGCTGACTCAA VkL-4a 82, 83
CTTTAAGARSERERYATACCATGCAG (C/G)CTGTGCTGACTCAG VAICEAR 1401008
CTTTAAGAAGGAGATATACCATGAA TTTTATGGEGACTCAG VAL-6a 86
CTTTAAGAAGGAGATATACCATGCAG (A/G)CTGTGGTGACTCAG VAL-7a 87, 88
CTTTAAGAAGGAGATATACCATGCAG ACTGTGGTGACCCAG VAL-8a 89
CTTTAAGAAGBAGHAT ATAGE AT G CT(A/LT BT GTEIE TREACIC RB00N 214134 Boaml the

CTTTAAGAAGHAGRAIRGCH AT & GCAGGGCTGACTCAG VAL-10a 92 primer binding in the
constant region coding region ATCGTATGGGTAGCTGGTCCCTTAG GGAACAGAGTGACCG

huCx-1Il 93 A fygther, aspect of the;cHireniinveiiasitisrmeihoddar obiaéing eemiieicaacid encoding

at least an immuno Iobr;l'n variable domain from a single cell cq
|

as ! prising.the.f vagigg ep: -
obtaining a first 8fe o ?)tolsﬁt%'ﬁpr%ly}ep’efef(cﬁﬁsl% ’a?frs%r%%?émgg?af;ggo%giir@reactl%t’n with three or

four 5-phimer afithoie BupHANsiobWiosdsalered s best aebo rsfoss Sl AS0: fiinfig a nucleic
acid encoding atigagtny) s fremaeglebisia vagableweensimabyipetfarmitgnegenith cbwmssition
gggagfg sgngfr‘lfn %“;ﬁ%ﬁ@g@ﬁfﬁ?g&l&@in’ﬁ%@sﬁ@m@%m peIRASsIhaNKRBRliaR Withone 5'- primer
invention have in one embodiment variable and constant regions in a rearranged
form. The recombinant human immunoglobulins according to the invention have
10 been subjected to in vivo somatic hypermutation. Thus, the amino acid sequences
of the VH and VL regions of the recombinant human immunoglobulins are
sequences that can be assigned to defined human germ line VH and VL sequences,

but may not naturally exist within the human antibody germ line repertoire 1n vivo,

The term “monoclonal immunoglobulin” as used herein refers to an
15 immunoglobulin obtained from a population of substantially homogeneous
immunoglobulins, i.e. the individual immunoglobulins of the population are
identical exceﬁt for naturally occurring mutations that may be present in minor
amounts. Monoclonal immunoglobulins are highly specific, being directed against
a single antigenic site. Furthermore, in contrast to polyclonal immunogicbulin
20 preparations, which include different immunoglobulins directed against different
antigenic sites (determinants or epitopes), each monoclonal immunoglobulin is
directed against a single antigenic site. In addition to their specificity, the
monoclonal immunoglobulins are advantageous in that they may be synthesized
uncontaminated by other immunoglobulins. The modifier “monoclonal” indicates
25 the character of the immunoglobulin as being obtained from a substantially
homogeneous population of immunoglobulins and is not to be construed as

requiring production of the immunogiobulin by any particular method.

Immunoglobulins having “conservative sequence modifications”, which are amino
acid sequence modifications which do not affect or alter the characteristics of the
30 immunoglobulin, are denoted as “variant immunoglobulins”. Modifications can be
introduced by standard techniques known in the art, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Conservative amino acid
substitutions include ones in which the amino acid residue is replaced with an

amino acid residue having a similar side chain. These families include amino acids



S5whereby prin_1er employed in the first and in the second polyrnerase chain reaction can be the same.
In one embodiment the primer employed in the polymerase chain reaction provide for overhangs

encoding the translational start codon ATG for 5'-primer and/or the translational stop codon TTA for

3'-primer. TW?&%’{PP%GB useful in an optional 10 following overlappingpgglfyﬁ/:%zg%gisﬂeig %ain reaction for

the generation of nucleic acids for the in vitro transliation of the obtained nucleic acid. In one
embodiment the immunoglobulin variable domain is an immunoglobulin heavy chain variable domain
or an irnmunoglobulin kappa light chain variable domain or an immunoglobulin lambda light chain
variable domaimitt onesidenboadirmdatzofisisenetaivinendistidies) e by it thaltg SCdo-step
polyrglerzse cha J&i@(tahlﬁm fouehiiRiaing aunudeiedsithe NaedngraNEmMiydeioblimagiryy chain
variable domain.,have the nucle e () | : and. S ; and SEQ ID
NO: 96 and/or §]}J§anmd?& 58 g%ﬁo%%}g%r%{%%%’%%E%iwﬁp%ﬁ)igﬁ %%%EQ%?? g/Fz)r 103, a(rgld
SEQ ID 20NO: €4 ARHRSs TSNS AOIH5HE BB RTeP I"’g??‘%‘&?htﬂ% Hrstt o-g%é'p polymerase
chain resction farodtelninly ahairidicaditeoniingian invhsueioglopudirieaiie SHifirtRaRable domain.
Ew%r\ iﬁgi&%ﬁﬁﬁﬁﬁgﬁg@@@gﬁﬂ@ﬁ@m%@ﬂ i MHdiRsj iR ndingdiethie dnfRicading region

: TGS T. ;
CTTTAAGAAG%%%&'PQT%%&Q%E%& I%%f%iﬁ@%ﬁf% %%(?’ %ﬂﬁéﬂ ;Lé\t?lﬁf-fe 5o
CTTTAAGAAGE‘K@M%FA@@R‘?‘@%@S@?@@K@WKER‘%@@ C huVvH-3 96, 97, 98, 99

CTTTAAGAAGGAGATATACCATGCA _GpT(A/G)lCAGCTGCAG(l,C/G)AG,TC huVH-4 100, 101, 102,
103 WO 2010/8ba475m v fymeindofy 2o bl drmaedt Aptight stiiif dde D &ABERIHN SEQ ID
NO: pritoer bindimgsin thé £dratanthain (Vi) as used herein denotes each of the individual

domains of a pair of light and beavy chains of an immunoglobulin which are
directly involved in the binding of the target antigen. The variable domains are
generally the N-terminal domains of light and heavy chains. The variable domains
of the light and heavy chain have the same general structure, i.¢. they possess an
15 “immunoglobulin framework”, and each domain comprises four “framework
regions” (FR), whose sequences are widely conserved, connected by three
“hypervariable regions” (or “complementarity determining regions”, CDRs). The
terms “complementary determining region” {CDR) or “hypervariable region”
(HVR), which arc used interchangeably within the current application, denote the
20 amino acid residues of an antibody which are mainly involved in antigen-binding.
“Pramework” regions (FR) are those variable domain regions other than the
hypervariable regions. Therefore, the light and heavy chain variable domains of an
immunoglobulin comprise from N- to C-terminus the regions FR1, CDR1, FR2,
CDR2, FR3, CDR3, and FR4. The framework regions adopt a [-sheet
23 conformation and the CDRs form loops connecting the B-sheet structure. The
CDRs in each chain are held in their three-dimensional structure by the framework
regions and form together with the CDRs from the other chain the antigen binding
site. The immunoglobulin heavy and light chain CDR3 region plays a particularly
important role in the binding specificity/affinity of the immunoglobulin, CDR and
30 FR regions are determined according to the standard definition of Kabat, E.A., et
al., Sequences of Proteins of Immunological Interest, 5th ed., Public Health
Service, National Institutes of Health, Bethesda, MD (1991).

The term “amino acid” as used within this application denotes the group of carboxy
a-amino acids, which directly or in form of a precursor can be encoded by nucleic
35 acid. The individual amino acids are encoded by nucleic acids consisting of three



region coding region ATCGTATGGGTAGCTGGTCCCTTA GTGGTGGTGGTGGTGGTGAACT
(C/IGIT) TCTIGTCCACCTTGGTGTTG huCH-2 104, 105, 106 In one embodiment of this method the
primer employed in the first two-step polymerase chain reaction for obtaining a nucleic acid encodin
an immuno d%%ﬂﬁ‘l’%"éﬁb*a light chain variable domain have the nucleic ag@%?éﬂgﬂ@é[’g? SEQ ID NC?:
107 and/or 108 and/or 109 and/or 110, and SEQ IQ NO: 111 5and/or 112, and SEQ ID NO: 113, and
SEQ ID NO: 114, and SEQ ID NO: 115. Table 11:Primer employed:in the first two-step polymerase
chain reaction for obtaining a nucleic acid encoding an immunoglobulin kappa light chain variable
domain. Primemdekotigtinrs egjlrsheedDenotarse-Sipieis DEs: amingrizeidr I5iHfRgaHh MeaR! coding
region CTTTAAGAAGE AT ATIAGRASHRE 4 QRTEHR GMAG Mo TR AGECAGCIFduYr 1 107, 108,

109,110 CTTIAAGAGEAGATATACEALGE ATALTSTRAICHCAGTCARTCTC RNV, 2 111,

112 CTTTAAGRAGGA TTGTGTTGACGCAGTCTCC huvr3 113
CTTTAAGAAG@R@W*H&?ER?@%PE;@Wﬁ@éﬁ@ﬁ%‘f@ﬁ\%‘é’é&@f@f& HHPOCH B AfSer binding in
the constant regiempcseingagiothaRCSRA FTOBGIAGTT BEGTCEETiAArginine (arg, R),
pAtETSTE:tCCCdEQaIiEﬁA/f&QR@, higgedc1ddhd lnpnerehadinegoiofthigerthve fatnp@ner employed
in the first two-st p ra ' iQn f Iy uclel id: '
mmunogiobunrE e 5, AAbERen e, R R NG APHIREARER BRISET b no:
116, and SEQ IBFN&»1xTa Ayssisd TSRIGNR9 8o P1E: ﬁa"éfﬁgp#ﬁ»ﬁbp i‘gﬁl gﬁ%’%r 121 and/or
122 and/or 123Rndtong Zsenridhothamine (thr, T), tryptophan (trp, W), tyrosine (tyr, Y), and

10 valine (val, V).

A “nucleic acid® or a “nucleic acid sequence”, which terms are used
interchangeably within this application, refers to a polymeric molecule consisting
of the individual nucleotides (also called bases) ‘a’, ‘c’, ‘g’, and ‘t* {or ‘u’ in
RNA), i.e. to DNA, RNA, or modifications thereof. This polynucleotide molecule
15 can be a naturally occurring polynucleotide molecule or a synthetic polynucleotide
molecule or a combination of one or more naturally occurring polynucleotide
molecules with one or more synthetic polynucleotide molecules. Also encompassed
by this definition are naturally occurring polynucleotide molecules in which one or
more nucleotides are changed (e.g. by mutagenesis), deleted, or added. A nucleic
20 acid can either be isolated, or integrated in another nucleic acid, e.g. in an
expression cassette, a plasmid, or the chromosome of a host cell. A nucleic acid is
characterized by its nucleic acid sequence consisting of individual nucleotides.

To a person skilled in the art procedures and methods are well known to convert an
amino acid sequence, e.g. of a polypeptide, into a corresponding nucleic acid

25 sequence encoding this amino acid sequence. Therefore, a nucleic acid is
characterized by its nucleic acid sequence consisting of individual nucleotides and
likewise by the amino acid sequence of a polypeptide encoded thereby.

It has now been found that a nucleic acid encoding a monoclonal immunoglobulin
can be obtained from a single cell with a method according to the invention
30 comprising a polymerase chain reaction (PCR). Further it has been found that with
a combination of the PCR method according to the invention and an in vitro
translation method the nucleic acid encoding a monocional immunoglobulin can be
obtained from a single cell and the encoded immunoglobulin can be provided in
quantities sufficient for the characterization of the immunoglobulin’s binding



WO 2010/094475PCT/EP2010/001008 - 28 - Table 12:Primer employed in the first two-step
polymerase chain reaction for obtaining a nucleic acid encoding an imtnunoglobulin lambda light chain
variable domain. Primer description Sequence Denotation SEQ ID NO: Vx primer binding in the FRI
coding regioll B HYRAGAAGGAGATATACCATG CAGTCTGTGCTGAC@%@@WW ’1 116
CTTTAAGAAGGAGATATACCATG CAGTCTGCQCI:%FGACTCAGCC huvx-2 117
CTTTAAGAAGGAGATATACCATG TCCTATGAGCTGAC(A/T)CAGCC huvx-3 118, 119 primer
binding in the constant region coding region ATCGTATGGGTAGCTGGTCCCTTA
TGAACATTC(G/M@ (G AGBBGE ¢milACTienve@x-Rvw 2onaat, af2aRINDS, dpaingddrom Iy one
embodiment of ghisiethoddheinsmer BOR(pyBehathecaeronrddina)Hepspelyamerassishain reaction

have the nileig a1c s ganGs of SEQIRNG: 128 A0 SEQIRMNG:L27. Table L3:Primer employec

in the second two-s?ep polyrnerase chain reaction. Primer description Sequence Denotation SEQ 1D
NO:first prlmerﬁl-{x-sr,-ri@ﬁ\a% %&%%&gﬁ t-l;é‘i:r age A)EQhIéL%EI_iH)can%% of nucleic acid encoding
5 cognate IgG HC (immunoglobulin G heavy chain) and [gG LC {immunoglobulin G
light chain) of an IgG isotype immunoglobulin from a single cell with subsequent
in vitro translation of the obtained amplified nucleic acid Fab fragments or
complete immunoglobulins can be provided. With this method a high sensitive
method for obtaining information about an immunogiobulin produced by a single
10 cell is provided. This is possible even from the minute amounts of mRNA of a
single cell. The method according to the invention allows for the biochemical
characterization of the binding characteristics of an immunoglobulin expressed by
a single B-cell. Thus, with this method characterization of a higher diversity as
opposed to the hybridoma technology is possible. Furthermore, as the cognate
15 immunoglobulin chains are obtained from mature B-cells after antigen contact,
selectively the nucleic acids encoding high specific and correctly assembled
immunoglicbulins are obtained.

The method according to the current invention for obtaining the nucleic acid

encoding an immunoglobulin form a single cell comprises a multiplex semi-nested
20 PCR for the amplification of cognate IgG HC and IgG LC (human IgG isotype)

from a single B-cell. For characterization of the binding characieristics of the

immunoglobulin encoded by the obtained nucleic acid, the PCR product was

transformed to a nucleic acid encoding the corresponding Fab-fragment. Thereafter

the Fab-fragment was translated in vitro in E.coli lysate. The expression was
25 confirmed using ELISA and Western blot methods.

In general one aspect of the current invention is a method employing the following
steps i) isolating with magnetic micro-beads coated with human CD19 B-cells from
peripheral blood, ii) depositing single cells e.g. by limited dilution or FACS, iii)
extracting the mRNA of the individualized B-cells, iv) obtaining one or more

30 nucleic acids encoding at least the variable domains (VH and VL) of the
immunoglobulin produced by the individualized B-cell, v) translating in vitro a
linear RNA template, and optionally vi) characterizing the binding properties of the
immunoglobulin or immunoglobulin fragment.



second primer ATCGTATGGGTAGCTGG LTGS-rfp 127  Another aspect of the current invention is
a method for obtaining a nucleic acid encoding at least an immunoglobulin variable domain from a
single cell com risin% 10the following steps: - obtaining a first nucleic acig-¢epesiiemdy performing a
first ponmeWa%ggéwgln“-?éaction with four to six 5'-primer and one 3 '-primer, obtaining a nucleic acid
encoding at least an immunoglobulin variable domag. by performing with the composition obtained in
the first 15polymerase chain reaction a second polymerase chain reaction with thirteen to fifteen
5'-primer and one 3'-primer, WO 2010/094475.PCT/EP%010/00 008 - 29{ WQ%B?%”W%G second
polymerase chakerdactisnsdfinePeie smplification el s MhEHrAl polymerase chain reaction

and the 3'-prim@;ﬁti&leﬁﬁeﬁﬁdtrmdiﬁe@feqmﬂhingriisathmmme@@Wfﬁé‘ﬁf&%ﬁh’é’ﬁa@?cﬁ&ﬁa reaction and
at least one 5'- primeris differenibaic Fuhsieky:iokia Seqonehpeiynierase thasteteaction the number

of nucleotides between the 5'-end of each of the 5'-primer and the 3'-end of the 3'-primer is smaller
compared to th‘fE NYMber.phrycinRIFe RelvRandhe. santiglearhict e hignimemaitti¢he 3-end of

the 3'-primer in e first olyrnerase chain reactign. In o iment ofi this,matRed ghe 5'-primer
employéd in thétst Mﬂratgg‘lde(?ﬂﬁ‘lﬂﬁyre%it%ﬁ bind ﬁt%?ﬁth% et 5l % ader peptide of

_ ; e co |%r %lgn for th o8
the immunoglobmimreghrotins basbparfdigehsios dnBrRBISyBRT ThitHe YeRBhd Solymerase chain
reaction bind indfag.6@diatregiepréssisheofirfifesnmelvenid regitn bt pmenin S§EORIN 1 another

embodiment the, B eEIRIRNEL 1Rdc,eAARE PR REIESR Bhain ieastibecpradid forbwerhangs
encoding the transfat_lona start 15 codon ATG for 5'-primer and/or the translational stop codon TTA for

3-primer. This &¥EEY is useful in an optional following overlapping polymerase chain reaction for

the generation of nucleic acids for the in vitro translation of, the obfa pyeleicacid.lione
emboditient of Tﬁi@W@tﬁd&?*ﬁpﬁlﬁ?ﬁiﬁm&éﬁaﬁﬁﬂ?uﬁgglo%u m’%lgr)}g%ég%%smain_er?c w?gerIJZJcleic acid six

5'-primer and o tBis 2Pphidation adenetn Bl oyriboHh %ﬂ%%wﬁmgmw%&’&@%ﬁ‘n another

embodiment fouy.BispER e BMLORRIRITIEY mkehetits pechidandopeddndpdiiisrtse eBain reaction.

In one embodiment.the imy yné{gggbl#}gc\!%alpleAégmaéei.inmwmpmmJzeagy ahein variable
in k i

domain or an immunoglobulin kappa light chain variable domaip o Tagly Qbuliszlambda light
chain variable dS#ahYERT 8iE @8%‘7%3?%_{?% fetho 396{13 éﬁgﬁ%ﬂ;@%ﬂi@ e#t%on.}?e primer
employes! in theMiest P6lRmestiodschainalin cianifr N ifRgEHE QbR 58? n%o\éase Bh

ing an

immunoglobulingp\tehain yatiaiendamainihavdthemmldfieitioviol Jeegresie o NO: 05

and/or 06, and £Q 'é’ag“g%; 7 andlar 08,286 PER WiNG: Qguiand sSERIRAPoAandidr 11, and
y

SEQ ID NO: 12,/and D'NO: 13, and SEQ 30ID NQ: 104 105 AQbs Taale 14:Primer
employed in the REEPSIyMIErS e ERSRCPEL IO%% o4 AN AnE/ebd@ks

br obtaining a nucleic acid engodin
immunoglobulinegmwyteHirevalifiste S6MBIHIONEIDHIE ﬁ%gbéﬁ'lﬁpfﬁigldm%%’g ?hfo - Primer
descriptign Sequgaes SEQ@Danplatial 1D Mdyhdaprinrechindinkph 1RYBEHE? P EtREding region
TCACCATGGAG LG(CIAACGHTFGAY blloly BRGNP RAGAGACARTIS) GEATYICTA® VHL-2
polymerase synthesizes a new strand, a buffer solution providing a suitable
chemical environment for optimum activity and stability of the polymerase,
divalent cations, generally Mg2+, and finally, monovalent cations like potassium

23 ioas.

The term "semi-nested PCR" denotes two successive polymerase chain reactions
each employing at least a pair of PCR primer, wherein in the first polymerase chain
reaction a first pair of primer is employed and in the second polymerase chain
reaction a second pair of primer is employed. In the first and second pair of primer
30 one of the primer is the same and the other primer is changed, whereby the
distance, i.e. the number of nucleotides, between the 37-end of the first primer and
the 5’-end of the second primer is reduced in the pair of primer used in the second
polymerase chain reaction compared to the pair of primer used in the first
polymerase chain reaction. The changed primer is either the sense primer or the



07,08 TCACCATGGAGTTTGGGCTGAGC V1L-3 09 AGAACATGAAACA(C/T)CTGTGGTTCTT
VHL-4 10, 11 ATGGGGTCAACCGCCATCCT VHL-5 12 ACAATGTCTGTCTCCTTCCTCAT VHL-6

13 primer binding in the constant region coding region TCGTATGGGTA, T TAGTGGT
GGTGGTG‘%%‘%‘[‘%‘%ECT(C/G/T)TCTTGT CCACCTTGGTGTTG huc%%%%@@%%% In one

empodimer_lt of the me_th_ods according to the invengipn the primer employed in the first polyrnerase
chain reaction for obtaining a nucleic acid encoding an immunoglobulin kappa light chain variable
domain have the nucleic acid sequence of SEQ ID NO: 16, and SEQ ID NO: 17, and SEQ ID NO: 18,
and SEQ ID N@n&sersanarBEQ [EheGrst 1BCR aprepiifes ritn EFBIFDYEY TFethdirh diyRerase chain
L)ef_v\ctlor;| for obi@ipiRarruOkipaiereehelirgoad fmimofngiebulie. Keppestightonanvatiele domain.

rimer descriplign, 5 ?&'%ﬁ?ﬂ%ﬂ?%ﬁ%@@@i YodREMalbingdingds thedeadeppgptide coding
region GCTCAE;gQF g TGGGGCTCCITG VKLf’L 116 C‘Ipqlg;GG%G%}'QF%ATQQTFJQSG%"}-Z 17
TTCCTCCTGC?F%@%%‘@G%%“Q than the first one. The technique, because i U

5 specific primer, rather than two, has greater specificity than regular PCR. It can
also yield detectable product in cases where simple PCR fails to do so.

The terms "multiplex polymerase chain reaction” or “multiplex PCR", which are
used interchangeably within the current application, denote a polymerase chain
reaction employing multiple, unique primer in a single PCR reaction/mixture to
10 produce amplicons of varying sizes specific to different DNA sequences. By
targeting multiple genes at once, additional information can be obtained from a
single test run that otherwise would require several times the reagents and more
time to perform. Annealing temperatures for each primer sets nust be optimized to
work correctly within a single reaction. Besides, amplicon sizes should be different
15 enough to form distinct bands when visualized by gel electrophoresis.

In the human genome the chromosomal loci containing the immunoglobulin
encoding genes are located on chromosomes 2, 14, and 22 (see Figure 1). The
human immunoglobulin G heavy chain locus can be found on chromosome
14 (14932.2) with the chromosomal orientation in the locus: telomere — 5’-end-Vy-

20 D-J4-Cy-3’-end — centromere. The Vi segments on the chromosome are classified
as depicted in the following Table 1.

Table 1: Grouping of the Vy-genes into Vy families according to Matsuda,
F., et al., J. Exp. Med. 188 (1998) 2151-2162 and Tomlinson,
L.M., et al., V Base sequence directory 1999.

Vyy family Number of family Genes with open reading
members frame
Vil 14 9/11
V2 4 3
Vi3 65 22
Vié 32 7711
Vys 2
Vub 1 i
V7 -5
25 The. human immunoglobulin G heavy chain locus comprises overall 123-129

VH—geﬁes, of which 51 are functional, 23 functional D-genes (D=diversity),



VKL-3 18 CAGACCCAGGTCTTCATTTCT V,,I..-4 19 primer binding in the constant region coding
region ATCGTATGGGTAGCTGGTCCC TTAACACTCTCCCCTGTTGAA GCTC huCK-2 115 In one

embodiment of the methods according to the invention the primer emplo g() '[l](} he Jikst polymerase
chain reacti%’ﬁ%}rﬂg%%llglslng a nucleic acid encoding an immunoglobulin I%(fn %%‘lfight chain variable

domain have the nucleic acid sequence of SEQ 1B {NO: 21, and SEQ ID NO: 22, and SEQ ID NO: 23
and/or 24 and/or 25 and/or 26, and SEQ ID NO: 120 and/or 121 and/or 122 and/or 123 and/or 124
and/or 125. WO 2010/094475PCT/EP2010/001008 -31 - Table 16:Primer employed in the first
polyrnerase chaisupsdciorissrroteaniliag £ ntiriontdid caesdidg o RmLESLIBL M MBAthda light chain

variable domaigrefpibmeaiagragipl donSesn itegtendztom$in. ID NO: VX primer binding in the leader
peptide coding region CCTCTCCTCCTCACCCTCCT VAL-1 21 CTCCTCACTCAGGGCACA VAL-2 22

ATGGCCTGGALL ot Be)e hemeGrvibndeRdhuli, @ BigRbchtnmesindipgeinktiypc orstadt region

coding region ATGGT (T GGRIAPSHE IREEE UdRASHATHRIUAE RS ERER (A DACT
uCXx- s ,
5

kappa light chain locus can be found on the short arm of chromosome 2 (2p11.2)
and comprises 40 functional V.-gene segments. These are grouped in seven
families. The locus also comprises 5 J,-genes and a single C,-gene (Schable, K.F.
and Zachau, H.G., Biol. Chem. Hoppe Seyler 374 (1993) 1001-1022; Lefranc,
M.P., Exp. Clin. Immunogenet. 18 (2001) 161-174).

16 Table 2: Grouping of the V.-genes into V, families according to Foster,
S.J., etal., J. Clin. Invest. 99 (1997) 1614-1627.

. Number of
Vi family functional genes
Vil 19
V2 9
V.3 7
V.4 1
Vd 1
Vb 3

The lambda light chain locus can be found on the long arm of chromosome 22

(22p11.2) and comprises 73-74 V,-gene of which 30 are functional. These are

grouped in ten families which in addition are grouped in three clusters. The locus
15 also comprises 7 Jy-genes, of which 5 are functional.

Table 3: Grouping of the Vi-genes into V;, families according to Frippiat,
| 1.P., et al.,, Hum. Mol. Genet. 4 (1995) 983-991; Farner, N.L., et
al., J. Immunol. 162 (1999) 2137-2145; Lefranc, M.P., Exp. Clin.

Immunogenet. 18 (2001) 242-254.

Vs family fu;f:‘tli?::lrgziles Cluster
Vil 5 B
V2 5 A
V.3 8 A
V,4 3 A-C
V35 3 B




122, 123, 124, 125 5In one embodiment of the methods according to the invention the primer
employed in the second polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobulin heavy chain variable domain have the nucleic acid sequence of SEQ ID NO: 128, and
SEQ ID No?"%}%(ﬁ”gﬁ%Q ID NO: 130, and SEQ ID NO: 131, and snz%"l%ﬂ%?“l%?’?&??d SEQ ID NO:
133, and SEQ ID NO: 134, and SEQ 10 ID NO: 13%¢and SEQ ID NO: 136, and SEQ ID NO: 137, and
SEQ ID NO: 138, and SEQ ID NO: 139, and SEQ ID NO: 140, SEQ and ID NO: 141, and SEQ ID NO:
104 and/or 105 and/or 1 Rrimer-employed-in.the-secend-polyrrerage chain reaction for
obtaining a nucleic acid Emgqgjﬂggéﬁ imnﬁﬁ_ﬂw%ﬁﬁn hedvy 15chgiasw@riable dpmain. Primer
description Sequence D ion-SEQHESUEP AL BERES on bingi
CTTTAAGAAGGAGATATAYERTGCA GGTKEAGCTGG
CTTTAAGAAGGAGATATAMEATACA GGTCEAGCTTGTIGCAG VPLIh 120
CTTTAAGAAGGAGATATAGEATASAG GTCEAGCTGATACAG VH-1¢ 130
CTTTAAGAAGGAGATATAGEATACA RATGEAGCTGGIGCAG VR-1d 131
CTTTAAGAAGGAGATATAECATACA GATCACCTTGAAGGAG V. H-25 132
CTTTAAGAAGGAGATATACCATGCA GGTCACCTTGARGGAG V H-2b 133 WO

2010/094475PCT/EP2010/001008 - 32 - Primer description Sequence Denotation SEQ
The PCR-based amplification of the nucleic acid encoding an IgG HC and LC or at

Bffner binding-inthe-FRi-cedling region

TS 1T T\T'U

least the variable domain thereof from a single immunoglobulin producing cell, e.g.
from a single B-cell, is based on the single cell deposition of B-lymphocytes

5 followed by a PCR based nucleic acid amplification with specific primer for the
variable domain of the heavy and light chain. The outcome of the PCR is
essentially depending on the employed PCR primer. At best the employed primer
should cover all V-genes, should not be prone to dimer formation and should
specifically bind to the cDNA encoding the immunoglobulin. Thus, in one

10 embodiment the nucleic acid encoding an immunoglobulin variable domain is
obtained from ¢cDNA.

Due to the large number of functional genes on the human immunoglobulin G
locus it is necessary to employ different primer in the PCR reaction in order to
cover as many known genes as possible. Therefore, a set of degenerated primer has

15 been established which is also an aspect of the current invention. In one
embodiment the amplification of the nucleic acid encoding the heavy and light
chain is performed in one polymerase chain reaction. In this embodiment the
primer are chosen in order to provide for the amplification of nucleic acids of
approximately the same length in order to allow for the same PCR conditions. In

20 this embodiment primer for the nucleic acid encoding the heavy chain are
employed whereof one is binding in the heavy chain Cy! region, thus, providing
for a nucleic acid fragment of comparable size to that of the corresponding nucleic
acid encoding the light chain.

One aspect of the current invention is & method for obtaining a nucleic acid
25 encoding at least an immunoglobulin variable domain from a single cell comprising
the following steps:

- obtaining a first nucleic acid composition by performing a first polymerase
chain reaction with three to six 5’-primer and one 3’-primer,



ID NO: CTTTAAGAAGGAGATATACCATGGA RGTGCAGCTGGTGGAG V H-3a 134
CTTTAAGAAGGAGATATACCATGCA GGTGCAGCTGGTGGAG V H-3b 135
CTTTAAGAAGGAGATATACCATGGA GGTGCAGCTGTTGGAG V H-3c 136
CTTTAAGARB EAWAH RTACCATGCA GSTGCAGCTGCAGGAG V H-48G5%F2010/001008
CTTTAAGAAGGAGATATACCATGCA GGTGCAGELTACAGCAG V H-4b 138
CTTTAAGAAGGAGATATACCATGGA RGTGCAGCTGGTGC AG V H-5a 139
CTTTAAGAAGGAGATATACCATGCA GGTACAGCTGCAGCAG V H-6a 140 CTTTAAGAA G GAGA
TATACCATG CA GGIRGHBOT GEIFE Grid anddding ealiprmaeginitiviny Tarindedneaintbrgion coding

region ATCGTATGGGIARRRS GIE @6 ThAMBIsBO T SEHEGTCET BT\ MERES/ CHENT
CTTGTCCACCTTGG;I;_%BETG huCH-g %%%m 400 40 llgagggnemgg%r{g@gﬁ Qht tg%gtgo_ds according

. . Cf10n a sSeco ili b .
to the invention the primer employea Nt secon& polymerase chain reaction for obtaining a nucleic

acid encoding an imnRIBEISBEIM%ApPETEht chain variable domain have the nucleic acid sequence 5
of SEQ ID NO: 53 and/or 54, and SEQ ID NO: 55 and/or 56, and SEQ ID NO: 57 and/or 58, and SEQ

:\?ONSE; 39, Sng@%%H&Mgis@&?m@%%ﬂﬁdﬁ%‘c@doﬁ@dmhﬁgﬂﬁ@d@}bﬁd ﬁﬁtﬁﬁ@é&i:ﬁi‘lé Slnd iEQ 1D
: 65, an : an : , : y 09, SE
@E&ﬁﬁsﬁl 6%%}?5“:]%%]%5 is rgdug_gd ac%gn %%éa % %(8 ﬁz%’t ?&%%QSED NGa an Q

ID NO: 70, and le 18:Primer employed in the second polymerase chain
reaction for obté‘“’rﬁ‘?ﬂﬁ% nucleic acid encoding an immunoglobulin kappa light chain variable domain.

In one embodiment of this method the 5’ -primer employed in the first polymerase
chain reaction bind in the coding region for the leader peptide of the
10 immunoglobulin. In another embodiment the 5°-primer employed in the second
polymerase chain reaction bind in the coding region for the first framework region
of the immunoglobulin. In another embodiment the primer employed in the second
polymerase chain reaction provide for overhangs encoding the translational start
codon ATG for 5’-primer and/or the iranslational stop codon TTA for
15 3-primer. This overhang is useful in an optional following overlapping polymerase
chain reaction for the generation of nucleic acids for the in vitro translation of the
obtained nucleic acid. In one embodiment the immunoglobulin variable domain is
an immunoglobulin heavy chain variable domain or an immunoglobulin kappa
light chain variable domain or an immunoglobulin lambda light chain variable
20 domair.

In one embodiment of the methods according to the invention the primer employed
in the first polymerase chain reaction for obtaining a nucleic acid enceding an
immunoglobulin heavy chain variable domain have the nucleic acid sequence of
SEQ ID NO: 05 and/or 06, and SEQ ID NO: 07 and/or 08, and SEQ 1D NO: 09,

25 and SEQ ID NO: 10 and/or 11, and SEQ ID NO: 12, and SEQ ID NO: 13, and SEQ
D NO: 14 and/or 15.

Table 4: Primer employed in the first polymerase chain reaction for
obtaining a nucleic acid encoding an immunogiobulin heavy chain

variable domain.

Primer
descriptio Sequence Denotaticn SEQ 1D
n NO:
Vi primer | TCACCATGGACTG(C/IG)ACCTGGA Vybl-1 05, 06
binding in | CCATGGACACACTTTG(C/T)TCCAC VuL-2 07, 08




Primer description Sequence Denotatio n SEQ ID NO: V, primer
CTTTAAGAAGGAGATATACCATG(A/G JACATCCAGATGACCCAG \JO-A a 53,54 WO
2010/094475PCT/EP2010/001008 - 33 - binding in the FRI coding region
CTTTAAGAREB HAWAHRTACCATOG(A/ C)CATCCAGTTGACCCAG VLI EEF#gv/001008
CTTTAAGAAGGAGATATACCATGGCC ATCC(A/%GATGACCCAG V,L-1c¢57, 58

CTTTAAGAAGGAGATATACCATGGTC ATCTGG

GACCCAG VKL-Id 59

CTTTAAGAAGGAGATATACCATGGAT ATTGTGATGACCCAG VKL -2a 60

CTTTAAGAAGGmgkeFiATACCATGGAT (AIG)TTGTGATGACTCAG VW-21) 61,68rQ ID
CTTTAAGAAGEHERSIPHRTACCATGGA AASW@FG?I’TGAC(A/G)CA G‘X?R‘E@i’@& 64N0:
CTTTAAGAAGGAGATATACCATGGA AATAGTIGCGATGACGCAG KL-3b 65
CTTTAAGAAG dKdsAGA TARACEAGE GG TEROEE AN G VikL-YatkE 09
peptide | AGAACATGAAACA(C/T)CTGTGGTTC
. Vyl.-4 10,11
coding TT
region ATGGGGTCAACCGCCATCCT VyL-8 12
ACAATGTCTGTCTCCTTCCTCAT VuL-6 13
primer
binding in
the .
constant | GCCAGGGGGAAGAC(C/G)GATG huCy-11 14,15
region
coding
region

In one embodiment of the methods according to the invention the primer employed

in the first polymerase chain reaction for obtaining a nucleic acid encoding an

immunoglobulin kappa light chain variable domain have the nucleic acid sequence
5 of SEQ ID NO: 16 to 20.

Table 5: Primer employed in the first polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin kappa light
chain variable domain.

Primer . SEQ
description Sequence Denotation D NO:
V. primer GCTCAGCTCCTGGGGCTCCTG V.L-1 16
binding in the | CTGGGGCTGCTAATGCTCTGG V. .L-2 17
leader peptide | TTCCTCCTGCTACTCTGGCTC V.L-3 18
coding region | CAGACCCAGGTCTTCATITCT VL4 i9
primer binding in
the constant | oA ACTGCTCATCAGATGGCGG | huCell | 20
region coding .
region
10 In one embodiment of the methods according to the invention the primer employed

in the first polymerase chain reaction for obtaining a nucleic acid encoding an

immunoglobulin lambda light chain variable domain have the nucleic acid
sequence of SEQ ID NO: 21, and SEQ ID NO: 22, and SEQ ID NO: 23 and/or 24
and/or 25 and/or 26, and SEQ ID NO: 27 and/or 28.




CTTTAAGAAGGAGATATACCATGGA CATCGTGATGACCCAG VKL-4a 67
CTTTAAGAAGGAGATATACCATGGA AACGACACTCACGCAG NcL-5a 68
CTTTAAGAAGGAGATATACCATGGA AATTGTGCTGACTCAG N./0,-6a 69
CTTTAAGARBEAER T AT ACCATGGAT GTTGTGATGACACAG VKL-66 70 it %ﬁ%‘}r"l??r?&?ng in the
constant region coding region ATCGTATGGGTAGETGGTCCCTTAAC C A
TCTCCCCTGTTGAAGCTC huC"-2 115 In one embodiment of the methods according to the invention
the primer employed in the second polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobulirflabbbtia light cRaimsrasasiomsmiinthavirsheralEsiagciehaiy ierieBf BEQ ID NO: 72,
and SEQ ID NO: 73 and/or 74, ¢ r$dpQal Dul¥@ic 7816 anth&ig) I id@urnbgiabdlBEEMRINO: 77 and/or

78, and SEQ |
SEQ ID NO: 8

D NO: 79,and S
4 and/or 85, and

g

BN 80pangnER ID NO: 81, and SEQ ID NO: 82 and/or 83, and
Q ID NO: 86, and SEQ ID NO: 87 and/or 88, and SEQ ID NO: 89,

and SEQ ID NOT90@gggiar 91, and SEQ 1D NO: 92, and SEQ ID NO{ 120 or 121 or§ g o1 123 or 124
or 125. 10Table 19 Rrimatamplpyed in the sec6Mt*Bblyrnerase chain FeRaiaiif) ebtaicing a nucleic
acid encodingfanti noglobulirdlembradrgbtaaircambterdomain, WQOT -1 21
2010/094475RC HYEE20 101001 (U8 T AT ARG EKICA Sequence Denplatio i SEE 1 NO: V.
primer binding in thadkREgading Teqion CTTTAAGAAGGAGATATACLCATGC 23, 24,
AGTCTGTGCTG&@];E%WL-M\ SAETHOMIALEEAEITITREOATEE S | 25,26
AGTCTGTG(GTI HeARalndta VAL-1D 73,74 CTTTAAGAAGGAGATTATACCATEC
AGTCTGTCGT Ahebri¥ent AGCTCCTCAGAGGAGGG(C/T)GG Coll 27,28

region coding

region

10

15

In one embodiment of the methods according to the invention the primer employed
in the second polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobulin heavy chain variable domain have the nucleic acid sequence of
SEQ ID NO: 29 and/or 30, and SEQ ID NO: 31, and SEQ ID NO: 32 and/or 33,
and SEQ ID NO: 34 and/or 35, and SEQ ID NO: 36, and SEQ ID NO: 37 and/or
38, and SEQ ID NO: 39 and/or 40, and SEQ ID NO: 41, and SEQ ID NO: 42, and
SEQ 1D NO: 43 and/or 44, and SEQ ID NO: 45, and SEQ ID NO: 46 and/or 47,
and SEQ ID NO: 48, and SEQ ID NO: 49 and/or 50, and SEQ 1D NO: 51 and/or
52.

Table 7: Primer employed in the second polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin heavy chain
variable domain.

) SEQ
P"“.“ef" Sequence Denotation D
description NO:
‘VH_ pﬁmer | CTTTAAGAAGGAGATATACCATGGT Vul-la 20, 30
binding in the | (G/T)CAGCTGGTGCAG
FR1 coding | CTTTAAGAAGGAGATATACCATGCA Vul-1b 3]
region GGTCCAGCTTGTGCAG H
CTTTAAGAAGGAGATATACCATG .
Vyul-1c 32,33
(G/ICOAGGTCCAGCTGGTACAG
CTTTAAGAAGGAGATATACCATGCA V uL-1d 34,35
(A/GATGCAGCTGGTGCAG H ?
CTTTAAGAAGGAGATATACCATGCA V ul2a 16
G ATCACCTTGAAGGAG H




VKL-Ic 75--CTTTAAGAAGGAGATATACCATGC AGTCTGCCCTGACTCAG VKL-2 76
CTTTAAGAAGGAGATATACCATGTC CTATG(AIT)GCTGACTCAG _ VAL-3a 77, 78

CTTTAAGAAGGAGATATACCATGTC CTATGAGCTGACACAG VKL-3
CTTTAAGAYSERBRTATACCATGTC TTCTGAGCTGACTCAG VKL-3 b%é} /EP2010/001008
CTTTAAGAAGGAGATATACCATGTC CTATGAGETGATGCAG VkL-3d 81
CTTTAAGAAGGAGATATACCATGC AGC(C/T)TGTGCTGACTCAA VKL-4 82, 83
CTTTAAGAAGGAGATATACCATGC AG(CIG)CTCTCCTGACTCAG V58485
CTTTAAGAAGGAGAEATACCATGA ATTTTATGCTGACTCAG VAL} SEQ
CTTTAAGAAGGAGHEATACCATGC AG(A/%%@*&‘*FGGTGACTCAG %&E"?ﬁ‘?“ g I
CTTTAAGAAGGAGATATAL A ~8-89 NO:
CTTTAAGAAGGAGATATACERT! VKV-48200, DB7, 38
CTTTAAGAAGGAGATATAEEA &5
(A/G)GTGCAGCTGGTGGAG Vul-3a | 39,40
CTTTAAGAAGGAGATATACCATGCA VoL-3b a1
G GTGCAGCTGGTGGAG H
CTTTAAGAAGGAGATATACCATGGA VuL3c 0
G GTGCAGCTGTTGGAG H
CTTTAAGAAGGAGATATACCATGCA Vulda | 43 44
G (C/GYTGCAGCTGCAGGAG H ’
CTTTAAGAAGGAGATATACCATGCA _—— 45
G GTGCAGCTACAGCAG H
CTTTAAGAAGGAGATATACCATGGA | 1 < | 46.47
(A/G)GTGCAGCTGGTGCAG H ’
CTTTAAGAAGGAGATATACCATGCA V L6a a8
GGTACAGCTGCAGCAG H
CTTTAAGAAGGAGATATACCATGCA vl | 49.50
GGT(C/G)CAGCTGGTGCAA H ’
primer
binding in the
onstant ATCGTATGGGTAGCTGGTCCCTTAG Gyl | 51,52

10

region coding
region

AC(C/GYGATGGGCCCTTGGTGGA

In one embodiment of the methods according to the invention the primer employed

in the second polymerase chain reaction for obtaining a nucleic acid encoding an

immunoglobulin kappa light chain variable domain have the nucleic acid sequence
of SEQ ID NO: 53 and/or 54, and SEQ ID NO: 55 and/or 56, and SEQ ID NO: 57
and/or 58, and SEQ ID NO: 59, and SEQ 1D NO: 60, and SEQ ID NO: 61 and/or
62, and SEQ ID NO: 63 and/or 64, and SEQ ID NO: 65, and SEQ ID NO: 66, and
SEQ ID NO: 67, and SEQ ID NO: 68, and SEQ ID NO: 69, and SEQ ID NO: 70,
and SEQ ID NO: 71.

Table 8: Primer employed in the second polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin kappa light
chain variable domain.

Primer . SEQ
description Sequence Denotation ID NO:
V. or CTTTAAGAAGGAGATATACCATG Vool 53. 54
< PIMET | A /G)ACATCCAGATGACCCAG kiola ’




VKL-10 92.p_rimer bind.ing in the constant region coding region ATCGTATOGGTAGCTGGTCCCITAT
GAACATTC(CIT)G(C/IT)AGGGGC (A/T)ACT huCk-2 120, 121, 122, 123, 124, 125 Inone

embodiment of the methods according to the invention the nucleic acid e&glggg}
variable domatt 344°4Reic acid encoding the heavy chain variable domain are
polymerase chain reaction by a 5combination of the
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In one embodiment of the methods according to the invention the primer employed

in the second polymerase chain reaction for obtaining a nucleic acid encoding an

immunoglobulin lambda light chain variable domain have the nucleic acid
sequence of SEQ ID NO: 72, and SEQ ID NO: 73 and/or 74, and SEQ ID NC: 75,
and SEQ ID NO: 76, and SEQ ID NO: 77 and/or 78, and SEQ ID NO: 79, and SEQ
ID NO: 80, and SEQ ID NO: 81, and SEQ ID NO: 82 and/or §3, and S‘EQ ID NO:
84 and/or 85, and SEQ ID NO: 86, and SEQ ID NO: 87 and/cr 88, and SEQ ID
NO: 89, and SEQ ID NO: 90 and/or 91, and SEQ ID NO: 92, and SEQ ID NO: 93.

Table 9:

Primer employed in the second poiymcrase chain reaction for

obtaining a nucleic acid encoding an immunoglobulin lambda

light chain variable domain.



VH-rfp 143 WO 2010/094475PCT/EP2010/001008 - 36 -

In one embodiment of the methods

according to the invention the primer employed in the multiplex one tube RT-GSP-PCR for obtaining a
encod%g an immunoglobulin kappa light chain variable dor’g,

nucleic acid

sequence O‘Fvgéa

B: 144 and 145. 5Table 21:Primer employe

dlnthem

mﬁdggdelc acid

ex one tube

RT-GSP-PCR reaction for obtaining a nucleic acid-gncoding an immunoglobulin kappa light chain
variable domain. Primer descri tion Sequence Denotation SEQ ID NO: V,, primer binding in the FRI

codlng regl Nn.CITTAAGAAGGAGATATACCAT- GACACTCTECEETSTFGAAGETEN K |fp 144
primer binding inftH&Ednstant region codlngsragxeﬂcATCGTATGGGTAB@@@@&C
AACACTCTICEeEHBH S AAGCTC v "' “ =D RTA (’fC}\T@ﬁKUU rfound-that bination of
the PCR method according jter ?E AIT'fl}ee In Vitro traﬁsla\ﬁadﬁl?yste, cleic acids
encoding 10 the cognate impi4a b obtaimed fr gle cell
whereby the encoded imm g;afLG‘AAéEégé S prow s Fatukrddme tities
sufficient for|the characterizga ) roperties. Tn ord plify the
very low ampunt of ntRNA g Br% {rgé]?%};é& é &éﬁr %%ﬁ‘ég:{/ﬁ:géél PCR/(polgme in reaction)
has to be very 15sensitive laGoR 5 A’?A‘ﬁfﬁ@@ ohgFLRNas 10 be pe "cell-free
in vitro transfation system" 3 9 @d &, {eplign denotes a cell-flee Ydate of otic or
eukaryotic, greferably of a mwxgmg%@@g@mﬁmgm@mHhA ATP,CG ptides, and
amino acids| In one embodimeni fig RIPkaryRipIEFeae.- 20Cell-free jn v}fi&ﬁénslatfgﬂ ajmethod
which has been known in thesfate0f B A5 AR IPRFATEA Pomia etjal. deve 8la
continuous-flow cell-free (Ckeir ) transtatipn and caupled transcriptior/tra%éﬁ’é BN s niwhich a
relatively high amount of proTefSyRRERIE @CRUER (PTG AvS . Getal., SC|%€I§% 162-1164).
For such cel -freg 13{1'1'5;'%9 transtation aqedtysatesoataining 25ribosomes slation or
transcriptionftr ’kagqﬂﬂ%lc QeI iag A AGE AXFLISTATT ETGIverE devel ample,
Zubay (Zubay, rielainANDORATCIRPETCATELIAB) 267-287) and were se t (Pratt, J.M., et
al., Nucleic Acids fggsgarch S(I98 A28 44 A% And PAAICATINGC At al. T{gg %I’Iptl bregngh Translation:
A Practical Approach, Hamesaned aiguins:EisACITA209, IRL 5 Press, 1 984 elopments
of the cell-frge protein syntheeis Bra AdpeReGiRIS B IEECA0 (IR 6,1 E)71§9,95§P ( , WO
99/50436, WO 00/58493, and W@ONBEICBHAGKECYdTic cell-free expiession syste ported by,
for example,|Slcup, D. and NIitiwaTh 86 ANG I RCTASTREESRTFERAA (16 77)v<’:‘»§86'la 35 0, M., et
al., Put. J. Biochem. 68 (197/6) BEbASBAC Pemar{-ALR. and Jackson fx . 67
(1976) 247-256 and in WO Cmam&maﬁwﬁﬁd\%ﬁﬁ%ﬂ%r thg;g{n'plific‘ tig @§ nlicleic acid
encoding cognate 19gG HC (inmdmsdiodisia TShéalyAfain) and 19G LC (immllnngjgbu_lj_gg,ight chain)
of an IgG isotype immunoglqtEliE FohGA AFGIA GAT AT REATESdent inszghtra pn df the
obtained nudleic acid to prov@@ﬁﬁﬁﬁéﬁkﬁé@g@‘”\%nd 15 immunoglobulin a-high-sk emethod for
obtaining information about ¢ s'l%@ﬁge%pﬂiﬁérgﬁgle dellvf;gm/me i hounts of
mMRNA obtainable is provided (e Gh&tRET i e inventionbermits-the-irvestigation of the
expressed immunoglobulin f é@@lﬁ%@ﬁ%@%@%@%r diversinas lo the
hybridoma te , anmm immuneglopulin-varabt ns or
inununoglobuyli btalned from mature B- ceIIs after antigenjcontact, sele e nucleic
acid encodm;iﬂﬁ@hﬁg@ém AeTESpretd Q%%%q@mg%g?ms edoThetefore, one
aspect of the iaris etk obulin Fab fragment comprising

the following

- obtaining a first nucleic acid composition by performing a first polymerase

Bﬁﬁt’%ﬁ@cmg an |mmunog

nucleic acid encodlng the |mmunoglobuI|n Ilght and heavy chain varlable domalns optlonally also
encoding a part Af filréhlighssivaiof chnstarnt onveitiend & parbofthe ﬁE‘&W%élH"@ﬁ‘Fdﬁ‘ﬁ
optionally genergiingd JiRERESIAPSHO BN Coipbigidgriam dhininathgermelemrarising

the following step:

chain reaction with three or four 5’-primer and one 3’-primer,




translating in vitro the nucleic acid and thereby producing the immunoglobulin Fab fragment. - 38 - In
one embodiment the nucleic acid encoding the immunoglobulin variable'’domains is obtained with a
method according to the previous aspects of the current invention. In one embodiment of method
according to‘YﬁeZ%%?ﬁaﬁthe obtaining the nucleic acid encoding the imffdHBABEIN N8Nt and heavy
chain variable 5 domain form a single cell comprisegsa multiplex polymerase chain reaction according
to the invention for the amplification of cognate IgG HC and IgG LC (human IgG isotype) from a single
B-cell. For characterization of the binding characteristics of the immunoglobulin encoded by the
obtained nucleic acid #ianiokeie asiklds sidemoesimg trhrsksteaninvmuielabEisotayaale to an
10immunoglobulin Falijragmeny. |pegfonatag onetaspect efripestirheribnvesntion istee mgitod employing
the following steps i) isglting. Wb HARRHG NIRRT FRGIRE Wilkh e manChisE-cells from
peripheral blood, ii) depositing single cells by limited dilution or FACS, iii) extracting the mRNA of the
individualized B-cells;-%ﬂ%ﬁtﬁﬂ%ﬁﬁg‘g‘tﬁémfgc acid 15 encoding at least the variable domains of the
immunoglobulin produced by the individualized B-cell, v) in vitro translating the linear mRNA template,
and optignally VI REEh Y PSR YA G DB L o P s BRb GBI B hiFRGHBYIobulin
fragment. For therécdhelsizraat production of an immunoglobulin comprising the variable 20 domains
obtained from a single cell with a method according to the invention the obtained nucleic acids
encoding the vditiable cabodimaiittie fgmanshipéaed imthapoiolense chaim @eetfuntperndedified. At first

the nucleic acidgpgoding heyadaplaonaihkibeanhinedwiilhaausier sl &nrdipgan
inununoglobulin conlsgant region. I orJqugngbogilment the nucleic acid. enc ing the Ilght hain 25
It II}IUC 1 41 01

variable domain iasn(%g_rﬁ%]fr‘le \R/iﬁ? a e.c"afc.d‘%%%%*aing‘*ﬁ&?’ﬁén&‘&%ﬁ%ﬁsﬁg t Kain pcons_ ant domain of
SEQ ID'RO: 038HMie prlerrigeheesingg Khrfaisesrioy g Mcranseanamé asrisfh of SEQ ID
NO: 04. In anothekiefobdabiinie vithamnudkiomofttiencbaingd hedsa\ngidh dinonerebbe doreatin is
combined with gRUEIRIGAGGHENGPJIRGREMaRIMMRUBPHehiLebIBSHIR ARt vegipneof SEQ ID

NO: 01 or 30 with a nucleic acid encodin man immunoglopulin G4. (lgG4 tant region of SEQ
ID NO: 02. In ar%{ﬁglrn er%]iaoaé_llmlg}lntvl ﬂ?g%(g?:%%g{:g ,gncgé)ll?\g% {Et?éieil hgaa%/é!%%aﬁr??\%}ngab% 5gmain is
combined with ATRRERISIERR kA S st chariNTthie 9Bt CI (1IgG 1) constant region | (Cal). - 39
- The nucleic acid molecules encoding the complete immunoglobulin heavy and light chain or a
fragmenfthereoapBinambodimesiingfr dhis ragthy ddhgropiues ¢apeyed oy tbafips taiePon the same
expression plaspigmeaan attetinativaktibe |doatedboairdifferent mxpeessiandlasmodsgl henassembly of
the _immUnOg|095Hl§x9ﬂ1§5@9ﬁ§nﬁ?&%8ﬁéﬁ#@§rﬁﬁ@%@ﬁ%ﬁfﬁﬁﬁ% seerelian ohthe deymuedlebulin to the
cultlva_tlon me_dlg ﬁ?)USQ 4WI§QHW§E§EW6:S@ ce l.'S rﬂ%:tg nu erlqﬁcglc]id/m?l%ules
encoding the immunoglobulin ¢hains are in one émbodiment ex ressed In the same host cell. If after
recombinant exﬁ@éﬁgr?saaﬁ%&g@ Lt ih”ﬁ%idﬁ’@g%%?ﬁn@fs%’ét’ﬁfn&& ma&y 494 redeEldRd and
purified2dy methgts kKivoswd/tor &0denstinrsiified 10 in the art. These methods are well established and
widespread used for immunoglobulin purification and are employed either alone or in combination.
Such methods arabled éxam plemaffmitylciud mnategfiaphwosiey migrobisdedsuue cprodeifsr (e.g. protein
A or protein G affinity chromajggranhy) el S GRRNae Al aRRdE(Sudlis AL XRRANge
(carboxyinethyl resins), anion exchange 15 (amino ethyl resins) and mixed-mode exchange
chromatography), thiophilic a‘é?éloarp |on'?§‘}52 with beta-mercaptoethanol and other SH ligands),
hydrophobic interaction or aromatic adsorption chromatography (e.g..with phenyl-sepharose,
aza-arenophilic reStirgenr rn-aminophenylb@réqﬂjg,@gid), metal chelaqﬁflf,ig@mmrr%ﬁ dPphy (e.g.
WithNi(”)-andMBﬂ materia ize_ex ion 20 chromatograph and_prepX@five
electrophoreti¢ methods (syéhtad é1etettiGiirerdsis 2Ghitdiy efectropharesis) [Vijayalakghmi, M.A.,
Appl. Biochem. Rigtgches 523857 FITAPY NIt fedombinant ngineering-methods-known(to a person
skilled in the art thgdaanidga LTLAMEANIEAGAL O PO ¢id/gewg-tevel. Th@_snuclleic acid 25
sequences encodiggARIMU 1@@%%@3:@{%@@%% Hains-are-known-and-cantbe-ehtainred for

example from genamiﬁgjatei%&%@%éﬁ%%@?&@%%%swumh of a%%%ession
plasmid for the expegmsion pEihE MEA m} f Hit Red-with-a-methed-aceer ing t’e;'me nvention
are, for example, an expressg) : i @%g t chaihy-én ¢ S s1 hicassette for
. . [ ] XRYSP
the 30 immunoglebulin-heavy-chathtatterfatively-the-hghtchatrand-the-heavy-chamStractural genes
can be contained in the same expression cassette, e.g. as bicistronic expression element), a selection
marker, and an E.coli replication as well as selection unit. An expression cassette comprises in
general a promoter, a DNA segment encoding a secretion signal sequence, the structural gene, and a
35terminator/polyadenylation signal. The elements are assembled in an operatively linked form either
on one plasmid encoding all chains of the immunoglobulin, or - 40 - on two plasmids each encoding
one chain of the immunoglobulin. For the expression of the structural genes the plasmid(s) is (are)
introduced into a suitable host cell. Proteins are produced in mammalian cells such as CHO cells,
NSO cells, Sp2/0 cells, COS cells, HEK cells, K562 cells, BHK cells, PER.C6(r) cells, and the 5 like. In

one embodiment the conjugate is expressed in a CHO cell, or a BHK cell, or a HEK cell, or NSO cell.
The reniilatoryy elemente nf the nlaecmid have to hea celected in a wav that thav are fiinectinnal in the




15 nucleic acid encoding an immunoglobulin light chain constant domain of SEQ ID NO: 03 or SEQ ID
NO: 04 in operable form and linking the nucleic acid encoding the heavy chain variable domain with a
nucleic acid encoding an immunoglobulin heavy chain constant region of SEQ ID NO: 01 or SEQ ID
NO: 02 in oﬁ@?a%’l‘é”f'g?ﬁ{s 20- transfecting a eukaryotic or prokaryotic cell¥i HGIEIE acids of the
previous step, - cultivating the transfected cell undey.,conditions suitable for the expression of the
immunoglobulin, recovering the immunoglobulin from the cell or the cultivation medium and
25thereby producing an immunoglobulin_The term "under conditions suitable for.the expression of"
denotes conditio Kmﬁth are used for the gyltiyatiqn of a cell capablpgfsxhsgs HEQ kRt rologous
polypeptide arldl_www?b known to or can easily-he.determined by a person ski ‘thelart. It is
known to a persoR'Kiffed ip the art that these conditions may 30vaty depending on the type of cell
cultivated and|t Bdb‘f%)’é‘l PepPtive EXPESSEA trogereTralding tall is ¢ultivated at p temperature, e.g.
between 20 C ﬁcﬂﬁﬁ?‘gnmT@E?dmmmMGmmﬁmient to|allawCgfecti é%ﬁ’ ¢tjon of the
conjugate, e.d. fof 87 ffbm #(dagsT 23 TAYS,dA avOLGGIGIING liter to 107 litef. The Tollowing
examples, sequeﬁg lﬁ’l%ting and figures are provided to aid the understanding ofl the present invention,
the true scopé wieh-Hs-set-forth-in-the Sappended-elaimsttisurderstood-that- modifications can be
made in the procedures eogqf_orth withgut departing from the spiri ofgjﬂ;e invention. Description of the
Sequence Listing BESTBHB<BL E@ﬁdﬁg%?qgg@é@%rl\%‘.p Et)%y 5 I%el\lr%:s%ﬁw §§%$D NO: 05
SEQ ID NO: 0O6rsFmamstOsleinSEQYIPNORns SRENPENG: 0udee) IBrido£1eed® IBINO: 11 SEQ
ID NO: 12 SEQithrivfadgloBibin @appaNiEhil éhin Qakid Bl vhira mERVEIN @Qudl6i Siid Haghérd 7 SEQ ID
NO: 18 SEQ IDURA@E%91§5@)1_D1M@O$E@§I%&¢9: 2o SEQIDING 34 §$§ N@: 33 SEQ ID NO:

24 SEQ JD NO: 25 SEQ.ID NQ: 1D, NO: NO: 28’ - 29 SEQ ID NO: 30
SEQ ID NO: 31%%85 gﬂﬁy%éﬁ%&\%yﬁ%% r%\‘ %ﬁéﬁg‘# S s%é ID NO: 36
human IgG1 heavy chain constant region human lgG4 heavy chain constant region human IgG kappa
light chain consta¥&ibkain hum%mwrga“ﬁ t gﬁ%iﬁwé%ﬁtﬁ)aﬂ?%gﬁfé‘ﬁ? ﬁh#fé_?@ﬁf’-‘? variant 1
primer VHL-1 variant 2 primer \kHloltajavigra tusHisercid-inoodimgaan Iprineg! vl kapnier VHL-4
variant 1 primer VHL-4 variant &gd#iat@insktiablpdaiesivHL-6 primer huCH-II variant 1 primer huCH-I
variant 2 primer VKL-1 primer VKL-2 primer VKL-3 primer VKL-4 primer huCk-1l primer VILA primer
VIL-2 primer VIL-Bniaréant 1| primer VIL-3 vagiant 2 primer VIL-3 var L VEEE\Eriant 4 primer
huCl-Il variant_IdpgsimiptiprCi1-11 variant 2 8%%%? HL-la variant 1 ri?r,ltee?ird\%H ?{a vai¥@t 2 primer
VHL-Ib primef V11L-1c variafiTIBAREIAARG A GATaRE 2QAMESG HIL-14 variant L BinERVHL-1d
variant 2 primer V HL-2a - 43-CSESHXNA BESEOABQAERFEQ 1D NO: 39SE® IBND: 40 SEQ
ID NO: 41 SEQ Bk mdna2 SEG THNS A3 SEEAHTINOAMLSESIGD NOyde SEQ 10 NO; 46 1SEQ ID
NO: 47 SEQ wm@mgwcﬂﬁﬁé}‘mﬁﬂg&fﬁﬁﬁﬁ?ﬂ QQ: 51 SEQIDNO:52.SEQ ID NO:
53 SEQ ID NO: Balseding \l@T.EEPS’gg\m%TéE GENGE7 SEQUKR.NO: B8 SER 10 NO: 59
SEQ ID NO: 60 SEW® NOp 81BN BXEEA D N %3 SEQ ID NO: 64 SEQ ID-NO: 65 SEQ
ID NO: 66 SEQ ID NO: 67 sé@TﬁW%%ﬁ@éA@&éﬁ@% NORLZQ SEQ ID N@4 71{SEQ ID
NO: 72 SEQ ID.NO; 73 SEQDMESAHCLES AN Y KEE 1D NG 76 SEQID NO:77-SEQ ID NO:
78 SEQ ID NO; 7#EE® |D NO: 80 SEQ ID NO: 81 SEQ ID NO: 82 SEQ ID NO: 83 SEQ 10 NO: 84
primer V HL-20 iy Fimm@uzmmanmmémmm@riag é psimer V HL-3a variant 2
primer V HL-3 béoﬁ?ﬂ%t | HL-8oaria IO GIL TG Tt isaGIqREner V HL-44'V ’ﬁantj primér V HL-4b
primer V HL-5 ar\%l?cfaﬁl;? "6 imer V HL-5a variant 2 primer V HL-6a ptimer V 11L-7a variant grimer V
HL-7a variant raunCH=tHi-variantt-primer-huCH=t-varfant 2primer-Vkt=tarvariant-Tprimer
VKL-la variant 2 primer VK L-1 b variant.1 primer,VKL- 1.b variant 2 primer.VkL-Ic variant | primer
VKL-Ic variant %lgrﬁﬁﬁéra{;k oﬂgnﬁﬁfn{éﬁ%ﬁ%gq%%dmere\ﬁ&% Sgiﬁg?ﬁ%‘gpﬁ‘m%‘? \}Eﬁf%-Z\%V\%Srﬁ%Pnt 2 primer
VKL-3aNhriant PPmErsekLBivansaftiohrifeer YRIZBES imerYRIESc prithefWa%iAg pAfher VKL-5a
primer VKL-6a prinmenddibbGhrpriaadrdau Gighi 1dhpiimenmidiilke-ldqnianmeridile- tbevariamidid pamer VIL-1b
variant 2 primergvils1c.RIMGEHMIS Ha PTipeind drdabatant | primesec3mvatiant 8 pimer VIL-3b
primer VIL-3c pﬁ'%,erar\alALglazg ID NO: 120 and/or 121 and/or 122 and/or 123 and/or 124 and/or

125.




primer VIL-4 variant 1 primer VIL-4 variant 2 primer VIL-5 variant | - 44 - SEQ ID NO: 85primer VIL-5
variant 2 SEQ ID NO: 86primer VIL-6 SEQ ID NO: 87primer VIL-7 variant 1 SEQ ID NO: 88primer
VIL-7 vartant 2 SE ID NO: 89primer VIL-8 SEQ ID NO: 90primer VIL- 4/9 varlant 1 SE ICI NO:
91primer VIYEVERARE2 SEQ 1D NO: 92primer VIL-10 SEQ ID NO: 93pfi O: 94primer
huVH-1 SEQ ID NO: 95primer huVH-2 SEQ ID NO;§6primer huv11-3 varlant 1 SEQ ID NO: 97primer
huVH-3 variant 2 SEQ ID NO: 98primer huVH-3 variant 3 SEQ ID NO: 99primer huVH-3 variant 4 SEQ
ID NO: 100 primer huVH-4 variant 1 SEQ ID NO: 101 primer huVH-4 variant 2 SEQ ID NO: 102 primer
huV1j-4 varianfBBERID NO: i@ ¢rameldyed in 4hgafirghtuoSED MOING 8L WHMERRITH-2 variant
SEQ ID NO: 105 primer huC11? vetiaiih@ SkiQdio M eﬁ@ﬁdm'gmrihuﬁiﬁoglvaﬁiama’mﬁm ID NO: 107

primer huVk-1 variant 1 SEQ 'R&Qﬁ&g%ﬁﬁ'gﬁ%r&%\élﬁll variant 2 SEQ ID NO: 109 primer huVk-1
variant 3 SEQ ID NO: 110 primer huVk-1 variant 4 SEQ ID NO: Il primer huVk-2 variant 1 SEQ ID NO:

112 primer huNVK-ZpygHant 2 SEQ 1D NOT II3 primer huVK-3 SEQ 1D NO: 114 plinsgdupk-# SEQ ID
NO: 115 primer uekigiiokQ ID NO: 116 pritASEHARYI-1 SEQ ID NO: Harehtiing, hu\#@:SEQ ID NO:
118 primer huV,-3 variant 1T $e@1PaNG A ld@eamerAME8 Aaigant 2 SEO ID ND i primer huC1-2
variant 1 SEQ IDWQiikz} PG EIGURGHT SERIONO: 122 prim’erlthI-Z varifnt 3|SEQ ID
NO: 123 primeryatids 2.vasart #19AQ HA NGOG AATarduisidva 'iangt}Jrle 953 é25 primer
huCl-2 variant 6 SEQJRANO]| t263TINeU¢CBaACSEQGRMO: 127 priffier’d GS> rf Q I NO: 128
primer VH-la $EQ N0 129rTher AGhREEAGWTNOACBAHEMer %’0 Hglé) g-31 primer
VH-1d SEQ ID NO: 132 primeT®EFAT GO CDGEH00MAFSRGTEP2(10/0070 8 - b O NO: 133
primer VH-2b [SEQplnO: 134 primer VH-3a SEQ ID NO: 135 primer VH-3b SEQ ID NO: 186 primer
VH-3c SEQ I[ Ni@diﬂag?npﬂmFAWECﬂhASEQGBN@ClGG’bﬂﬁ@TT/AA-4b SEQ ID ND128&9 pltimer VH-5a
SEQ ID NO: 140 prinsemy 1-Gal SBA B RO CAN B ErBEESEEQ IDING:-242 prigkr¥YH-1fp SEQ ID
NO: 143 primertogiprisc8ime |BANDALAA primer VL(k)-1fp SEQ ID NO: 145 prime ri/?l_"(kprfrp escription
of the Figures{ __Chggietosomal localization of the human immunag ' us (A), the
human irnmunoglobulin kappa light chain locus (B) and of the human immunoglobulin lambda light
chainjocus (Ch Botremetodinemolfriisametbhdifheepinen somlezdiinuhegravafintighitehain with a
first andsa secopslypriénae sakif\gacsa gevanrlysidat hajampliied auskcBcidaitacthadirst (A) and
the second (B) 5‘; %e @hain reaction with different primer sets; (A) I - 1I9G HC and IgG LC(ic)
55C; 2 - IgG LC(E 5C; 3-1gG HC 55C; 4 - IgG HC and IgG LC(x) 50C; 5 - IgG LC(k) 50C; 6 - 1gG

HC 50C; 7-H @bg% <B> &r.gég pggléa?% &sagg,ocgqpeg%)%@gg@s@éwmg GR4IC 55C; 4- 196

HC and IgG LC RII H20 PCRI. Scheme for

the polymerasg with-a differght-second, primer set in
the two polym bk rsie] g&i%‘ter the first

(A) and the secorittTe B marase chain-reaction-with-different-primer enfc-ﬂ\ Ha and |gG
LC(K) 55C; 2 - IgEFERRS5C: é:T%EAs%%A@G%Gﬁ%S T 6E 5 b E&é(k) 50C: 6 -
IgG50C; 7 - HEORGRI i - 90 CErATEGGTARIRIBEL ; 2- 19G LC{)GSES3 | IgEIAC 55C; WO

2010/094475RCT/ERP2010/001008
Another aspect of the current invention is a method for obtaining a nucleic acid

-

(

encoding at least an immunoglobulin variable domain from a single cell comprising

10 the following steps:

- obtaining a first nucleic acid composition by performing a first polymerase
chain reaction with four to six 5’-primer and one 3’-primer,

- obtaining a nucleic acid encoding at least an immunoglobulin variable

domain by performing with the composition obtained in the first

15 polymerase chain reaction a second polymerase chain reaction with thirteen
to fifteen 5’-primer and one 3’-primer,



-46 - 4 - IgG HC Mid IgG LC(K) 50C; 5 - IgG LC(K) 50C; 6 - IgG HC 50C; 7- H20 PCR1lI; 8 - H20
PCRI. Figure 6Scheme for the polymerase chain reaction for the immunoglobulin heavy chain with
identical primer set in the two 5polyrnerase chain reactions. Figure 7Agafoseraeioanatysis of the
amplified ntEE adid after the first (A) and the second (B) polymerase chain reaction with different
primer sets; (A) 1 - IgG HC and 1gG LC(x) 55C; 2 249G LC(K) 55C; 3 - IgG HC 55C; 4 - IgG HC and
lgG LC(K) 50C; 5 - 10IgG LC(x) 50C; 6 - IgG HC 50C; 7 - H20 PCRI; (B) I- IgG LC(x) 55C; 2- IgG HC
and 1gG LC(x) 55C; 3 - 1gG 55C; 4 - 19gG HC and IgG LC(x) 50C; 5 - JgG LC xg g%%;sﬁ -égG HC 50C,;
7- H20 PCRII; 8berel20iP DR EFgdRoBapsfarf S bUetppiA EXtBRSicR PLR Eempiified with a
15C-terminal HA jiagheFigstrpdpgatssechshanalysis aidtbdidearimerissdidiresnatrtits of the three

different polymerase chain reactions ofeXampiashiease Eigitadltampdrisokrat e rdsult of the three

polymerase ch%u_n reactjons according to the invention after in vitro translation (determination 20at 450
tun, reference W%@ié%%eé?’éﬁ m, background substracted). Figure 11Agarose gel analysis of the

amplified nucleic acid after the first the second polymerase chain reacti ' ' ical sets of
primer; 3. - no Rershy3 msihg Sans §8§W?GS§D ﬁ{f‘sbe@%“co&nﬁro%%ﬁ %2(5% ?Le-kfg(!)%gcontrol MRNA,
41 -1-120 PCRitwen 16 HengeiLew) of3hagimimenand doe ‘T 45 1820 BERTT 45- GFP, 46-
H20 GFP. Figuig R esHpsr-geh anakysisef dtaachplified hetsleto slvicSafmed wiecagehdhSolymerase
chain reaction with.one variable and (?p&é%&%%ﬁéﬁﬁ%@rﬂiﬁ%oﬁ}ﬂi&ﬁs&%ﬁgar@ae@al analysis of the
linear expressiongconstructs obtained from nucleic acid after the second polymerase chain reaction
with one variaje and, one xed oo ol PIMEG FiRse ARG iyt o6 in ik asepsiationa an 196
specific two-st B%%epgﬁ/merase gha_ln reaction, of a single %ell %t ?n%firxe L g&@f ffimgr and one
variabltset of ghitierreacdipn Friste s ifm SRR, ﬁ‘?ﬁlrgﬁinoﬁfqbuﬁn ragments after single cell
polymerase chaimmeaatiobutind im siwtharapsbedmentghfumaTmsh F5Y G S8R translation of

IgG TIC and I9G | fechQbiginediamacosiagie welbatingaditorfoftlgGitCaormirs regigiple, 9-11
P e o s M A A Shla G aRd JaRd Chpbiainedhiramonsingle cel, 12

human Fab fra ﬁfénél?f]é}?ﬁ] vitro translation of I9G HC and 19G LC(X) obiained fram, a.single cell.
Figure 16West®myHstash e ‘fﬂ%?%tﬁfé’-@ﬂeep;ﬁg@/v I_rlehr%ﬁ%§ gf%?rﬂi lpéga)tég?oﬁéloilvith ,garf]e ﬁt‘i#ed set of
ro

primer ghd onecedriable BEt Goprimeriard inndles tihasiEasHaday -5u8 e L a single cell

combined with G ki, 2rifsleeilgSubehiramaditigiel dell ping ¢S HOIERUDRIESNtrol, 8 - 19G

HC and 19G LC%%%O@%%%%;?_fopﬁ%a%&?epﬂi&ﬁodf 104 Standay doF a:Qrbvightadslatids ostedard Fab 50
ard Fa

ig/ml, 12 - st tig/m 1 (B) 1 - Standard.Fab 5 ug/ml, 2 - 3-
ctanciard Fab O, e Hbqdite 4ot SRR A, e i@ﬂ%’gﬁ%ﬂmed with

IgG HC. Examritesyua0plieitelimlsagidvictiomisiBerseiing P BrSAHAASENS SBIIHTE&UsEE iR this approach
are B-cgljs and plassnaseeligpisolatadifofrshpobaripher ahbioceacideditiypatbprorebrf tiastie (spleen,

bone marrow) of transgenic mice far. WmAmYGreSaligiissuen il seoball prymalididaggregated in
PMEM reaction. In onc embodiment the immunoglobulin variable domain is an
immunoglobulin heavy chain variable domain or an immunoglobulin kappa light
chain variable domain or an immunoglobulin lambda light chain variable domain.

25 In one embodiment of the methods according to the invention the primer employed
in the first polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobulin heavy chain variable domain have the nucleic acid sequence of
SEQ ID NO: 05 and/or 06, and SEQ ID NO: 07 and/or 08, and SEQ ID NO: 09,
and SEQ ID NO: 10 and/or 11, and SEQ ID NO; 12, and SEQ ID NO: 13, and SEQ

30 1D NO: 104 and/or 105 and/or 106.

Table 14: Primer employed in the first polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin heavy

chain variable domain.



25 in separate tubes. In the later steps, gentle handling and low temperature minimize cell lysis, which
is important for the future positive isolation of the cells of interest and to keep the source of mMRNA
intact. Dlsa%gﬁated tissue is suspended by the delicate addition of cell sefaratlon media for making

of a different ce

16/0944°75

type gradient (Leucosep-tubes (Greiner Rio-One) with

Fic

(FEEHSE) GPEdient). 30

Suspended cells are purified by centrifugation on thg,cold separation medium for 20 mm. at 800 x g
and 22 'C in a centrifuge without breaking in order to enrich for plasma cells (PBMC) and lymphocytes.

Cells are washed-in-cold b

Jﬁe_p_ép,gg__éphgsphafn buffered calmn\ 0.1.9

o (\Al/\/\ BSA

hn\llno

serum

albumin), 2 mM BERkA(ethylene diamin tetra acetate)) and the supernclt%t is carefy

Technologies
instructions.

II)§ @carded to -

Egiaa%;etﬁe

48 - keep gn y g?gcummpcytes Lymphocyte§eﬂr‘éeﬂ’f§r{1hr?susp’4ended in Hgoé?fﬁoﬂn (eé y qﬁlrefuléy
pipetting. Ceptrifugation-is-eHectuated o g-grd-22-C-tg-pellet:t s—H=eells an
plasma cells are./pt;]ﬁﬁmatec égﬁ%téi%ﬁx Q’I 4&(%‘; e 3(5 e }5 ’"wa Abs on
- their cells suffaiedidgetistare "A'gﬁ f?’d X‘ l‘ltt{.{ (XCJ‘ '9 FA),
centrifuged and résidepend ﬁ%:&A TG N j’CT'g}T’ﬁ iwere used.
To prevent mMRNpegdedeadationan RNASe-H & )19+
B-cells (Dyne Bidtectegym ﬁi@ég}g‘m@g{? %C%WCGA 3. t
according to the-manutactyre fofis—Hhe-10-set c“ (StemCell

anufacturer's
CS sorting:

igd jout following

%EQ%%%%%%W&ﬁJIUU%@U@m
imitin d tion culture deposﬁed as sm1e cell into

th PCR Film jand immediately

D ¢
Vé&%@ﬂ%g

i Hﬂf

I

the wells of 96 v%l OgR tes or 384-well plates. Plates are sealed w
placed on ice: DOTIE(] cetls can be Used immediately in RT-PCR (reverse transcriptase polymerase

Chain reaction) g S e Rif ?JP{@*}%&{&E%H&&&L&Q {elHBRGANHD disReAlngitaal sorting was
na ell ne ositive for

20 performed o Aria cell-sorting, system (Becton Dickinson Cellst at st

CD19, highly pd&it0e f”&fﬁ@fﬁ%ﬂ&?ﬁ%‘f@"ﬁmé&%‘é poGiRvEIBrER qarergishicaeed s dgae&gnated
plasma cells (P@ymaddgiondirgkappadightshare wudabde/dimeabchiver thadaibicstadseWrItTside scatter
height were inclydsggoipelast ligedyenphQcitesiend7singlets gaspsicivedy abinglecaisNgere distributed
25 dlrecgy into t Xiﬁﬁlg’ﬁ% A9:wsliRER plates (Eppendorf), containing all the necessary PCR
reagents in a volume of 10 RI, except for reverse transcriptase, DNA polyrnerase, buffer and dNTPs
and frozen at -80 C for later processing. Cell lysis and Reverse transcription: To be able to
amplificate the HsNgALRT a polyRierasecetdiy edattiohe Biss|| $enaSaiiasheincameiftstte lysed
before the reverse transcriptionotgaigtian. MERROMAM4daR GlikRROibeIoRda0Bpddiighable
22:Components used for the clagsigal.lysise Gapenent Volume (p.1) Final concentration Water, PCR
grade 1.75 5xRT Reaction Buffer 1.00 RNAse Inhibitor (40 U/gl) 0.25 5 U Gene Specific antisense

15Cells are go

primer 1.00 (.02 g lggpal 0,01% 1.00.0.01 % Final volume 5.00 Tclb]|)e 23:BlocK eypigrprogram for
the cell lysis.| Terapasajisien(C) [Time (sec) 65 B8 ¥R 45 30 35 enotation | “yuq,
V, primer GCTCAGCTCCTGGGGCTCCTG VL1 16
binding in the CTGGGGCTGCTAATGCTCTGG Vl-2 17
leader peptide | TTCCTCCTGCTACTCTGGCTC V-3 18
coding region | CAGACCCAGGTCTTCATTTCT ViL-4 19
primer SIINE 1N | ATCGTATGGGTAGCTGGTCCC
coonstamt | rTAACACTCTCCCCTGTTGAA huCy-2 115
region coding GCTC
region
In one embodiment of the methods according to the invention the primer employed
10 in the first polymerase chain reaction for obtaining a nucleic acid encoding an

immunoglobulin lambda light chain variable domain have the nucleic acid
sequence of SEQ ID NO: 21, and SEQ ID NO: 22, and SEQ ID NO: 23 and/or 24
and/or 25 and/or 26, and SEQ ID NO: 120 and/or 121 and/or 122 and/or 123 and/or
124 and/or 125.



20 23 120 4 00 Plates with lysed cells are spun briefly in the centrifuge for 30 sec. to collect liquid 5
and cells in the bottom of wells. The RT (reverse transcriptase) reaction as well as all the PCR
reaction was made in a 96-well plate. To each well containing 5 p.1 template is added 2.5 gl of water,
1 gl cold RTWQazgﬁ?)/ﬁ%ﬂﬁer, 1 pi dNTPs, 0.25 pl RNAse Inhibitor (40 U/p?f)?fg%]ﬁ{%j 1&erse
transcriptase (20 U/g1), all from the First Strand cD/A Synthesis Kit (Roche Diagnostics GmbH,
Mannheim, 10 Germany) for a total volume of 10 pl. RT plates are briefly centrifuged and placed from

ice to 55 C for 60 min. (with heated lid), heated to 85 C for 2 min. (to inactivate the reverse

transcriptase), a&BIbek cyclePinight@ypleyaBon RbehErslirMpsEesG Mgk, KFasitei R Germany).
Single-stranded cDNA was stogeghiatin? @ Gusheid| s aliesriiringy arsentransegipbiolin dachda to avoid

degradation of the 15 cDNA. 'L}i

Q]Jnsyﬁggg@i%%%gi‘on was simultaneously performed without cells
to test for contamination. Table Z4:Components used for the reverse transcription reaction.

Component Voluge (L) Finarconcentration Water, PCR grade §.8 PCR Madtergify WO
2010/094475PGLIER2010/001008 - 50 - E8ARIENt Volume (i) FREMSHENrationGemi-nested
Primer IgG K f%uz UV errchetedCimertasree k) 0.4 0]02 isN4 Serpi-nested Primer IgG LC
(1) 0.4 0.02 L.L124°c te llzj Er Fifial voluime ellTySis argl Reverse
transcription éﬂ{%ln g]ﬁr e rrai'?nl mggg@riaé I\IA%éé\nlurnargom nyﬁl."%nn+ Qg hd plasma
ea e 8 g -/I-IIII-IIIIIVWW o Trrir \-I\II._\ T U PU:]IIIUIMOF CTrmanT |Cabl‘e§y—8v§e$ﬁ, p
cells must be é(%ﬁg L6 A TEECEET GANSCI)oMaesionT €Tst PCR:I5Table g?%gc tycler
f e fust P mnoraturo OO\ Time-Mamalbear-af e a¥md
program or |lu.|l|ut.tl), d,\. rCTPCTaturc G ST e TNOT miJCT UT Ly UIC S TJ
B o | ATCGTATGGGTAGCTGGTCCCTTA 120, 121,
in the constant | v, 4 C ATTC(C/TIG(C/ITIAGGGGC huC;-2 122, 123,
region f:odmg (A/T)ACT 124, 125
regon

10

15

In one embodiment of the methods according to the invention the primer employed

in the second polymerase chain reaction for obtaining a nucleic acid encoding an

immunoglobulin heavy chain variable domain have the nucleic acid sequence of
SEQ ID NO: 128, and SEQ ID NO: 129, and SEQ ID NO: 130, and SEQ ID NO:
131, and SEQ ID NO: 132, and SEQ ID NO: 133, and SEQ ID NO: 134, and SEQ
ID NO: 135, and SEQ ID NO: 136, and SEQ ID NO: 137, and SEQ ID NO: 138,
and SEQ ID NO: 139, and SEQ ID NO: 140, SEQ and ID NO: 141, and SEQ ID
NO: 104 and/or 105 and/or 106.

Table 17: Primer employed in the second polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin heavy
chain variable domain.

. SEQ
P”'f“e? Sequence Denotation D
description NO:
Vyprimer | CTTTAAGAAGGAGATATACCATGCA Vila 128
binding in the | GGTKCAGCTGGTGCAG
FR1 coding | CTTTAAGAAGGAGATATACCATGCA Vi 1b 120
region GGTCCAGCTTGTGCAG
CTTTAAGAAGGAGATATACCATGSAG Vile 130
GTCCAGCTGGTACAG
CTTTAAGAAGGAGATATACCATGCA Vi-ld 131
+RATGCAGCTGGTGCAG
CTTTAAGAAGGAGATATACCATGCA V 22 132
GATCACCTTGAAGGAG
CTTTAAGAAGGAGATATACCATGCA V 4-2b 173
GGTCACCTTGARGGAG




2min. 194 15sec. 355530sec. 721 mm. 7210 min. 14 03 Table 26:Primer used for the first
PCR. Ig heavy chain primer Ig light chain (x) primer lg light chain (X) primer Vry L-1 VKL-1 VAL-1 VH
L-2 VKL-2 VAL-2 V11L-3 VL-3 V1L-3 VHL-4 VrL4 huCA-Il V1-1L-5 huCK-11

WO 2010/094475 PCT/EP2010/0061008
-32.
. SEQ
Pn{ne.r Sequence Denotation 1)
description NO:
CTTTAAGAAGGAGATATACCATGGA Vi3 134
RGTGCAGCTGGTGGAG H
CTTTAAGAAGGAGATATACCATGCA V.3b 135
GGTGCAGCTGGTGGAG H
CTTTAAGAAGGAGATATACCATGGA Ve 136
GGTGCAGCTGTTGGAG H
CTTTAAGAAGGAGATATACCATGCA Vnda 137
GSTGCAGCTGCAGGAG H
CTTTAAGAAGGAGATATACCATGCA V undib 138
GGTGCAGCTACAGCAG H
CTTTAAGAAGGAGATATACCATGGA V w52 130
RGTGCAGCTGGTGCAG H
CTTTAAGAAGGAGATATACCATGCA V e 140
GGTACAGCTGCAGCAG H
CTTTAAGAAGGAGATATACCATGCA VT (41
GGTACAGCTGGTGCAA H
primer
binding in the { ATCGTATGGGTAGCTGGTCCCTTAGT 104,
constant GGTGGTGGTGGTGGTGAACT(C/G/T)T | huCu-2 105,
region coding | CTTGTCCACCTTGGTGTTG 106
region

Int one embodiment of the methods according to the invention the primer employed
in the second polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobulin kappa light chain variable domain have the nucleic acid sequence

5 of SEQ ID NO: 53 and/or 54, and SEQ ID NO: 55 and/or 56, and SEQ ID NO: 57
and/or 58, and SEQ ID NO: 59, and SEQ ID NO: 60, and SEQ ID NO: 61 and/or
62, SEQ ID NO: 63 and/or 64, and SEQ ID NO: 65, and SEQ ID NO: 66, and SEQ
ID NO: 67, and SEQ ID NO: 68, and SEQ ID NO: 69, and SEQ ID NO: 70, and
SEQ ID NO: 115.

10 Table 18: Primer employed in the second polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin kappa light
chain variable domain.

Primer Denotatio SEQ
. Sequence iD
description _ n NO:

CTTTAAGAAGGAGATATACCATG(A/G

Vieprimer | 4 o ATCCAGATGACCCAG

Vl-la 53, 54




VHL-6 huCH-II Second PCR: The K and A light chains arid the heavy chains were subsequently
amplified with a second-round PCR according to the following protocol. Using semi-nested primer, 10
the second PFCR Wa§#?rformed to increase the amount of cDNA copies and to amplify only from the
variable par?‘&%ﬁ’é”ﬂé thain (LC) and heavy chain (HC) to the CHI regi%%?@ﬁ@ﬂ@”g%liﬁcation was
performed using 16 primer, the kappa LC using 1_73t§ri_mer, and the lambda LC using 14 primer. The
genes were amplified in a total volume of 20 ul using 2 ul of the first PCR product, 10 Jul of High WO

2010/094475PCT/EP2010/001008 - 51 - Eidelity PCR MQQTEI-;éQODté—i—P—:‘,Qg 0.4 p.M-each-dNTPs, double
(@ﬁﬁ%&g&%&g %?521‘ S BB Hrimar, @il froi ssesdid

concentrated renedies Buiter h Fidelity
PCR Master Kit fROG96iM8a GobH Mannhein Germany) usi hnd PCR
program: 2 min. at'$8'¢, 45 _(;)%TQST M@%Q@ég,f 5% T&’% C.V{2Q dor|15mjis8 following 10
mm. at 72C. Table 27:ComppAgits UseH 14 HE secys B

Water, PCR gidde2 4 ’L

02 pM Two-step-d VQIQ*G‘ o

a.tha follolhwina-cee
Iv i TOmmMOY vlllg p=Awa )

: ApeRent-Volume-(ph-Fnral
concentration M IMBIC12 THdd-step Primer

T
lgG HC 0.4 0. I

E 1 CN-A

First PCR pro

Temperature

duct 2 Final va
C) Time Numb

D}

Drimaerlad
T TITeT Ty

foviliezec

4.0.02 pM

LT\ U

bnddPCR}

CTTTAACAAGGAGATATACCATGGAT
(A/G)YTTGTGATGACTCAG
CTTTAAGAAGGAGATATACCATGGA
AATTGTGTTGAC(A/G)CAG
CTTTAAGAAGGAGATATACCATGGA
AATAGTGATGACGCAG
CTTTAAGAAGGAGATATACCATGGA
AATTGTAATGACACAG
CTTTAAGAAGGAGATATACCATGGA
CATCGTGATGACCCAG
CTTTAAGAAGGAGATATACCATGGA
AACGACACTCACGCAG
CTTTAAGAAGGAGATATACCATGGA
AATTGTGCTGACTCAG
CTTTAAGAAGGAGATATACCATGGAT
GTTGTGATGACACAG

VL-2b 61, 62

Vl-3a | 63,64

VL-3b 65

VL-3c 66

Vil-4a 67

V¢L-5a 68

V¢l-6a 69

VL-6b 70

primer
binding in the
constant
region coding
region

ATCGTATGGGTAGCTGGTCCCTTAAC

ACTCTCCCCTGTTGAAGCTC 115

huC,-2

In one embodiment of the methods according to the invention the primer employed
in the second polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobutin lambda light chain variable domain have the nucleic acid
sequence of SEQ ID NO: 72, and SEQ ID NO: 73 and/or 74, and SEQ ID NO: 75,
and SEQ ID NO: 76, and SEQ ID NO: 77 and/or 78, and SEQ ID NQ: 79, and SEQ
ID NO: 80, and SEQ ID NO: 81, and SEQ ID NO: 82 and/or 83, and SEQ ID NO:
84 and/or 85, and SEQ ID NO: 86, and SEQ ID NO: 87 and/or 88, and SEQ ID
NO: 89, and SEQ ID NO: 90 and/or 91, and SEQ ID NO: 92, and SEQ ID NO: 120
or 121 or 122 or 123 or 124 or 125.

10 Table 19: Primer employed in the second polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin lambda

light chain variable domain.



2 min. 194 15 sec. 45 55 30 sec. 721 mih.‘-?z 10 min. 4 co Table 29:Primer used for the second
PCR Igo heavy chain primer IgG light chain (x) primer IgG light chain (X) primer VHIa Vk 1 a Vkla
VH1b Vkib Vklb VH1c V, Ic Vkic VH1d V,Ild Va VH2a V,,2a Vk3a Vab Vab Vk3b VH3a Vaa Vac VH3b

Vab Vad VHYE 2010/694475 PCT/EP2010/001008
-34-
Primer Denotatio SEQ
. e - Seguence 1D
description n NO:
CTTTAAGAAGGAGATATACCATGC ViL-1 7
AGTCTGTGCTGACTCAG poiad

CTTTAAGAAGGAGATATACCATGC
AGTCTGTG(C/T)TGACGCAG
CTTTAAGAAGGAGATATACCATGC

ViL-1b | 73,74

AGTCTGTCGTGACGCAG Vil-le 75
CTTTAAGAAGGAGATATACCATGC VLo 26
AGTCTGCCCTGACTCAG A
CTTTAAGAAGGAGATATACCATGTC | & o | 77 73
CTATG(A/T)YGCTGACTCAG » g
CTTTAAGAAGGAGATATACCATGTC | | o | g
CTATGAGCTGACACAG A
CTTTAAGAAGGAGATATACCATGTC | |/ & o %0
V, primer | TICTGAGCTGACTCAG *
binding in the | CTTTAAGAAGGAGATATACCATGTC V,L-3d 21

FR1 coding | CTATGAGCTGATGCAG

region CTTTAAGAAGGAGATATACCATGC
AGC(C/TYTGTGCTGACTCAA
CTTTAAGAAGGAGATATACCATGC
AG(C/G)CTGTGCTGACTCAG
CTTTAAGAAGGAGATATACCATGA

voL-4 | 82,83

ViL-5 84, 85

ATTTTATGCTGACTCAG ViL-6 86
CTTTAAGAAGGAGATATACCATGC via | 8788
AG(A/GYCTGTGGTGACTCAG * ’
CTTTAAGAAGGAGATATACCATGC Vi %0
AGACTGTGGTGACCCAG #l
CTTTAAGAAGGAGATATACCATGC(
A/T)GCCTGTGCTGACTCAG Vak-4/9 1 90,91
CTTTAAGAAGGAGATATACCATGC | | o o
AGGCAGGGCTGACTCAG 2
. 120,
primer 121
binding in the | ATCGTATGGGTAGCTGGTCCCTTAT 1
constant | GAACATTC(C/TIG(C/TACGGGC G2 |57
region coding | (A/T)ACT 19 4’
region 12 5’

In one embodiment of the methods according to the invention the nucleic acid
encoding the light chain variable domain and nucleic acid encoding the heavy
chain variable domain are obtained in one polymerase chain reaction by a

5 combination of the different 5°- and 3’-primer in a single multiplex polymerase
chain reaction.



Vac Vx4-V14a Vk4a Vk5 VH4b Vk5a Vx6 VH5a Vk6a V)] VH6a V,6b Vx8 WO
2010/094475PCT/EP2010/001008 - 52 - One step Multiplex RT-GSP (Gene Specific Primer)-PCR
reaction: Ta be atij)ﬂl%{t%%mplificate the mRNA in a polymerase chain reacjj qgiﬁ%ﬁzﬂ&d plasma cells
must be distfiBded dlrectly into the wells of 96-well PCR plates (Eppendorf), containing all the
necessary PCR reagents in a volume of 10 5excepjsfor reverse transcriptase, DNA polymerase, buffer
and dNTPs and frozen at -80 C for later processing. RT-Step: Reverse transcription and PCR were
performed in one step (one step Multiplex RT-PCR). The isolated, sorted and stored cells were used
as raw materialfortive 2peevef sharaEEHJHSPNEPRIS-PERAT HicRREMHI kA JUREHATE thawed at
room temperatyodill Patmasiue fensyitbgistzeth inativd Iy @IBIO rditt: Gnhe-ckdborawriess The plates
and all other reﬁg%gfﬁ)w/]%es@pt on ice during the entire procedure. For cDNA syntheses the gene
specific primer with extensions were used directly. The enzyme complex consists of two Sensiscript

reverse transcriptases 15 and one IS¢ e | aRIRGR}nEhe rewriting
of the mRNA into éDI\?&r?)‘J%‘B%rFoF%%%E‘rtBé@@ﬁ??&%%ﬁé%m%ﬁesmp RT PCR) and
the amplification of the'SDRIR <t BEMEREtPTRRY R ot R }%’%rqa Aggc:fy%%l%se (Qiagen
OneStep RT PCR), which is a chemically form of a recombinant 94 kDa DN%?I merase
(deoxynucleositieanprabsHimsnbriABY metafihasonayrrasaaiad Edhs .’f‘§ SHigially isolated

from Thermus agpiatieussexpaessentim Ezevelispedicaiénee rpodpmendsn shodrrrarr@Rplate and stored
ribitor 20 Ul S o e othes 10 o lor setiopiog 16 PR
Irrtlaalctlion, the ce\%@%f@f) g}‘%&{? ({,,JB%%BN:FS%%%%%%SQ %93 2%8 éc.ﬁqﬁﬁgfﬁg% S{)E;LT(I:’I@Igect the liquid
and cell§ on theBsHemPERINE Wél@f%&@?’f@fb@&ﬂﬁ%@ F@ﬁ%fﬁ?ﬁ(&’g@g r£§ - ‘?ra%'l% 30:Master
Mix 1 used for thiepRifd? Gil/dvi st eraiibatiofih siopmedentFatio gl doiomvesvdiniel a1 s 6 5 primer Vu
/'VL(K) 0.1 pM L RINASEi N RIbERH ARG RGN dvdl dsphiglTe61dhefadd Shain reaction for the
generation of nucleic acids for the in vitro translation of the obtained nucleic acid.
In one embodiment this method is for obtaining an immunoglobulin heavy chain
15 variable domain with a RT-GSP-PCR reaction. In one embodiment the

immunoglobulin variable domain is an immunoglobulin heavy chain variable

domain or an immunoglobulin kappa light chain variable domain or an

immunoglobulin lambda light chain variable domain.

In one embodiment the primer employed in the multiplex one tube RT-GSP-PCR
20 for obtaining a nucleic acid encoding an immunoglobulin heavy chain variable
domain have the nucleic acid sequence of SEQ ID NO: 142 and 143.

Table 2¢: Primer employed in the multiplex one tube RT-GSP-PCR reaction
for obtaining a nucleic acid encoding an immunoglobulin heavy

chain variable domain.

P"i“‘ef' Sequence Denotation SI;%{D
description :
VHPHMEr | cprr s AGAAGGAGATATACCAT
binding g? the | 5 A ACTBTCTTGTCCACCTTGGT Vi-1fp 142
FRIcoding | Grrg
region
primer binding in | v 1A TGGGTAGCTGGTCCCTT
the constant | 4 5 A CTBTCTTGTCCACCTTGGTG | Vierfp 143
region coding TTG
region




B/Plasma cells final volume 10 Table 31:Master Mix 2 used for the RT-PCR. Master Mix 2 Final
concentration/well volume/well (RD H20 Ix 2.2 5x Buffer Ix 4 dNTP 10 mM each 400 p.M each 0.8 5x

Q-Solution 0.25x One Step RT PCR Enzyme mix 1.2 RNAse Inhibitor inal yolume 10 10 pl
per well of ALY Were added to the cells. The second Master Mix%%&i%%%eg?}yg% % pi H20 PCR

grade, 4 pl of Ix t_)uffer, 0.8 pl of dNTPs 400 pM eadfg, 1 pi of Q-solution 0.25x, 1.2 pl of the enzyme
complex and 1 pi of RNAse inhibitor 20U. Table 32:Primer used for the RT-PCR. Ig heavy chain primer

Ig light chain (c) primer VErlfp SEQ ID NO: 142 VL(k)-1fp SEQ ID NO: 144 Vp-rfp SEQ ID NO: 143
VL(K)-rfp SEQ D d@emigdiment of the methods according to the invention the primer employed

in the multiplex one tube RT-GSP-PCR for obtaining a nucleic acid encoding an
immunoglobulin kappa light chain variable domain have the nucleic acid sequence
of SEQ ID NO: 144 and 143.

5 Table 21: Primer employed in the multiplex one tube RT-GSP-PCR
reaction for obtaining a nucleic acid encoding an immunoglobulin

kappa light chain variable domain.

Primer - SEQID
description Sequence Denotation | ~ o0
Vi primer

binding in the | CTTTAAGAAGGAGATATACCAT
FRI coding | GACACTCTCCCCTGTTGAAGCTC
region
primer binding
in the constant | ATCGTATGGGTAGCTGGTCCCTT VLK)
region coding | AACACTCTCCCCTGTTGAAGCTC
region

VLK) p 144

145

Further it has been found that with a combination of the PCR method according to

the invention and a cell-free in vitro translation system the nucleic acids encoding
10 the cognate immunoglobulin VH and VL domains can be cbtained from a single

cell whereby the encoded immunoglobulin variable domain is provided as Fab

fragment in quantities sufficient for the characterization of the immunoglobulin’s

binding properties. In order to amplify the very low amount of mRNA obtained

from a single cell, the individual PCR (polymerase chain reaction) has to be very
15 sensitive and a combination of more than one PCR has to be performed.

A "cell-free in vitro translation system" according to the invention denotes a cell-
free lysate of a prokaryotic or eukaryotic, preferably of a prokaryotic, cell
containing ribosomes, tRNA, ATF, CGTP, nucleotides, and amino acids. In one
embodiment the prokaryote is E.coli.

20 Cell-free in vitro translation is a method which has been known in the state of the
art for a long time. Spirin et al. developed in 1988 a continuous-flow cell-free
(CECF) translation and coupled transcription/translation system in which a
relatively high amount of protein synthesis occurs (Spirin, A.S., et al.,, Science 242
(1988) 1162-1164). For such cell-free in vitro translation, cell lysates containing
25 rihosomes were used for translation .or transcription/translation. Such cell-free



Table33':_lBIock_cy_cIer prop-am for the RT-GSP- PCR. Temperature Time Step Cycles 50 C 30 mm.
_reverse transcription 95 C 15 min. denaturation | 94 C 40 sec. denaturation 11 WO

2010/094475PCT/EP2010/001008 - 54 - Temperature Time Step Cycle mi nealin
( . g 72C
1 min. elong‘gﬂozﬁl%%)ﬁ@ll sec. denaturation 29 60 C 1 min. annealing sf?@%gr%}l%)&e @r?fgation 72 C
10 min. final elongation 1 4 C co -37-

extracts from E.coli were developed by, for example, Zubay (Zubay, G., et al.,
Ann. Rev. Genetics 7 (1973) 267-287) and were used by Pratt (Pratt, J.M., et al,
Nucleic Acids Research 9 (1981) 4459-4474; and Pratt, IM,, et al,, Transcription
and Translation: A Practical Approach, Hames and Higgins (eds.), 179-209, IRL
5 Press, 1984). Further developments of the cell-free protein synthesis are reported in
US 5,478,730, US 5,571,690, EP G932 664, WO 99/50436, WO 00/58493, and
WO 00/55353. Eukaryotic cell-free expression systems are reported by, for
example, Skup, D. and Millward, S., Nucleic Acids Research 4 (1977) 3581-3587,
Fresno, M., et al., Eur. J. Biochem. 68 (1976) 355-364; Pelham, H.R. and Jackson,
10 R.J., Eur. J. Biochem. 67 (1976) 247-256 and in WO 98/31827.

It has been found that based on the amplification of nucleic acid encoding cognate
IgG HC (immunoglobulin G heavy chain) and 1gG LC (immunoglobulin G light
chain) of an IgG isotype immunoglobulin from a single cell and the subseguent in
vitro translation of the obtained nucleic acid to provide Fab fragments of said
15 immunoglobulin a high sensitive method for obtaining information about an
immunoglobulin produced by a single cell from the minute amounts of mRNA
obtainable is provided. The method according to the invention permits the
investigation of the expressed immunoglobulin from a single B-cell, thus,
providing higher diversity as opposed to the hybridoma technology. Furthermore,
20 since the cognate immunoglobulin variable domains or immunoglobulin chains are
obtained from mature B-cells after antigen contact, selectively the nucleic acid
encoding high specific and correctly assembled immunoglobulins can be obtained.

Therefore, one aspect of the current invention is a method for producing an
immunoglobulin Fab fragment comprising the following steps:

1

25 providing a single immunoglobulin producing cell,

- obtaining from the cell the nucleic acid encoding the immunoglobulin light
and heavy chain variable domains, optionally also encoding a part of the
light chain constant domain and a part of the heavy chain Cyl domain,

- optionally generating a linear expression matrix comprising the obtained

30 nucleic acid,

- translating in vitro the nucleic acid and thereby producing the
immunoglobulin Fab fragment.



cooling Purification of PCR products: To improve the efficiency of the generation of linear template for
the in vitro translation in the next overlapping PCR (third PCR) the purification of the previously
amplified PCR products was performed by removing unincorporated 5 primer, dNTPs, DNA
polymerase?’gﬁalg’gﬂé‘*&ed during PCR amplification in order to avoid ir?t%?fgfé%}éo?ﬁﬂ%wnstream
applications. Agencourt AMPure was used. The buffer is optimized to selectively bind PCR amplicons
100 bp and larger to paramagnetic beads. Excess oligonucleotides, nucleotides, salts, and enzymes
can be removed using a simple washing procedure. The resulting purified PCR 10 product is
essentially freelof contambndimsnintheanrpleigsaeidn eheofinewiity Eppieasttelnsdediant DNA
sequencing (ingidings Gapilaiyee ledlicpholasisycividinntsayspaitiogs alpaingitbeprimertextension
genotyping. The warkfloy far.96-well fRrmat siaied with-arats shakinenis headsaipred in buffer to

resuspend any magnetic particle that may have settled. The, correct.vplume of 36 gl of. beads 15
solution was adbed§!He ¥ FB?@H%%%HEW@%&%%&% &%?étttg%dl eﬁ‘ﬁ’(eé’%& b“aﬁ%’é%?%n. The

following step Wasiiufsating fenale rakueumanigesiarmatialme rRlEiBASH AR NaEptEeRd onto a
magnetic plate fe¢ct@inginias inveapanater hradmpliRstlntidcopherc|bsiddGalutidgldSupernatant) was

aspirated from {e fepiens r?%e}“ﬂo%sﬁaéﬂrg@@-*éﬁlf?qﬁlﬂs&%w&%ﬂQO?—QQe%QId?&% ethanol
e

were 20 dispersed per well a E%lncubatectlgat oom temBe algur fog ta!gg tn%glgl%conglsthThe ethanol
was aspirated GHRZEEHEES YT RETHRE f?Ld" SRES (é)e of et two times and then the reaction

plate was left tovasketiry doid 26 nahsessenthooeralgipdraturd i Mo it thSE8dIforidf 40 gl of
elution jguffer angdrihaopsbuias Rgaingiretted 10 times up and down. After the cDNA dissociation from
the 25magnetic beads, the purified DNA was transferred into a new plate. - 55 - Third PCR: The

amplified DNA gf thaesconshBeR srancafiermvaidsditisad Ly aaipteapping etiefsiowRER method
with the following co 3
a

LGOY s%ﬁ‘%ﬂ}g 'lﬁlc%%%ﬂQié%f&%-%@{lﬁc&%w%ﬁi‘%tt%éﬁﬁ@mél@éame binding site
(RBS),aT7 prom% e ,nc?a ’JIYY terminator sequences. For this ngﬁi'? ioft Segon PCR were
taken to a final VBMIMESISENEsHAhATE® i‘é‘.piggﬁ"}é‘fecr?% ;E’ly 0 Y reéggé)ﬁ Bufierwith'Mgc12 (10
mM), 0.8 pi of BMSOINg 5hid RIFRof1bainizibiaized hictispivhbiaimare hsmiskisrasitner (6 p.M
each), 954 141 Gréeaminal HAsT ag pimeadA-nR bofieniymedigoduafl fiomie RY She.coli Linear

Template Geneigiiga i S8t 418af 20 (RodheDiaanasli GI MM ARRGIMc Sty Finall. e

and the resulnEPIHENBn A SRS CahBe B ARG O 0% L SRy
inununoadsorbéemiassglotrlingdertle 34:Components used for the third PCR. Component Volume
(n1) Final concentration Water, PCR grade 10.7 10x Reaction Buffer with MgC12 (10 mM) 2 Ix DMSO
0.8 PCR NucleBtidémiedddhinvheaohhotB258 pM inmikiaglebitoroTp s theifieideoM) 1.6 0.48
1.1M Warking sgiutions Dhidigea fsimne ki ML . ith48neMod/ ackindisolstibe Bstertiviihdag (6 pM) 0.4
0.48.IM Enzyr%%t%lgégj Qué]eﬁchﬁigsp%%hﬁ the variable domain of the light and heavy
immunoglobulin chain are further modified. At first the nucleic acid encoding the
variable domain is combined with a nucleic acid encoding an immunoglobulin
constant region. In one embodiment the nucleic acid encoding the light chain
25 variable domain is combined with a nucleic acid encoding human kappa light chain
constant domain of SEQ ID NO: 03 or with a nucleic acid encoding human lambda
light chain variable domain of SEQ ID NO: 04. In another embodiment the nucleic
acid encoding the heavy chain variable domain is combined with a nucleic acid
encoding human immunoglobulin G1 (IgG1) constant region of SEQ 1D NG: 01 or
30 with a nucleic acid encoding human immunoglobulin G4 (1gG4) constant region of
SEQ ID NO: 02. In another embodiment the nucleic acid encoding the heavy chain
variable domain is combined with a nucleic acid encoding human immunoglobulin

G1 (IgG1) constant region 1 (Cul).



Final volume 20 15Table 35:Block cycler program for the third PCR. Temperature (C) Time Number
of cycles 954 min. 951 min. 4560 1 mm. 721 min. 30 sec. 727 min. 14 OD -56 - Gel

electrophoresis: The gel electrophoresis analysis (1agarose gel, Invitrogen Corp., USA) was
performed & AIA e amplification and the specificity of the cDNA t%f%%%%%%%%ﬁe appropriate

controls. 5Table 36:Gel analysis protocol. Compongnt Volume (gn Migration time 1-120 6 5x Orange

G 3 PCR product 6 Final volume 15 Volume for gel 10

10

15

20

25

30

35

The nucleic acid molecules encoding the complete immunoglobulin heavy and
light chain or a fragment thereof are in the following referred to as structural genes.
They can be located on the same expression plasmid or can alternatively be located
on different expression plasmids. The assembly of the immunoglobulin or Fab-
fragment takes place before the secretion of the immunoglobulin to the cultivation
medium and, thus, within the expressing cell. Therefore, the nucleic acid molecules
encoding the immunoglobulin chains are in one embodiment expressed in the same
host cell. If after recombinant expression a mixture of immunoglobulins is
obtained, these can be separated and purified by methods known to a person skilled
in the art. These methods are well established and widespread used for
immunoglobulin purification and are employed either alone or in combination.
Such methods are, for example, affinity chromatography using microbial-derived
proteins (e.g. protein A or protein G affinity chromatography), ion exchange
chromatography (e.g. cation exchange (carboxymethyl resins), anion exchange
(amino cthyl resins) and mixed-mode exchange chromatography), thiophilic
adsorption (e.g. with beta-mercaptoethanol and other SH ligands), hydrophobic
interaction or aromatic adsorption chromatography (e.g. with phenyl-sepharose,
aza-arenophilic resins, or m-aminophenylboronic acid), metal chelate affinity
chromatography (e.g. with Ni(I)- and Cu(ll)-affinity material), size exclusion
chromatography, and preparative electrophoretic methods (such as gel
electrophoresis, capillary electrophoresis) (Vijayalakshmi, M.A., Appl. Biochem.
Biotech. 75 (1998) 93-102).

With recombinant engineering methods known to a person skilled in the art the
conjugates can be tailor-made on the nucleic acid/gene level. The nucleic acid
sequences encoding immunoglobulin light and heavy chains are known and can be
obtained for example from genomic databases. The elements required for the
construction of an expression plasmid for the expression of the immunoglobulin
obtained with a method according to the invention are, for example, an expression
cassette for the immunoglobulin light chain, an expression cassette for the
immunoglobulin heavy chain (alternatively the light chain and the heavy chain
structural genes can be contained in the same expression cassette, e.g. as bicistronic
expression element), a selection marker, and an E.coli replication as well as
selection unit. An expression cassctte comprises in general a promoter, a DNA
segment encoding a secretion signal sequence, the structural gene, and a
terminator/polyadenylation signal. The elements are assembled in an operatively
linked form either on one plasmid encoding all chains of the immunoglobulin, or



20 min. “In vitro tr_anscription_ and translation: The in vitro éoupled transcription and translation was
carried out following the manufacturer's protocol RTS 100 E.coli Disulfide Kit (Roche Diagnostics

GmbH, Mannheim, Germa [
ny) with components as reported (see Table ]P%T&é%)lﬂ% ¥

/ 10
overlappmg%lg%)aﬁgt was transcribed and translated in a total volume 0 i, go%% C for 20

hours in the RTS Proteo Master Instrument (Rochg,piagnostics GmbH, Mannheim, Germany). A
control reaction was performed under identical conditions without cDNA template. GFP (green
fluorescent protein) vectors were added to the reaction system for autoradiography as positive control.
After the in 15 vitrdweargesipiisnarshsrasedingeose shaancebithisrewsoiintdiredthe 75 pl PBS
(1:2.5 dilution) andassibaratadchesegaightiomnlaentd(spel (atdjrigtaddombinratiomisiitive protein.
Table 37:Companenis 'R naylipdiRess ipHamANdiRasIetam, Mictorasnamo/alige (ph Mi 1

e S Ak UTR 53 IO PR andli Fecdng
2010/0961475P GHYER20£0/00ed0s:nithe saniugainor@ntsseiime G cell. or a BHK cell,
or a HEK cell, or NSO cell. The regulatory elements of the plasmid have to be
selected in a way that they are functional in the selected host cell. For expression
the host cell is cultivated under conditions suitable for the expression of the
immunoglobulin, which are known to a person of skill in the art. The expressed
10 immunoglobulin chains are functionally assembled and the fully processed
immunoglobulin is secreted into the medium.

An "expression plasmid” is a nucleic acid providing all required elements for the
expression of the comprised structural gene(s) in a host cell. Typically, an
expression plasmid comprises a prokaryotic plasmid propagation unit, e.g. for

15 E. coli, comprising an origin of replication, and a selectable marker, an eukaryotic
selection marker., ‘and one or more expression cassettes for the expression of the
structural gene(s) of interest each comprising a promoter, a structural gene, and a
transcription terminator including a polyadenylation signal. Gene expression is
usually placed under the control of a promoter, and such a structural gene is said to

20 be "operably linked to" the promoter. Similarly, a regulatory element and a core
promoter are operably linked if the regulatory element modulates the activity of the
core promaoter.

"Operably linked" refers to a juxtaposition of two or more components, wherein the
components so described are in a relationship permitting them to function in their
25 intended manner. The term , linking ... in operable form“ denotes the combination
of two or more individual nucleic acids in a way that the individual nucleic acids
are operably linked in the final nucleic acid. For example, a promoter and/or
enhancer are operably linked to a coding sequence, if it acts in cis to control or
modulate the transcription of the linked sequence. Generally, but not necessarily,
30 the DNA sequences that are "operably linked" are contiguous and, where necessary
to join two protein encoding regions such as first domain and a second domain, e.g.
an immunoglobulin variable domain and an immunoglobbulin constant domain or
constant region, contiguous and in (reading) frame. A polyadenylation site is
operably linked to a coding sequence if it is located at the downstream end of the
35 coding sequence such that transcription proceeds through the coding sequence into



Mix 3: Reaction mix 7 Amino acid mix 7 Methionine Mix! 25 GroE Supplement 5 RNAse inhibitor
PCR 3 product 4 .Final volume 50 ELISA: A 384-well plate (Nunc GmbH & Co. KG, Thermo Fisher
Scientific, Langenselbold, Germany) was coated with 50 pi (1:1000 in PB gat anti-human IgG Fab
fragment (p%gqﬁ%oéﬂ%‘vgethyl Laboratories Inc., obtained from Biomol 5%%’%Fﬁoﬁ£)r§1 5'(3#9' Germany, 1
mg/1 ml) incubated at 4C overnight. The plate was ?ghed three times with washing solution (100
PBST (phosphate buffered saline Tween-20)) and 60 pl of Blocking solution (0.25% CroteinC
(w/v)/0.5% Tween (w/v)/PBS) was added, incubated for | h at room temperature. Mother washing step
(3x100 pl PBSTihwas!peltopabdrass@ne pAsampletivastransiéoned, agmbly Iinked3®.5uml negative
control (negative-gontrahiient 1bR kyisRct AN ANt ALY P Posillye captrol,

containing 0.75 pl of human recombi Fab fragment he Diagnostics GmbH, Mannheim,
Gormany). The SOl B b SO M T el S oo
temperature. AftéPB FRAMINSidp (Sioatt e Thingng dbacsrmntishsdnby et (Dianova,
Hamburgy Germarsh@8 kgl {d:2606rdikipdusiR KR g8tiotcepywasi/added legatiancabated for 1 h
?Ft) g)grg tﬁrqpiraé%ﬁeeﬁa% lagimapty nﬂtﬁ&.eHFIt('\:;%hQ%r)@_eﬁt Pé%ﬂé%ﬁsiﬂ?ﬁzq{énlﬁ%iegi%5 hdnOf _TMHB .
ubstrate e Djagnostics Gm annheim, Germa rt-No: .was pipette
into each well. ATARIF S 0 S EapicEh Loty e A ame M EEE o (recan.
Safire 2; Tecan B@t#&€hland GmbH, Crailsheim, Germany). Flow cytometric analysis and cell sorting:
For FACS analysis and cell sorting monoclonal antibodies, either biotinylated or conjugated with either
FITC (fluoresceifiysthfeydsate), HE ¢ehfEEERItHAMNEAPT fallbphyeoéarimdisiiastthe following
antigend vere usettB&BofuGih) pRSEDH« IARRY E88:(B9.11), CD40 (MAB89), CD80 (MAB104),
CD83 (HB15a), CD86 (HA5.2B7) (all available from Imunotech/Becicman Coulter, Marseille, - 58 -
France), CD19 (HIB19}j&RAag 2 bkl Sxddmsd dbdlindRad Cdig2@&i9F5), CD1 1 ¢ (B-1y6) CD14
(M5E2), CD24, CD22a, CD38, CD138 (all available from BD Pharmingen, San Diego, CA, USA),
CDA45 (H130), CDA5RAKMinME Hertkifis DR (RYBe014R) -arpdadigi A meGalingoBledinganat CA, USA),

TLR2 (TL2.1), TLRR4 %W%S&Jg%?aﬁﬁlf&%aﬁ | available from Bioscience, San Diego, CA),

BDCAL1, BDCA-2, BDCA-4, CD25 (4E3 avallablé from Miltenyi Biotec, Bergisch Gladbach,
Germany), IgM (Jackson Immunoresearch,. West Grove, PA A), CCRY.(3D12..provided by M. Lipp,
Berlin, Germany). The?iﬁkllg%t%?et%uﬁ%a{r. aﬁéﬁ%‘%‘éd qgrt%ﬁ)lé%lg)%é I‘rﬁ?ﬁﬁ%‘t‘%c Ofg%lgk‘rﬁﬁﬁ Et‘oulter).
Streptavidin conjugatediFie, el PRCs g drpposiolim el et crastrrd AeailiAdtion of
biotinylated antibodies SBEaid>dé{ls Here Q| Ud&d b ropigiabi¢ddideshimhmpgAppropleate
isotype-matched, irreleygataendiak thé Rs e e s eerimaeiamainadne devel s hagkarrumndstaining.

Cells were analyzed using a FAC libur.and sorted using a FACSA¥ N, DickiRson
Immunocytometry Syst%nn%grﬁgfgﬁ%ﬁ%gﬁr? igéﬁv&xﬁai%f%%%n%(%&gigg@i[f)ﬁf?fg%rgr? gfl%%?genes from

humanized immunized FRib&%s Grigiansredif gﬂ}’%polymerase chain reaction with one fixed primer set

and one changed primer set 20Single B-cells of a mouse having a human immunoglobulin locus have
been 20 - transfecting a eukaryotic or prokaryotic cell with the nucleic acids of the

previous step,

- cultivating the transfected cell under conditions suitable for the expression
of the immunoglobulin,

- recovering the immunogiobulin from the cell or the cultivation medium and
25 thereby producing an inmunoglobulin.

The term “under conditions suitable for the expression of’ denotes conditions
which are used for the cultivation of a cell capable of expressing a heterologous
polypeptide and which are known fo or can easily be determined by a person
skilled in the art. It is known 1o a person skilled in the art that these conditions may
30 vary depending on the type of cell cultivated and type of polypeptide expressed. In
general the cell is cultivated at a temperature, e.g. between 20 °C and 40 °C, and



obtalned as outllned above. The 3 -primer of the first and second primer set employed in the
polymerase chain reaction were identical. The 5'-primer of the first and second primer set different

insofar as the

g

primer of the"

rimer of the first 5'-primer set bound in the region encodln the leader eptlde and the
NP HEE - -primer set bound in the FR1 region. A schemé

F’%Péeﬁ?)" frlnerase chain

reaction is given in Figure 2. The employed sets of grimer for the first polymerase chain reaction are
denoted in the following list: Ig heavy chain primer Ig light chain (Ic) primer Ig light chain (X) primer

VHL-1 V"L-1V),L-1 VHL-2 V,,L-2 VKL-2 VHL-3 V,,L-3 V1L-3 VHL-4 V"L-4 huCx-11 - 59 -

lg heavy

chain primer Igfioght péviia 00 prienafiigitghtec Ao (Xfastineeprodiction af the/geojugala. € huCK-11
VHL-6  huCH-lyr TR SIARISYER 9818.9% Rrimestiandheg Gecane polionétase chain reaction are denoted
in the following list: IgG heavy chain primer IgG light chain (x) primer IgG light chain (X) primer - VH la

SEQ ID NO:

The following examples, sequence listing and figures are provided to aid the

understanding of the present invention, the true scope of which is set forth in the

appended claims. It is understood that modifications can be made in the procedures

set forth without departing from the spirit of the invention.

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NG:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

- SEQIDNO:

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

human IgG1 heavy chain constant region
human IgG4 heavy chain constant region
human IgG kappa light chain constant domain
human IgG lambda light chain constant domain
primer VyL-1 variant |

primer VyL-1 variant 2

primer VyL-2 variant 1

primer Vyl.-2 variant 2

primer VyL-3

primer VyL-4 variant 1

primer VyL-4 variant 2

primer VuL-5

primer VulL-6

primer huCy-II variant 1

primer huCy-1I vanant 2

primer VyL-1

primer Vi -2

primer Vi[-3

primer ViL-4

primer huC-11

primer V|L-1

primer ViL-2

primer V,L-3 variant |

primer V,L-3 variant 2

primer V,L-3 variant 3

primer V-3 variant 4

primer huC-11 variant 1

primer huCy-1I variant 2

primer VyL-1a variant 1

primer Vyl-1a vanant 2

primer VyL-1b

primer VyL-1c vanant 1

primer VyL-1c variant 2

primer V yL-1d variant 1

- primer Vul-1d variant 2

primer V yl-2a



128 VKL-la SEQ ID NO: 53, 54 VkL-la SEQ ID NO: 72 \'lb SEQ.ID NO: 129 V,,L- 1 b SEQ ID NO: 55,
56 VKL-Ib SEQ ID NO: 73,74 Vu-lc SEQ ID NO: 130 V"L-Ilc SEQ ID NO: 57, 58 VKL-I ¢ SEQ ID NO: 75

VH-1d SEQ ID NO: 131 V,,L-Id SEQ ID NO: 59 VKL-2 SEQ ID NO: 76 VH- O: 132 VKL-2a
SEQ ID NOWEP VM A4 SEQ ID NO: 77, 78 VH-2b SEQ ID NO: 133 VL%{)@%@E%%}% 61, 62 VKL-3b

-43 -
SEQ ID NO: 37  primer V »l-2b variant 1
SEQ ID NO: 38  primer V uL-2b variant 2
SEQ ID NO: 39 primer V yl.-3a variant |
SEQ ID NO: 40  primer V yL-3a variant 2
SEQ IDNQ:41  primer V4L-3b

SEQ ID NO: 42 primer V y4L-3¢

SEQ ID NO: 43 primer V yL-4a variant 1
SEQ ID NO: 44 primer V yL-4a variant 2
SEQID NO: 45  primer V gL-4b

SEQ ID NO: 46 primer V uL-5a variant 1
SEQ ID NO: 47 primer V yl-5a variant 2
SEQIDNO:48  primer VyulL-6a

SEQ ID NO: 49 primer V yL-7a variant ]
SEQ ID NO: 50  primer VyL-7a variant 2
SEQ ID NO: 51 primer huCy-11II variant 1
SEQ ID NO: 52  primer huCy-1I variant 2
SEQ IDNO:53  primer Vil-la variant 1
SEQ ID NO: 54  primer ViL-1a variant 2
SEQ ID NO: 55 primer ViL-1b variant 1
SEQID NO: 56  primer ViL-1b variant 2
SEQ ID NO: 57 primer ViI-1¢ variant 1
SEQ ID NO: 58 primer Vi L-1c variant 2
SEQIDNO:59  primer ViL-1d

SEQ ID NO: 60  primer ViL-2a

SEQ ID NO: 61 primer VL-2b variant |
SEQID NO: 62  primer ViL-2b variant 2
SEQIDNO: 63 primer Vil-3a variant 1
SEQ ID NO: 64  primer ViL-3a variant 2
SEQ ID NO: 65 primer ViL-3b
SEQIDNO: 66  primer ViL-3¢C

SEQ ID NO: 67 primer Vil-4a

SEQ ID NO: 68  primer Vil-5a

SEQ ID NQO: 69  primer Vil-6a
SEQIDNQ: 70  primer ViL-6b
SEQIDNO:71  primer huC,-III

SEQ ID NG:72  primer ViL-la
SEQIDNO:73  primer ViL-1b variant |
SEQ ID KO: 74 primer V,L-1b variant 2
SEQ ID NO: 75 primer ViL-1c
SEQIDNO: 76 primer ViL-2a

SEQ ID NO: 77 primer VilL-3a variant 1
SEQIDNQO:78  primer ViL-3a variant 2
SEQIDNG:79  primer ViL-3b

SEQ ID NO: 80 primer ViL.-3¢

SEQ ID NO: 81 primer V,L-3d

SEQ 1D NO: 82 primer V,L-4 variant 1
SEQ ID NG: 83 primer V;L-4 variant 2
SEQ ID NO: 84 primer V,L-5 variant 1



SEQ ID NO: 79 V1 3a SEQ ID NO: 134 V"L-3a SEQ ID NO: 63, 64 VkL-3c SEQ ID NO: 80 VH-3b
SEQ ID NO: 135 V"L-3b SEQ ID NO: 65 VKL-3d SEQ ID NO: 81 VH- 3¢ SEQ ID NO: 136 V-3¢ SEQ ID
NO: 66 VkL-4 SEQ ID NO: 82,83 VH-4a SEQ ID NO: 137 VKL-4a SEQ ID NO: 67 VKL-5 SEQ ID NO:
84, 85 V1 4B5V8EBYPINB: 138 v'L-5a SEQ ID NO: 68 VKL-6 SEQ ID NOFBEFVRELEE 1D NO: 139

SEQ ID NO:
SEQ ID NG:
SEQ ID NG:
SEQ ID NQ:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ LD NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NG:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NG:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEG 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NG:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NG:
SEQ ID NQG:
SEQ ID NO:
SEQ ID NO:

85
86
87
88
89
%90
A |
92
93
94
95
96
97
98
99
1060
11131
102
103
104
105
106
147
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

- 44 -

primer V{L-5 variant 2
primer ViL-6

primer ViL-7 variant 1
primer V,L-7 variant 2
primer ViL-8

primer V,L-4/9 variant ]
primer ViI-4/9 variant 2
primer ViL-1¢

primer huC-111

primer huVy-1

primer huVy-2

primer huV ;-3 variant 1
primer huVy-3 variant 2
primer huVy-3 variant 3
primer huVy-3 variant 4
primer huVy-4 variant 1
primer huVy-4 variant 2
primer huVy-4 variant 3
primer huVy-4 variant 4
primer huCy-2 variant |
primer huCy-2 variant 2
primer huCy-2 variant 3
primer huV-1 variant 1
primer huV,-1 variant 2
primer huV-~1 variant 3
primer huVy-1 variant 4
primer huV,-2 variant 1
primer huV,-2 variant 2
primer huVy-3

primer huV-4

primer huCy-2

primer huV-1

primer huVy-2

primer huVy-3 variant 1
primer huV-3 variant 2
primer huC;-2 variant 1
primer huC;-2 variant 2
primer huC-2 variant 3
primer huC-2 variant 4
primer huC,-2 variant 5
primer huCy-2 variant 6
primer LTGS-ifp
primmer LTGS-rip
primer Vy-la

primer Vy-1b

primer Vy-Ic

primer Vy-1d

primer Vy-2a



39 SEQ ID NO: 69 VAL-7 SEQ ID NO: 87, 88 - VH 6a SEQ ID NO: 140 V,,L-6b SEQ ID NO: 70 VKL-8
SEQ ID NO' 89 - Vry7a SEQ ID NO: 141 huC,,-2 SEQ ID NO: 115 VKkL-4/9 SEQ ID NO: 90,91 huCtl- 2
SEQ ID N %1‘%)3 06 VAL-10 SEQ ID NO: 92 huCl_<-2 S.EQ ID NQQE%Q}M;M%ZZ, _123, 124,
125 - 60 - igure e agarose gel of the amplified nucleic acid fragments obtained in this
polymerase chaln reaction is shown. The samplesagere analyzed after 40 amplification cycles with an
annealing temperature of 50 C and 55 C, respectively. The blanks (water) were negative and the size
of the fragmen te1 ell to th xggcted sizes of 750 bp (1gG 1-1C) and 665 bp (IgG LC),
respectively, a H(gﬁg p%y ras% react|on and of 711 bp and 688 bp, respectively, after the

second polym r tlo m 2 Amplification of igG genes from humanized
immunized mi @% 8 b glg%pgélgberase chain reaction with two changed primer sets

SEQ ID NO: 137 primer Vy-4a
SEQ ID NO: 138  primer Vy-4b
SEQ ID NO: 13%  primer Vy-3a
SEQ ID NO: 14¢  primer Vy-6a
SEQ ID NO: 141  pnmer Vy-7a
SEQ ID NO: 142 primer Vy-lip
SEQ ID NO: 143 primer Vy-rip
SEQ ID NO: 144 primer VL{k)-lfp
SEQ ID NO: 145 primer VL(k)-rfp

;—l

Descrintion of the Fipuy

Figure 1 Chromosomal localization of the human immunoglobulin G
heavy chain locus (A}, the human immunoglobulin kappa light
chain locus (B) and of the human immunoglobulin lambda light

5. o chainJocus (C): _ R S

Figure 2 Scheme for the polymerase chain reaction for the
immunoglobulin light chain with a first and a second primer set.

Figure 3 Agarose gel analysis of the amplified nucleic acid after the first
(A) and the second (B) polymerase chain reaction with different

10 primer sets; (A) 1 —IgG HC and 1gG LC(x) 35°C; 2 - 1gG LC(x}
55°C; 3 - IgG HC 55°C; 4 ~ 1gG HC and IgG LC(x) 50°C; '
5 — 1gG LC(x) 50°C; 6 — IgG HC 50°C; 7 — H,O PCRI; (B)
| ~1gG LE(K) 55°C; 2 - IgG HC and 1gG LC(x) 55°C; 3 ~ IgG
HC 55°C; 4 — 1gG HC and IgG LC(x) 50°C; 5 ~ IgG LC(x) 50°C;
15 6 — IgG HC 50°C; 7 - H,O PCRII; 8 — H,0 PCRL

Figure 4 Scheme for the polymerase chain reaction for the
immunoglobulin heavy chain with a different second primer set
in the two polymerase chain reactions.

Figure 5 Agarose gel analysis of the amplified nucleic acid after the first

20 (A) and the second (B) polymerase chain reaction with different
primer sets; (A) 1 —IgG HC and IgG LC(x) 55°C; 2 — IgG LC(x)
55°C; 3 — IgG HC 55°C; 4 ~ IgG HC and 1gG LC(x) 50°C; 5 -
IgG LC(x) 50°C; 6 — IgG HC 50°C; 7 — H,O PCRI; (B) 1 - 1gG
HC and IgG LC(x) 55°C; 2 — 1gG LC(x) 55°C; 3~ IgG HC 55°C;



Single B-cells of a mouse having a human inununoglobulin locus have been obtained as outlined
above. The 5'-primer and the 3'-primer of the first and second primer set were different to each other

insofar as th%@@}%f@g’lﬁéd‘ of the second sets bound in a more inward regian.9f ihg ueleic acid. A
scheme of this 15polymerase chain reaction is given in Figure 4. The employed sets of primer for the

first polyrnerase chain reaction are denoted in the folgwing list: Ig heavy chain primer Ig light chain
VKL-1 (K) primer SEQ ID NO: 16 Ig light chain VxL-1 (X) primer SEQ ID NO: 21 VHL-1 SEQ ID
NO: 05,06 VHL-2 SEQ ID NO: 07,08 VKL-2 SEQ ID NO: 17 VxL-2 SEQ ID NO: 22 VHL-3 SEQ ID
NO: 09 VKL-3 SEQ ID NO: 18 Vixt IBGEE uypdiioCoBCog M5Cr4 vigla€ee) I8°N 1debL v L-4 SEQ
ID NO: 19 huCx-1l SEQ ID NO: BT 28I -5BEQURNG: 12 UBERI SEQ ID NO: 20

Figure 6 Scheme for the polymerase chain reaction for the
immunoglobulin heavy chain with identical primer set in the two

5 polymerase chain redctions.
Figure 7 Agarose gel analysis of the amplified nucleic acid after the first

(A) and the second (B) polymerase chain reaction with different
primer sets; {A) 1 — IgG HC and 1gG LC(x) 55°C; 2 - IgG LC(x)
55°C; 3 — IgG HC 55°C; 4 - IgG HC and IgG LC(x) 50°C; 5 -
10 1gG LC(x) 50°C; 6 — IgG HC 50°C; 7 - H0 PCR]; (B) 1 - IgG
LC(x) 55°C; 2 ~ 1gG HC and IgG LC(x} 55°C; 3 - 1gG HC 55°C;
4 — IgG HC and IgG LC(x) 50°C; 5 — IgG LC(x) 50°C; 6 — IgG
HC 50°C; 7 - H,O PCRII; 8 ~ H,O PCRL
Figure § - Scheme of overlapping extension PCR exemplified with a
15 C-terminal HA-tag.

Figure 9 Agarose gel analysis of the linear expression constructs of the
three different polymerase chain reactions of examples 1 to 3.

Figure 10 Comparison of the result of the three polymerase chain reactions
according to the invention after in vitro translation (determination

20 at 450 nm, reference wavelength at 620 nm, background
substracted). _

Figure 11 Agarose gel analysis of the amplified nucleic acid after the first
the second polymerase chain reaction with two identical sets of
primer; 1 — no RT, 2 — 37 single cells, 38 — H;O cDNA, 39 -

23 control mRNA, 40 — H,O control mRNA, 41 — H,O PCRI], 42 -
IgG HC/IgG LC(x), 43 — IgG HC, 44 - IgG LC(x), 45 — H,O
PCRI, 46 — GFP, 46 ~ H,O GFP.

Figure 12 Agarose gel analysis of the amplified nucleic acid after the
second polymerase chain reaction with one variable and one fixed

30 set of primer.
Figure 13 Agarose gel analysis of the linear expression constructs obtained

from nucleic acid after the second polymerase chain reaction with
one variable and one fixed set of primer.
Figure 14 Result of the in vitro translation of an IgG specific two-step
35 polymerase chain reaction of a single cell with one fixed set of
primer and one variable set of primer.



Vv L-Q SEQ ID NO: 13 huCH-11 SEQ ID NO: 14,15 WO 2010/094475PCT/EP2010/001008 61 -
IgG light IgG heavy chain primer chain c) ?rimer IgG light chain (k) primer VHL-la SEQ ID NO: 29, 30
VKL- | a SE%D NO: 53, 54 VAL- 1 a SEQ ID NO: 72 - V HL Ib SEQ ID NO: 31 VKL-Ib SEQ ID NO:

rs&ls\,lga VALME SEYRIO: 73,74 VHL-Ic SEQ ID NO: 32, 33 VKL-Ic SEETBFRGF8E VAL-I ¢ SEQ
: - 47 -

Figure 15 Human Fab immunoglobulin fragments after single cell
polymerase chain reaction and in vitro translation; 1-8 human Fab
fragments afier in vitro translation of IgG HC and IgG LC(x)
obtained from a single cell and addition of IgG HC control

5 sample, 9-11 human Fab fragments after in vitro translation of
1eG HC and IgG LC(x) obtained from a single cell, 12 human
Fab fragments after in vitro translation of IgG HC and 1gG LC(A)
obtained from a single cell.

Figure 16 Western blot analysis after a two-step polymerase chain reaction

10 with one fixed set of primer and one variable set of primer and in
vitro translation; (A) 1 - IgG HC/[gG LC from a single cell
combined with [gG HC, 2 - 4 IgG HC/IgG LC from a single celi,
5 — 7 1gG HC/gG LC(x) control, 8 — IgG HC and IgG LC(x)

_ control, 9 — negative control, 10 — standard Fab 0.5 ng/ml, 11 -
15 standard Fab 50 ng/ml, 12 - standard Fab 5 ug/ml; (B) 1 -
' " standard Fab 5 pg/ml, 2 — standard Fab 50 ng/ml, 3 — standard
Fab 0.5 ng/ml, 3 — negative control, 5 - 12 IgG HC/1gG LC from
a single cell combined with IgG HC.

Examples
20 aterials hods

B-Cells and Plasma Cells

Samples used in this approach are B-cells and plasma cells isolated from the
peripheral blood of healthy donor and tissue (spleen, bone marrow) of transgemic
mice for human IgG. Solid tissue is first of all manually disaggregated in DMEM
25 in separate tubes. In the later steps, gentle handling and low temperature minimize
cell lysis, which is important for the future positive isolation of the cells of interest
and to keep the source of mRNA intact. Disaggregated tissue is suspended by the
delicate addition of cell separation media for making of a different cell type
gradient (Leucosep-tubes (Greiner Bio-One) with Ficoll density gradient).
30 Suspended cells are purified by centrifugation on the cold separation medium for
20 min. at 800 x g and 22 °C in a cenirifuge without breaking in order to enrich for
plasma cells (PBMC) and lymphocytes. Cells are washed in cold buffer (PBS
(phosphate buffered saline), 0.1 % (w/v) BSA (bovine serum albumin}), 2 mM
EDTA (ethylene diamin tetra acetate)) and the supernatant is carefully discarded to



75V H L- Id SEQ ID NO: 34, 35 VKL-Id SEQ ID NO: 59 VAL-2a SEQ ID NO: 76 V 1L-2a SEQ ID NO:
36 VKL-2a SEQ.ID NO: 60 VAL-3a SEQ ID NO: 77, 78 V HL-2b SEQ ID NO: 37, 38 V,J.-2b SEQ ID
NO: 61, 62 VAL-3b SEQ ID NO: 79 V 4.- 3 a SEQ ID NO: 39, 40 VKL-3a SEQ ID NO: 63, 64 VAL-3c
SEQ ID NOYEO VP48 SEQ ID NO: 41 VKL-3b SEQ ID NO: 65 VAL-3BSESEPRBIS1 - v HL 3¢
SEQ ID NO: 42 | 4.

keep only the lymphocytes. Lymphocytes are than resuspended in PBS and mixed

by carefully pipetting. Centrifugation is effectuated for 5 min. at 800 x g and 22 °C

to pellet the cells. B-cells and plasma cells are pretreated with murine and human

FC blocker to block unslseciﬁc binding of Abs on their cells surface. Cells are

5 washed once with buffer (PBS, 0.1 % (w/v) BSA, 2 mM EDTA), centrifuged and
resuspended in PBS. Only the CDD19+ B-cells and CD138+ plasma cells were used.

To prevent mRNA degradation an RNAse Inhibitor is added. The positive isolation

of the CD19+ B-cells (Dynal Biotech Dynabeads CD19 Pan B) from the mouse

spleen has been carried out according to the manufacturer’s instructions. The

10 selection of the CD138+ plasma cells (StemCell Technologies EasySep Human
CD138 Selection Kit) has been carried out following the manufacturer’s

instructions.

Separation into single cell by the principle of the limiting-dilution culture or FACS
sorting;

15 Cells are counted and, by the principle of the limiting-dilution culture, deposited as
single cell into the wells of 96-well PCR plates or 384-well plates. Plates are sealed
with PCR Film and immediately placed on ice. Sorted cells can be used
immediately in RT-PCR (reverse transcriptase polymerase chain reaction} or stored
at -20 °C for short-term use or -80 °C for long-term use. Single-cell sorting was

20 performed on a FACSAria cell-sorting system {Becton Dickinson). Cells that
stained positive for CD19, highly positive for CD38 and intermediately positive for
CD45 were collected and designated plasma cells (PC). Additional gates on
forward scatter/side scatter and side scatter width/side scatter height were included
to select live lymphocytes and singlets, respectively. Single cells were distributed

25 directly into the wells of 96-well PCR plates (Eppendorf), containing all the
necessary PCR reagents in a volume of 10 pl, except for reverse transcriptase,
DNA polymerase, buffer and dNTPs and frozen at -80 °C for later processing.

Cell lysis and Reverse transcription:

To be able to amplificate the mRNA in a polymerase chain reaction, B-cells and
30 plasma cells must be lysed before the reverse transcription reaction.



VKL-3c SEQ ID NO: 66 VAL-4a SEQ ID NO: 82,83 V HL-4a SEQ ID NO: 43, 44 VKL-4a SEQ ID NO:
67 VAL-5a SEQ ID NO: 84,85 V HL-4b SEQ ID NO: 45 VKL-5a SEQ ID NO: 68 VAL-6a SEQ ID NO:
86 V HL-5a SEQ ID NO: 46, 47 VKL-6a SEQ ID NO: 69 VAL-7a SEQ ID NO: 87,88 - HV L 6a SEQ ID

NO: 48 V,,L-Bi9 SE@BMO: 70 VAL-8a SEQ ID NO: 89 V HL-7a SEQ ID MOERHBHHEB-11 k SEQ ID
NO: 71

- 49 .
Table 22: Components used for the classical lysis.
Component Volume (ul) | Final concentration
Water, PCR grade 1.75
5xRT Reaction Buffer 1.00
RNAse Inhibitor (40 U/pl) 0.25 5U
Gene Specific antisense primer 1.00 0.02 yM
Igepal 0,01% 1.00 0.01 %
Final volume 5.00

Table 23: Block cycler program for the cell lysis.

Temperature (°C) | Time (sec)
65 60
55 30
45 30
35 20
23 120
4 o

Plates with Iysed cells are spun briefly in the centrifuge for 30 sec. to coliect liquid

5 and cells in the bottom of wells. The RT (reverse transcriptase) reaction as well as

all the PCR reaction was made in a 96-well plate. To each well containing 5 pl

template is added 2.5 pl of water, 1 pl cold RT reaction buffer, 1 ul dNTPs, 0.25 ul

RNAse Inhibitor (40 U/ul), 0.25 pl reverse transcriptase (20 U/ul), all from the

First Strand cDNA Synthesis Kit (Roche Diagnostics GmbH, Mannheim,

10 Germany) for a total volume of 10 pl. RT plates are briefly centrifuged and placed

from ice to 55 °C for 60 min. (with heated lid), heated to 85 °C for 2 min. (to

inactivate the reverse transcriptase), in a Block cycler (LightCycler 480, Roche

Diagnostics GmbH, Mannheim, Germany). Single-stranded cDNA was stored at

20 °C shortly afier the reverse transcription reaction to avoid degradation of the

15 ¢DNA. A control synthesis reaction was simultaneously performed without celis to
test for contamination.

Tabie 24: Components used for the reverse transcription reaction.
Component Velume (pl) | Final concentration
Water, PCR grade 6.8
PCR Master 10




VAL-4/9a SEQ ID NO: 90, 91 huCH- Ill SEQ ID NO: 51,52 VAL-10a SEQ ID NO: 92 huCA--lll SEQ
ID NO: 93 In Figure 5 the agarose gel of the amplified nucleic acid fragments obtained in this '
polymerase chain reaction is shown. The samples were analyzed after E‘;Pz'bfiﬁ;%'ﬁﬁ cycles with an
annealing t&ﬁp@#&ﬂ?ﬁé ’5f 50 C and 55 C, 5 respectively. The blanks (wate %WGI’G nega Ive and the
size of the fragments correlated well to the expecteg sizes of 471 bp (IgG HC) and 413 bp (IgG LC),
respectively, after the first polymerase chain reaction and of 442 bp and 399 bp, respectively, after the

second p0|ymerase”gha4n_pe_ahf|nn WO.201 nlr'\O/I/IZfL;i)PTIE_PO _Ti?wlo"\loos _t_Gq'_gl—' ample 3
Amplification of 1gG-genes.frdn? PRI 08 i mu‘?‘“?g %l)s..gféa_,;%%f‘ B solmerase chain
reaction with two idtep1‘5@5“"09*‘?43't f SO ek 3 e irrmunoglobulin

locus have been 5 |oSERAGSEd BE rwgfgéi

) first and second
primer set were idejptRaN RASIHLR hetion-s-given-in-Figlre 6. The
employed sets of pH eI AR S chain-reactionare-dendted in the
following list: Ig heaw-chain-HHA VqE’ﬁ’ﬁht O)-prirfertgtightehain-OdprimertuVH-1 SEQ ID
NO: 94 huV,,- 1 SEQ ID NO: 107 108, 109, 110 huVA-1 SEQ ID NO: 116 - huVH 2 SEQ ID NO

Cell Ivsis and Reverse transcription:

To be able to amplificate the mRNA in a polymerase chain reaction, B-cells and
plasma cells must be lysed before the reverse transcription reaction.

First PCR:
5 Table 25: Block cycler program for the first PCR.
Temperature "C) | Time | Number of cycles
95 2 min. 1
94 15 sec.
55 30 sec. 35
72 1 min.
72 10 min. !
4 oo
Table 26: Primer used for the first PCR.
Ig heavy chain primer | Ig light chain (x) primer | Ig light chain (A) primer
VHL_l VKL"}. V}LL“ 1
Vul-2 V-2 VL2
Vul-3 VL-3 V;L-3
Vul-4 V.L-4 huC,-11
VyL-5 huC,-1i
Vyul-6
hUC]-rH
Second PCR:

The « and A light chains and the hieavy chains were subsequently amplified with a
second-round PCR according to the following protocol. Using semi-nested primer,
10 the second PCR was performed to increase the amount of cDNA copies and to
amplify only from the variable part of the light chain (LC) and heavy chain (HC) to
the Cyl region. The HC amplification was performed using 16 primer, the kappa
LC using 17 primer, and the lambda LC using 14 primer. The genes were amplified
in a total volume of 20 p! using 2 pl of the first PCR product, 10 ul of High



95 huVr 2 SEQ ID NO: 111, 112 huVA-2 SEQ ID NO: 117 huVH-3 SEQ ID NO: 96, 97, 98, 99 bolsi,- 3
SEQ ID NO: 113 huVA-3 SEQ ID NO: 118, 119 huVH-4 SEQ ID NO: 100, 101, 102, 103 huV, - 4 SEQ
ID NO: 114 huCA-2 SEQ ID NO: 120, 121, 122, 123, 124, 125 - huCH 2 SEQ ID NO: 104, 105, 106
bac,- 2 SEQTS NY4ES 10 In Figure 7 the agarose gel of the amplifiec? AEAER HAH #PEgments
obtained in this polymerase chain reaction is shovyg. The samples were analyzed after 40 amplification
cycles with an annealing temperature of 50 C and g C, respectively. The blanks (water) were
negative and the size of the fragments 15correlated well to the expected sizes of 711 bp (1gG HC) and
688 bp (IgG LCFdespyetiReWasaftecanafiviogdhdl sktenst gdYRsedasbicitanrerizationedEiample 4
Generation of ligggetemplatedar Nyitio raos|atien MN2PIHR0 41 1ehe THE PREH 91891Q0S - 63 -

PCR Master Kit (Roche Diagnostics GmbH, Mannheim, Germany) using the

following second PCR program: Z min. at 95 °C, 45 cycles of 94 °C for 15 sec,

5 55 °C for 30 sec., 72 °C for 1 min., following 10 min. at 72 °C.
Table 27: Components used for the second PCR.
Component Volume (ul} | Final concentration
Water, PCR grade 7.8
High Fidelity PCR Master 10 1.8 mM MgCl,
Two-step Primer 1gG HC 0.4 0.02 uM
Two-step Primer IgG LC(x) 0.4 0.02 uM
Two-step Primer [gG LC(A) 0.4 0.02 uM
First PCR product 2
Final volume 20
Table 28: Block cycler program for the second PCR.
Temperature (DC) Time | Number of cycles
95 2 min. 1
94 . 15 sec.
535 30 sec. 45
72 i min.
72 10 min. 1
4 oo
Tabile 29; Primer used for the second PCR
YgG heavy chain | IgG light chain (x) | IgG light chain (A)
primer primer primer
Vila V.la V;la
Vilb Vlb V;1b
Vule Vilc Vilc
Vyld V,1d V32
Vy2a V.2a Vi3a
Viu2b V. .2b _ V) 3b
Vy3a V.3a Vi3c
Vu3b V.3b V,3d
Vu3c V.3c V4
Viyda V, 4a V;.3
Vidb ViSa V6
VySa - V.6a V.7
Vuba V,.6b V,.8




the T7 phage. For the second polymerase chain reaction the product of the first PCR was combined
with nucleic acid fragments comprising the regulatory sequences and encoding the tag-sequence,
respectively. A 3'-terminal extension was achieved by hybridization with the nucleic acid fragments
comprising He %{}F@@ﬁ‘%&gry elements. This linear expression construct id" fﬂ?fﬁg%ﬂé?{%ﬁ??egd with the help
of two terminal primer. These primer comprise the fgllowing sequence: 5'-
CTTTAAGAAGGAGATATACC+ATG+15-20 bp of the gene-specific sequence (5'- primer, SEQ ID NO:
126) or 5'-ATCGTATGGGTAGCTGGTCLCC+TTA+15- 20 hp of the gene-speecifie-sequence (3'-primer,
SEQ ID NO: 127). 10in efteaynshain, é&ﬁd@%ﬁfé@e@ﬁﬂk elgférﬁgb\}ét’é?“ﬁ‘o%o s. The heavy chain
nucleic acid are contdined i nd.12 BIiM%he kappa-light BRI indanes 3, 7, and 11.
Lanes 2, 6, and 10 shiow comffidéd samples of b&HEhains_All nuclei¥id8ds havelthe expected size
(see Table 38). Table|38:Siz&€alhe linear expression constricts. muNadfbbulin two fixed primer one

- fixed primer two variable chain sets set primer sets 1gG HC -{1110 hf=d810 bp - 822 bp 1gG LC(K) -
1089 bp - 1089 bp - 799 bp 15Fxamule 5 In vitro translation and huFab specific ELISA In vitro
translation is cabsedtex ' LaBB\EichAs Spavific Baarer fidR FRgati@0 nucleic acids obtained with
a two-step polymerase chain reaction with two variable primer sets does not provide for a linear 20
expression congtsusat Which atligmisithe ithe it Mo du ctipel o ¢hse dood edaEadniniraghegivbulin
fragment. lrll CO%&%@@M&?@B@@M%&?&? ghainyeaction withone ﬁﬁ&d@[lgmepm&able set of
primer employed in sepafated success olymerase in reactions allg r sequent
provision of a Iiﬁ%%?egé% sﬁ%?{aé%ﬁéraunéﬁ léEF] %S?ﬁrgit}?(‘? %arﬁggfﬁgsnlgf? &g@é%aégel[gé LC comprising
25immuboglobssePh P freyRiehiiansgintdea didi @ﬁ*ﬁiﬁ?ﬁ?@’tﬁ}g\fﬁ&@ﬁds@%ggf G EPZEY Bmploying only
one fixed set of-poim@ faipater prdeesiigher optical densities can be achieved. Eamnith In vitro
translation and huFab specific ELISA with a nucleic acid obtained 5from a from single cell Two-step
polyrnerase chatrre@gtion with identical primer sets As can be seen from Figure 11 the control '
samples yielded no signal in an agarose gel. Single deposited B-cells also showed no signal. IgG HC

and 19G LC(x) qosler-heamplifjrrirena qarrrol sermplesnidiTinostepdpolenesage Mudtipleaaction with

one fixed set o primeanlone.variatls 56! Al PIMGT A5IEALRPSEPALTAM FiauiaiBalpuciic acids

except for samp with a two-stegvpg‘ilﬁmerase chain reaction Wiﬁh on(f f'lxed set of primer
Vi

and onéariablEPLEEBHRTEPLRBEFFOH 5t QPERRAEY S EUEi SV TONERIt for the production
150f IgG KC anttig@rai@eThivl, thrmemuitisiesypéigsirefasie cHiin MEEBSR arelii | ST, The
concentrations fiihiarehiainat Munrsnkappactiab mpurogiablipfragicentsrang theterszn 100 and 550

ng/ml. Lanes 9 to Il of Fig e : @{ﬁlpgp hainglecaaltavithout the
addition of IgG %?é%oﬁti%ﬁ%%\t%ﬁy%%g rg%]e:ég%%gg?g%g\ount gﬁguér%%ﬁ il%fg}?n gglobulin
-

. Y pm
b

J-@DOICAS CPITING K88

fragment was b&HFELY 186 SR FS0RERNT: B SELBI08 44 75 BETEPZ0 T/ fBB"é%%%

15 and one Omniscript polymerase (Qiagen OneStep RT PCR). The rewriting of the
mRNA into ¢cDNA was performed by the Sensiscript complex (Qiagen OneStep RT
PCR) and the amplification of the cDNA was performed using the HotStarTaq
DNA Polymerase (Qiagen OneStep RT PCR), which is a chemically form of a
recombinani 94 kDa DNA polymerase (deoxyoucleoside-triphosphate: DNA

20 deoxynucleotidyltransferase, EC 2.7.7.7), originally isolated from Thermus
aquaticus expressed in E. coli. The cells were sorted in a 96-well PCR plate and
stored in a volume of 10 pl, containing 5 pl PCR HO grade, 1 pl 0.1 uM primer
for VH and VL, 1 ul RNAse inhibitor 20 U/reaction and 3 pl Tris 1.5 mM. Before
adding the other 10 pl for performing the PCR reaction, the cells stored at -60 °C

25 were briefly centrifuged (20 sec. at 1400 rpm) to collect the liquid and cells on the
bottom of the wells.



Patent Claims 1.Method for obtaining a nucleic acid encoding an immunoglobulin variable domain from
' - performing a first polymerase chain reaction with

a single cell compris

three to six 5'-primer 5and one 3'-primer, - performing with the product of the firs
reaction a s&t ﬁ‘(’f’ﬁ%??/%rase chain reaction with thirteen to sixteen 5'-p?§rTé‘?P§ﬁ

ing the following steps:

s

lyrnerase chain
%‘-primer,

whereby the distance of the binding locations of th%:p[imer employed in the 10second polymerase
chain reaction is reduced compared to the distance in the first polymerase chain reaction. Method for
obtaining a nucleic acid encoding an inununoglobulin variable domain from a single cell comprising the
following steps: Tabie 36:- perfoMaitey Mt dt well foethe R EHY R reaction with four to six 5'-primer and

150ne 3' -primer, pe

forming with the product of the first polymerase chain reactio

second

polymerase chain re|
polymerase chain re

action wighthiriggn;to fiftee

ction either the 5'-primer 3

n 5'-primEghd one 3
reSgfisentyatipnivel i

- pifhene (el e

the filBfholvm
™ J

by in the second
erase chain

reaction and the 3'-p

rimer is_chafeéd or the 3'-|

rimer.is the same as

n the fitst poly

merase chain

reaction and at least

one Frmin¥ris\Ghdnged,

hnd whetébyMh the sel

cond pblymerz

1se chain reaction

the number of nucle

btides Bébivednktibetéy'-end q

f eac?dfdvecHoprime

F and tHe 3'-en

d of the 3'-primer is

d to the mwimbedifaf nucleotides betiveemMhe 5'-end of edch of th
the 3'-end of the 3'-grimer irpthesdirsi eiymerase chain reaction, wher
amplified. WO 2010/0944 758 allvEiRgi¢10/001008 - 66 - 3. Method agcordingto any one of the
preceding claims, characterized in that the 5-primer employed In the first polymerase chain reaction
bind in the coding, fggian for theeaderpeptids: ohthg:irrroparglobulin. 4. Method according to any one
of the preceding claims, characterized in that the 5'-primer employed in the second polymerase chain
reaction bind in the €oding region for the first framework Fagipn of the imamwegieBiulin. 5. Method
according to any ong of the FRYEGMEFdaims, chaseatesizediimthatithe prim@hempldyed in the second
polymerase chain rgaction proviggdor overhangs grcoding the tranglgtional start codon ATG
for 5'-primer and/or I0the tran§j(a§'8 ['stop codpn T TAToR Z-primer. 5. Methpd accarding to any one
of the preceding C|&i%—5—6h—&l‘&€f€l‘$§+ﬂ‘, ed- hat—sard method-comprisesithe-first:stepof: - providing a
single cell and obtaiping. 4RGN €36h cenl | 7 h@&l&&fﬁééﬁ?diﬂ@-t@@l@?ﬁﬁi&—eharacterized in that
said method comprises the SxfaHemtatigsecond step: - oi¥3iting cDNA from $aid mMRNA with a reverse
transcriptase polyrnerdss: heprikieBCHoRnz8ndgthod according to any one gf-the preceding claims,
characterized in thaf six 5'-primemgnd one 3'-primer are employed in the first polymerase chain
20reaction. 9. Methqd accdriiagetdnhibjtane of claims 1 t@®Jcharacterized intthat four 5'- primer and
one 3'-primer are enmloyed Indhe dikghpolymerase chain reaction. 10§ Methad accorgling to any one of
the preceding claims; characterized in that said iImmunoglobulin is a human immunoglobulin. 2511,
Method according to any one of the preceding claims, characterized in that said immunoglobulin is an

immunoglobulingf thg&lass GrllaGler Mk 2vadabladamaimeotanimrimegtebMiskappi light chain
variable domain,r 2 Iyl Imbdadiot Fhain YaFapl fama s 3 s agcording to
any one of the preceam caﬂms, characterized in that a) for obtaining a nucleic a n?ée coding an
iinmunoglobulinii¥ady SraprEam e d]o?n'étlin(’l%éhf?rﬁ“ﬁ??i?/‘?‘n8?35563%ﬁﬂ‘liu réaﬂ;ifﬂﬁ tformed with
primer comprisiimpitheon2@léic acids of SEQ ID NO: 05 and/or 06, 07 and/or 08, 09, 10 and/or 11, 12,
13, and 104 and/or 105 and/or 106, and the second polymerase chain reaction is performed with
primer comprisimgike3atcleic akitseo i SHiEhMRTEIR 129, 130, 131, 132, 133, 10134, 135, 136,
137, 138, 139, 140, 141, and 104 and/or 105 an 3, b) for obtaining a
nucleic acid encoding an imAgireagtobdin Rajpperi first polymerase chain
reaction is performed with| pfirifr cORM IR et A SEQHD NYN®416, 17, 18, 19, 15 and
115, and the second polyiiérefe CRER Fedéonds W HAEEeAArising the nucleic acids
of SEQ ID NO: 53 and/or 54, 55 and/or 56, 57 and/or 58, 59, 60, 61 and/or 62, 63 and/or 64, 65, 66,

67, 68, 69, 70, &ubbriBl5, andBiodddydadiorgt4®, foy fbe BOt&IIMgP& Rucleic acid encoding an

25 reduced compar le 5'-primer and

' bound to thejnucleic acid to be

hias| €k @rigianh

immunoglobulin lambda light 20 chain variable domain the first polymerase chain reaction is performed
with primer comprising th& amgleietacids ofHEE ID|NO: 2182 23 and|of2d&nd/or 25 and/or 26, and
120 and/or 121 and/or 122 argfer123jand(omi4 aneversd 2ansdtiptioa second pplymerase chain
reaction is performed wit pri@geg(_g‘om rising (e nycleiGacids IR EQ ID NP: 72, SEQ ID NO: 25 73
and/or 74, SEQ ID NO: 75-SEQIDNO~+6,-SEQHD-NG—+7andfor-78;1SEQ1DNO: 79, SEQ ID NO:
80, SEQ ID NO: 81, SEQLID N6 82 and/dt%s$°sed 1n {880, 85 SEQ ID NO: 86, SEQ ID

NO: 87 and/or 88, SEQ ID NO: 89, SEQ ID NO: 90 and/or 91, SEQ ID NO: 92, and SEQ ID NO: 120
and/or 121 and/or 122 and/or 123 and/or 124 and/or 30125.



-58 - -'providing a single immunoglobul n producing cell, obtaining from said cell the nucleic acid
encoding the immunoglobulin light and heavy chain variable domains, optionally also encoding a part
1 any one SHGRIHPHEr0, wansiatin in viro said nuoeie acid and thercy batumthe. -
immunoglobulin Fab fragment. 15. Method for pradycing an immunoglobulin comprising the following
steps: - providing a single immunoglobulin producing cell, 10- obtaining from said cell the nucleic acid
encoding the immunoglgbulinlight and-heawy-chain-varable-domains;pwith-amethod according to any
one of claims 1 to 9, corlBHRAIAHENclefdBeid encaodingX® light chailr¥&lFbkle domain with a
nucleic acid encoding an imifGglobulintligit chain corseatiddmainjand 15cgmbining the nucleic
acid encoding the heavy c ayzvgriabqe domain with a ngelgigtaeid en¢oding an immunoglobulin heavy

chain constant region, - gransfegtn eukaryotic Celrw bined nucleid¢ acids, cultivating said
g fiilige 9.; R . g

transfected cell under c¢ the-expression-efthe-immungglobulin, 20recovering the
immunoglobulin from the celf8r’fhe cultivAfdR medium 885 &by prbduting #n immunoglobulin.
SEQUENCE LISTING <110¥F°®loffmanh+#aRodhe AGleaiga0stMethod for obtaining immunoglobulin
encoding nucleic acid <130>735¢41 NO <4 50s. ER090R3896nkstilal> 2009-02-20 <160> 145 <170>
PatentIn version 3.5 <216> 1rgcli) 330 <2<%2>—P~<| <41(§8>03|g11%£no sapiens <400> 1 Ala Ser Thr Lys
Sly Pro Ser Val Phe Pro set-Set-Lys-151015-Ser-Hhar-Set-Sty-Sty-=Tnr Ala Ala Leu Sly Cys
Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Set Trp Asn Set Sly Ala Leu Thr Set 354045
Sly Val His Thrizaaeagon o Vel MR Set Set Sly Leu Tyr Set 505560 Leu Ser Set Val Val Thr Val
Pro Set Set Set Leu Sly Thr GIn Thr 65707580 Tyr lle Cys Asn Val Asn His Lys Pro Set Asn Thr Lys
Val Asp Lys 858098 pyeyvw s rifioiency oS decganmagany o frHpredis 9hPels Brd 1 87900105110 -
2 - Lys Pro LystAsgidihnlaa Met dixSerdapiing FRREIGI(hial PR ya JonEBRgonvaf VBEVal Asp Val
Ser His Gil) Asp R, Gly Vabkys P be R siolitRid ApA5A4EELA0 Toy MalAeR:GlyiMakiitaidal His Asn Ala

Lys Thr Lys Pro Arg SI 8 1A St QI LY LASLRS' ik BU-ALOPEH il qu Thr Val Leu

order to avoid interference in downstream applications. Agencourt AMPure was

used. The buffer is optimized to selectively bind PCR amplicons 100 bp and larger
to paramagnetic beads. Excess oligonucleotides, nucleotides, salts, and enzymes
can be removed using a simple washing procedure. The resulting purified PCR
10 product is essentially freec of contaminants and can be used in the following
applications: Fiudrescent DNA sequencing (including capillary electrophoresis),
microatray spotting, cloning and primer extension genotyping. The work flow for
96-well format started with gently shaking the beads stored in buffer to resuspend
any magnetic particle that may have settled. The correct volume of 36 pl of beads
15 solution was added to the 20 pul of sample and the mix was pipetted 10 times up and
down. The following step was incubating for 10 minutes and afterwards the
reaction plate was placed onto a magnetic plate for 10 minutes to scparate beads
from solution. The cleared solution (supernatant) was aspirated from the reaction
plate and discard. For the beads-cDNA washing 200 ul of 70 % ethanol were
20 dispersed per well and incubated at room temperature for at least 30 seconds. The
ethanol was aspirated .out and discarded. The washing step was performed two
times and then the reaction plate was left to air-dry for 20 minutes at room
temperature. It followed with the addition of 40 pl of elution buffer and the mix
was again pipetted 10 times up and down. After the cDNA dissociation from the
25 magnetic beads, the purified DNA was transferred into a new plate.



J 180185196 His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 195200205 Lys Ala
Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 210215220 Gin Pro Arg Glu Pro Gin Val Tyr
Thr Leu Pro_Pro Ser Arg Asp Glu 225230235240 Lea Thr Lys Asn Gin Val Ser Lou Thr Cys Leu Val

Lys Gly Phe“i(g/rz%‘ﬂ‘oﬂ%4 255 Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asr?gT{F&%%lw?f@Fu Asn

260265270 Asn Tyr Lys Thr Thr Pro Pro Val Lea Asg Ser Asp Gly Ser Phe Phe 275280285 Leu Tyr
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 290295300 Val Phe Ser Cys Ser Val Met
His Glu Ala Leu His Asn His Tyr Thr 305310315320 Gin Lys Set Lou Ser Leu Ser Pro Sly Lys 325330
<210> 2 <211>Bo PE&RI> pRT - 3 - <213> Homo sapiens <400> 2 Ala Ser Thr Lys Gly Pro Ser Val
Pile Pro Leu Ala Pro Cys Set Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Sly Cys Leu Val Lys
Asp Tyr 2025300PharmbfeduliNéG watrhpegenrd BCRy assaliseysdy Ankedhyrair @«r3pamgs Gly Val His
Thr Phe Pro AlaMaldiey BTRSendeidShyitie utyr foRsbap Saipeucbsl Setdtadnalfdhrival Pro Set Ser

Ser Leu Sly Thi Lys Ehr 85019801 Wcphh GiSARR MakfsPis RIS 1P Seboiidd/s Val Asp Lys
15)'(_5&1 0105k110 Glu Phe Leu Sly

859095 Arg Val Glu Ser Lys Tyr Sly Prg Pro C ro, Ser Cys Pro Al
Sly Pro Set Valyhbe@ﬂﬁg?{es%e%%‘L g I_f?%? %33551%5'1?28 é?ﬁg%oﬁr du et ff& g‘ePAarg Thr Pro Glu
Val Thr Cys Valfwal varmeoif3) ad weiriviesdp GInl Gidasg PreGIdvsreiorPReiswitp Tyr Val Asp
145150155160 @hCval Blenval H6is AsroAlBIasOT rd yd Rne g Glu ol @dohRhe.d 8170175 Asn Ser
Thr Tyr Arg Vale&Jrlgt%'f Viah beinlitoy @it s eineAe), 1991852 miflar HA-Tag primer

and 0.4 ul of enzyme blend, all from the RTS E.coli Linear Template Generation

10 Set, HA-Tag (Roche Diagnostics GmbH, Mannheim, Germany). Finally, the
overlapping PCR products were used as template for in vitro transcription using
Escherichia coli lysate and the resulting functional Fab was screened against the

F(ab’); 1gG by enzyme-linked immunoadsorbent assay (ELISA}.

Table 34: Components used for the third PCR.
Component Volume (ul) | Final concentration
Water, PCR grade 10.7
10x Reaction Buffer with MgCl, (10 mM) 2 1x
DMSO 0.8
PCR Nucleotide mix (10 mM each) 0.5 250 pM
Working solution T7 Prom Primer (6 uM) 1.6 0.48 pM
Working solution T7 Term Primer (6 pM) 1.6 0.48 M
Working solution C-term HA-tag (6 uM) 0.4 0.48 uM
Enzyme Blend 0.4
PCR 2 product 2
Final volume 20
15 Table 35: Block cycler program for the third PCR.
Temperature ("C) Time Number of cycles
95 4 min. 1
a5 1 min.
60 1 min. 45
72 11 min. 30'séc.|
72 7 min. 1
4 oo




Pro Ser Set lle Glu Lys Thr lle Set Lys Ala Lys Gly Gin Pro Arg 210215220 Glu Pro Gin Val Tyr Thr
Leu Pro Pro Set Gin Glu Glu Met Thr Lys 225230235240 Asn Gin Val Ser Leu Thr Cys Leu Val Lys
Gly Phe Tyr Pro Set Asp 245250255 lle Ala Val Glu Trp Glu Set Asn Gly,Gi I n Asn Tyr Lys
260265270 TR Pro Pro Val Leu Asp Set Asp Gly Set Phe Phe Leu YF;%@%‘%‘%@&%%%% Arg Leu
Thr Val Asp Lys Set Arg Trp Gin Glu Gly Asn Val Rfge Set 290295300 Cys Set Val Met His Glu Ala Leu
His Asn His Tyr Thr Gin Lys Set 305310315320 Leu Set Leu Set Leu Gly Lys 325 <210> 3 <211> 107
<212> PAT <213> Homo sapiens <400> 3 Arg Thr Val Ala Ala Pro Set Val Phe lle Phe Pro Pro Set
Asp Glu 151018abeke¢teaphigresisr Gly Thr Ala Set Val Val Cys Leu Leu Asn Asn Phe 202530 Tyr Pro
Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin 354045 -5 - Thr Tyr Set Leu Set Ser Thr
Leu Thr Leu Sétheygeh kleasprhyprasi 8B707560% aeppse vl dniessa E99aiS/4 T8F His Gin Gly
Leu Set Set 8580950 MakvEhinatysSenpifcAsm Ang By sphoifys TTAROBBIRACRMpld] > 104 <212>
PRT <213> Hq\m Wﬁ%@ﬁ)ﬁé%ié‘l&&l‘ys Ala Ala Pro Set Val Thr Leu Phe Pro Pro Set Set Glu Glu
151015 Leu Gin Ala Ash'Lys Ala Thr Leu Val Cys Leu lle Set Asp Phe Tyr 202530 Pro Gly Ala Val Thr

Val Ala 31p Lyspaide sl SetReuiigyapoxscsb4045 Ala Gly Val Glu Thr Thr Thr Pro Set Lys Gin Set
Asn Asn Lys Tyr 505560 Ala Ala Set Set Tyr Leu Ser Leu Thr Pro Glu GIn Trp Lys Set His 65707580

Component | Volume (ul) | Migration time
H>0 6
5x Orange G 3
PCR product 6
Final volume 15
Volume for gel 10 20 min.

In vitro transcription and translation;

The in vitro coupled transcription and translation was carried out following the
manufacturer’s protocol RTS 100 E.coli Disulfide Kit (Roche Diagnostics GmbH,
Mannheim, Germany) with components as reported (see Table 12). 4 pl of each
10 overlapping PCR product was transcribed and translated in a total volume of 50 ul,
at 37 °C for 20 hours in the RTS Proteo Master Instrument (Roche Diagnostics
GmbH, Mannheim, Germany). A control reaction was performed under identical
conditions without cDNA template. GFP (green fluorescent protein) vectors were
added to the reaction system for autoradiography as positive control. After the in
15 vitro transeription/translation, the 50 pi reaction mixture was transferred in 75 pl
PBS (1:2.5 dilution) and incubated at 4 °C overnight for the correct folding and

maturation of the protein.

Table 37: Components for the in vitro transcription and translation.
Mix Component Volume {(ub)
Mix 1: E. coli lysate 25
Lysate activator . 1
Final volume 26

incubate for 10-20 min. at RT

Mix 2: Feeding mix 640
Amino acid mix 140

Methionine 20

H,O 200

Final volume 1000




Arg Set Tyr Ser Cys Gin Val Thr His Glu Gly Ser Thr Val Glu Lys 859095 Thr Val Ala Pro Thr Glu Cys
Set 100 <210> 5 <211> 21 <212> DNA <213> Homo sapiens <400> 5 tcaccatgga ctgcacctgga - 6 -
<210> 6 <211> 21 <212> DNA <213> Homo sapiens <400> 6 tcaccatgga ctgqgacctgg a2l <210> 7
<211> 22 <§‘f&%08ﬁ%42§13> Homo sapiens <400> 7 ccatggacac acttt%%%gc’yggf&ﬂé%%ﬁ@ 8 <211> 22
<212> DNA <213> Homo sapiens <400> 8 ccatggagac actttgttcc ac22 <210> 9 <211> 23 <212> DNA
<213> Homo sapiens <400> 9 tcaccatgga gtttgggctg age23 <210> 10 <211> 25 <212> DNA <213>
Homo sapiens <400> 10 agaacatgaa-acacetgtggttett25-<210>11-<211>-25:<212> DNA <213> Homo

sapiens - 7 - <210> 12 <21135% 40105 pAURIREE o0 sapLAuBELD | - atggggtcaa
ccgccatect20 <210> 13 <231=23 <212> DNA-<213> Home-sapiens-<400>-13 acaatgtctg tctccttect
cat23 Mix 3 Reaction mix 7
Amino acid mix 7
- Methionine I
Mix 1 25
GroE Supplement 5
RN Ase inhibitor 1
PCR 3 product 4
Final volume 50
ELISA:

A 384-well plate (Nunc GmbH & Co. KG, Thermo Fisher Scientific,
Langenselbold, Germany) was coated with 50 uI (1:1000 in PBS) goat anti-human
IgG Fab fragment (produced by Bethyl Laboratories Inc., obtained from Biomol
5 GmbH, Hamburg, Germany, 1 mg/1 ml) incubated at 4 °C ovemight. The plate was
washed three times with washing sotution (100 ul PBST (phosphate buffered saline
Tween-20)) and 60 pl of Blocking solution (0.25% CroteinC (w/v)/0.5% Tween
{w/v)/PBS) was added, incubated for 1 h at room temperature. Another washing
step (3x100 pl PBST) was performed and 37.5 pl sample was transferred, as well
10 as 37.5ml negative control (negative control from the in vitro
transcription/translation) and 37.5 pl positive control, containing 0.75 pl of human
recombinant Fab fragment (Roche Diagnostics GmbH, Mannheim, Germany). The
samples were fitrated to a 1:3 dilution. The plate was incubated for 1.5 h at room
temperature. After a washing step (3x100 pl PBST), 25 pl goat anti-human 1gG
15 F(ab’); (Dianova, Hamburg, Germany; 0.8 mg/ml (1:2000 diluted in Blocking
Solution)) was added and incubated for 1 h at room temperature. The last washing
step (3x100 ui PBST) was performed and 25 pl of TMB (POD Substrate, Roche
Diagnostics GmbH, Mannheim, Germany, Art-No: 1 484 281) was pipetted into
each well. After 2-3 minutes the absorption signal was detected at 405 nm and 495

20) nm (Tecan, Safire 2; Tecan Deutschiand GmbH, Crailsheim, Germany).

Flow cytometric analysis and cell sorting:

For FACS analysis and cell sorting monoclonal antibodies, either biotinylated or
conjugated with either FITC (fluorescein isothiocyanate), PE (Phycoerythrin), or
APC (allophycocyanin) against the following antigens were used: CD3 (UCHT1),
25 CD4 (13B8.2), CD8 (B9.11), CD40 (MABS9), CD80 (MAR104), CD33 (HB15a),
CD86 (HAS52B7) (all available from Imunotech/Beckman Coulter, Marseille,



<210> 14 <211> 19 <212> DNA <213> Atrtificial <220> <223> huCH-Il <400> 14 gccaggggga
agaccgatgig <§10> 15 <211> 19 <212> DNA <213> Homo sapiens <400> 15 gccaggggga
agacggatgl9 < 10>(16 <211> 21 <212> DNA <213> Homo sapiens <4Q0> 16 gctcagctcc t ctect
g21 <210> MPWYYT5 515> DNA <213> Homo sapiens ctg%ggctgc Aatget? é"é’ﬂgﬁ" o 16 211>
21 <212> DNA <213> Homo sapiens <400> 18 ticggcctge tactetgget ¢ <210> 19 <211> 21 <212> DNA
<213> Homo sapiens <400> 19 cagacccagg tcttcatttc t <210> 20 <211> 24 <212> DNA <213> Homo
sapiens <400> 20 tttcaactgc tcatcagatg gcgg <210> 21 <211> 20 <212> DNA <213> Homo sapiens
<400> 21 cctctBeincelcatiaticidb k2,1 0D 2P @R >IR3 45813, INIARaBE2H 6P s &gfns <400> 22
ctecteactc agggaasa)<eta 2RsELL T A2t RN A 524 3E o aapieisi4Ofior2 Bdggcctgga
tccctetee -9- <%E eSS #)2iggacigga cccetcteel9

> 24 < > <

<210> 25 <211 %@"%ﬁi %)‘N @iﬁ@?ﬁn@;ﬁg Nk W cac <210> 26
<211> 19 <2129 BHIoh (@ reilaiig i enprliRe BHnD BB & gtd g%gt%%&%g@é% %QLE%C@%% <211> 20
<212> BNA <2(EBBAHDMOTSHil (F 26)) (s} 27 aslgbte dtoayBigeresgciep 0iega 0598 BDE A 20 <212>
DNA <213> Homna SapieNBeto 28188 QSR g.80020890836h Miltenyi Biotec, Bergisch

Gladbach, Germany), IgM (Jackson Immunoresearch, West Grove, PA, USA),

CCR7 (3D12, provided by M. Lipp, Berlin, Germany). The IOTest Beta Mark was

used for Vb analysis (Imunotech/Beckman Coulter). Streptavidin conjugated FITC,

10 PE, or APC (all BD Pharmingen) were used for visualization of biotinylated
antibodies. Dead cells were excluded by propidium iodide staining. Appropriate
isotype-matched, irrelevant control mAbs were used to determine the level of
background staining. Cells were analyzed using a FACS Calibur and sorted using a
FACSAria (Becton Dickinson Immunocytometry Systems, Mountain View, CA,

15 USA).

Example 1

Amplification of IgG genes from humanized immunized mice’s single B cell by
a polymerase chain reaction with one fixed primer set and one changed

primer set

20 Single B-cells of a mouse having a human immunoglobulin locus have been
obtained as outlined above. The 3’-primer of the first and second primer set
employed in the polymerase chain reaction were identical. The 5’-primer of the
first and second primer set different insofar as the primer of the first 5”-primer set
bound in the region encoding the leader peptide and the primer of the second

25 5°-primer set bound in the FR1 region. A scheme of this polymerase chain reaction
is given in Figure 2.

The employed sets of primer for the first polymerase chain reaction are denoted in

the following list:
ig hea?fy chain ig iight-chaéu () g light chain () primer
primer primer
VHL-1 V-1 ViL-1
Vyul-2 V-2 VaL-2
Vyl-3 V-3 Vi,L-3
VylL-4 ViL-4 huCy-11




<210> 29 <211> 38 <212> DNA <213> Homo sapiens -10- <210> 30 <211> 38 <212> DNA <213>
Homo sapiens <400> 30 ctttaagaag gagatatacc atggttcagc tggtgcag38 <210> 31 <211> 41 <212>
DNA <213> Homo sapiens <400> 31 ctttaagaag gagatatacc atgcaggtcc agcttgtgca g41 <210> 32
<211> 41 <P2PHRYS13> Homo sapiens <400> 32 ctttaagaag gagatgf?ai%@ &?ﬂ@{ﬁ c agctggtaca
g41 <210> 33 <211> 41 <212> DNA <213> Homo sapiens <400> 33 ctttaagaag gagatatacc
atgcaggtcc agctggtaca g41 <210> 34 <211> 41 <212> DNA <213> Homo sapiens <400> 34
ctttaagaag gagatatacc atgcaaatgc agctggigea g41 <210> 35 <211> 41 <212> DNA <213> Homo
sapiens <210 36 iphdavyithaiin 2> DNA Eglight phrivd8hpiens 7 ShasiliagganR.gagatatacc
atgcagatca ccttgaaggapgdmes210> 37 <211> 4prémep> DNA <213> Homa sapiens <4003 37
ctttaagaag gagdatatacc Mdtaggtca ccitgaagga §4d~210> 38 4211> 41 <¥1bd DNA <213> Homo
sapiens <400> 38 ctttadydad gagatatacc atgcdyl | <212> DNA
<213> Homo sapiens <480:% 39 ctttaagaag gagatatacc atggadgtgc agetggtgga g4l <210 40 <211>
41 <212> DNA <213> M#éindIsapiens|<400> 40 ctttaagaag gatjatatacc atggaggtge-agetggtgga g4l
<210> 41 <211> 41 <212> DNA <213> Homo sapiens <400> 41 ctttaagaag gagatatacc atgcaggtgc
agctggtgga g4 Thelaptodebsds exsimeDiiatke s@oMaRlysafighehain reaction are denoted

in the following list:

IgG heavy chain IgG light chain (K} 1gG light chain (&) primer
primer primer
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vy-1a 128 VL-la 53, 54 Vil-la 79
SEQ ID NO: SEQ ID NG: SEQ ID NO:
Vy-1b 129 ViL-ib 55, 56 V,L-1b 73, 74
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vy-lc 130 VL-1¢ 57, 58 Vi L-1c 75
SEQID NO:~ SEQ ID NO: SEQ ID NO:
Vy-1d i3] V.L-1d 59 Vi.L-2 76
SEQ ID NO: SEQ ID NO-: SEQ ID NO:
Vy-2a 132 Vil-2a 60 Vil-3a 77,78
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vy-2b 133 VL-2b 61,62 V,L-3b 79
SEQ ID NO: SEQ ID NO: - SEQ ID NO:
Vy-3a 134 Vil-3a 63, 64 V;L-3c 20
Vi3b SEQ]I;')S NO: V.L-3b SEQ gj) NO: ViL-3d SEQ g}) NO:
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vy-3c 136 - V.L-3¢c 66 V;L-4 82, 83
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vy-d4a 117 VL-4a 67 Vi L-5 84, 85
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vu-4b 138 VlL-5a 68 V,L-6 R6
SEQ ID NOG: SEQ ID NO: SEQ ID NO:
VHUSE 139 VKL“6a 69 VAL——:' 87, 88
SEQ ID NO: SEQ ID NO: SEQ ID NO:
M 140 VicL-6b 70 | B Teg
' SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vu-7a 141 huC,-2 115 Vi L-4/9 50, 91
huCy- | SEQID NO: Y.L 10 SEQ ID NOG:
2 104, 105, 106 . 92
SEQ ID NO:
huC;-2 120, 121, 122,
123, 124, 125




<400> 42 ctttaagaag gagatatacc atggaggtgc agctgttgga g41 <210> 43 <211> 41 <212> DNA <213>
Homo sapiens <400> 43 ctttaagaag gagatatacc atgcagctgc agctgcagga g41 <210> 44 <211> 41
<212> DNA <213> Homo sapiens <400> 44 ctttaagaag gagatatacc atgcaggtgc agctgcagga g41 <210>
45 <211> 4TOPBYEHRE <213> Homo sapiens <400> 45 ctitaagaag gadHtatae Hesdsgc
agctacagca g41 <210> 46 <211> 41 <212> DNA <2]1.3> Homo sapiens <400> 46 ctttaagaag
gagatatacc atggaagtgc agctggtgca g41 <210> 47 <211> 41 <212> DNA <213> Homo sapiens <400>
47 ctttaagaag gagatatacc atggaggtgc agctggtgca g41 - 13 - <212> DNA <213> Homo sapiens <400>
48 ctttaagaag ghgRigiacs digepggtageagidengealifdd aidki 48k Riimehts<bidned AP 13> Homo
sapiens <400> 49 cHiaagaag.gaoRIAIAGE NICRSIIEC AGCIgaIgna ks 2 AR ke 4b <212> DNA
<213> Homo sapie <%.OO> 5010ttta agﬂga ataiacc %t caﬁggtlﬂc a é:t%%tg&a a4d1 %JQ(F 51 <211> 45
<212> DNA <239 HERE Sapiens <40 atcotatgsg %?53 Gotce cttagacega f§oceetty gtggads
<210> 52 <211seapectiveds @pi\mbim>(}%tﬁﬁb sprenssveABd B dgiatygh theciggretitagacgga
tgggccctig gtggadiveti?dd v EB te2itht exdibct2d Rizdd NA D185 (HinH Sppians6340D ¥ &3 Eiitiaagaag

gagatatacc atgaagRiGHegRIIRsCaR G salRRadedhin dicral ard A1 115 524 33dHoEno sapiens
<400> 54 ctttaaé%?'%qtgg;gg;??h%t %gtcﬁt%&;%at%ac ca??ﬁgfoﬂ <1211§p>§41 <2§_2|m;’DNA <213>
S cca

Homo sapiens ¥rftadgasg oanabatattatyoatat a% Jaccca g4l <210> 56 <211> 41 <212>

DNA <213> Homo sapiens <400> 56 ctttaagaag gagatatacc atggccatcc agttgaccca g41
Examﬁez gaag gag a9 gtig g
Amplification of IgG genes from humanized immunized mice’s single B cell by

10 a polymerase chainr reaction with two changed primer sets

Single B-cells of a mouse having a human immunoglobulin locus have been

obtained as outlined above. The 5’-primer and the 3’-primer of the first and second

primer set were different to each other insofar as the primer of each of the second

sets bound in a more inward region of the nucleic acid. A scheme of this
15 polymerase chain reaction is given in Figure 4.

The employed sets of primer for the first polymerase chain reaction are denoted in

the following list:
ig heavy chain primer | Ig light chain (x) primer | Ig light chain (A) primer
SEQ ID NO: SEQ ID NO: . SEQ ID NO:
Vyl-1 05, 06 Vil-1 16 Vi L-1 21
SEQ ID NO: SEQ ID NO: SEQ ID NO:
VuL-2 07, 08 VL-2 17 VyL-2 "0
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Val-3 09 Vik-3 18 Vil-3 1 9324, 25, 26
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vyl-4 10, 11 V(L-4 19 huG,-11 27,28
VyL-5 |- SEQ ID NO: huC,-I1 SEQ ID NO:
12 20
Vul-6 | SEQ {[3) NO:
SEQ ID NO:
huCy-11 14,15

The employed sets of primer for the second polymerase chain reaction are denoted

in the following list:



<210> 57 <211> 41 <212> DNA <213> Homo sapiens <400> 57 ctttaagaag gagatatacc atggccatcc
agatgaccca g41 <210> 58 <211> 41 <212> DNA <213> Homo sapiens <400> 5B ctttaagaag

gagatatacc

041 <210> 6

atggaaattg tg

at

59 ctttaagaé@%%?

CLtcie!

ccatcc

atgaccca g41 <210> 59 <211> 41 <212> DNA <213> Homo sapiens <400>
%‘% atggtcatct ggatgaccca g41 <210> 60 <211> 4P YEBYBNES13> Homo
sapiens -15- <400> 60 ctttaagaag gagatatacc atg
DNA <213> Homo sapiens <400> 61 ctttaagaag ¢

tattg tgatgaccca g41 <210> 61 <211> 41 <212>
atatacc atggatattg tgatgactca g41 <210> 62

gagatatacc a
65 ctttaagaag
sapiens - 16

DNA <213> Homo sa|

<211>41 <2

941 <210> 69 <511>

atggaaattg tgciggetqa

gagatatacc a

<211> 41 <212> DNA <213> Homo sapiens.<400> 62 ctttaagaag gagatatacc atggatgttg tgatgactca
f211>,41 212> DNA £21 3Gt shpie(s)<40Di63ightigiafy ayinumec
tqgacaca 41 <21%> 64 211> 41 npiger DNA <2113> Homo sapiens <400> 64 ctttaagaag
ggapatio| totEAEHEY4] <2107,65 <PHQIANG 10> DINA <21 38HbHRNGpidns <400>
gabata dcc alygaBatad tgatgacqda g4 k380> 66 <2115 41 <2125 BNA <213> Homo
- §4Q0p,66 BEREAHY ghgatatage atdFA IR Rathasagagal <SHRIBNOD1 1> 41 <212>
iens <aD0> 67|ctithagaag gagafatdlc atggacateg tghtgactea’§dl <210> 68
12> PNA <SESSRAW sapjens s4 O%I&t%gaag\qqu@at51c§ %{f&@ga cactcacgca
11 <32933DNA <2135 Homo sBpisRs <4D0> 59 ciitaagaag fagatatace
Y AHEQHING €241 a9 <2BERBRRQ213>Homp s L pidife DAL 70 ciitaagaag
993919 gmg‘n%%d”[ Q ?1?) NO SEQ '1712 NO
SEQ ID NO: SE : :
Vul-2a 36 V.l-2a 60 ViL-3a 77,78
SEQ ID NO: SEQ ID NO: SEQ ID NO:
VuL-2b 37,38 V. l-2b 61, 62 V3L-3b 79
SEQ ID NO: SEQ 1D NO: ] SEQ ID NO:
Vul-3a 39, 40 Vil-3a 63, 64 ViL-3c 20
SEQ ID NO: SEQ ID NO: SEQ ID NO:
VulL-3b 41 VL~3b 65 V;L-3d 31
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vul-3c 43 VlL-3c 66 Vil-4a 82, 83
SEQ ID NO: SEQ 12 NQO: SEQ ID NO:
V gL-4a 43, 44 V.L-4a 657 V,L-5a 84, 85
SEQ ID NO: SEQ ID NO: SEQ ID NO:
V ul-4b 45 Vl-5a 68 V,L-6a 36
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vyl-5a 46, 47 V.L-6a 50 ViL-7a 87, 88
SEQ ID NO: SEQ ID NO: SEQ ID NO:
V ul-6a 48 V.L-6b 70 V) L-8a gQ
SEQ ID NO: SEQ ID NO: SEQ ID NO:
Vul-7a 49, 50 huC 111 7 Vi L-4/9a 90, 91
huCy- SEQ ID NG ) SEQ ID NG:
u 51,52 Val-10a 92
SEQ ID NO:
huCy~I11 93

-In Figure 5 the agarose gel of the amplified nucleic acid fragments obtained in this
polymerase chain reaction is shown. The samples were analyzed after 40
amplification cycles with an annealing temperature of 50°C and 35°C,
respectively. The blanks (water) were negative and the size of the fragments
correlated well to the expected sizes of 471 bp (IgG HC) and 413 bp (IgG LO),
respectively, after the first polymerase chain reaction and of 442 bp and 399 bp,

respectively, after the second polymerase chain reaction.



<210> 71 <211> 44 <212> DNA <213> Homo sapiens <400> 71 atcgtatggg tagctggtcc cttaaagatg ‘
aagacagatg gtgc44 <210> 72 <211> 41 <212> DNA <213> Homo sapiens -17- ctttaagaag gagatatacc
atgcagtctg tgctgactca g41 <210> 73 <211> 41 <212> DNA <213> Homo sapiens <400> 73 ctttaagaag
gagatatacc g‘fﬁ&ﬁb‘f@?@%&ctgacgca g4l <210> 74 <211> 41 <212> DNA gﬂpy Hme8%hiens <400>
74 ctttaagaag gagatatacc atgcagtctg tgttgacgca g4&2<210> 75 <211> 41 <212> DNA <213> Homo
sapiens <400> 75 ctttaagaag gagatatacc atgcagtctg tcgtgacgca g41 <210> 76 <211> 41 <212> DNA
<213> Homo saplens <400> 76 ctttaagaag gagatatacc atgcagtctg ccctgactca g41 <210> 77 <211> 41
E3zmbiiaid sapiens <400> 77 ctttaagaag gagatatacc atgtcctatg agctgactca g41 <210>
78 <211> 41 <212> DNA <213> Homo sapiens -18- <210> 79 <211> 41 <212> DNA <213> Homo
sapiens <400> A fplithagandOhga piacciaigt dotatgrizrct gaoacaizpfilmi2d 9 siggl« Bkl Iy <212> DNA
<213> Homo sa%;slﬁn%#g%%ﬁﬂma@a&mawsmmgmw@actca g41 <210> 81 <211> 41
<212>DNA <21 omo sapiens <400> 81 ctttaagaag gagatatacc atgtcctatg agctgatgca g41 <210>
82 <211> 41 <212> DNA <213> Homo sapiens <400> 82 ctttaag ?agatatacc atgcagoctg
tgctgactca a4l Hpg>Bgeln19b o mepsn Bawiga &ﬂwmdm@%@gg i RV BIEFag gagatatace
atgcagcg tgctgheinmdddd cal il 8dov e 4 1peRidaDNAe<P g8imetovhithe iyt asd sEQord 10> 85
<211> 41 <2125 PNAS2] 3% HRmMR S2RIGEROOP183 SHllaReA% dRdaiaiacerpig gaaacts tgctgactca

g41 <210> 86 %Ziglulrz 41 <212> DNA <213> Homo sapiens

The employed sets of primer for the first and second polymerase chain reaction are
denoted in the following list:

Ig heavy chain primer Ie hg;;::;“ ) Ig light chain (A) primer
SEQIDNO: | | | SEQIDNO: SEQ ID NO:
huV-1 94 “1 < | 107, 108,109, | huV,-1 116
110
SEQ ID NO: | huV,- | SEQID NO: SEQ ID NO:
huVy-2 95 5" 111, 112 huVs-2 117
SEQ ID NO: | huV.- | SEQ ID NO: SEQ ID NO:
huVir3 | 96.97,08,99 | 3 113 huVy-3 118, 119
SEQIDNO: | | SEQIDNO: SEQ 1D NO:
huVg-4 | 100, 101, u . 114 huCy-2 | 120, 121, 122,
102, 103 123, 124, 125
c.p | SEQIDNO: | huC,- | SEQ ID NO:
BuCu-2 | 104 105,106 | 2 115

10

In Figure 7 the agarose gel of the amplified nucleic acid fragments obtained in this
polymerase chain reaction is shown. The samples were analyzed after 40
amplification cycles with an annealing temperature of 50°C and 55 °C,
respectively. The blanks (water) were negative and the size of the iragments

15 correlated well to the expected sizes of 711 bp (IgG HC) and 688 bp (IgG LC),
respectively, after the first and second polymerase chain reaction.

- Example 4
Generation of linear template for in vitro translation

For the first polymerase chain reaction gene specific primer have been designed
20 comprising the necessary overlapping sequences to the regulatory DNA regions of



<400> 86 ctttaagaag gagatatacc atgaatttta tgctgactca g41 <210> 87 <211> 41 <212> DNA <213>
Homo sapiens <400> 87 ctttaagaag gagatatacc atgcagactg tggtgactca g41 <210> 88 <211> 41 <212>
DNA <213> Homo sapiens <400> 88 ctttaagaag gagatatacc atgcaggctg tggtgactca 041 <210> 89
<211> 41 <92 RE513> Homo sapiens <400> 89 ctttaagaag gagatafatEHYLAGHE tggtgaccca
g41 <210> 90 <211> 41 <212> DNA <213> Homo sapiens -20- <210> 91 <211> 41 <212> DNA
<213> Homo sapiens <400> 91 ctttaagaag gagatatacc atgctgcctg tgctgactca g4l <210> 92 <211> 41
<212> DNA <213> Homo sapiens <400> 92 ctttaagaag gagatatacc atgcaggcag ggctgactca g41 <210>
93 <211> 40 <22 F Dphage2 F3r tho meomsdppehsredGo >R mtegttityy thtapgedetco fctheghghac
agagtgaccg40 ?%wwé Torbinéd At niRh <R1B>nhl ﬁae&mﬁ@om%@wg@ag gagatatacc
algeaggige agclaalace otcid S210n 9 =2l 2.0 521 22, DN S LS HAma Sapisns 0> 95
ctttaagaag gag ACE atgca fca agttaaggﬁ ? 26 23905 96 <211> z{%‘ % g)RDNA <213> Homo
sapiens <400> @@&ﬁ%ﬂﬁ@%@ﬁgﬁhﬁﬁéﬁ%{g‘éﬁ t&&'ar@@ﬁlﬁg%%@ fEpnents. OMPrisiig 1 o> pNA
<213> Homo sagiehsoryteRm&tsctiitadarer gagataiaccatgaggtocgbyctygliff¢d42ithaho> 98 <211>
42 <212> DNA2] 37 HRMQRaRiepsi4095:38 sHiradanasrealriasnAangeigenantagtgcag to42

ggé%jg%%;fjjg AR RS o0 FHReRE 56 A paRagaRgRiagE atoaggtoca
(5°- primer, SEQ ID NO: 126} or 5"-ATCGTATGGGTAGCTGGTCCC+TTA+15-

20 bp of the gene-specific sequence (3’-primer, SEQ 1D NQ: 127).

10 In Figure 9 lanes 1, 5 and 9 represent the blank water controls, The heavy chain
nucleic acid are contained in lanes 4, 8, and 12, and the kappa light chains in lanes
3,7, and 11. Lanes 2, 6, and 10 show combined samples of both chains. All nucleic

acids have the expected size (see Table 38).

Table 38: Size of the linear expression constructs.

immunogiobulin
chain

two fixed primer
sets

one fixed primer
set

two variable
primer sets

IgG HC

~ 1110 bp

~ 1110 bp

~822bp

1gG LC(k)

~ 1089 bp

~ 1089 bp

~ 799 bp

15

20

25

Example 5

In vitre transiation and huFab specific ELISA

In vitro translation is carried out as outlined above.

As can be seem from Figure 10 nucleic acids obtained with a two-step polymerase
chain reaction with two variable primer sets does not provide for a linear
expression construct which allows the in vitro production of the encoded Fab
immunoglobulin fragment. In contrast the two-step polymerase chain reaction with
one fixed and one variable set of primer employed in separated successive
polymerase chain reactions allows for the subsequent provision ‘of a linear
expression construct and the in vitro translation of IgG HC and IgG LC comprising
immunoglobulin Fab fragment.

In contrast to this is the two-step polymerase chain reaction comprising one fixed
set of primer more efficient in the multiplex format as the polymerase chain



<210> _1_00 <211> 43 <212> DNA <213> Homo sapiens <400> 100 ctttaagaag gagatatacc atgcaggtac
agctgtc?gca gtc43 <210> 101 <211> 43 <212> DNA <213> Homo sapiens <400> 101 ctttaagaag
gagatatacc atgcaggtac agctgcagga gtc43 <210> 102 <211> 43 <212> DNA <213> Homo [

<4OQ> 102 &t %?é“‘é%gatatacc atgcaggtgc agctgcagca gtc43 - 22 - %E? ]{RPAO‘%@%:SEEZS
sapiens <400> 103 ctttaagaag gagatatacc atgcagg{gc agotgcagga gic43 <210> 104 <211> 67 <212>
DNA <213> Homo sapiens <400> 104 atcgtatggg tagctggtcc cttagtggtg gtggtggtgg tgaactctct
tgtccacctt60 67 sapiens <400> 105 atcgtatggg tagctggtcc cttagtggtg gtggtggtgg tgaactgtct
tgtccacctt60 gg@mgﬁx?--stﬂﬂleyiﬂg)ﬁmzﬁ&ed@EtKE‘izﬁmABéiH@m@@aﬁP@ﬁsg%ﬂgég £66 atcgtatggg
tagctggtce cttagiaty egates anatiehiialarashiic@gdigigiéved 10> 107 <211> 44 <212> DNA
<213> Homo sapiens <400> 107 ctttaagaag gagatatacc atggacatcc agatgaccca gtct44 <210> 108
<211> 44 <212g§9%%<‘_@1_3> Homo sapiens - 23 - ctttaagaag gagatatacc atggacatcg agatgaCCca
gtct44 <210> 1 > 44 <212> DNA <213> Homo sapiens <400> 109 ctttaagaag gagatatacc

atggacatcg aggigaceea gietdd <2102 110 621 IafdridbawRtlA nedidk Bamentaniens <400> 110

ctttaagaag gagatatacc atggacatcg tgatgaccc
‘ 3 99 gfrom a fror%gsingle gel? 9 a gtct44

Two-step polymerase chain reaction with identical primer sets

As can be seen from Figure 11 the control samples yielded no signal in an agarose
gel. Single deposited B-cells also showed no signal. IgG HC and IgG LC(x) could
be amplified from control samples.

10 Two-step polymerase chain reaction with one fixed set of primer and one variable

set of primer

As can be seen from Figure 13 all nucleic acids, except for sample 2, obtained with
a two-step polymerase chain reaction with one fixed set of primer and one variable
set of primer allowed for providing a linear expression construct for the production

15 of IgG HC and IgG LC. Thus, these multiplex polymerase chain reaction are well
suited.

The concentrations of the obtained human kappa Fab immunoglobulin fragments
are between 100 and 550 ng/ml. Lanes 9 to 11 of Figure 16 show IgG HC and I1gG
LC(x) obtairied from a single cell without the addition of igG HC positive control.

20 Here the obtained amount of human Fab immunoglobulin fragment was between
180 and 330 ng/mi.



<210> 111 <211> 46 <212> DNA <213> Homo sapiens <400> 111 ctttaagaag gagatatacc atggatattg
tgatgactca gtctcc46 <210> 112 <211> 46 <212> DNA <213> Homo sapiens <400> 112 ctttaagaag
gaga a acc W%%}%} tgactca gtctccd6 <210> 113 <211> 46 <212> DNA /<213> Homo sapiens
<400> 113 ctitaagaag gagatatacc atggaaattg tgttgacgca gtctcc46 <210> REHEDIUNES1 55 DNA
<213> Homo sapiens - 24 - <210> 115 <211> 46 <212> DNA <213> Homo sapiens <400> 115
atcgtatggg tagctggtcc cttaacactc tccectgttg aagcetc4b <210> 116 <211> 43 <212> DNA <213> Homo
sapiens <400> 116 ctttaagaag gagatatacc atgcagtctg tgctgactca gcc43 <210> 117 <211> 43 <212>
DNA <213> Homo sapiens <400> 117 ctttaagésigrgdcfatagacc atgcagtctg ccctgactca gec43 <210> 118
<211> 43 <212> DNA <213> Homo sapiens <400> 118 ctttaagaag gagatatacc atgtcctatg agctgacaca

gce43 <210> 119 <211> 4 12> DNA <213>.Homo sapiens <400> 119 ctitaagaag. gagatatacc
otcotaty agoigicied S Db e S IR SAOKUR S MRS SR eRaRET O T o
<211> 46 <212> DNACES TR inglafell cumprpsirgshefellaniggsiei§cggtee cttatgaaca tictgeaggg

gcaactd6 <210> 122 <211> 46 <212> DNA <213> Homo sapiens <400> 122 atcgtatggg tagctggtcc

cttatgaaca ttccgtagyg gpasidhéhs 218Rlesl yiedass 48 TR BN AR LBred 1QMexSenjangr 400> 123
atcgtatggg tagctggtcc ctta&%%%%a_ttc%aggg gctact46 <210> 124 <211> 46 <212> DNA <213> Homo

sapiens <400> 124 atc&flatggg taggtggt’cc cttatgaaca ttctgtaggg gcaact46 <210> 125 <211> 46 <212>

DNA <213> Homo sapien%<400> 1%? ?ﬁggtata%% i%fzctg%gt C ctta} aaca ttc t%gggagtctact% <210> 126

<211> 23 <212> DNA 135 HEmE shpieng 2 st polymerase ¢ ton a
second polymerase chain reaction with thirteen to sixteen 5’-primer and

one 3’-primer,

whereby the distance of the binding locations of the primer employed in the
10 second polymerase chain reaction is reduced compared to the distance in the
first polymerase chain reaction.

2. Method for obtaining a nucleic acid encoding an immunoglobulin variable
domain from a single cell ébmprising the following steps:

- performing a first polymerase chain reaction with four to six 5’-primer and
t5 one 3’-primer,

- performing with the product of the first polymerase chain reaction a
second polymerase chain reaction with thirteen to fifteen 5’-primer and

one 3’-primer,

whereby in the second polymerase chain reaction either the 5’-primer are the

20 same as in the first polymerase chain reaction and the 3’-primer is changed or
the 3’-primer is the same as in the first polymerase chain reaction and at least
one 5’-primer is changed, and

whereby in the second polymerase chain reaction the number of nucleotides

between the 5’-end of each of the 5°-primer and the 3’-end of the 3’-primer is

25 reduced compared to the number of nucleotides between the 5’-end of each

| of the 5’-primer and the 3’-end of the 3’-primer in the first polymerase chain
reaction, when bound to the nucleic acid to be amplified.



ctttaagaag gagatatacc atg23 -26- <210> 127 <211> 24 <212> DNA <213> Homo sapiens <400> 127 |
atcgtatggg tagctggtcc ctta24 <210> 128 <211> 41 <212> DNA <213> Homo sapiens <400> 128

cttta_lagaag %Q%%%%di%gcaggtkc agctggtgca g41 <210> 129 <211> 41 s2423,0M fedd 3> Homo
sapiens <400> 129 ctttaagaag gagatatacc atgcaggtcc agcttgtgca g41 <210> 130 <211> 41 <212>
DNA <213> Homo sapiens <400> 130 ctttaagaag gagatatacc atgsaggtcc agctggtaca g41 <210> 131
<§jl>2 ig <ié§> gll\llA <213> Homo sapiens <400> 131 ctttaagaag gagatatacc atgcaratgc agctggtgca
g41 <210> <211> 41 <212> DNA <213> Homo sapiens <400> 132 ctttaagaag. tatac
atgcagatca ccttaagftyad agwdlllgztfl@ﬂf@fﬁihﬁﬂ%cgﬁ%cﬁﬁﬁbc qgﬁﬁﬁdﬁﬁfi 3 cttt(;;lagaag
gagatatacc atgcaggtba ceipgmgyargployed lip-th@ diesp polymeraszl chaip NpectprsbipoidRapiens <400>

134 ctttaagaag gagalaianc-asaaniaiar aadaqigarieodt the amdmplsBllie 41 <212> DNA <213> Homo
Eﬁfnz <400> 135 ctttaagaag gagatatacc atgcaggtgc agctggtgga g41 <210> 136 <211> 41 <212>

<213> Homo sgpiens 54005430 Gilipadaad arosalass AlISAGYGGABRIGHGTR ght <210> 137
<211> 41 <212> DNAe<2,§3.> Homo Fa;gi;nstd%(ggo%g? &tttagg’:‘aagh latace ptacagsige agcthagga
g4l <210> 138 <21f]§ 1 BITSL BRAR 13>"Homo sa fens 2400 %%%%}:tttaagaag gagatatacc

atgcaggtgc agotacagediggiegion for the first framework region of the immunoglobulin.

5. Method according to any one of the preceding claims, characterized in that
the primer employed in the second polymerase chain reaction provide for
overhangs encoding the translational start codon ATG for 5’-primer and/or

10 the translational stop codon TTA for 3’-primer.

6. Method according to any one of the preceding claims, characterized in that
said method comprises the first step of:

- pr_oviding a single cell and obtaining the mRNA of said cell.

7. Method according to claim 6, characterized in that said method comprises the
15 following second step:

- obtaining cDNA from said mRNA with a reverse transcriptase polymerase

chain reaction.

8.  Method according to any one of the preceding claims, characterized in that
six 5’-primer and one 3’-primer are employed in the first polymerase chain -
20 reaction.

9.  Method according to any one of claims 1 to 7, characterized in that four 5°-
primer and one 3 -primer are employed in the first polymerase chain reaction.

10. Method according to any one of the preceding claims, characterized in that
said immunoglobulin is 2 human immunoglobulin.

25 11. Method according to any one of the preceding claims, characterized in that
said immunoglobulin is an immunoglobulin of the class G (IgG).

12. Method according to any one of the preceding claims, characterized in that
said immunoglobulin variable domain is an immunoglobulin heavy chain



- 28 - <212> DNA <213> Homo sapiens <400> 139 ctttaagaag gagatatacc atggargtgc agctggtgca g41
<210> 140 <211> 41 <212> DNA <213> Homo sapiens <400> 140 ctttaagaag gagatatacc atgcaggtac

agctgcagca"géjz(ﬁ%g)ﬁgm <211> 41 <212> DNA <213> Homo sapiens,s4003 1 ¢d.¢iliaagaag
gagatatacc atgcaggtac agctggtgca a4l <210> 142 <211> 48 <212> DNA <213> Artificial <220> <223>

VH-Ifp <400> 142 ctttaagaag gagatatacc atgaactbig;tigtccacct tggtgttg48 <210> 143 <211> 49 <212>
DNA <213> Articial <220> <223> VH-rfp <400> 143 atcgtatggg tagctggtcc cttaaactbt cttgtccacc
ttggtgttg49 <210> 144 <211> 45 <212> DNA <213> Atrtificial - 29 - <223> VL (k)-1fp <400> 144
ctttaagaag gagatataterisjadastaincebargis ugelehsliedupra ight ohain vasiable SIOPNINCE21 3> Artificial
<220> <223> VL(k)-sipiménfegldtmbtdgtabgqdithychgatoartttdadartuticccctgtty aagetc46

13.  Method according to any one of the preceding claims, characterized in that

a) for obtaining a nucleic acid encoding an immunoglobulin heavy chain

5 variable domain the first polymerase chain reaction is performed with

primer comprising the nucleic acids of SEQ ID NO: 05 and/or 06, 07

and/or 08, 09, 10 andfor 11, 12, 13, and 104 and/or 105 and/or 106, and

the second polymerase chain reaction is performed with primer

- eomprising the nucleic acids of SEQ ID NO: 128, 129, 130, 131, 132, 133,

10 134, 135, 136, 137, 138, 139, 140, 141, and 104 and/or 105 and/or 106,
and/or 142, and/or 143,

b) for obtaining a nucleic acid encoding an immunoglobulin kappa light
‘chain variable domain the first polymerase chain reaction is performed
with primer comprising the nucleic acids of SEQ ID NO: 16, 17, 18, 19,
i§ and 115, and the second polymerase chain reaction is performed with
primer comprising the nucleic acids of SEQ ID NO: 53 and/or 54, 55
and/or 56, 57 and/or 58, 59, 60, 61 and/or 62, 63 and/or 64, 65, 66, 67, 68,
69, 70, and/or 115, and/or 144, and/or 145,

c) for obtaining a nucleic acid encoding an immunoglobulin lambda light
20 © chain variable domain the first polymerase chain reaction is performed
with primer comprising the nucleic acids of SEQ ID NO: 21, 22, 23 and/or
24 and/or 25 and/or 26, and 120 and/or 121 and/or 122 and/or 123 and/or
124 and/or 125, and the second polymerase chain reaction is performed
. with primer comprising the nucleic acids of SEQ ID NO: 72, SEQ ID NO:
25 73 and/or 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77 and/or
‘ 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82
and/or 83, SEQ ID NO: 84 and/or 85, SEQ ID NOC: 86, SEQ ID NO: 87
and/or 88, SEQ ID NO: 89, SEQ ID NO: 90 and/or 91, SEQ ID'NO: 92,
and SEQ ID NO: 120 and/or 121 and/or 122 and/or 123 and/or 124 and/or
30 125.

14. Method for producing an immunoglobulin Fab fragment comprising the
following steps:



10

15

20

15.

-68 -

- providing a single immunoglobulin producing cell,

- obtaining from said cell the nucleic acid encoding the immunoglobulin light
and heavy chain variable domains, optionally also encoding a part of the light
chain constant domain and a part of the heavy chain Cyl domain, with a

method according to any one of claims 1 to 9,

- translating in vitro said nucleic acid and thereby producing the
immunoglobulin Fab fragment.

Method for producing an immunoglobulin comprising the following steps:
- providing a single immunoglobulin producing cell,

- obtaining from said cell the nucleic acid encoding the immunoglobulin light
and heavy chain variable domains, with a method according to any one of
claims 1 to 9,

- combining the nucleic acid encoding the light chain variable domain with a
nucleic acid encoding an immunoglobulin light chain constant domain and
combining the nucleic acid encoding the heavy chain variable domain with a

nucleic acid encoding an immunoglobulin heavy chain constant region,
- transfecting a eukaryotic cell with the combined nucleic acids,

- cultivating said transfected cell under conditions suitable for the expression
- of the immunoglobulin,

- recovering the immunoglobulin from the cell or the cultivation medium and

thereby producing an immunoglobulin.



