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
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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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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




whereby in the second polymerase chain reaction either the 5'-primer are the same as that 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, whereby, when bound to the nucleic
acid to be amplified, the number of nucleotides between the 5'-end of each of the 5'-primer and the
3'-end of the 3'-primer in the second polymerase chain reaction is 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
polyriefadopaintrehelins: The iftsHItisesEing also BrsstieSh nBtholf t8HBRERMNg®A niibeic acid
encodinglein immiunsglebgtin varihbledomaigivbmia singleltellibyia wifipient oive tdpiRT- BSP-PCR
compigingdhe foflowing steple pesionming aceverssliratscrphen andpelyorerase chainGB&ion in
one siep;uith e SREMAEand.eneRiMes Inignagmbadiment theprethedsaceardingbinitne
disclosire, are chargotetized in thay the,>grimer emploved indthe Tirshpelyerse ghaiiy [eaglion bind
in the'coding r%_glon or'the Ie,ad%r peptide oFthe Immuno |QBU|In. In‘another e odlmen%the methods
accorfiRg tor &8s cRisURS ard BHAREENIBY infifat ‘Epé\]g"lih?ﬁ’@’r plBERd A ggéoﬁﬂt%qﬁ/tnerase
chain vei@hion brstheegLpridr anple§ed o LH@tiphad opreeins RIPIC SEPER Bivauregiesdding
regiomafdbeitiest framework region of the immunoglobulin. In a further embodiment the methods
according to the dislcosure are characterized in that the primer employed in the second polyrnerase

chain reacti royide, for overhangs encoding.the translational start codon ATG far 5'-primer and/or
the tra{ﬁgatigﬁg%@é)ﬂ%%dgﬁp? A fgr ﬁﬁ?ﬁr%%r%ﬁ]r stﬁﬁaﬂ Pu%thé:?%rﬁ%[ﬁod%%gn ﬁg'_mteﬂheodg%glceg%ing to
the di€ERFEBHOBrePEhAPARRFIORY inRGRRIHEMgAB adtiEdhaSi@sbr: Brotidihg 1§ s & &hd
obtainhbshemBNABilthis €all.dn alfurihe memibodim¥lstithe3afet i ActdPdidd o Hraqwenisys
embodiment ap-chatagterizad inccomprigigothe 98llawing sezeTil X6p) dpoanofier smleodiment the
methogs aerordingigutbe gisclpsureare sharasierizesldihalapnenlimeraad.a0e &prmenare
emplotye;td in thF g%ssk&ol lr{'r)le_ia%f{]aln ree%ctlonr.elnoﬁgg q:)fur (()a% gpbgtdlgi\eraf{%et et dsﬁa%?ordmg to
the disti088re ar Eharacterized in tHat four b'-primer and’ onge a—ﬁri er.ar empﬁgfe i%t e second
polymErad@Engiflreatdithy. in’d furtheihbodmehtlor the cdiEnt 82&%%?2(3 the ANEHHBYS efﬂe‘f
charactanigesitinthdbra)dterbitaining-adlclerdisnd epedwilngandrmmiaregiehuliiaseeswy dhaitlvariable
domaigMbigepripgr indbe fisspalymarask chiih r8adtioh>Sonree théhucBicrapios af SEQIE NO: 05
%ﬂd/omﬁg%%wwo%l%?g é%aa?égr Fei2, é{%t,naflde%%an@k_&ar lgﬁgéﬁaﬂéoreloﬁl.aggpmqa Rlﬂa(l)erl igl

e second polymerase chain reagtion com ei 0 ; : : : :
132, 133" 4p 1%%%%%‘%, Pi7 ¥4 (%61358%3 @ﬁiﬁﬁoﬁfﬁ L?ifgr 1%?' Q%l;? rl%%g%‘ér}g%?? 453,' and/or
143, BPBPRYainHia ntdfeid 888 enéodifg an MIma &@Iot? h léffff)aa? it Ghzin Variable domain the
primerinidse Rest pdlyridleBe B8N réason‘eomiptisda@nudibic dcids ofSeteshorhoPrg; 172 18, 19,
and 11%)@a)d the-paferapdhie Seconchpoimerasd chalmreactizpreonopriséethemudieicincigdrof SEQ
ID NOi;Rdaneion add pamnien 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 chain variable domain the primer in the first polymerase chain reaction
comprElBIEY cleic 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
reactiorfeonmfs@ithe Heeleibiscids of SEEEStAS NAR 72%%1521(1/0?%?%}%% 77'%ndfor 78548980, 81,
82 andior 88y 8dimmdior 8586, 8Fraatioald8ngbodn andiprigng 9fhand 12Cranéositivaneior 122
and/omb2Riandderdl 24nandiior 12aniamonaembogdineitinof the heatheds acetediby totkie disclasure the
immunoglollinyariable domgindssan immupoaloRuliy hepw chainatiable iemain oféR the
mmuno&&g ullnofap a light chain variable domain Qr.an imm E%%Jr?b“ﬁr_‘clé'ﬁnbd al%@%qm ygriable
domaifi5a’In & thir aspé%te there’is oV e,({la rﬁet?\oéni%r producing an_inimunoglobulin Fa
fragm@sETSHIRG %@%Wéﬁhﬁ*ﬂ@p&oﬁ}%w&%ﬂ}ém@mi]r?‘f}’r%ducing cell, obtaining
from said cell the nucleic acid encoding the immunoglobulin light and heavy chain variable domains,
optiongiiyilsaenseding & pPartgidisligl chainaenstarhdonadin andgnibparbof the hrdvischdin CR1
domaig Wi paingd apdefined AOGRiANSAMAIANILO sidinu el afHisiRprucing
the impuno oE%Im tEab fra%g[{e]gt .Tk&ecurr.%ztdlscl_osxre% ésoxpiﬁovgideﬁgmghaggforproducmgan
immun@lﬂ& i Eab-TRgHER ¢ %‘Brlsli‘hegrstl WG steps™ 6 providing & 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 CHI domain, - generating a linear expression matrix comprising the obtained nucleic
acid, translatinginvitrothenucleicacidandtherebyproducingthe immunoglobulin Fab fragment. In 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
haawvvv chain vvariahle domain with a niiclaie acid encodina an immiinoalohiilin heaw chain concetant



6a - transfecting a eukaryotic or a prokaryotic cell with the nucleic acids obtained in the previous step,
cultivating the transfected cell, in one embodiment under conditions suitable for the expression of the
immunoglobulin, 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 immunoglobulin of class G (IgG). In one embodiment of the methods for producing
an immunoglobulin Fab fragment or an immunoglobulin is 7 the obtaining of the nucleic acid by a
method#BrdisBiesla Hdveincdextaiptibp dftHaYavartioriGme BypEet oftthe cusrentinikehtiolss a
methog dprpebiairngnannielgichatics eR6Q0HRe ARHBMARegiohuliRvaiakie 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
polym&Psse ¢igipsteactistmpmichir@entsiodeeds -phiner aabiBlkE 3 spminesstaserddlydbtaiing a
nucleimatiiglencoding:an imtrunod®dbGifPyvREiRble dBMalienwhpseific emkstBads of tHerbinding
locatiops iR pRmeT %ﬁg@&zeqﬁg@m@emd Rebymerage. chaineaclion s rﬁg&gﬁﬁeg%cqlta&afsd to the

first polymerase chain reaction. By emplo%llng magnetic micro-beads coated with uman pan B-cell
markeF €518 88k €. BaTPIRESE. €7, IRasta SHbod 56 (180 7§ #56- Paagu-cisiisSHRsE1€8lated from
peripherasbibed. WitmtR&hmited dilatishtapprioactifsingte delislivdpagtacdthen ax@bessetinmieestiter
plate. Hhe.MBNARE HEBSACEIS Wasgxtrasted. It has been found that by perfoiniing 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
immunibgloliutih esRab-fHagmdat broviieenibodithedt ODskirionin thavalie otitorna8ing 220 were
ohbtainﬁﬂngnagqas\%gﬁmm&ge 8ethafrefoiag @lﬁ@ﬁe)@@lﬁ_&o;ﬁfﬁfﬁﬁ?éﬁ@ E@Iﬁiﬁﬁ\@éﬁbﬂﬁf&@mﬁ@?- Wrinth
the m s.according to the current.invention a multiplex polymerase,chain reaction is used.for the
et s N e e e e o et i e
reactithe IPredvtraat handrEnonresiei chgie realipBraiteoanhme Yorass shamheRgHtEi variable
domaithinesaparsiesaastipimtrewcd seatapphaachyravides éofisaroeerase biehsidtatbnd an
noreaged @l b RTRIIEARE AR ol (8 Y3 OLGER FeacRoneRe SUIRLMELIN BRI b S
polyrnerase chain reactions enhances the specificity and accuracy of the methods.  More complex

gene SERGF HRRETSh 8IS FaGHfes a different strategy for the primer design, placement

and polymerase chain reaction for the sensitivity 5 and accuracy required. Thus, herein is employed a

multipigyepolyipgrase chiainseaction githenwithou or withrihe linkgge ofthahgavy and light ghain

regions that are mﬂglified. For the i ,;)/it[o translagion gf the obtained nucleiﬁ acids.it is beneficial that
the en%:%iiieoe Yornains %%m‘ﬁl?fgél% tEHE e SiARE SuitsBI& Yor Hi& fortnatiBR of iftercASRPIHSulfide
bondsthiétHewsnaritiersehniques 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 } todHt§h88¢), Wikaytand:Seins; &Sainbraokpditiel abyMptetiaigloningrA LadenateryeManual,

Second Editigp,; 17 £ald, SRNG.Harhr,Lah g%gg%ﬁg,s(;%llqn%gring Harbor, N.Y. (1989), Morrison,
S.L., etal., Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855; US 5,202,238 and US 5,204,244. The

term "immunogjobulin” denotes.a protein consisting of one or mo lypeptide(s) substantiall
omonded by e D R B Bl R o REBlS) R . e
constant regibfiigEREEas Wil adthe sAYHESIHAMUNGEABISGIn Waridiste rBEibn B RMURBHlobulins
may exist in gexediaty of founats, inelysirestor exammplesarofrabyand Haepa asoveliaggingie-chains
(scFv) or dia ﬁ%@?éﬁd%n@'ﬂs-gﬁm%rs" 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., Inmunology, Benjamin N.Y., 2nd
edition (192?@%; Hurikapiller, T. and Hood, L., Nature 323 (1986) 15-16). An jmmunoglobulin in general
compriseS RS ¢ allgedllié’ﬁ)%%aﬁ?pé%pe‘b‘ic&%g (IfgH c}ﬁgaiaﬁeaﬁmg%cﬁcéﬁd%%ﬁ&ﬁcﬁ in£6
polypepti@éwi{hpaVpetian . Pachiaf the eavst arfd light chandipslygestitas cohtdins advariabée domain
(variable epgini)eBOitgemeralbcshe apoRentesdinahpprtigthaidhe RolyRrRiide cbalmr-e@mprising binding
regions tho%ttﬁfr:%gtgle tp inélearsacéﬁ/ggprancf\&tligen Each of the heavy and light chain polypeptides
comprises a constant tyeralon generaﬁ?/ he 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 some factors including factors of the classical
complement system such as component (Clq). The variable domain of an immunoglobulin's



5light or heavy chain in turn comprises 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., etal., Proc. Natl. Acad Sci. USA 81 (1984) 6851-6855; US 5,202,238 and US 5,204,244
Riechrnann, L., et al., Nature 332 (1988) 323-32734\leuberger, M.S., et al., Nature 10314 (1985)
268-270; Lonberg, N., Nat. Biotechnol. 23 (2005) 1117-1125. The term "chimeric immunoglobulin”
denotes an immunoglobulin, preferably. Hwnocl naiii mupoglobulin, comprising a varigble domain,
. birit PEGTBA, F6a fHSkndh UM sReBIETaR & RESIIBoRiGHUFR AHUAEPLIBrPerived
from aivecondziffeiontcsobiedonspeaties aGhiglekellmemmoghetbtirfe bowigerstrpdtyptEpraivared by

recompigapbIPNAIechRicRSIHRRABMRRAIMENS CRIMELGIDRUNOIGhHIRS cAmBIiae aMmause, rat,
hamsicr, fabB1e A sheep yariable damain. and & human sonstantregign, n one, embadiment the
humaﬁ”ﬁeavyc aln'conéjta region’is a humanlg constan reglo?'l. fanother embodiment the
humardighicenainionstaitd SgivA aReppeherbn br Giaietad crhinceotberforpastohctiferic
immunhg®bpnseneompeassecom e prespolyinvenianarerthosendnhieh 1heelassiocsuiglass of
the nop- I in fro feh,t riahle in Is derived. has been.changed. Such
D e e e e A e
immurfagRsisdhir e NtshTBEs e 4By et RANTIRASAtIEHHY & GasBom dbe Mumieh o tHelesitstant
regionbieaiseciifére icesdrofiedhle wfittletypenconrstant fegibncsdgiiehed thaintes il tril aredeotumogiobulin
with difeienh RaReTIEfua hiBECoatkin @ asPiBgingrandlos R deSeRIATAFER) Rinding, TheqEC part’
munoglobulin_is not dlrectlglrgolved in binding g) the antigen, but exhlblt%/)arlous %2 ctor

ofan i

functio BERHAd Mo B AL PRTS A1 SECHGERBe EI e LB BT SR OA o 30 HERW) B,
immunoglobulins are divided in the classes: IgA, IgD, IgE, 19G, and IgM. Some of these classes are
furtherldvidelTsHS sbtalasess i8SqgEMRIESS 196 2mgbEad ardngePiEpiva it IgArdst Igazd
According dinthe immisnagieidisutiass, teiwkch amisiimuitoglobulinibglongsithedbaas shainigonstant
regiong, gfipamungglobulins are called a (IgA), 5 (IgD), e (18E), y (I9G), and ki (IgM), WO 20
0/0944/5PCT/EP2010/001008 - 10 - respectively. The immunoglobulins according to the invention
belong in one embodiment to the 19G class. An "Fe.pan of an immunoglobulin®.is a term well known to
the skilled arﬁgé%%’ﬁ% dé&fin88% %Cbagf%l%f RE MBI ledagd® e?gf odlobliiitts. RPGRETase
embodiment giaiergaginticrtthiownia girodlabunarsndomamsasEs part a human Fe part or an Fe part
derived from human origin. In a further embodiment of the invention is the Fe part either an Fe part of
a, human-immibtaogiepbulin efithesulcldssehg&ingr g6 1 miinsuangtebphnt of adablaaniamtibodyspf the

subclass 19G]e\gGRmgr 196 Which issmpdifieshin sUeldvay:thaho ey repaRiaLieg: TayR111a)
binding and/or no,C | g binding deﬂEe below can be 10 detected, Jn one’embodiment the Fc part

is a human FEFAR%n dnoth&PBhbdi! Bhunfaitgod BFIYE 1 StBRIasEEBart 8 a Misted Fe
part from hurbaiigGl asdostass -prirmdurther embodiment the Fe part is from human IgG1 subclass
with mutations L234A and L235A. While 1gG4 shows reduced Fey receptor (FcyRIlla) binding,
immunoglobulins of other IgG subclasses show strong 15 binding. However Pro238, Asp265, Asp270,
Asn297 (loss of Fe carbohydrate), Pro329, Leu234, Leu235, G1y236, Gly237, 11e253, Ser254,
Lys288, Thr307, GIn311, Asn434, or/and 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, J., et al.,
FASEB J. 9 (1995) 115-119; Morgan, A., et al., Immunology 86 20 (1995) 319-324; EP 0 307 434). In
one embodiment the immunoglobulin is in regard to Fey receptor binding of IgG4 or 1gG | subclass or
of IgG1 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 1IgG4 is replaced by PVA). In a further embodiment
the mutations are S228P of 1IgG4, 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 CI g 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 constant 35region has
an amino acid sequence of SEQ ID NO: 03 or SEQ ID NO: 04. WO
2010/094475PCT/EP2010/001008 "Humanized" or "CDR-grafted" forms of non-human (e.g. rodent or
rabbit) immunoglobulins are immunoglobulins that contain partial sequences derived from a
non-human immunoglobulin and partial sequences derived from a human immunoglobulin. For the
most part, humanized immunoglobulins are derived from 5 a human immunoglobulin (recipient or
acceptor inununoglobulin), in which residues from a hypervariable region are replaced by residues

from a hypervariable region of a non-human species (donor immunoglobulin), such as mouse, rat,
hametar rabhit or non-hiiman nrimate havina the decired cneacificityy and affinityy (cee a2 A Morricon



The term "human immunoglobulin” as used herein, denotes an immunoglobulin having variable and
constant regions (domains) derived from human 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 sequegce DP-50 (GenBank L06618) and the variable light
chain region is derived from gerrnline sequence L6 (GenBank X01668) or the variable heavy chain
region is darived DR-6L{GenRanic %&?ﬁﬁ&mﬂdcﬁaw%a%ﬂg@ﬁ@@l%@glgnﬁﬂ%v%fr% |
germline sequence L15. Gz%Baénk 0 232. The constant re |ons§)f tﬁ'ee %m_tlli)_l%jgrage cc%gst%ﬁt regions
of humarrttE1 Br 1584 B350 Rt e SPER A BhsBan & afoRIPEAnt afe'destribed by,
e.g., - 10t Jsandonriceand W, Tame Ncldictheidiskawlymeppooyhatn-2eastinnd hd dhtdtnstes
referencesh#h®@rpitmEha @rmgasécombinant immunoglobulin® as used herein denotes an
immunoglobulin that is prepared, expressed, or created by recombinant means, 5 such as
immunogiahylipg, iselated frmbosicelise suhlar E.gal, NSO bBHEmeLGHO ablls, surdfien anfanimal
(e.9. @ MQuSEAIJAPHIIALS giansashie 'gr Numan i oalobull ogRes Resagiangnt fluman -
immunog|obulins” according to th mvip?ﬁgn have in one embodiment varlgble and c%nsttan%hreglons in
a rearrang el Bh. the PEcotfEAL PRGN UGy I SRR ctor g the"MP&tion have 10 been
subjecteditanipevivel sormaeRtidypeheiutetbntThds; ek aiisackcidisdhtieAcEEBRthafH B5d YL regions
of the recambingrtTymarcimmbn eliopolinscare:sbgiterraesdhat can be assigned to defined human
germ line VH and VL sequences, but may not naturally exist within the human antibody germ line
repertoie incviven T haitersurponasionakiridusnoglobulitiods Used hbteinngfers tmaoldid  acid

immun lin_obtaj f |1 0 angjally ho neQus u ins,J.£. the
indivicfugé\gfg %%l#uﬁ% %Eﬁﬁp}é&&?ﬁéﬁﬁ%ﬂ%ﬂ g?éﬁ%%ng{:%egce%? o%r S%r%%cgﬁ?gﬁ%%r%u?gt%ns that
may b@?ﬁ'@%ﬁ%ﬁ% FETNIHES %1%5?(@&8’% ffRiunoglobulins are highly specific, being directed
against a single antigenic site. Furthermore, in contrast to polyclonal immunoglobulin 20 preparations,
which inctud 8AHERERE imnUAIGISBUIKEEFARHSE aghitst PRFRERSHTSNtGRHR sRERCIRBerRindRts or
epitopes), eattpmothocierfd} pmmmerroglobelii-igigiected against a single antigenic site. In addition to
their specificity, the monoclonal immunoglobulins are advantageous in that they may be synthesized
uncontaminateghbyditheitimhaunoglalisling cdiiénm oaifiérd midndelonal tindidates 264tk chateter of
the imguineglabylin as,haingebiaingd frara suRstapliallynemogeneeus BarUIaHORR! coding
mmuntg}!é)nbul ns %P‘g 'Sleré%% to be g(:%nst%%ed[h%s reguirin %%)uqynctlojrﬁ 01fcl ﬁh(? immy Bgé?ﬁllél#? tm any
particﬁ? method. mmunogfoﬁ?ﬁpns ﬁaylng Conservative se uénce mo |Hcations ', which are amino
acid sEytiete nISERRERbnShillly dosEaTiERt ofSite FREAEIEESCeriGticd Mttthd 0 imrRIHBEiobulin,
are denopbeyed "varigrt isemmmdoglobuliersseMduificationt @andse therobiupdenby stantiarettethniques
knownygiihgcart.oskChase siterdirspted Riutage nasisian L bG: megiaie bmutrgenesisk-Ganseivative
Amino agighs P HLOTRNGIAR B0 M hIEN e, Bm BRRGIMER RS fRRGRC ABamamige actd
residue %avm a similar side ¢hain. These families include amino acids, - 13 - with hasic side ghalns
(e.g. Ve TGO hidifdine)2REigI“ETte Ehaiﬂ%at(e.é{?'easﬁﬁ?ﬁ}:e‘écig?@m}é ic Htidf finciEg€d polar
side chalms¢esg glyedie, aspeifaginereidamine, seriseanBreoraediggosihe, dyarelpéonalptsisian),
non-pelaloside thaidsr(esgpalarinexnddinethle ueingldsotellcistep prokioe, AMeAylaianterinethidinine),
beta- Jifranchediride shalnsdee- HeegunRaline aRlgUGehaNd IBMAICHICRRAINSHGA.
tyrosine, phenylalanine, tryptophan, hPtldlne). Thus, a predicted amino acid residue not essential for
antigel' 58 Eh‘?l‘?ﬁ#ﬁﬁo GBS can be replaced with another amino acid residue from the same
side chain family. The term "variable domain" (variable domain of a light chain (VL), variable 10
domain of a heaviichedrnidh) bés usecbhentig drenates fachia til .individual domains of a pair of light
and heavy chains of an immunoglobulin which are directly involved in the binding of the target antigen.
The varabje demainscarscaanenllyibe Neteominaldoraaips of light apetieavy ehdisdinidhe vaiable

domaigﬁ agf{cq%ﬁlzlrilg#}t nagoqn%?%yagrcf g%fﬁ;\go %e%%%asge%r;eral structure, i.e. they possess an 15

"immunoglobu amew eac ain comprises four "framework regions" (FR), whose
sequences are widely conserved, connected by three "h ariab| reagions" or"c Q}}plem%néarity
b g i rxl‘élﬁ{%dra]ta% e%(erm‘?ﬁ%ﬁg regig%"f'e &%R%orsgﬁypesrvariable

determining re fong'e c5 S). The_cfrenrms o
region" (HV%%@W%@%@&%B%@% within the current application, denote the 20 amino
acid residues of an antibody which are mainly involved in antigen-binding. "Framework" 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 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
Protaine of Immiinnloaical Interact Bth ad  Piihlic Health [|aervice National Incetitiitee of Health



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. ofa polypeptide, into a corresponding nucleic acid 25
sequence encoding this amino acid sequence. Therefore, a nucleic acid is characterized by its nucleic
acid spaugner.consiBiamakindialausleolderiAnd e wise Rxdle Amin acidaeerenge pf a
polypeptlae _encocfeo_l thereby. It has now been foundthat a nucleic acid encoding a monoclonal
immuiEsloBilin AR B obtaheifom PEMGe E&N WATRRKNRthd a@Cordisl BIRSIHIsHHGA AR
comptisingoa pdlymgiithsa chathaeastibodBER). fRarthestlicdas eenlfogndothétewithsal cambinsation of

the PGR mathod According tythe invention apd agin wttgﬁ@as'%P@neﬁgmg)gdthﬁln@&ée@&sﬁh
encoding a monoilﬁ%nal |mmu,nogIoPuI|n Cﬁgge obtaiped from a single cell and the encoded
inunuﬁBE}fE’&fﬁ'ﬁ‘Fc BB preRitet inBuanttELSHHTIRIBPHE HarliGerTPAiEh o 1R, lobulin's
bindingetht8s gropertiesriredndehsd amplify the very low amount of mMRNA obtained from a single cell,
the individual PCR (polyrnerase chain reaction) has to be very sensitive and a combination of more
than one PCR. has tgtbe.gerformed. il'hus, it.has bneegﬁrfqoun%ha} br%%%d ngﬁe anl%lja@catio a?f nucleic
acid encoaaing%’rco%n%lt%1 §G &Icn(‘ilr%Fﬁﬁnoagcllo uffi € e%vy chalrlﬂ andD% 1Il_&fl(irnmuﬁqgfo ulin G
light chainpafa |gensdtyphamprimegldbulitefréits shigaEatowithabbserion: isurpsittan®ation of
the obtaingd]aplifiad mickROAGD Rab fragmemteorigompletadamwsogiobulimsedmbelprovitied. With
this method a high sitive me for,ebtainjpg infarmatio tan jfnm lobuyli ed by a
single 10?(93@_"Ellggprc?\%eal.l ciﬁlrs_ iisrb%gs%%%%e\}@r? ’frp%{ngﬂzggfgnirgﬁ%g%umﬁun%ofg%%% g% sﬁq%ccell.
The methddEcdsadtifftocPBarventish a6l forcie HbchéRiclPemifictéfdatibivof %I%Q’biﬁd%ng
characteristizs db3an inubdglobatin as’predséd BB e single B4lell.ahthud Owithrtiier mEdhodnd/or
characterizatiqpn of 2|Righglsdiversity as opposed to the hybridoma technology is possible.
Furthermore, as the cognate 15 immunoglobulin chains are obtained from mature B-cells after antigen
contact, szle ivela/blihe ﬂlucI%ic chi:?esl enco]ginglg(i)gﬁns ecificiarlllg cgrﬁggg}é as gmble ] ;mm(%]agglobulins
are obtairtéd.' The“méthod accorﬁlngcto FRE clrrent ivehtion 101 ob |n|ngnthe_ r%gleic‘(’aqid encoding an
immunogismightefoferzeiinghe cattissnpitsede ritftipsl Sagine stBdin 0 PCforap@mplifitation of
cognate lgtzleic ardilgGLSHEaumBN G isdypE), fros) a singieiBicel. had chiaraptarization dfahe
pinding chargelenissichalite mminoglehulin engaded binthe abianeq uclep agisy e GRyproduct

was transtormed fo & nucleic ac Ing the corresponding Fab-fragment. Thereafter the

Fab-fragriéntRiad tréthsiled i Yitrdtn . caikars: The ddbrédsish{astZsconithicef ushg®BLISA
and Westesndslotinethadsatd/gehéfakodieraspeandfdhéddurrent invention is a method employing the
following steps i) isolating with magnetic micro-beads coated with human CD19 B-cells from peripheral

blgpdé ii) l@?pdﬁﬁiti@gfﬁiﬁﬁig C@I!%ﬁegai@ydiﬁraite&sdiahg@n e Fﬂx@%ﬂﬂé%ﬂéﬁ_ﬁﬂﬂ%}ﬂ&ae{n?@ﬂ lea
Individualized B-cells, Iv) obtaining one or re nuctkeic aclds oding at least the varl

domains K?ﬂaﬁ?d \(‘if{igé‘?)'thzﬁ?n R %ro%ﬁ%egogewgafﬁdiéﬁ &‘élizrg%g%‘f%en%‘i/ %r%%s?ﬁllﬁg in
vitro a lin@3eIRIG At phiteS BRd I&)tﬂg@al@ Vi) Thardcterivy fe BIAORZArépsines?ss tred 120
immunoglafasin qeimeidiegloblindiagmens. MW@o2010/09447&P CISER2A1@601608:: 16 -thde
l9¢-speciig hiGR ampllication aggording 9 e fsieAt inventignaes gpiimiged apd madified resulting
in an increase_In detérmined OD-values and, thus, obtained immunoglobulin or immunoglobulin
fragment &fter’ih ¢k aRation. Pardd PP CR-basedhpPloachedtidte EbtablisARY Whith are
highly serisitive75 antlmesift iRhighreendiery 61 the2anmlfietZucleidacit emoddinglthiz and/or
immunoglphulinsheavy.andlight 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 teyms ;'\palymerage. chain n.and
PR R S S e e B 16 T B ing
a regidiiRaclelerasitls, ég. st DNIBRREIAbHHIS nHstod hdsBeert #dEopeWBFR. Millisiee e.g.
WinklemMuboghitallinP ragpat!lifieadciBon USAaPS:(1882)1R18br2186).iheiregiohudan Hensbsingle
gene, r ing or a non-coding sequence. 15 Most PCR methods typically amplify
DNA f?égg%éhr%t{g% ﬁ%%lgadg S o@%ase pairs (bp), although some techniques allow for amplification of
fragments up to 40 kilo base pairs (kb) in size. A basic PCR set up requires 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 the 20 region to be amplified, a polymerase, such
as Taq polymerase or another thermostable polymerase, deoxynucleotide triphosphates (dNTPs) from
which the polymerase synthesizes a new strand, a buffer solution providing a suitable chemical
environment for optimum activity and stability of the polyrnerase, divalent cations, generally Mg21-,
and finally, monovalent cations like potassium 25ions. The term "semi-nested PCR" denotes two
successive polyrnerase 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
reactinn a cacnnd nair of nrimeaer ic amnlovved In the firet and cecond nair of nrimer 20 nne nf the



WO 2010/094475PCT/EP2010/001008 - 17 - anti-sense primer. The first PCR amplifies a sequence
as seen in any PCR experiment. One primer of the second pair of primer, i.e. the nested primer, for 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 usegfour 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 polyrnerase chain reaction" or "multiplex PCR", which are used
interchaagbaidyswithinthseccirizor isglicatothodefosteradvsivn erasareranglebadtiv Rndmeyayg multiple,
uniqug-ARsihin ASiRAleRER sepstiorinids e taddoreduas aoplicensafisatyinglizes.spagific to
differopl PR SeaEnces, BYagaing tuible.ones, Al anseAddifieaal Horpaliancag g phtained
from a smg?e eStrun'that 6 erwise wou a equire several times the reagents and more time to
perfoldaMAHTe ARG Nathpermmee fr e A Prithdhedighnch B optim A8 SR L REER! Within a
singleneeastioniBesitasnanmpliceh sizeshedodéfndiffssent, ibantugly to fomm disdmetchandsiihen
visualj I i mep.genomethe chromosomal loci containing the
immu%%%(}%ﬁ%ﬁﬁ%@cﬁ?ﬁeﬁﬁ%&%&%d on gchromc?ggmes 2, 14, and 22 (see Figure 1). The
human immunoglobulin G heavy chain locus can be found on chromosome 14 (14932.2) with the
chronitisomakoriemtatiodisoltiseriocusatelomerevideend-vu- 20BtHM-CHIBt-endpradgnerétiThe VH
segments o IS EHFOMOSIBR ateiassilied as dsmicigdindpe following Table I. Table 1:Grouping of
the VH-genes into VH families according to Matsuda, F., et al., J. Exp. Med. 188 (1998) 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 149/ 11 VH2 4 3VH3 6522 VH4327/11VH52 2 VH6 1



VH7 51 -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 fognd 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 5.1 -%]enes and.a 5|%I%CG%W&(%O%%E lélﬁ and Zachau, HG., Biol. Chem. Hoppe

Seyler 374 (f&bv T@é’ls-%hle;nﬁe rane Xp. (‘:‘}%. mmunogenet. 18 (2001) 161-174). 10Table

2:Grouping of the Vrgenes into V, families according to Foster, S.J., et al,, J. Clin. Invest. 99 (1997)
1614-1627. YoRiRilg NGRBerls fistiohal Jeasy, Fifl (isVS 09 4pmoglePs e Jielhp e
light chain losats clsnrie folinid onatieblenglanaiof,.cheptissdme A2o(22pdkiticaral qumipridestys-74
Vx-gene of W@ﬁh&&@%%ﬁ%ﬁvaeﬁiaiﬁ%%gﬁtgfm%w%ﬂia{@ﬁﬁmgﬁh,in addition are grouped in

three clusters.” The locus 15also comprises 7 J,-genes, of which 5 are functional. Table 3:Grouping of

the Nix-genes into VK families according to,Erippia 51Jl§ . 8L %ﬁ . Mal. t. 4 (1995) 983-991;
Farner, N.L. 28t gﬁt{f%r%mnfr%ﬁ?é?fﬁg@)a%%&?% ﬁ_ge%g?]clgt %a‘%%?l%%} mmunogenet. 18
(2001) 242-254. Vx family, _ . . .

- 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,



Number of functional genes Cluster Vk 1 5B Va5 AVx38 AVx4 3 A-CVx53B WO

2010/094475PCT/EP2010/001008 - 19 - VA, family Number of functional genes Cluster Vx6 C VX7 2
B Vx8 1 C Vx9 :

fa

- transfecting a eukaryotic or a prokaryotic cell with the nucleic acids
obtained in the previous step,

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

- 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



1 B Vx10 1 C 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 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
covergll ¥sggRes SAILRIbSRINe 0 dimertunation aagshould specifically bind to the cDNA
encoding the immunoglobulin. Thus, in one 10embodiment the nucleic acid encoding an
immunoglobulin variable domain is obtained from cDNA. Due to the large number of functional genes
LRESRIRUNRALEEABEERHI [ocus 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
estabfi¥tedapich i9hlsban B8pElt orta ettt ifvefidhodn &fe clsdiRgert tHE*RiplifRton of
the nutleidiacid emcadimgelnbely ameriight clinimasipefformed iviogke poigiherasepeisiia rdbetion. In
this emiteditngRrtdie 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 CHl reBBIETE Hotth e B i T ATt 5 for it e (b BATS diee.
correspondirfhdcBi#eid encoding the light chain.  One aspect of the current invention is a method
for obtaining a nucleic acid 25encoding at least an immunoglobulin varjable domain from a single cell
comprisirg tRSTONBIAG Widlhsthovdroauel08hathsp GTHEPSBTOMBFoTEB0 Latishify &5tkdkic acid
encoding an ivlyemgtobehizivaradttadoniaifh bythisidermiteg wititegie corppBafiortobtaiisd id' the first
polymerase ¢hai@ireachortsysecbndmofymeraseuchiddn reactionenttiiihirteen to sixteswSotpiimer and
one 3 '-primefyyunemhyaihe 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
embodimgntithisgRethadthe Soprimer emplayeddp.thismirsipolienesasechaingReedondingkin the
coding regigp,fo" {06 GRARL PERUEE LIRE IMUARALADUIAABOEr GRDRRIMGRS h.nisarimer
employed Jn the second polymerase chain reaction bind in the coding region for the first framework
region of glﬁﬁ%ﬁ%%%lobulin. In another embodiment the primer employed in the second polymerase
chain yeaction pravide for overhangs encoding the translational start codon ATG.for 5'-primer and/or
the tra{?%laﬁglr?:ﬁ) gﬁ% cOGERTTA ?grci%%?gﬁmg?? tFﬁis ‘g\%rhrﬁe is% usetl| iﬂagn%ﬁﬁglzal })mg%ing
overlapPhy peffremsBerEhdediton b tie génerdlst of Huzlle?%}ciaé%?f“tﬁe iPViEE triiSfation of
the obssiléeinuisic apidinkeste dtabddintEiththéimnhiurlobliivtivariabrergemhainssgs cells
immuregltoplakiacheay§ctvalhmanatiter gbaraifibermR MAmiitdeglobtlinvkapparligtatichain variable domain
or an immunoglobulin lambda light chain variable 20domain. In one embodiment of the methods

ing to the i tion t j | d in the first pol hai ion f ini
ﬁﬁifé%*g%ﬁégﬁgé%ﬁ&é%ﬂ abryeLCmSce BENIIUSLROMTCRER CARbiRattan R pﬁ’%%ﬁ?jfnce
of SE | DiRO BETE PTG SE0 TNB S7 RURST 08K BEETTS NE: OB BEARESERN D NO:

10 andfsiabie adansEn (fom0: 2 2 sigge SEal i DINO? 1 sritSEJalr e 1 PEeions. TholE%:Primer
employesgectitte firstpolyghérase chainf@attiomtot obtairing asmividinanid éHdodimgsanin  the
Unrnupgglobulin ieayy ohminyariableweamaisbtained, 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-



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 lead¥PBeI&*Cdding region TCACCATGGAGTTTGGGCTGAGRCUHR2% ¢ep1008
AGAACATGAAACA(C/IT) CTGTGGTTC TT 3.

specific primer in both, i.e. all, polymerase 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 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



V1L-4 10,11 ATGGGGTCAACCGCCATCCT VHL-512 ACAATGTCTGTCTCCTTCCTCAT VHL-6 13
primer bindingin the constant region coding region GCCAGGGGGAAGAC(C/G)GATG huCH-Il 14, 15
In one embodiment of the methods according to the invention the primer employed in the first
polymerase WR=AAPEEHSN for obtaining a nucleic acid encoding an itnmJH{dgieBiESPa light chain
variable domain have the nucleic acid sequence 50f,SEQ ID NO: 16 to 20. Table 5:Primer employed in
the first polymerase chain reaction for obtaining a nicleic acid encoding an immunoglobulin kappa
light chain variable domain. Primer description Sequence Denotation SEQ ID NO: V" primer binding in
the cells bearing a Fc gamma receptor (FcyR), such as phagocytic cells, or ii) to cells

bearing the neonatal Fc receptor (FcRn) also known as Brambell receptor. It also
mediates the binding to some factors including factors of the classical eomplement
system such as component (Clqg). The variable domain of an immunoglobulin’s

5 light or heavy chain in turn comprises 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; 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),



leader peptide coding region GCTCAGCTCCTGGGGCTCCTG VKL-1 16
CTGGGGCTGCTAATGCTCTGG VKL-2 17 TTCCTCCTGCTACTCTGGCTC VKL-3 18

CAGACCCAGGTCTTCATTTCT VKL-4 19 primer binding in the consta i ing.regi
gion
TTTCAACTEEPHAMERGATGGCGG huCK-1l 20 10In one embodimen%?%@&%@gg according to

the |nv_ent|on_the primer employed in the first polymgrase 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 28petige30TTHeJuumEREiiElny Fomodinaste 2he MmysRiIEP ARSI AR in the first

polyrglerz;se chaibraastisndomebiainiiga ALcteic paicoe nnotingaspintruiniogl abigtim lareibda light chain

variable Omalgh{l):’“r]llgn% eé%ﬂﬁ%%”%%%%ﬁﬁ defined on basis of the papain cleavage of
immunoglobulins. In one embodiment of the invention the immunoglobulin
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
i5 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, J., et al., FASEB J. 9 (1995) 115-119; Morgan, A., et al., Immunology 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.



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(C/G)CTCTCC VAL-3 23, 24, 25, 26 primer binding,in nt regi
0 reqi ) 2% 29, egion
coding regiPABEHECT CAGAGGAGGG(CIT)GG Cxll 27,28 5in one SEHARITEe meods

accordi_ng to the invé_ntion the primer employed in tﬂ:a_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 andkH3hadneiSER) 10NOzRGedhFSES D Nax-BrHndisELTodetafl SBYD NO: 39
Z‘gd;"nr d“g’E fg‘? 5%5%44 1%'@31/6; AGhSERIRINGABaeamh G QiR INQydd andlarived, fiod SEQ 1D NO:
45, and SEQ 1B oAb phAln QGO IR NG R AlER WA 4RANd/OhaRuANd SEQ ID
: 51 and/or 52. .Primer employed in the second polymergse.chain reaction for 15obtaini
: ) ¢ Igmé/ &!ﬂagﬁ o for Sobtaining a
nucleic acid entoavRPER IHRURRGRHIAT RISV ERANEEA ALBIES B TS OF EECrption
5 a human immunoglobulin (recipient or acceptor immunoglobulin), in which
residues from a hypervariable region are replaced by residues from a hypervariable
region of a non-human species (donor immunoglobulin), such as mouse, rat,
hamster, rabbit, or non-human primate, having the desired specificity and affinity
(see e.g. Morrison, S.L., et al., Proc. Natl. Acad. Sci. USA 81 (1984) 68516855,
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.,



Sequence Denotation SEQ ID NO: VH primerbinding in the FRI coding region
CTTTAAGAAGGAGATATACCATGGT (G/T)CAGCTGGTGCAG VHL-la 29,30
CTTTAAGAAGGAGATATACCATGCA GGTCCAGCTTGTGCAG VHL-Ib 31
CTTTAAGARBBRERTATACCATG (G/IC)AGGTCCAGCTGGTACAG VH LIEEY 401008
CTTTAAGAAGGAGATATACCATGCA (A/G)ATGCAGCTGGTGCAG V HL-ld 34,35
CTTTAAGAAGGAGATATACCATGCA G ATCACCTTGAAGGAG V HL-2a 36 WO
2010/094475PCT/EP2010/001008 - 23 - Primer

10

15

20

25

30

Johnson, ‘G. and Wu, T.T., Nucleic Acids Res. 28 (2000) 214-218, and the
databases referenced therein.

The term ‘"recombinant immunoglobulin®™ as used herein denotes an
immunoglobulin that is prepared, expressed, or created by recombinant means,
such as immunoglobulins isolated from host cells, such as E.coli, NSO, BHK, or
CHO cells, or from an animal (e.g. a mouse or rabbit) that is transgenic for human
immunoglobulin genes. "Recombinant human immunoglobulins” according to the
invention have in one embodiment variable and constant regions in a rearranged
form. The recombinant human immunoglobulins according to the invention have
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
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
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
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
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



description Sequence Denotation SEQ ID NO: CTTTAAGAAGGAGATATACCATGCA G
GTCAGCTTGA(A/G)GGAG V HL-2b 37,38 CTTTAAGAAGGAGATATACCATGGA
(A/G)GTGCAGCTGGIGGAG V HL-3a 39,40 CTTTAAGAAGGAGATATACCATGCA G
GTGCAGCTECHEENE v HL-3b 41 CTTTAAGAAGGAGATATACCATEGAE!10/001008
GTGCAGCTGTTGGAG V HL-3c 42 CTTTAAGAAGGAGATATACCATGCA G
(C/G)TGCAGCTGCAGGAG V HL-4a 43, 44 CTTTAAGAAGGAGATATACCATGCA G
GTGCAGCTACAGCAG V HL-4b 45 CTTTAAGAAGGAGATATACCATGGA
(AIG)GTGCAGEITGEBIGCGAG oliditls-Fa g6lysine, arginine, histidine), acidic side chains (e.g.

10

15

20

23

30

35

aspartic acid, glutamic acid), uncharged polar side chains (e.g. glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine, tryptophan), non-polar side chains
(.e.g._'aianine, valine, leucine, isoleucine, proline, phenylalanine, methionine}, beta-
branched side chains (e.g. threonine, valine, isoleucine), and aromatic side chains
(e.g. tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted amino acid
residue not essential for antigen binding in an immunoglobulin can be replaced

with another amino acid residue from the same side chain family.

The term “variable domain” (variable domain of a light chain (V.), variable
domain of a heavy chain (Vy)) 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
“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
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
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
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
acid. The individual amino acids are encoded by nucleic acids consisting of three



CTTTAAGAAGGAGATATACCATGCA GGTACAGCTGCAGCAG V HL-6a 48
CTTTAAGAAGGAGATATACCATGCA GGT(C/G)CAGCTGGTGCAA V HL-7a 49, 50 primer binding in
the constant region coding region ATCGTATGGGTAGCTGGTCCCTTAG

AC(C/G)GAYE R TGGTGGA huCH-111 51, 52 In one embodimeritof tha Ml Eds according to
the invention the primer employed in the second pglymerase 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 SEQcIEiiEs, 60, calddSROoD NCOY6e-EintFsr SackhathBE@clD N Er®IEhbYor64, and SEQ
ID NO: 65, andigiQole MaoR6TAEERBRANIL NP danahSme N6y ¥ fant SH@MMD HO: 69, and

reaction for ob i & e B e doman
Primer descriptwgbﬁ%%miﬁgﬂatgme@g@%hﬁﬁy f%&ﬁgﬁﬁ%ﬂ%ﬁﬁﬁ%ﬁﬁATACCATé
(A/G)ACATCCAGHTEAQROAG(tEeldB8T Sadty @n@ne/d8ia ABHT PiFeiniiodeoneR)24 - Primer
asparagine (asn, N), aspartic acid (asp, D), cysteine (cys, C), glutamine (gln, Q),
glutamic acid (glu, B}, glycine (gly, G), histidine (his, H), isoleucine (ile, I), 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
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



description Sequence Denotation SEQ ID NO: binding in the FRI coding region
CTTTAAGAAGGAGATATACCATGG (A/C)CATCCAGTTGACCCAG VKL-Ib 55,56
CTTTAAGAAGGAGATATACCATGGC CATCC(A/G)GATGACCCAG VKL-Ic 57, 58
CTTTAAGAREE R RY AT ACCATGGT CATCTGGATGACCCAG 1/,,L-1dHg/EP2010/601608
CTTTAAGAAGGAGATATACCATGGA TATTGTGATLGACCCAG VKL-2a 60
CTTTAAGAAGGAGATATACCATGG AT(A/G)TTGTGATGACTCAG VKL-2b 61,62
CTTTAAGAAGGAGATATACCATGG AAATTGTGTTGAC(A/G)CAG VKL-3a 63,64
CTTTAAGAAG GABAFATIAOBKT GRMAILT AG TEATGABGEAR{/KIRIYP. ihtained from a
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30

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

Thus, it has been found that based on the amplification of nucleic acid encoding
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
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
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
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
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
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.



CTTTAAGAAGGAGATATACCATGG AAATTGTAATGACACAG V"l.-3c 66
CTTTAAGAAGGAGATATACCATGG ACATCGTGATGACCCAG VKL-4a 67

CTTTAAGAAGGAGATATACCATGG AAACGACA ACGCAG
W Tdadds CACTCACGC VKL-5g
CTTTAAGA ,‘(237&1'&&,:&4'38_'_, CCATC VKL- %IQOI{}/OOIOOS

CTTTAAGAAGGAQATATACCATGGA TGTTGTGAIGACACAG N7,4_,-6b 70 primer binding in the
(r:lorclzstam r7elgllon coding region ATCGTATGGGTAGCTGGTCCCTTAA AGATGAAGACAGATGGTGC
uC.c. N : : . ) ) .
one embodiment of the methods according to th mvennog EQ%BH%‘EW ployed in the

second polymeFhselerasaaatietiBRRorBIAIHIPE AGEREREG el aing &

- : . ) ) ATy a ‘ “oding_an immunoglobulin lambda
light chain variaileresmaini hewiifibe reudisig acit Sewmgsecesrsie I&Dq@!uﬁg,agﬂoﬂgg@ ID NO: 73

and/or 74, and SE6 IR iNQuAGeRd iR BN
_ 5166 RN dhBient RINCN FR@ridiosia@mand 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 Ng: 84

and/or 85, and SEQ | »86 . ad. : - : ; e .
90 and/or 91, a'nﬁar%E%\%P&%ﬁ—%gd% NG vl cangialiditdardi SELQel i D, 8&hsamee SEQ ID NO:

NO: 92, a EQ ID NO: 93.,10T. -Pri inthe s
. : econd
polymeraise chaffregebn forbBtaififly Thul ei%eac%ngﬁﬁg ir?l ﬁ%%@mméfmlg%%% rEr}}Eda light chain
variable domainmmunoglobulin’s heavy and light chains or fragmen% thereoq.]%sg provi LA 9
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.

10 The terms "polymerase chain reaction” and “pCR", which are used interchangeably
in this application, denote a method for specifically amplifying a region of nucieic
acids, e.g. of DNA or RNA. This method has been developed by K. Mullis (see e.g.
Winkler, M.E., et al., Proc. Natl. Acad. Sci. USA 79 (1982) 2181-2185). The
region can be a single gene, a part of a gene, a coding or a non-coding sequence.
15 Most PCR methods typically amplify DNA fragments of hundreds of base pairs
(bp), although some techniques allow for amplification of fragments up to 40 kilo
base pairs (kb) in size. A basic PCR set up requires 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 the
20 region to be amplified, a polymerase, such as Taq polymerase or another
thermostable polymerase, deoxynucleotide triphosphates (dNTPs) from which the
polymerase synthesizes a new strand, 2 buffer solution providing a suitable
chemical environment for optimum activity and stability of the polymerase,
divalent cations, generally Mg”", 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



WO 2010/094475PCT/EP2010/001008 - 25 - Primer description Sequence Denotation SEQ ID NO:
CTTTAAGAAGGAGATATACCATGCA GTCTGTGCTGACTCAG VAL-1a 72

CTTTAAGAAGGAGATATACCATGCA GTCTGTG(C/T)TGACGCAG VA« rimer bindin
. | 5 ] g
in the FRI CB@ ARG PEgI R CTTTAAGAAGGAGATATACCATGCA GTCT%&%@%@%‘%&G VAL-Ic 75
CTTTAAGAAGGAGATATACCATGCA GTCTGCCGIGACTCAG VAL-2a 76
CTTTAAGAAGGAGATATACCATGTC CTATG(A/T\GCTGACTCAG VAL-3a 77, 78

CTTTAAGAAGGAGATATACCATGTC CTATGAGCTGACACAG VKL-3b 79
anti-sense primer. The first PCR amplifies a sequence as seen in any PCR

experiment. One primer of the second pair of primer, i.e. the nested primer, for 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

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),



CTTTAAGAAGGAGATATACCATGTC TTCTGAGCTGACTCAG VKL-3c 80
CTTTAAGAAGGAGATATACCATGTC CTATGAGCTGATGCAG VAL-3d 81
CTTTAAGAAGGAGATATACCATGCA GC(C/T)TGTGCTGACTCAA VKL,
CTTTAAGANSEACATATACCATGCAG (CIG)CTGTGCTGACTCAG vkésﬁéésggﬁs%mos
CTTTAAGAAGGAGATATACCATGAA TTTTATGGEGACTCAG VAL-6a 86
CTTTAAGAAGGAGATATACCATGCAG (A/G)CTGTGGTGACTCAG VAL-7a 87, 88
CTTTAAGAAGGAGATATACCATGCAG ACTGTGGTGACCCAG VAL-8a 89
CTTTAAGAAGBASATIATRCOATEH /) Boetirer de suaciTirining  andoipoteghost
CTTTAAGAAGRAGATATAGHATGEAG SCAGBE (FRHGHEAAG VAL-10a

The locus for the human immunoglobulin G light chains of the types kappa (x) and
lambda () 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 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
Vefamily | ginctional genes
Vil 19
V2 9
Vi3 7
V4 1
Vs 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.

. Number of
Vifamily | g ctional genes Cluster
Vi 5 B
V32 5 A
V.3 g A
V4 3 A-C
V35 3 B




92 primer binding in the constant region coding region ATCGTATGGGTAGCTGGTCCCTTAG
GGAACAGAGTGACCG huCx-Ill 93 A further 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 the
following sté%oz 010/ 894g@tamlng a first nucleic acid composition by performﬁ/& a%ﬁ'ré?%g?)?merase 5chain
reaction with three or four 5'-primer and one 3'-primgr, WO 2010/094475PCT/EP2010/001008 - 26 - -
obtaining a nucleic acid encodlng at least an |mmunoglobuI|n variable domain by performing with the
composition obtained in 3 ase chain reaction with

one 5'- primer and one 3'PJiMghP he second polyrnerase
chain reaction can be the-same—tn-bne BRAESRR t polymerase chain

reaction provide for overhnn}‘{&qﬂm‘ bding-the hj 3 --primer and/or the
translational stop codon TTASd 3-brimer_Thid overhangiis us f iondl 10 following
overlapping polymerase|cha¥t$eaction for thelgeneration of nucleic%cids for thie-in vitro translation of
the obtained nucleic acid. Inufe embodiment the immuneglobulin v@nablpdo ain is an
immunoglobulin heavy chai¥vH¥iable domain br_an_irnmunoglobuli chain variable domain
or an immunoglobulin lambda light chain variable domain. 15In one embodiment of this method the
primer employed in the first two-step polyrnerase chain reaction for obtainin a nuclelc acid encoding
an immunoglobThin BfeRnbpsedamphfiessiencihamurige 1 soepdiameilsediiefts 5E6 1D NO: 94,
and SEQ ID NQ:a96thandrREe dB 196 @ dion 37 maty on8Ruaniébn8e paieGEQHI NO: 100 and/or

101 and/or 102ppegr 43 eaﬁd;éﬁ% ID.2QNG 44:3locaPalael 08 Sl ddsumer employed
in the first two- stq(ig) é%%‘y f‘ halr{l3 ealll%lilgg for obtalppc%la nuc @c ﬁcm%l dlgqoqq
ain'v equence

|mmuno€1IobuI| r|a EGAMmaih rlmer escrlp ion enotatlon SEQ ID
VH Primer bmdmglthméqnmtb@f,@qe@qéw and light chain. The outcome of the PCR

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,



CTTTAAGAAGGAGATATACCATGCA GGTGCAGCTGGTGCAGTC huVH-194
CTTTAAGAAGGAGATATACCATGCA GGTCAACTTAAGGGAGTCTGG huv11-2 95
CTTTAAGAAGGAGATATACCATGAG GTGCAGCTG(C/IG)TG(C/G)AGTC huVH-3 96, 97, 98, 99
CTTTAAGARBEAWAFRTACCATGCA GGT(A/G)CAGCTGCAG(C/G)ACTFEFMAYRYHH, 101, 102,
103 WO 2010/094475PCT/EP2010/001008 -27 - Bgmer description Sequence Denotation SEQ 1D
NO: primer binding in the constant region coding region ATCGTATGGGTAGCTGGTCCCTTA
GTGGTGGTGGTGGTGGTGAACT (C/G/T) TCTIGTCCACCTTGGTGTTG huCH-2

- 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,

5 whereby the distance of the binding locations of the primer eniployed 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 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 Denotation SI;%¥D
n :
Vi primer | TCACCATGGACTG(C/GIACCTGGA Vul-1 05, 06
binding in | CCATGGACACACTTTG(C/TYTCCAC VyL-2 07, 08




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 encoding an immunoglobulin kappa light chain variable
domain have the nucleic acid sequence of SEQ ID NO: 107 and/or 108 and/or 109 and/or 110, and
SEQ ID NO™MA 1"84¥4#37 112, and SEQ ID NO: 113, and SEQ ID NO: 1443 %¥Y ¥ No: 115.
Table 11:Primer employed in the first two-step pol_ygwe_rase chain reaction for obtaining a nucleic acid
encoding an immunoglobulin kappa light chain variahle domain. Primer description Sequence

Denotation SEQ ID NO: Vjc primer binding in the ER! coding regio
CTTTAAGAAGGRBAFATACCATGG A CATC(C/G)(AIT)GATGAGCCAGTCT hu 13y, |108, 109,
110 CTTTAA 3AﬁG@ﬁ@/\TATACCATGGSN‘FWFTGTG(A/C)TGA(;%%%WCC g, -2 111, 112
CTTTAAGAAGGAGATATACCATGG AAATIGIGITGACGCAGICTCC hu\Mr3 113
CTTTAAGAAGBKAAIA TAKACEAR FCARE ERe YT MK A TeT¥HIGY 04 114 Bfime

peptide | AGAACATGAAACA(C/TICTGTGGTTC VL4 1011

: H- E
coding TT
region ATGGGGTCAACCGCCATCCT VyL-8 12
ACAATGTCTGTCTCCTTCCTCAT VuL-6 13
primer
binding in
the :

constant | GCCAGGGGGAAGAC(C/G)GATG huCy-1I 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.

d:;::_z;i;n Sequence Denctation Ig I{i‘%
V. primer GCTCAGCTCCTGGGGCTCCTG V. L-1 16
binding in the | CTGGGGCTGCTAATGCTCTGG V. L-2 17
leader peptide | TTCCTCCTGCTACTCTGGCTC V.L-3 18
coding region | CAGACCCAGGTCTTCATTTCT V.1-4 i9
primer binding in
the constant | rpo 4 ACTGCTCATCAGATGGCGG | uC- 1l 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.



binding in the constant region coding region ATCGTATGGGTAGCTGGTCCCTTAA
CACTCTCCCCTGTTGAAGCTC huCe2 115 In one embodiment of this method the primer employed
in the first two-step 10 polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobm%zf)a{)%%ag]ﬁght chain variable domain have the nucleic aci&?gg/cﬁglﬁ%}éﬂ%’%%Q ID NO:
116, and SEQ ID NO: 117, and SEQ ID NO: 118 ard/or 119, 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 - 28 - Table 12:Primer
employed in the first two-step polymerase chain reaction for obtaining a nucleic acid encoding an
imtnunoglobulirlabbbtia light cRaimsasamiorsmEinierifisr aebonpien SeyberestDBnMtation SEQ ID
NO: Vx primer binding in the Figbaadiizg segioki€ BEAMCAMNG GAGATAABATGambda
CAGTCTGTGCTGACTCAGCG: htVaa 1 18 61 ATAAGAAGGAGATATACCATG
CAGTCTGCCCTGACTCAGCC huVvx-2 117 CTTTAAGAAGGAGATATACCATG

TCCTATGAGCTGARAAFICAGLT huvx-3 SEQ
tati
description sequence denotation ID NO:
V,, primer CCTCTCCTCCTCACCCTCCT VL1 21
binding in the | CTCCTCACTCAGGGCACA V,L-2 22
leader peptide 23,24,
coding region ATGGCCTGGA(T/IO)C(C/GYCTCTCC V) L-3 25,26
primer binding in
the constant | 4 5eTCCTCAGAGGAGGG(C/T)GG il | 27,28
region coding
region
5 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
10 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
15 obtaining a nucleic acid encoding an immunoglobulin heavy chain
variable domain.
) SEQ
P"“.“ef" Sequence Denotation D
description NO:

Vipimer | CTTTAAGAAGGAGATATACCATGGT
binding in the | (G/T)CAGCTGGTGCAG
FR1 coding | CTTTAAGAAGGAGATATACCATGCA
region GGTCCAGCTTGTGCAG
CTTTAAGAAGGAGATATACCATG
(G/C)AGGTCCAGCTGGTACAG
CTTTAAGAAGGAGATATACCATGCA
(A/G)ATGCAGCTGGTGCAG
CTTTAAGAAGGAGATATACCATGCA
G ATCACCTTGAAGGAG

VHL~13 29, 30

Vul-1b 3]

vul-1c | 32,33

Vul-1d 34,35

VyL-2a 36




118, 119 primer binding in the constant region coding region ATCGTATGGGTAGCTGGTCCCTTA
TGAACATTC(CIT)G(CIT)AGGGGC (A/T)ACT huCx-2 120, 121, 122, 123, 124,125 Inone

embodiment of this method the primer employed in the second two-step},?:p‘?@g%ﬁ@%g ﬁpain reaction
able 13:

have the nu‘gf%i%eg’é?a%@quence of SEQ ID NO: 126 and SEQ ID NO: 127. ?lmer employed

in the_ seco_nd two-step polyrnerase chain reaction..RBrimer description Sequence Denotation SEQ ID
NO: first primer CTTTAAGAAGGAGATATACCATG LTGS-Ifp 126 second primer
ATCGTATGGGTAGCTGG | TGS-rfp 127 Another-aspect-of-the-edrrent invent'efgiﬁ afethod for
obtaln[ng an Jclelpﬁﬂ&encading at least an immunoglobulin variabl¢ om%in.from alﬂqgle cell
comprising 10the.{elipmitng steps: - obtainingsﬁ‘mg‘f%cleic acid compos‘fﬁl(()’nag)?%erfgf@jng a first
polymerase chainreaction-with-fourto-shx efta fifre e

E' nrim no.anaoa.2. o r lat.criians 1 H
. . - -RHHN f mer-obtaintng-anucteic| acid
encoding at lgast an immuno %JE{E % "Ag"&t‘; yreiehd
CT

(WS

i : f}é%&? Y pernorming Vith e Bompdditidh obtained in
the first 15polymerase chairn-+es HEH Gt CGGKE%%@TR%EKE‘@GAC ctiomwithrthirteen
V ul-3a 36, 40

(A/G)GTGCAGCTGGTGGAG
CTTTAAGAAGGAGATATACCATGCA
G GTGCAGCTGGTGGAG
CTTTAAGAAGGAGATATACCATGGA
G GTGCAGCTGTTGGAG
CTTTAAGAAGGAGATATACCATGCA
G (C/GYTGCAGCTGCAGGAG
CTTTAAGAAGGAGATATACCATGCA
G GTGCAGCTACAGCAG
CTTTAAGAAGGAGATATACCATGGA

Vul-3b 41

V ubk-3¢ 42

Vul-4a 43, 44

V yL-4b 45

Vyl-Sa | 46,47

(A/G)GTGCAGCTGGTGCAG
CTTTAAGAAGGAGATATACCATGCA V l-6a a8
GGTACAGCTGCAGCAG H
CTTTAAGAAGGAGATATACCATGCA viL7a | 4950
GGT(C/G)CAGCTGGTGCAA H ’

primer

binding in the

onstant ATCGTATGGGTAGCTGGTCCCTTAG Gl | 51,52
v ] AC(C/IG)GATGGGCCCTTGGTGGA H ’
region coding

region

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

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 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.

10 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:

CTTTAAGAAGGAGATATACCATG VL] 3. 54
{A/G)ACATCCAGATGACCCAG xlo1d .

V primer




to fifteen 5'-primer and one 3'-primer, WO 2010/094475PCT/EP2010/001008 - 29 - whereby in the
second polymerase chain reaction either the 5'-primer are the same as in the first polymerase chain

reaction and

reaction and" Tl

the 3'

rimer is different or the 3'- primer is the same as |n
8he 5 primer is different, arid 5whereby in the secon

oly

(’f %E;%,xgn§gsase chain

merase chain reaction

the number of nucleotides between the 5'-end of eagh of the 5'-primer and the 3'-end of the 3'-primer is
smaller compared to the number of nucleotides between the 5'-end of each of the 5' prlmer and the

3 end of the

peptlde of th
polyrnerase
immunoglob
reaction proy
translational
polymerase
nucleic acid.
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in the constant
region coding

10

region

ATCGTATGGGTAGCTGGTCCCTTAA
AGATGAAGACAGATGGTGC

huC,~II1

71

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.



VHL-1 05,06 CCATGGACACACTTTG(C/T)TCCAC VHL-2 07,08 ‘
TCACCATGGAGTTTGGGCTGAGC V1L-3 09 AGAACATGAAACA(CIT)CTGTGGTTCTT VHL 4 10,

11 ATGGGGTCAACCGCCATCCT VHL-5 12 ACAATGTCTGTCTCCT
binding in tRECEHLEA rseglon coding region TCGTATGGGTAGCTGGT

R

GGTGGTGGTGGTGAACT(C/GIT)TCTTGT CCAGGTTGGTGTTG huCH-2 104, 105, 106 In one
embodiment of the methods accordlng to the invention the prlmer employed in the first polyrnerase

chain reactignforobtaining-a

codina

ala
g-eheoaingaftmmun |ug|uuu

uuuuuuuuuu -kappatight ¢, variable
domain have thepﬁ%c d sequence of S=QuiRNO: 16, and SEQ|IDai@atign nfﬁg% D NO: 18,
EO 1D NO- 115 Table- 45 Py 1 bt e} £ 1 .
and SEQ IDINSES T8-S D N e RIS KT RE TR oyt frsypofymerse chain
GTCTGTGCTGACTCAG
CTTTAAGAAGGAGATATACCATGCA VoL-1b 73. 74
GTCTGTG(C/TYTGACGCAG ’
CTTTAAGAAGGAGATATACCATGCA Vil-1c 75
GTCTGTCGTGACGCAG
CTTTAAGAAGGAGATATACCATGCA V,L-2a 76
GTCTGCCCTGACTCAG
CTTTAAGAAGGAGATATACCATGTC V,L-3a 77,78
CTATG(A/TYGCTGACTCAG ’
CTTTAAGAAGGAGATATACCATGTC V,L-3b 79
CTATGAGCTGACACAG
CTTTAAGAAGGAGATATACCATGTC V,L-3c 80
V,, primer TTCTGAGCTGACTCAG
binding in the CTTTAAGAAGGAGATATACCATGTC V,L-3d 31
FRI coding | CTATGAGCTGATGCAG
region CTTTAAGAAGGAGATATACCATGCA V,L-4a 32 83
GC(C/TTGTGCTGACTCAA : ‘ ’
CTTTAAGAAGGAGATATACCATGCAG V,L-5a 84, 85
(C/G)CTGTGCTGACTCAG ’
CTTTAAGAAGGAGATATACCATGAA V,L-6a 86
TTTTATGCTGACTCAG
CTTTAAGAAGGAGATATACCATGCAG V,L-7a 7. 88
(AJGYCTGTGGTGACTCAG i
CTTTAAGAAGGAGATATACCATGCAG V,L-8a 29
ACTGTGGTGACCCAG
CTTTAAGAAGGAGATATACCATGC V,L-4/% 90, 91
(A/TYGCCTGTGCTGACTCAG |
CTTTAAGAAGGAGATATACCATGCAG ViL-10a 9
GCAGGGCTGACTCAG
primer binding
in the constant | ATCGTATGGGTAGCTGGTCCCTTAG hoCy- 111 93
region coding | GGAACAGAGTGACCG
region

A further 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

the following step:

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

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



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
GCTCAGCTCCTGGGGCTCCTG VKL1 16 CTGGGGCTGCTAATGCTCTGG V'L-217 .
TTCCTCCTERIRMFETEGCTC VKL-3 18 CAGACCCAGGTCTTCATTTETRI20194%8% rimer binding
in the constant region coding region ATCGTATGGGJAGCTGGTCCC TTAACACTCTCCCCTGTTGAA
GCTC huCK-2 115 In one embodiment of the methods according to the invention the primer
employed

- obtaining a nucleic acid encoding at least an immunoglobulin variable

domain by performing with the composition obtained in the first
polymerase chain reaction a second polymerase chain reaction with one 5°-

. primer and one 3’-primer,

5 whereby primer employed in the first and in the second polymerase 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. This overhang is useful in an optional

10 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 domain.

15 In one embodiment of this method the primer employed in the first two-step
polymerase chain reaction for obtaining a nucleic acid encoding an
immunoglobulin heavy chain variable domain have the nucleic acid sequence of
SEQ ID NO: 94, and SEQ ID NO: 95, and SEQ 1D NO: 96 and/or 97 and/or 98
and/or 99, and SEQ ID NO: 100 and/or 101 and/or 102 and/or 103, and SEQ ID

20 NO: 104 and/or 105 and/or 106.

Table 10: Primer employed in the first two-step polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin heavy chain

variable domain.

dei;::';;:on Sequence Denotation SEI;%%D
CTTTAAGAAGGAGATATACCATGCA Vi1 94
Ve orimer GGTGCAGCTGGTGCAGTC
bi?lfi)ing in CTTTAAGAAGGAGATATACCATGCA V32 05
the FR1 GGTCAACTTAAGGGAGTCTGG
coding CTTTAAGAAGGAGATATACCATGAG huVye3 96, 97,
region GTGCAGCTG(C/G)TG(C/G)AGTC 08, 59
CTTTAAGAAGGAGATATACCATGCA haV el 100, 101,
GGTA/GYICAGCTGCAG(C/G)AGTC H 102, 103




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 1D 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 %9 2HYBHT24 and/or 125. WO 2010/094475PCT/EP2010/d51BBE5Y P4ble 16:Primer
employed in the first polyrnerase chain reaction for pbtaining a nucleic acid encoding an
immunoglobulin lambda light chain variable domain. Primer description Sequence Denotation SEQ ID
NO: Vx primer_hinding in the leader peptide coding region CCTCTCCTCCTCACCCTCCT VAL-l 21
CTCCTCACTCA@‘(@{@’@ACA VAL-2 22 ATGGEadSGA(T/C)C(CIG )ﬁg’,g}'a@ignVAﬁE@@? 4, 25, 26
primer binding #ESRER¥RRAN region coding region ATCGTATGGGTAGCTGGICCRETA
TGAACATTC({C/PEE/T)AGGGGC (A/T)ACT huCx-2 120, 121,

ﬂt:mch;lgimt ATCGTATGGGTAGCTGGTCCCTTA. 104. 105
eé"-iﬁ“ GTGGTGGTGGTGGTGGTGAACT huCy-2 106
Cof;mg (C/G/TYTCTTGTCCACCTTGGTGTTG

region

In one embodiment of this method the primer employed in the first two-step

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: 107 and/or 108 and/or 109 and/or 110, and SEQ ID NO: 111
5 and/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.

Primer ) SEQID
description Sequence Denotation NO:
CTTTAAGAAGGAGATATACCATGG 107, 108,

huVi-l 109, 110

huV,-2 111,112

A CATC(C/GYA/T)YGATGACCCAGTCT

V. primer | CTTTAAGAAGGAGATATACCATGG
binding in the | A TATTGTG(A/C)TGACTCAGTCTCC
FR1 coding | CTTTAAGAAGGAGATATACCATGG

region | A AATTGTGTTGACGCAGTCTCC huVe-3 13
CTTTAAGAAGGAGATATACCATGG | 14
A AACGACACTCACGCAGTCTC .
primer
binding in the

o | ATCGTATGGGTAGCTGGTCCCTTAA |\ . 115
constant = A CTCTCCCCTGTTGAAGCTC W
region coding

region

In one embodiment of this method the primer employed in the first two-step

10 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: 116, and SEQ ID NO: 117, and SEQ ID NO: 118 and/or
119, and SEQ ID NO: 120 and/or 121 and/or 122 and/or 123 and/or 124 and/or
125.



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?’?L%‘F&’??#@EQ ID NO: 130, and SEQ ID NO: 131, and SE%?BTIQT(‘S?%/ Y188% seQ 1D NO:
133, and SEQ ID NO: 134, and SEQ 10 ID NO: 135gand 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 polyrnerase chain reaction for
obtaining a nucksibladit encodiripzes pmplared iobbikirfifs 4wp-FEhpahyY Tl EldrrsReiPAmer
gescripti%l? Sequence Denotatign sty N oididit peia endigaingrnidienbbyidadindarebdan
TTTAAGAAGGAGATATAC GTGCAG Vu-la 128
CTTTAAGAAGGAGATATACg%gcgﬁngg%%ﬁg%jﬁGTGCAG V H-Ib 129
CTTTAAGAAGGAGRAIATAGCATGSAG GTCCAGCTGGTACAG VT H-Tc 130 SEQ ID
CTTTAAGAAG GRAGAFARAGCATGCA RATRSBHBETGGTGCAG \ Hengtedm | ng.

CTTTAAGAAGGAGATATACCATG
Vyprimer | CAGTCTGTGCTGACTCAGCC
binding in the | CTTTAAGAAGGAGATATACCATG
FRI coding | CAGTCTGCCCTGACTCAGCC
region CTTTAAGAAGGAGATATACCATG
TCCTATGAGCTGAC(A/TYCAGCC

huV;-1 116

hUV;v?.. 117

huV;-3 118,119

primer
binding in the | ATCGTATGGGTAGCTGGTCCCTTA 120, 121,
constant TGAACATTC(C/TYG(C/T)AGGGGC huCy-2 122, 123,
region coding | (A/T)ACT 124,125

region

In one embodiment of this method the primer employed in the second two-step
5 polymerase chain reaction have the nucleic acid sequence of SEQ ID NO: 126 and
SEQ ID NO: 127.

Table 13: Primer employed in the second two-step polymerase chain reaction.

Primer ) SEG ID
description Sequence Denotation | = o

first primer | CTTTAAGAAGGAGATATACCATG | LTGS-lfp 126
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 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,



CTTTAAGAAGGAGATATACCATGCA GATCACCTTGAAGGAG V H-2a 132
CTTTAAGAAGGAGATATACCATGCA GGTCACCTTGARGGAG V H-2b 133 WO

2010/094475PCT/EP 4&0/001008 32 - Primer descripti i
ption Sequence ID NO:
CTTTAAGAABE RS A ATACCATGGA RGTGCAGCTGGTGGAG V H- ?f %«iﬁfﬂ@ idFke

CTTTAAGAAGGAGATATACCATGCA GGTGCAGETGGTGGAG V H-3b 135
CTTTAAGAAGGAGATATACCATGGA GGTGCAGCTGTTGGAG V H-3c 136
CTTTAAGAAGGAGATATACCATGCA GSTGCAGCTGCAGGAG V H-4a 137
CTTTAAGAAGGAGK TAHASTATOXNSERICBAR EAIeH BB Ehe 5 -prnier are the same

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

5 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
smaller 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.

In one embodiment of this method the 5’-primer employed in the first polymerase

10 chain reaction bind in the coding region for the leader peptide of the
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

15 codon ATG for 5-primer and/or the translational stop codon TTA for
“3°-primer. This overhang is useful n 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 of this method for obtaining an
immunoglobulin variable domain encoding nucleic acid six 5’-primer and one 3’-

20 primer are employed in the first polymerase chain reaction. In another embodiment
four 5’-primer and one 3’-primer are employed in the second polymerase chain

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.



V H-4b 138 CTTTAAGAAGGAGATATACCATGGA RGTGCAGCTGGTGC AG V H-5a 139
CTTTAAGAAGGAGATATACCATGCA GGTACAGCTGCAGCAG V H-6a 140 CTTTAAGAA G GAGA
TATACCATG CA GGTACAGCTGGTGCAA V H-7a 141 primer binding in the constant region coding
region ATCGTATECEYAGCTGGTCCCTTAGT GGTGGTGGTGGTGG
CTTGTCCACCTTGGTGTTG huCH-2 104, 105, 196 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-iimmunogloby ! hle-domain-have the-pucleic-acid-s guence 5
of SEQID N and SEQ ID NO 55 and/or 56, and SEQ |D.NO: 57 an@ 98, and SEQ
ID NO: 59, a 60, and SEQ IDY4#P B and/or 62, SEQ ID h Resokafigf o 4, and SEQ ID
N : O-1D-N : 66 ':-nrl [ad e IFLL\If'\ Z anldQ_I:f'\ 1D !\‘!O 68 a”nI QI_I'\JI N :'CC
lDONg?’;(‘)”iw o oG ATk, GIEETSEcRaR O S antatets | TS R, =nd SEC
" reaction o CCRTGOACACACTTIOCITIEA i kaonhtabBERL i L -
reaction for cbiasmhﬁ@mﬂhuc A-kappahght£hain-yar domain.
Primer descriptione&izgueng JEACCATCGAGTT TGOGETGAGL VL
peptide ACAACATGAAACA(CTICTGTGGTTCTT Vul-4 110,11
coding region ATGGGGTCAACCGCCATCCT VyL-5 12
ACAATGTCTGTCTCCTTCCTCAT VuL-6 i3
primer
binding in the | TCGTATGGGTAGCTGGTCCCTTAGTGGT 104,
constant GGTGGTGGTGGTGAACT(C/G/TYTCTTGT huCy-2 105,
region coding | CCACCTTGGTGTTG 106
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
of SEQ ID NO: 16, and SEQ ID NO: 17, and SEQ ID NO: 18, and SEQ ID NO;

5 19;and SEQ ID NO: 115.

Table 15: Primer employed in the first polymerase chain reaction for
obtaining a nucleic acid encoding an immunoglobulin kappa light
chain variable domain.

Primer e , SEQID
description Sequence Denctation NO:
V. primer GCTCAGCTCCTGGGGCTCCTG Vil-1 16

binding inthe | CTGGGGCTGCTAATGCTCTGG V-2 17

leader peptide | TTCCTCCTGCTACTCTGGCTC VL-3 18

coding region | CAGACCCAGGTCTTCATTTCT VL4 19

p”gzrcﬁﬁ"f“% | ATCGTATGGGTAGCTGGTCCC
? COMSIANt | A ACACTCTCCCCTGTTGAA 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.



SEQ ID NO: V, primer CTTTAAGAAGGAGATATACCATG(A/G )ACATCCAGATGACCCAG\IO-A a

53,54 WO 2010/094475PCT/EP2010/001008 - 33 - binding in the FRI coding region

CTTTAAGAAGGAGATATACCATOG(A/ C)CATCCAGTTGACCCAG VL
CTTTAAGARBENEAF RTACCATGGCC ATCC(A/G)GATGACCCAG V,;

CTTTAAGAAGGAGATATACCATGGTC ATCTGGATGACCCAG VKL-Id 59
CTTTAAGAAGGAGATATACCATGGAT ATTGTGATGACCCAG VKL-2a 60
CTTTAAGAAGGAGATATACCATGGAT (A/G)TTGTGATGACTCAG VW-21) 61,62

CTTTAAGAAGGHRBATATACOANGG AMATES TG TG AGL ARG YOGSy khag reaction for

obtaining a nucleic acid encoding an immunoglobulin lambda

10

15

light chain variable domain.

-lb 55, 56

{gf/gtgg}(g«gmms

Primer _ SEQ ID
description Sequence Denotation NO:
V. primer CCTCTCCTCCTCACCCTCCT V,L-1 71
binding in the | CTCCTCACTCAGGGCACA V,L-2 P
Ieader peptide 333435
coding region ATGGCCTGGA(T/C)C_(C/G)CTCTCC V,L-3 s 26, s
lf;g:rc‘;gﬁ;% ATCGTATGGGTAGCTGGTCCCTTA 120, 121,
region codin TGAACATTC(C/TYG(C/TAGGGGC huC;-2 122,123,
glregion ® | (mact 124, 125

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 ib
description NO:
Vi primer CTTTAAGAAGGAGATATACCATGCA Vi-la 128

binding in the | GGTKCAGCTGGTGCAG H

FR1 coding | CTTTAAGAAGGAGATATACCATGCA V.l 120

region GGTCCAGCTTGTGCAG H
CTTTAAGAAGGAGATATACCATGSAG Vuele 130

GTCCAGCTGGTACAG H
CTTTAAGAAGGAGATATACCATGCA Veld 131

+ RATGCAGCTGGTGCAG H
CTTTAAGAAGGAGATATACCATGCA V 22 132

GATCACCTTGAAGGAG H
CTTTAAGAAGGAGATATACCATGCA v 7h 173

GGTCACCTTGARGGAG H




63, 64 CTTTAAGAAGGAGATATACCATGGA AATAGTGATGACGCAG VKL-3b 65
CTTTAAGAAGGAGATATACCATGGA AATTGTAATGACACAG VKL-3c 66

CTTTAAGAAGGAGATATACCATGGA CATCGTGATGACCCAG VKL-4a 67
CTTTAAGARE BRI R TACCATGGA AACGACACTCACGCAG NclL-54 gEEF2010/001008
CTTTAAGAAGGAGATATACCATGGA AATTGTGGI GACTCAG N./0,-6a 69
CTTTAAGAAGGAGATATACCATGGAT GTTGTGATGACACAG VKL-66 70 primer binding in the

constant regipn_coding.regiogn ATCGTATGGGTAGCTGGTCCCTTIAAG-GA
TCTCCCCT(:TT@A{-}@CT huC"-2 115 In gne embodiment of the methods chﬁfEbQo he invention
the primelr emplgeeigithe second polymeragse@‘lﬁ?fh‘iﬁ reaction for obta FRGTARR d encoding an
immunog obu chaip-varable-dem ie-aeie SE"UEH..C otSEQ ID NO: 72,
and SEQ ID NO: 73 and/or ?% 6%5‘?%%@2 02 AT’%&KWGK VH-;a 134 ¥
CTTTAAGAAGGAGATATACCATGCA V-3 135
GGTGCAGCTGGTGGAG H
CTTTAAGAAGGAGATATACCATGGA V w3c 136
GGTGCAGCTGTTGGAG H
CTTTAAGAAGGAGATATACCATGCA V w-da 137
GSTGCAGCTGCAGGAG H
CTTTAAGAAGGAGATATACCATGCA V -4b 138
GGTGCAGCTACAGCAG H
CTTTAAGAAGGAGATATACCATGGA V -5a 139
RGTGCAGCTGGTGCAG H
CTTTAAGAAGGAGATATACCATGCA V 64 140
GGTACAGCTGCAGCAG H
CTTTAAGAAGGAGATATACCATGCA VieTa 141
GGTACAGCTGGTGCAA
primer
binding in the ATCGTATGGGTAGCTGGTCCCTTAGT 104,
constant GGTGGTGGTGGTGGTGAACT(C/G/TYT huCy-2 1035,
region coding | CTTGTCCACCTTGGTGTTG 106
region

10

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
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.

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
descri 'tion Sequence 0n 1D
1Y NO:
. CTTTAAGAAGGAGATATACCATG(A/G
Vieprimer |\, cATCCAGATGACCCAG Vid-la | 33,54




5 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, and SEQ ID NO: 90 and/or 91, and SEQ ID NO:
92, and SEYTFN¥4YE or 121 or 122 or 123 or 124 or 125. 10Table 19PHHEPEAGETed in the
s_econd polyrnerase chain reaction for obtaining a nycleic acid encoding an immunoglobulin lambda
light chain variable domain. WO 2010/094475PCT/EP2010/001008 - 34 - Primer description

Sequence De 'o'.[ati_o n SEQ D NO:\_primer binding in the ERI coding-region —
CTTTAAGAAGEIBETATACEATEEAMBACEATEA PEACFERES MR Ja 72 1b | 55,356
CTTTAAGAAGGREROERBAQEATEIE AT ERGACCEMITCACGCAG VAL-1 b 73 /74—
CTTTAAGAAGGAGRTATAGEATEEMES TGACEERESkLIcva 1 | 57, 58
CTTTAAGAAGGAGATATACAA EEAARSTETEAS éE’A‘éTCﬁL‘@ \,é;} 2 76 :
- ; n
CTTTAAGAAuGAGATATAC,ggrE%mggé AERETCRAE | v | 59
CTTTAAGAAGGAGATATACCATGGAT | .= | ¢
ATTGTGATGACCCAG x
CTTTAAGAAGGAGATATACCATGGAT | 1 | ¢1 o2
(A/GYTTGTGATGACTCAG x ’
CTTTAAGAAGGAGATATACCATGCA | o | 2 | 63 o4
AATTGTGTTGAC(A/G)CAG X ’
CTTTAAGAAGGAGATATACCATGGA | o 1 o | s
AATAGTGATGACGCAG «
CTTTAAGAAGGAGATATACCATGGA | o . | 46
AATTGTAATGACACAG x
CTTTAAGAAGGAGATATACCATGGA | o | . | &
CATCGTGATGACCCAG x
CTTTAAGAAGGAGATATACCATGGA | | o | o
AACGACACTCACGCAG «
CTTTAAGAAGGAGATATACCATGGA | ;1 o | 6o
AATTGTGCTGACTCAG x
CTTTAAGAAGGAGATATACCATGGAT | |
GTTGTGATGACACAG x
primer
binding inthe | -0 A TGGGTAGCTGGTCCCTTAAC
constant | 4~ rCCCCTGTTGAAGCTC huCe2 | 115
region coding
region

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,

5 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.



VAL-34 77, 78 CTTTAAGAAGGAGATATACCATGTC CTATGAGCTGACACAG VKL-3b 79
CTTTAAGAAGGAGATATACCATGTC TTCTGAGCTGACTCAG VKL-3c 80
CTTTAAGAAGGAGATATACCATGTC CTATGAGCTGATGCAG VKL-3d 81
CTTTAAGARBEAYRFATACCATGC AGC(CIT)TGTGCTGACTCAA VKLES BEPHH /001008
CTTTAAGAAGGAGATATACCATGC AG(C/G)CTGGCTGACTCAG VKL-5 84, 85
CTTTAAGAAGGAGATATACCATGA ATTTTATGCTGACTCAG VAL-6 86
CTTTAAGAAGGAGATATACCATGC AGAIG)CTGTGGTGACTCAG VAL-7 87-88—

CTTTAAGAAGGAGARSTACICATGC AGACTGTGGTGACCCAG VA .18e88tatioc SEQ

description - Sequence I ;\?g
CTTTAAGAAGGAGATATACCATGC VoLl 7
AGTCTGTGCTGACTCAG -id

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 | o~ | g7 gg
AG(A/GYCTGTGGTGACTCAG * ’
CTTTAAGAAGGAGATATACCATGC | . & "
AGACTGTGGTGACCCAG wL
CTTTAAGAAGGAGATATACCATGC(
A/T)GCCTGTGCTGACTCAG Vak-4/9 1 90,91
CTTTAAGAAGGAGATATACCATGC | = "
AGGCAGGGCTGACTCAG >
) 120,
binding in the | ATCGTATGGGTAGCTGGTCCCTTAT .
constant | GAACATTC(C/TIG(C/HAGGGGC WC2 | 57
region .coding (A/TACT 19 4’
region )

125

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.



CTTTAAGAAGGAGATATACCATGC( AIT)\GCCTGTGCTGACTCAG VKL-4/9 90, 91
CTTTAAGAAGGAGATATACCATGC AGGCAGGGCTGACTCAG VKL-10 92 primer binding in the
constant region_coding region ATCGTATOGGTAGCTGGTCCCITAT (
GAACATTg"(&’l”)]é’{’&"%FfAGGGGC (AIT)ACT huCk-2 120, 121, 122, 1557424 "198 In one
embodiment of the methods according to the invenjipon 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 5combination of the different 5'- and 3'-primer in a single multiplex

polymerase chainotbectienect\ Wiz eansouiPSpEn EPL Mehed1 Bo S BIINA foMsles A of the current
invention is a mataachar ahiainingnmmnwiibuiid ehbiciomalndast arsimginorbgtohpiisingariable domain
from a single C‘ﬁ%'e%ﬁb%ﬁ?&é&e following step: - performing a reverse transcription and
polymerase chain reaction in one 5step with a set of primer comprising one 5'-primer and one

3'-primer. In one embodiment of thi hod the o:-primer-emplayed in,ihe rudipier, ong tube reverse
transcription gene'spengﬁ?éln[?ﬁ?ﬁe? 50Yg}n_§%arase chigfn reacgg)m yIPl?x{llTGSP-PC ) binds in the coding region

n
for the fitst frameworkS1RIBIRGY S FrRATRASGBBIRTE SR P‘g%%lgﬁrrf?e%f?ﬁlgl Brimer employed in

the RT-GSP-PCR 10 reaction provide for overhangs encoding the t%n‘sla ional %,talrt codon ATG for the
5'-primer and/ofteatrambrdinggt bR EESHIT Kot tREBELARIPY$HIL _8rﬂ1§h§’|g’hgg?ul in an
optional followingeerappinansalitieragencrpiecidagtionefopehansesserstion otaticrieRakids for the in
vitro translation gfghe-ahtainrd MIGRIC Aeitke HRehemPeRbTRRE thigreethiod-égitar otdieing an
immunoglobulin heaVé ?gh%‘ 1 15 variable ed&rgg@g&&t?@ﬁ&&%ﬁ SSRITEAGHr Bsp@mbodiment the
immunoglobulitV&HAbk"domain is'an immunoglobulin ea%ch in variabée d%r£$ir%ﬁogtﬁen
immund@lobulirdeatipa MEhidh R QebBIes FORASB S TRANTINGE| ST 5RTbaa gt Ehain variable
domain.  In oseminkodiniéenttiearpriatioeshgioyeetim (FEArfaritiex dpiémabd RYOCGIECR 20for
obtaining a nucleigagifl BNEOdiRbAL irvmwieg lekiiphiag\wobhaimveartahie taiain fuavddhe nucleic
acid sequence génsetEa oInDo Rictétz aa}:ri]cgs ¥Pthe 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




Table""_ZO:Prir_ner employed in the multiplex one tube RT-GSP-PCR reaction for obtaining a nucleic acid
encoding an immunoglobulin heavy chain variable domain. Primer description Sequence Denotation
E.S Q ID NO: VU primer_binding in the FR | coding region CTTTAAGAA CAT
GA_ACTBTd‘ﬁ‘E}‘f%‘E‘ ECTTGGT GTTG VH-Ifp 142 primer binding in th%%%s%{@:&%%n coding
region ATCGTATGGGTAGCTGGTCCCTT AAACTRTCTTGTCCACCTTGGTG TTG VH-rfp 143 WO
2010/994475PCT/EP2010/001008 - 36 - In one embodiment of the methods according to the invention
Fhe primer employed in the'multiplex one tube RT-GSP-PCR for obtaining a nucleic acid encoding an
|mmunoglobuI|ﬁd(@lpmqﬂtgidn@ha‘i@W@MWWW%@%MH%FE%H&%E@@P%@Q ID NO: 144
and 145. 5Tablg 24¢RrimanemployeikiR he spurie fonsthiisgRTnGSRRCR ceastiop for obtaining a
nucteic acid engaging: g MMAAGIIRILKARRAENIL B aHaDIR SRR Jiraes dessri ion

Sequence Denotation SEQ ID NO: V., primer
g ORIoN R HGand 14Rrme

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



binding in'the FRI coding region CTTTAAGAAGGAGATATACCAT

- GACACTCTCCCCTGTTGAAGCTC VL(K)-Ifp 144 primer binding in the constant region coding region
ATCGTATGGGTAGCTGGTCCCTT AACACTCTCCCCTGTTGAAGCTC‘PX,I_!Q%['% /%{@%Further it has
been found hALWHPA* ¢ mbination of the PCR method according to the’invention and a cell-free in
vitro translation system the nucleic acids encoding3t0, the cognate immunoglobulin VH and VL
domains can be obtained 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 propertistrafisofiger Bt pryetdevpiopabinafRsustastHeR Kb sh Y rSim & Jhyle cell, the
individual PCR £palyReeraseeiaint feactipop nas1p hel veme 15sbbgifvatafftaatcbMbinatibn of more than

enotes a cell ey e oL ratle ot & Ao el pontaining
ribosomes, tRNARG T@SE@?PRn%f é%?%ﬂ%%h@ﬁgi eagcfls? %g%gsgﬁe%@dﬁrz&t%’e? %%karyote is

E.coli. 2DCell-fewssn VR34)iEwrdiatioevilapmmartscd tnieail e BEIAKSHWRENS (8 LReE'Ht the art for a
long time. Spiriyetsal7elevelopsd 571 $98,a R 0t A2awEH | SMCCRN-506 {C PEFPEra8t9atioménd coupled

;r\agscript:onétr%%aég%gﬁ%gghﬁl}/g@ﬁh %rgﬁgy@%ggw%@%pﬁge@pﬁygg@esﬁ qaeutrs (Spirin,
.S., etal., Science - or.such.cell-free,in vitr [ € ates
containing 25ril§5§‘6‘ﬁ'}8’55\§9é‘?e§3 %ﬁ%ﬁé{’a@ Nucigic Aads ioh/ mﬁs%railfgrﬁss%@%?%%%

ibn OF transcri ra ch cell-frfee - 37 -
extracts from Elzetindyb, deebidhed bBigehanabidiEd 2hBay- ¢20bBsiham, &f-Br. aadip9kiP Genetics 7
(1973) AB7-287R andverenisatty I raTRran7 2. et al WQuesdld 9%dids Research 9 (1981)
4459-4474; and Pratt, J.M., et al., Transcription and Translation: A Practical Approach, Hames and
Higgins (eds.), %79:20%n! Rkl Bigssast8oh) teluthditiaietopMments ohtikcetidnee qo@tan synthesis

O e et it Bl AR AP RO AR A4p RURAERE MAANPREAS, and WO

00/55353. Eukafyotic ¢ expression systems are reported. by, for example, Slcun,.D. and
Millward, S., NU&H®) RERRs IREERas ﬂ’l’é‘??%%ggli@%%?;ﬁ@%e&/ﬁ%{%i %%Ees}lﬁﬁ)fc%em. 68
(1976) 355-364yiRelans|44dR. ehthgaikstwd 1oRIgic peid Jo grseridimt 87 fFremsys49i 38K and in wo
98/31823. It hasrhaardigundithat haseddasitive amyificaiionobfainickeidoihgiwodipgrtognate 19G HC

G o . . g it ar et
i:}T&‘i}%ﬁo‘i)u‘fi:}E‘:&Q&&Y&%ﬁﬂﬂ'@f&ﬁ@é@%}? {impruaaoiebulimGightchaiohet ast lg@nisotype

m a_single cell and the subsequent in.vitro. trapslation of the ' ucleic acid
to provide Fab FPRE¥HENE 5 £590 Ij‘.gg'rm ﬁngb%l()%ﬁr? %C?{%Hgsetﬂsﬂ\?elrl}lve.etrlfmt)g&] f(sjr8 ‘gﬁaﬁ% information
about an immunogisligaivhrefutsd SPEFY | cRePIRERRREMIFTe Anti#ts 5t FRNESbtainable is
provided. The meshannaosgrdingiterihe isvepitsnderhitshiteitovestightiolv gy therthgmewsed
imm““%“’bu'i”Jﬁ%@kﬁe%Egl%ﬁﬁﬁﬁ{hﬂ%i%bﬂmvwmwgbﬁ{aﬂiyafsm@@a@sﬁﬁi dp:ihe hybridoma
technology. Furthermore, 20 since t c9 naﬁe irgr@iugg IoIti'{uéi ¥ Qgh Iqugéam@w%wnoglobulin
chains are obtaﬁ’@@“i‘?gnfr%tme-c 1€ atéy g‘ﬁtlgeﬁ con?aczt séfectively the nucleic acid encoding

high specific anencedisetjehsserfifcandrrpassdyaBamdcednBusiarins FARASSPLAIBRE aspect of the

current invention is a method for producing an immunoglobulin Fab fragment comprising the following
steps: 25providifigeseSingl@mmrpaeigibthimh prEquEiiny SRIPD dBtaiREREnith @CENHE rMitleic acid

encoding the immunegiabblinmliE Rachteavyhaimyaliahidodongaiteps optionally also encoding a part
of the light chain constant domain and a part of the heavy chain CHI domain, optionally generating a

linear expression matrix comprisi h in lej i
ea ezg esslo —at pr(%)idir?g g sqggiie%rr?r%@noglg)gu {glu;%g'\ %c?ggddell,

- 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.



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 t&"tﬂé&%@ﬁﬁ@n the obtaining the nucleic acid encoding the imFﬁJﬁ%Pgﬁ‘gg[?ﬁﬁ"H%ht and heavy
chain variable 5 domain form a single cell comprisgg a 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 nucleim aci¢ tembrditarntche isaclpise gashpewrdingatby imvvaatehrEncorTp®lte to an
10immunoglobylimkiabify samiasd. wiige aesodne asgigt toftHeepatikent asmeentioftis aumethod employing

the following StaRRHPA'AR"UL DIAABRIIGTHER A GAdA FABIRINU! RN cols from
peripheral blooq, i) deposo%gg sin liﬁ.celéﬁ t?/ limited dljlurﬁlon %BFAC h'?lxexéﬂ%%m\%ﬁhglénRNA of the
individualized Bh€efECigf irﬁﬁ‘ég & RGP ERW '&)6"’ § dlfeasttie Viianle ddmains of the
immunaglobulidgreiudetthyatisinihelividl spreerisee cll, PRIHRIFFo PRANSIIARY FRMNEEFHMNA template,
and optionally Wc<ehdracteriaingiiestiindingher apgilifs:tbthefinvgmmo Geh#ID erdnighubglobulin
fragment. For tﬂ%ﬁ?@%@“&%&@%ﬁm Qf: AR mreunoplRbulin LARRKRIROh envasialige20 domains
obtained from a single ¢ell witli a method (%Tcorgln to a @v?gtlorll)ttge gbﬁggfgg n‘%‘cil%% acids
encoding the vARMBREHSHIRIATFh L HGHRAHEN, lgv%/lﬁ’?] nogiabulinehdin are trtfier modified. At first
the nucleic acidrereisdingjdhés varhsemensinatranslasshbinedifithia mdclBicdtidvadeodingain
inunungglobulinseRstansegionb kaaseambodiment 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: 03ipiwith.fdneclgieeithrneading ihvenaon ambdatligheripriyivgrindletomain of SEQ ID
NO: 04. In anothel SpRaAmEN MG unaIe Asllepardiagibe bemuLhaityatishialomain is

combined with a rniucteic acid encoding human immunoglobulin CI.(19G.]) const ian of SEQ ID
NO: 01 or 30 wHI?'E RERREFahPetc ﬂ?@%&?ﬁﬁﬁ‘ﬁﬁ%?ﬁ@bﬁ?ﬁhfw ﬁ(%t% %‘gﬁégsrg[ “_é} ion of SEQ
ID NO: 02. In anstaetizgribodiiibidt tfsheusidividetized dburiltho wbtiyiendhs varsnaddmain is
combingd with g-ueigic Acichanseding dpiumasinum wTagto hulinei (o) ponbient bggiba | (Cal). - 39
- The nucleic agidhmalggules Beading the SRTRISIRIRRUARDIARUIN AR dadigkt cliain or a

fragment thereo?are in the_ following referred tg ag.structural enes. I]’ he%%an b? (k)o«iated on the same
expression plasthitPe? Ban %It‘g’rff‘fgﬂ%gﬁ}% %%;{5@?}% W@Fgr%sefpr(tes%ibn Brashids. The assembly of
the immunoglobuinuoe Eabmis fagmemt 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 infoumiog kebotirvichal i edectivore amboditnageypie sssepiisthe S¥nidBe cell. If after
recombipant exgsassiansmisiureef insmuscgiobuting iswitdinetdrtesechn heseparated and

puriied by methags, KooWi 6. patsoneilisd 1RInbead doieas e tiedagie el raigplished and
widespread used for immunqglobulin purification re employed ellther ne orin c%mblnatlon.
Such methods %?W@ngméhﬁﬁﬁﬁ?%?ﬁgfﬁggﬁéﬁﬁ]ﬁ% %ffcrl’g%%ﬁ&e?nv%%c%rb%ing (e.g. protein
A or protein G affiridyieionsamotyrapmp)jnignveideanyelahrasihrnsedng e dosmngeRiiange
(carboxyinethyl ggsing), apion. exchangenbbdamainoieshyl¢rsinsyianshoiiad-hedégekchainge
chromajggraphy), Ihigbhilic ARORHAME -t kel matcariastanah andpHaal R Higands).
hydrophobic interaction or aromatic adsorptiox), chromatogr réyée .w(l}gulptﬁan I-s? tg.:lé)se,
aza-arenophilic {8t SP'HﬁQrﬂﬁﬁﬁp@éﬂ réﬁhif?ra%] ,arﬁé‘fala%cﬁ ]I%%en Aty (‘:’ﬁ%%nmé%%graphy (e.g.
with Ni(Il)- and GeiftiytaffinieiaktddayisebSSRIRIDY 20/ mameihsg apriliasat shegruideite
electrophoretic Rathadsdsichasgeletaatiophorssisonaill s celsstiephvdtesisyMijayatakshrni, M.A.,
Appl. Biochern. Botgg I3 SRS ippomanankenainsesinsrigathds nawn (o a person
ec

skilled in the art the conjugates can be tailor-made on the nuclej [ e level. The nucleic acid 25
sequentes encdtfig iﬁﬁﬁﬂ%ﬁé‘&gﬁﬁﬁﬂgﬁ% ARG HERNE ??rggﬁanreg I?a dérgzﬁ%“ggﬁtgg%ﬁg%ﬁed for
example from g8RENR Yabhdaampieerathedirasedhfaudsicths CEMAAREIF SFAN éRpiession
plasmid for the exprBEsiRMmaithedmmibinedgloibudimabirined witlvding étivoshdcordivg)douiire invention
are, for example; ap Hggﬁg%%éﬁgtg J@m_e immunoglobulin light chain, an expression cassette for
the 30 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 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 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 includin { Boolxadenylation
signal. Gené‘@@ﬁ?@@gf‘éﬁsis usually placed under the control of a promotelF;Cag%: R &ructural gene
is said to 20 be "operably linked to" the promoter.ﬁ?'gnilarly, a regulatory element and a core promoter
are operably linked if the regulatory element modulates the activity of the core promoter. "Operably
linked" refers to a juxtaposition of two or more components, wherein the components so described are
in a relationshif ipe mifgig abidmmw dareticndndingirt2s tarenigesd imarnegl athdinehervinkidg ... in
operable form"gpetamtbecomhioatianafftwe arimromindivitearicieisaicminbgumys.that the
individual nucleyg 4cids pISRRPBMADKEHJLINGINA HUCiRIE ACldn BRESKATIISARUEReter andor

enhancer are oper)él%?f/’hnke 0 a coding sequence, If it acts In cis to contr?éor modﬁg&e the

transcription oftheffikent SxpresRE. Plasutsy! I ATETRAL LB SNS PRIAS 8 ¥ices that are

"operably linkedisgrenontiguplasemdowiersreceusafitiio joimmazipbibte feoailtviedgibns such as

first domain ang,ai6a0Rd, damaNEdhaBxpERHASelIh TR éasiapirediIgio Antimol éouwesnoglobbulin
constant domai o consient <oion ATHGNS A Eearina fame dalasepyalan i i

operably linked {62 cadin sequerice It It is located at the downstream_end of the 35coding sequence

such that transBABti6A brobekts tFROTYHHY GHFSLSY feRR iR 6048844 ﬁ@f/é%ZOlO/OOlOOS
- 41 - the polyadenifletichesequeheecramradsindionrfiop ko awihieds kaeatslyidiapseses 8k listnic nucleic
acid seguence jf itds.logatedirktherdawastraamwand Gtendh«f theicadingseqtienas! sfieh that

translation proceeds thr 1 th ' epge. IS feLpNRat iere. Linking is
accomplished Bmlr%%g) ﬁlga?r?t g%ﬁhﬁgéﬁgiﬁga e H@?%er?m%g&ﬂ%%ggéyr%}%oﬁ%ég and/or by

nown.in t
ligation at conveHfBrRFRRAR R §ﬂ%§?‘mﬁ\/§%ﬁ’ﬁ¥ IURRASHTERRY ol 8Kt ther Syhthetic
oligonucleotideradaptorée e lirkevis ate erseoisincorfinity cdnvaaiiarpipractite exchangays, one
aspect of the cumemtdpeiaN (6 @ rpatbekiehpige uchtoanmimmusioglo ilisncexchsisiag the
following st_epsaé)rﬁ%/&d@&g} sing %)'UMQBQJQ@%%BQ?%&C%&QWH mdhip gt the nucleic
acid encoding the immunaoglobulin light and heavy chain variable %%qalnsd li]n m@réhgorgigjclelc acid
encoding the Ii@ﬂf?ﬁ&ﬂv&r%b@t}bé’HQWWWtﬁ%“fﬁc@fi S%ﬁe odfAg &t immunogiobulin light
chain constant terrsiioof SEGOIMNOSDHSEChEMRIcEory Gperatile BRARErRGIRKERTS the nucleic
acid encoding theheaapeitiinsaniable demainoplibngibnieisic acid)encedingteteimmifingglobulin heavy
chain constant region of.SEQ 1R NOy A R @5QuIR NQuP2: i aeerabledanms2e- anafeating a

eukary §c or prokaryatic cell' with the nucleic acids of fEthe reyious %&EB&% c%t{iz\éﬁtin%thgﬁsransfected
cell und8r condREELOREBIY for THL RSRIZELS of IR PRASEAS 10BN, recovering the
immunoglobulirefrererheress ceptiend kigalpPIATEHR rﬁvdlﬂ!@{'ilfgh‘@%bwp%dﬁ@ﬂg BieehfHunoglobulin.
The term "undeRreaditiphnel sogabielfam)the expression of" denotes conditions which are used for the
cultivation of a cell capable of expressing a heterologous polypeptide and which are known to or can
easily be determinad-fyaparsorskilesiip thethsddtiitdmowndperperseillakiiediin ahetbet that these

conditions may Qg AeRENYIng OB, h 0t chch elvalgd aal wmeLofme ypeRidagpressed. I

general the cell is at a temperature, e.q. hetween 20 C and 40C, and - 42 - for a period of
time sutficient téeQHBW‘?f@Eﬁgg’Emﬁﬁﬁﬁm &%?Hjﬁ@ga?gag}.”g? Brof ﬁ’o%%%w d4ys t%ajég)edays, ina
volume of 0.01 {itéritsd (orlirxarme ffowisgeRisntfabasesg JescalaRIsal 56 igdd8tatteprovided to
aid the understapgingRidhepiasenisventisiasiiie fudisceperativhiol isesehfoutivghothdiappended

claims. It s incgtaiaad that medificaensin hedaredi e proRs s Rl fadhilonnt departing
from the spirit of the |nv<i=‘nt|o . Descriptign of. h%%eq ence Listin SEQND NOthJEESEég ID NO: 02
SEQ ID NO: 03°€E8!%p Rfot.%4‘§‘§b‘?‘t¥%&‘65 _btij’ﬁi‘ﬂo?’baeéfﬁs B 57seES IBNo: 08 SEQ
ID NO: ¥ SEQimpmegidgmOimvNohan Sitemairgy: tr gk mhavornds the &rfmynBail4 SEQ ID
NO: 15 SEQ IDsiGni6! SErfQs| EriNGR:cbit S IDtINGarh8 SipfasHidINQsERGEQ B NDHRISEQ ID NO:
21 SEQ ID NO:&%@&%%@& SEQ IR NOm2ASERP NG 25i SRR 22658F Q4D NO: 27

SEQ 1D NO: 28 EQ IDNG 0 SLO 1D N0 RFQIRNG A1, RRIT NS SRANO: 33 SEQ
. segmenf encoding a secretion signal sequence, the structural gene, and a

35 terminator/polyadenylation signal. The elements are assembled in an operatively
linked form either on one plasmid encoding all chains of the immunoglobulin, or



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 VHL-I variant 1
primer VHL-1 variant Zglmer VHL-2 variant 1 primer VHL-2 variant 2 prj [E}Q—!k I?tﬁé mer VHL-4
variant 1 prﬁ%%FWﬂ #{ariant 2 primer VHL-5 primer VHL-6 primer huC varlan primer huCH-II
variant 2 primer VKL-1 primer VKL-2 primer VKL-3_pgmer VKL-4 primer huCk Il primer VILA primer
VIL-2 primer VIL-3 variant 1 primer VIL-3 variant 2 primer VIL-3 variant 3 primer VIL-3 variant 4 primer
huCl-Il variant 1 primer huC1-11 variant 2 primer VHL-la variant 1 primer VHL-la variant 2 primer
VHL-Ib primer v 1twécplasinids 16peimencedingc sngighen ppimde \imrergsiabilin 1 §stintee vHL-1d
variant 2 primeg I@gs,a@ ofﬁ;i; gtﬁE@-dDgN@s & PRENIEY G: (38 ShGIcMON@0aSHEDHR NO: 40 SEQ

ID NO: ‘ét%ﬁ%k?&ﬁe X &uéédﬁmmn%@a&e«eﬁggapam@q&ammMa;szte SEQ ID

53 SEQ ID NOSBHSeeds %2‘%\"5‘ %d[%%lgéé%%%d @1%0%%{?(%&%% Slg?ug) gs?

SEQ IDNO: 60i8EQ: D OnBHisED @N@j@@@@mqﬂ@ﬁ%%@@%@ﬂ@rmﬁéﬁ@ 'NO: 65 SEQ
ID NO: 66 SEQO{'DANQI@ZeﬁE&) KON Qe16STRE @ ¢MANDy 6R:GEM I N© pFrBE Q4B NObF1 SEQ ID

NO: 72 SEQ ID Qe 3&5@%&\5@@ AERABNA P REQUBNGIRIERIDNRELSEQ 1D NO:
78 SEQ ID NO® Sé o eécng NO: 8 NbC? 82 SEQ ID NO: 83 iEt%ID NO: 84
primer V HL-2b%& st Icﬁ%n‘%fc\‘}tﬁﬂt %?Fénf% YIRS A st pﬁ?ﬁﬁ%gir]\}) a variant 2
primer V HL-3biprimeeglobilizcyristeary kiowa tmﬁawaogar@ﬁéw FLthe arkribhe SEEKsREY HL-4b
primer M HL-5a;yaiamigtqyimer Mdils- e afiadténpriynessdéitilefa primeeViilly - paocasiadt primer V
HL-7a variant Zﬁmrgg ré\w/%ﬁnllg,s\é@;% Iﬁglmgﬁ{%ﬁﬁﬂ Il variant 2 primer VKL-la variant 1 primer

VKL-la variant 2 primerVk L-1 b variant 1 primer VKL- 1 b variant 2 primer VKL-Ic variant | primer

VKL-lc variant 2,primer VkL-1d primey.\( Ntk RiiBaen MkbndPryatiant 2 primer
VKL-3a variant fprlmgre\&ﬁnﬁ? \%ﬂﬁe{nt%a %%%%E\T}E& 3%0 gﬁ?ﬁ}é%v ggc pri VkL a prlmer VKL-5a

primer VKL-6a ﬁﬁﬁﬁ%‘fsm%fbtﬁﬁn‘@?"ﬁﬁéﬂg 1 HHR rg@lel_S ba Brifh 0€}IL ﬁ%m? brimer VIL-Ib
variant 2 prlmemwmssmprmlmnﬂmzmmmﬂ\@@@&’?ﬁﬁdﬂﬂ&%ﬁn@?ﬁ&%ﬁ%ﬂaﬁt S8ridor viL-3b
primer Y4L-3¢ prmgr VdbodsHBkgaE Migid yargicdionmen \dl ketaablant 2 ipmmer dlaiyotariant | - 44 -

SEQID NO: SSE rller:gfa 5:}/ x%agcharé?iﬁt&E? %9&&“&@?&%?1‘%&%’&&5@ 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 1s
usually placed under the contfol 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



SEQ ID NO: 87primer VIL-7 variant 1 SEQ ID NO: 88primer VIL-7 variant 2 SEQ ID NO: 89primer
VIL-8 SEQ ID NO: 90primer VIL-4/9 variant 1 SEQ ICI NO: 91primer VIL-4/9 variant 2 SEQ ID NO:

92primer VIL-10 SEQ ID NO: 93primer SEQ ID NO: 94primer huVH-1 SE&}]E) No‘g@%ﬂlﬂmer huVH-2

SEQ ID NO™8bPiMEFHtiv11-3 variant 1 SEQ ID NO: 97primer huVH-3 Vanant2 b No:

98primer huVH-3 variant 3 SEQ ID NO: 99primer hu\/H-3 variant 4 SEQ ID NO: 100 primer huVH-4
variant 1 SEQ ID NO: 101 primer huVH-4 variant & Q ID NO: 102 primer huV1j-4 variant 3 SEQ ID
NO: 103 primer huVH-4 variant 4 SEQ ID NO: 104 primer huCH-2 variant SEQ ID NO: 105 primer
huC11-2 varianttBeStey4D:NOGitid0 Genmres hACH:R lvaciant @ SE@H1DsNPerably prideet touMk-1 variant 1

SEQ ID NO: 108.psimesfibikabivaianm SER 1D MR A0RsmRrdRuMinlevariant A SEQHD NO: 110
primer huVk-1 vari lplt Ag SEe cIDSNCg: Illt%im%tpuv%%é/e g@gﬁéﬁgﬁm(#\lo 1126ﬁr%n%8rtpequ-2 variant
2 SEQ ID NO: 113 prﬁnﬁéc%u § IEBJI Ao rimer huVk: 8 BRG primer huCk-2
SEQ ID NO: 116'8anfeferRd SEErmRies i‘ﬁ%r%@?%\ﬁ-é‘@@@ﬁlﬁ%?h@%’ﬁ%}aﬁbv,-3 variant
1 SEQ IDZNO: 1@ tpridackduiil i Wariart 2.8E @il NOR1 2@ hridodrgyu@d/2rvayidigai®ED ID NO: 121
Cariant 4 SEQ I Rt o e G e W3 o an B SE (D NO
varian ; rime -2 varian : primer huCl-2 varian ;
196 primer LIGS TGRS IR T35 BB o e e R M BnRHE, 15 R 129
primer VH-Ib SERFHHNRO: 130 primer VH-1 ¢ SEQ ID NO: 131 primer VH-1d SEQ ID NO: 132 primer
VH-2a WO 2010/094475PCT/EP2010/001008 -45 - SEQ ID NO: 133 primer VH-2b SEQ ID NO: 134
primer VH-3a SEOUD R 2356 fertieH 3ireat QnYsNOR 1536 drifféhodHist SAImAIER137 primer
VH-4a SEQ D NmiB6efutrukin MrhdiisHE Qd BoNridg&erimer VH-5a SEQ ID NO: 140 primer V1-6a
SEQ ID NO: 141 primer VH-7a SEQ ID NO: 142 primer VH-Ifp SEQ ID NO: 143 primer VH-rfp SEQ ID

NO: 144 primer VL(K)-1p-ode s idmpiigiebMidsrafudiaesesiption of the Figures
Chromosomal localization of the human immunoglobulin G heavy chain locus (A), the human

I(rg Lnunoglobulin kappadighnaiaifolacu @3) andetitie fuaandmppune gienuliodrmibdaight chainjocus

and heavy chain variable domains,
- linking the nucleic acid encoding the light chain variable domain with a
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 operable form,

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



Scheme for the polymerase chain reaction for the immunoglobulin light chain with a first and a second
primer set. Agarose gel analysis of the amplified nucleic acid after the first (A) and the second (B)
polymerase chain reaction with different primer sets; (A) | - IgG HC and 1gG LCéﬂlg(SSC 2 - 1gG LC(Kk)
55C; 3 - IgGYGBEF4H3 1gG HC and IgG LC(x) 50C; 5 - 19G LC(K) 50(: EHBE: 7 “Ho2o
PCRI; (B) 1 - 1gG LC(x) 55C; 2 - IgG HC and 1gG L{5(K) 55C; 3 - IgG HC 55C; 4- 1gG HC and IgG
LC(k) 50C; 5 - 1gG LC(k) 50C; 6- IgG KC 50C; 7- H20 PCRII; 8- H20 PCRI. Scheme for the
polymerase chain reaction for the immunoglobulin heavy chain with a different second primer set in the
two polymerasdatmirriedctioiseAyticsat el dlestyefswivih eradushiiadof teteterierat&fteLthe first (A)
and the secondgfB) malvnedase ssigspaatien o ciferentipsimeerdetas(A) | - I9G HC and IgG LC(k)
55C; 2 - IgG LC(K) 55C; 3 - IgGSSC; 4 - 1gG FIC and 1gG LC(k) 50C; 5 - IgG LC(k) 50C; 6 - 1gG50C; 7
; g'f&oF;ii;S(Eg%/Etgzﬁ%ﬁ% ek CligiRats ﬁﬁtiﬁ% d:fd (figoPls; )é}e Iﬁ@vtdede@ﬁaidNt@eoc G

g
HC 50C; 7- sz“if‘é"ﬁi‘i‘ éztg'%ﬁ‘ﬁﬁe‘lfum"eg %’cheme o ?15%% il B Séﬂ%’l&m}é

gure e polymerase chain reaction for the
|mmuno§IobuI|rﬁPl@‘@dydcﬁéiﬁl%vm?d’é’ﬁﬁéﬁ?ﬁlm@r‘%@‘%ﬂiﬂ@%@ﬁsIW‘@%&‘EW&?ﬁ%ﬁSﬁons Figure
7Agarose gel apalfisih efitheiadeplified fivaeiceapidaffeh¢heviindtofd) and the second (B) polymerase
chain reaction with different primer sets; (A) 1-19G HC and IgG LC(x) 55C; 2 - 1gG LC(K) 55C; 3 - IgG
HC 55C; 4 - IgG HC and | C(K) 50C: 5 - 10l9G LC(x) 50C; 6 - IgG HC 50C; 7 - H20 PCRI; (B) I-
IgG LC(x) 55C; 22 fGE M8t SXF55C 3 - 1gG 55C; 4 - IgG HC and 1gG LC(x) 50C; 5 - IgG

LC(x) 50C; 6 - Ig A0t H2RRGRIEA 1he0 bR bohighEr eme of overlapping extension
PCR exemplifleggg}f%ﬁﬁéqlﬁermlg@h% a3 @W&gﬁ%m&ﬁ lysis of the linear expression
constructs of thgggyep ailerent Palumsase ehgda reactions efmx@m@asdo 3. Figure 10Comparison
of the result of tpdhypaves/vmerasesiaincaasians gecordingtactine dowaintion after in vitro translation
(determination 23w} 4bNon oseferpneeerayelengtingt 620 nm, background substracted). Figure
11Agarose gel amalyEBENOHR ampifiae nudleicqadiaiedter the first the second polymerase chain
reaction with tweEdermicadses of primer VL E20/RiEpR1- 37 single cells, 38 - H20 cDNA, 39 - 25 control
MRNA, 40 - 1-18A@AMOMEBNA, ddmés M20.RERIRM2 - IgG HC/IgG LC(c), 43 - IgG HC, 44 - IgG
LC(x), 45 - H20SETRIDA6SAPP, 46:iM@0UaER. Figure 12Agarose gel analysis of the amplified nucleic
acid after the SEQID NO: 18  primer VyL-4 variant 1

SEQ ID NO: 11 primer VyL-4 variant 2

SEQID NG: 12 primer VuL-5

SEQ ID NO: 13  primer VyL-6

SEQ ID NO: 14 primer huCy-II variant 1

SEQID NO: 15 primer huCy-1I vanant 2

SEQID NO: 16  primer ViL-1

SEQ ID NO: 17 primer Vi -2

SEQID NO: 18 primer Vi[-3

SEQ ID NO: 19 primer ViL-4

SEQIDNO: 20 primer huC-11

SEQ ID NO: 21 primer V|L-1

SEQ ID NO: 22 primer ViL-2

SEQID NO: 23 primer V,L-3 variant |

SEQ IDNO: 24 primer V,L-3 variant 2

SEQ ID NO:25  primer V,L-3 variant 3

SEQ ID NO: 26 primer V-3 variant 4

SEQ ID NQ: 27  primer huC-1 variant 1

SEQ ID NO: 28 primer huCy-1I variant 2

SEQ ID NO: 29 primer VyL-1a variant 1

SEQ ID NO: 30 - primer Vul-1a vanant 2

SEQ ID NO: 31  primer VyL-1b

SEQ ID NO: 32  primer VyL-1c variant 1

" SEQIDNO:33  primer VyL-lc variant 2

SEQ ID NO: 34  primer V yL-1d variant 1

SEQ ID NO: 35  primer Vyl-1d variant 2

SEQ ID NQO: 36 primer V yl-2a




second polymerase chain reaction with one variable and one fixed 30set of primer. Figure 13Agarose
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 @"9 Eﬁeji (F% &gt of the in vitro
translation ot 24" I@@ %‘bgcmc two-step 35polymerase chain reaction of a smg e ce one fixed set
of primer and one variable set of primer. - 47 - Figgge 15Human Fab immunoglobulin fragments after
single cell polymerase chain reaction and in vitro translation; 1-8 human Fab fragments after in vitro
translation of I%G Tlfil‘:and ’%Z LC(gzréob? (}from a single cell and addition of IgG HC control 5

sample, 9-11 higHy me ”LV Q, %ran tion of IgG HC and IgG LC(x) obtained from a
single cell, 12

single cell. Fig
set of primer a
" single cell com
control, 8 - 19G
standard Fab

Fa atlon of IgG HC and IgG LC(X) obtained from a
esl blolpana e}/i}& \éea - tep polymerase chain reaction 10with one fixed
el in V|tro translation; (A) 1 - IgG HC/IgG LC from a
HC gm%r gIgG LC from a single cell, 5 - 7 IgG HC/IgG LC(x)

o g §C(X conira). 9 -43egatiyercontrol, 10 - standard Fab 0.5 ng/ml, 11 - 15

. gtan ﬁgthlg@gﬁaﬁaj 1 - standard Fab 5 ug/ml, 2 - standard Fab 50
ng/ml, 3 - standgfe IiﬁtNQ)S@/ml pam&eggtivescontrol, 5 - 12 19G HC/IgG LC from a single cell
combined with {gép Hﬁl\@cwrde%@g@ﬂw@mﬁa Saithathiods B-Cells and Plasma Cells Samples used in
this approach agge §-wshroang plagmaaels isslataednom the peripheral blood of healthy donor and
tissue (spleen, spoeimanmu} of tiamsgeniginéze for human IgG. Solid tissue is first of all manually
disaggregated gEYMBIWES49n seprrate WiieSalvatimtiater steps, gentle handling and low temperature
minimize cell lyssQuinictOs SthportantéoMthb-flavrsipdSitive isolation of the cells of interest and to keep
the source of nERQAIINNCE: BlisaggragetbuGisdllerisisnisbended by the delicate addition of cell
separation medsE@INKInGDf a diffecehvCatityparigradient (Leucosep-tubes (Greiner Rio-One) with
Ficoll density giSEN2HD N0: Sdspepdawic¥ib-drevplisiiidd by centrifugation on the cold separation
medium for 20 S5 3P 360: B and’lezlec\fm[alc?e‘fﬂﬂ?ﬂb% without breaking in order to enrich for plasma
cells (PBMC) aSEQMHNE/A8s. CRijgsFe’ v@aéhé’&rlﬁ“ééld buffer (PBS (phosphate buffered saline), 0.1
% (W/v) BSA (bSWRdBNI S bunifiRy ik VI‘"“R Aylene diamin tetra acetate)) and the

supernatant is 4l %c%?ded%meﬁ kg 8% e lymphocytes. Lymphocytes are than
resuspended i |n r%qn db I?:‘Eﬁljf h ' ?f?ﬁg entrifugation is effectuated for 5 min. at 800 x
gand 22 Cto p 7B-cally & an ma cells are pretreated with murine and human FC
blacker to block’ dindOF & er Q,l £ll§ surface. Cells are 5 washed once with buffer
(PBS, 0.1 % (w ED' A e@kq; ed.angyresuspended in PBS. Only the CD 19+ B-cells
and CD 138+ p E eIQ/ﬁf exent MRNA degradation an RNAse Inhibitor is added.
The positive iso 19 britice {DyngBigtech Dynabeads CD19 Pan B) from the mouse

spleen has be @ccorgmge fganufacturer's instructions. The 10 selection of the CD
138+ plasma c m@el&@' ec@q{g@i%LE%ySep Human CD138 Selection Kit) has been carried
out following th%mqgfmr@fs |n§HM@gm;§,&eparatlon into single cell by the principle of the
limiting-dilution ity NBAF8S sgtingr LICedls are counted and, by the principle of the
limiting-dilution ggityig BeRasited paraurglelcel into the wells of 96-well PCR plates or 384-well plates.
Plates are sealegh@tpRER AIlm amdnierrivgdiately placed on ice. Sorted cells can be used immediately
in RT-PCR (reversg ina0tiplase potyandwa&elthain reaction) or stored at -20 C for short-term use or
-80 C for long-teSBQUER NEInjk-celpsomgvas

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



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 Ceus‘ﬁ%g}?' Additional gates on forward scatter/side scatter and side scatter width/side scatter
height were deePtd7elect live lymphocytes and singlets, respectivelf%iﬁ&?@lg@ﬁéﬂa?ere distributed
25 directly into the wells of 96-well PCR plates (Epggndorf), 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 FFESR | 'églyméﬁ@&rcﬁ 77 U0, B-cells and 30plasma cells must be lysed
A v%I(‘)I:Eh,(]?{(?94475PCUEP201O/001008 - 49.. Table
nt Volume (p.1) Final concentration Water, PCR

b

primer 1.00 0.0£.4
the cell lysis. T%@

A IRRS
) ﬁ%@:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ LD NO:
SEQ ID NG:
SEQ ID NO:
SEQ ID NO:
SEG ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NG:
SEQ ID NO:
SEQ ID NC:
SEQ ID NOG:
SEQ ID NG:
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 IB NO:
SEQ ID NO:
SEGQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
CSEQ ID NO:

136
iggg ;
g ? . 1@51'@\!31"1&111; 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
primer LTGS-rfp
primer Vy-la

primer Vy-1b

primer Vy-Ic

primer Vy-1d

primer Vy-2a

S QIbo
,“Ags‘éaflnaﬁﬁ{;‘lztor (40 U/gl) 0.25 5 U Gene Specific antisense
1,7 @p@]y?lume 5.00 Table 23:Block cycler program for



55 30 45 30 35 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 re%‘[:goﬁ gz@g %ade in a 96-well plate. To each well containing 2Pk IBMPRRJs added 2.5 gl
of water, 1 ¢ 2ald reaction buffer, 1 pi ANTPs, 0.25 pl RNAse Inhibitor (40 U/p.1), 0.25 p.1 reverse
transcriptase (20 U/gl), all from the First Strand c@KA 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 g0 gated I|d he%ed to 85 C for 2 min. (to inactivate the reverse
transcriptase), | ] gr (L| 480 Roche Diagnostics GmbH, Mannheim, Germany).
Single-strande(] ¢ ; Q, ortly after the reverse transcription reaction to avoid
degradation of { o c HHi Qyng&ess reaction was simultaneously performed without cells
to test for contgipifg 0‘[’ ponents used for the reverse transcription reaction.
Component Voliipey @tglo‘ngater PCR grade 6.8 PCR Master 10 WO
2010/094475P¢4 A ﬁgWQQﬂ.OO e v8mponent Volume (il) Final concentration Semi-nested
Primer 1I9G HCE6 Q0 AiVige Mippeséed Ramer 19G LC (k)

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

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;



0.4 0.02 1sN4 Semi-nested Primer IgG LC (1) 0.4 0.02 1.L1?4 cDNA template from RI reaction 2
Final volume 20 Cell lysis and Reverse transcription: To be able to amplificate the mRNA in a

polyrnerase ghai tian, B-cells and plasma cells must be lysed befor nscription
FEmRs S INGHBNSHREIIR

reaction. Firs 25:Block cycler program for the first PCR. Temperature CC) Time Number
of cycles 95 2 min. 1 94 15 sec. 355530 sec. 72 Lgn. 7210 min. 14

4 — TgG HC und IgG LC(x) 50°C; 5 — 1gG LC(x) 50°C; 6 — 1gG
HC 50°C; 7 — H,O PCRII; 8 ~ HO PCRI

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.



03 Table 26:Primer used for the first PCR. Ig heavy chain primer Ig light chain (x) primer Ig light chﬂain |

(X) primer Viy L-1 VKL-1 VAL-| VHL-2 VKL-2 VAL-2 V11L-3 VL-3 V1L-3 VHL-4 VrL4 huCA-II

V1-1L-5 huCK-11
WO 2010/094475 PCT/EP2610/001008

- 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



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 PCR was performed to increase the amount of cDNA copies and to amplify only from the
variable part ot the'f I?ﬁl’%[ Zhain (LC) and heavy chain (HC) to the CHI reg|BﬂT‘Fﬁ%°f-?8"é?ﬂf)l|f|cat|on 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 ul using 2 ul of the first PCR product, 10 Jul of High WO
2010/094475PCT/EP2010/001008 - 51 - Fidelity PCR Master (containing 0.4 p.M each dNTPs, double
concentrated ré@eﬂmweﬂm&h{ﬁm@m Mog@hyy@O2rpivuoteaspepdedan 2B 3remd thexbligh Fidelity

PCR Master Klbg@aﬁhﬁu TRt NANRNSIR RISy IAINg 406 tollawdng second PCR
program: 2 min rlss 555 C for 30 sec., 72C for 1.min.. following 10
%lg%(éhe ceﬁé E-cc%s % ma el(fs %ﬁ:%ﬁre tecp '%h tvln?ume rs‘xﬁl

mm. at 72C. Ta omp onents USG ESECOH omponen nal

concentration \ﬁgté‘\loﬁ@ﬁt@rE’(ﬂ’ék7‘B‘SPﬁ§‘ﬁi‘Ff€f§ﬁf933@fR‘\lWa%rﬂ'ﬂ’f f@lﬁnﬁﬁrﬁﬁ‘tﬁe 8Step Primer
IgG HC 9.4 0.08 phbd wisstePrirfer (§83, G(kpO@)0BHM 2 mM EDTA), centrifuged and

resuspended in PBS. Only the CD19+ 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 BSelection Kit) has been camried 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.



Two-step Primer IgG LC(X) 0.4 0.02 pM First PCR product 2 Final volume 20 Table 28:Block cycler
program for the second PCR. Temperature (C) Time Number of cycles 95 2 min. 1 94 15 sec. 45 55
30sec. 721 min. 7210 min. 4 co Table 29:Primer used for the second PCR Igo heavy chain

WO 20106/094475 PCT/EP201(/001808
- 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




primer IgG light chain (x) primer IgG light chain (X) primer VHla Vk 1 a Vkla VH1b Vkib VkIb VH1c V,
Ic Vkic VH1d V,Id Va VH2a V,,2a Vk3a Vab Vab Vk3b VH3a Vaa Vac VH3b Vab Vad VH3c Vac Vx4

V14a Vkda VK5
. WO 2010/094475 PCT/EPZ010/601008
<50 -
Component Volume (ul) | Final concentration

“Semi-nested Primer IgG HC 0.4 0.02 uM
Semi-nested Primer {gG LC (k) 0.4 0.02 uM
Semi-nested Primer 1gG LC (1) 0.4 0.02 pM

cDNA template from RT reaction | 2

Final volume 20

Cell lysis 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



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: To be able to amplificate the mRNA in a
polymerase chain reaction, B-cells and plasma cells must be distributed directly into the wells of
96-well PCRYAEY A ndorf), containing all the necessary PCR reagehftd FFAVSIIME of 10 Sexcept
for reverse transcriptase, DNA polymerase, buffer_asr}d_ 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 material for the 10 reverse transcription or
RT-PCR. All neEeksiay\P (e dbéastsrvienatzhangl A hd eacitainiBratimeiAlquaentaisé reastinthesized in the
MOLBIOL TIB GapieH (eharatengsvitoe plaies and &llathepiargemsovaranepi g0 eHyring the entire
procedure. For 6BNA xnihgees i, aens sRelfic RSt M lensiassers Usad ety The
enzyme complex consists of two ensiscné)‘ reverse transcriptases 15 and o Smrﬁscrlpt polymerase
(Qiagen OneSt&Y RIRECIRIONhECBWHRRGE! theiRN Alnfo ANECFRShefoniat by Hfe Sensiscript
complexs(Qiageft CnéBtap BT, PLR) fand thim afophficagdf oiithet GRRA was performed using the
HotStarTaq DNA Polymerase (Qiagen OneStep RT PCR), which is a chemically form of a recombinant
94 kDa DNA pdutkrage (deoxgomplensitecipinspbateoddNPARO 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 $ezpohewte of 10 || Vedeed(jely SHinad GRcpnkpgtigrde, 1 ul 0.1 uM
primer for VH and VL,|1 s1 Risas@ihigitde 20 Ulreactloh and|3 ul Tris 1.5 mM. Before adding the
other 10 gl for performingighefRigRyrBaRidesthe cells stbred at -60¢8 peMdlebriefly centrifuged (20
sec. at 1400 rpm) to cplléstatstenduinemg@diis on the Béttom of the WEEEMYO
20.10/094475PCT/EPRD%0/60n Bo8re 6 G Ealle) 30:Mdter Mix 1 use@98iide RT-RCR. Master Mix 1
Final concentration/welTvaitstap Rvielefliz O H20.) 04 0.02 uyM
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.
55 30 sec. 45
72 1 min.
72 10 min. 1
4 oa
Table 29; Primer used for the second PCR
YgG heavy chain | IgG light chain (k) | IgG light chain (A)
primer primer primer
Vgla V.la V;ia
Vulb Vlb V,1b
Vulc Vle Vilc
Vuld v, 1d V,2
Vy2a V.2a Vi3a
Vi2b V,2b  V,3b
Vula V. 3a Vidc
Vu3b V3b V,3d
Vydc V.ic V4
Vuda V.4a V35
Vidb Visa V36
Visa - V.ba V37
Vyba V,.6b V.8




5_ pfimer Vu/ VL(E() 0.1 pM 1 RNAse Inhibitor 20 U/reaction 1 Tr is-buffer 1.5 mM 3 B/Plasma cells
final volume 10 Table 31:Master Mix 2 used for the RT-PCR. Master Mix 2 Final concentration/well
volume/well‘g,RD H20 Ix 2.2 5x Buffer Ix 4 dNTP 10 mM each 400 p.M each 0.8 5x Q-Solution 0.25x

O 2010/094475 PCT/EP2018/001008
-52-
1gG heavy chain | IgG light chain (k) | IgG light chain (A}
primer primer primer
VyTa C, Il V,4/9
Cylll V, 10
Culll

One step Multiplex RT-GSP (Gene Specific Primer)-PCR reaction:

To be able to amplificate the mRNA in a polymerase chain reaction, B-cells and
plasma cells must be distributed directly into the wells of 96-well PCR plates
(Eppendorf), containing all the necessary PCR reagents in a volume of 10 pl,

5 except for 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 material for the
10 reverse transcription or RT-PCR. All necessary reagents were thawed at room
temperature. All primer were synthesized in the MOLBIOL TIB GmbH
laboratories. The plates and all other reagents were kept 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 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.



One Step RT PCR Enzyme mix 1.2 RNAse Inhibitor 20U final volume 10 10 pl per well of Master
Mix 2 were added to the cells. The second Master Mix 5 contained 2.2 pi H20 PCR grade, 4 pl of Ix
buffer, 0.8 pl of ANTPs 400 pM each, | pi of Q-solution 0.25x, 1.2 pl of the enzyme complex and 1 pi of
RNAse inhiB{8r8W9?4dble 32:Primer used for the RT-PCR. Ig hepavy chiif) ?ﬁé‘?"f&lﬂ t chain (CF))
primer VErifp SEQ ID NO: 142 VL(k)-1fp SEQ ID NQ: 144 Vp-rfp SEQ ID NO: 143 VL(k)-rfp SEQ ID
NO: 145 Table 33:Block cycler prop-am for the RT-GSP- PCR. Temperature Time Step Cycles 50 C
30 mm. reverse transcription 95 C

Tabie 36: Master Mix 1 used for the RT-PCR.
. Final voelume/well
Master Mix 1 concentration/well (ph
H.O 5
primer Vi / VL(k) 0.1 pM 1
RNAse Inhibitor 20 U/reaction 1
Tris-buffer 1.5 mM 3
B/Plasma cells
final volume 10
Table 31: Master Mix 2 used for the RT-PCR.
. Final volume/well
Master Mix 2 concenfration/well {ul)
HZO 1% 2.2
5x Buffer Ix 4
dNTP 10 mM each 400 pM cach 0.8
5x Q-Solution 0.25x ]
One Step RT ?CR Enzyme 1.2
mix
RINAse Inhibitor 20U i
final volume 10

10 pl per well of Master Mix 2 were added to the cells. The second Master Mix

5 contained 2.2 pl H,O PCR grade, 4 pl of 1x buffer, 0.8 pl of dNTPs 400 uM each,
1 ul of Q-solution 0.25x, 1.2 ul of the enzyme complex and 1pl of RNAse
inhibitor 20U.

Table 32: Primer used for the RT-PCR.
Ig heavy chain primer Ig light chain () primer
Vy-lfp | SEQ ID NO: 142 | VL(k)-1fp | SEQ ID NO: 144
Vy-rfp | SEQ ID NO: 143 | VL(k)-rfp | SEQ ID NO: 145
Table 33: Block cycler program for the RT-GSP- PCR.
Temperature Time Step Cycles
50 °C 30 min. | reverse transcription 1
95 °C 15 min. denaturation 1
94 °C 40 sec. denaturation 11




15 min. denaturation 194 C 40 sec. denaturation 11 WO 2010/094475PCT/EP2010/001008 - 54 -
Temperatyre Time Step Cycles 52 C 1 min. annealing 72 C 1 min. elongation 94 C 41 sec.
denaturation 29 60 C 1 min. annealing 72 C 1 min. elongation 72 C |

WO 2010/094475 PCT/EP2016/001008
- 54 -
Temperature Time Step Cyeles
52°C 1 min. annealing
72°C 1 min. elongation
94 °C 41 sec. denaturation
60 °C 1 min. annealing 29
72°C ] min. elongation
72 °C 10 min. final elongation 1
4°C oo 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 polymerases and salts used during PCR amplification in
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 free of contaminants and can be used in the following
applications: Fluorescent DNA sequencing (including capillary electrophoresis),
microarray 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.



10 min. final elongation 1 4 C co 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 rewously amplified PCR products was performed by removin unlncorporated 5
primer, dNTBE l@& poﬁymerases and salts used during PCR ampI|f|cat|gﬁ]i'|¥%?r%gf}?303{‘/0@
interference in downstream applications. AgencourgAMPure 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 100BstfeRis essentially free of contaminants and can be used in the following
applications: Fluorescent DNA sequencing (including capillary electrophoresis), microarray spotting,
cloning and prirkbe estehfrsnSaotyphegsererd F6k fow $6e06ime linked dystarte@igrpiagntly shaking
the beads storegkianiigiierMOR e sapemdwveitty rhagieiiewingticieripahenay hrvessatilefbs The correct
volume of 36 9%%9&?#%%&94&%9 Yas M&%&&éhﬁn% }' 59{@%@59 é’“‘l@ NG pipetted 10

f

times up_and down. The following step was.in mlnute ds the reaction plate
was placed ontd & RYRERE ﬁg?g%% Yt H[ftg ?6 %g’bg 855%95 sgl'ﬁ %F\ Ré%feared solution
(supernatant) waszhsplrmedfréthrheorsaiping plaferdnierigschi. (Ffo‘r%éebet&d’sk&!ﬁﬂm"(ﬁﬁshmg 200 gl
of 70 % ethanokuyrs 200dispEsed perofaliMsd)nosbated T PociTUtenMesathle far al lgast 30

seconds. The efhang M%@%%%%P%W W%&T% S@'wrﬁf'ﬁzﬂ %@é”@fgfﬁmﬁ%ﬁ two times

and then the reac(#on plate was left t? é’ @(/ om t 6Eﬂer ur§ It fo lowed with the
addition of 40 gP8t LitititnPh SHEFRR ARG & ?)eﬁrme Vot oeWﬁofb\fter the
cDNA di€sociatitst: frdiv e 28eehyn Eliagpestins ﬁ?@ rufmmﬁmréw@@ﬁ% dlfew plate. - 55

- Third PCR: Thecaimplifie>ORAwotites sesendddGR aglaféefovard silinkedrioy-mnaveasiagping
extension PCR ﬂgsﬁeﬁ&w&ih%E@l@wﬂagr@mmﬂ%%ne&&@aﬁsw fondhe-HaRackiRiAR/ifrnslation step:
a ribosome bm%lv%,ls) i%%?%s aT7 Pn?(rr&c)ter and SI%ZH%%rSTm% guences or this PCR, 2 pi of

the second PC A Tivat VETLmME B 28 BT Containine | water, 2 pi of 10x reaction
buffer with MgC12 (10 mM), 0.8 pi of DMS |1 d mM each), 1.6 pi T7 promotor and
terminator primer? ep:’ﬂ‘/l each) %’H']loz{'f‘ltf Iﬂi‘-?,& er and 0.4 Rl of enzyme blend, all
from the. RTS EeolirttnearTtem ngiu%fﬁ%c ICI.alIUII 16-S OT n'n%ii;H‘U‘F‘ma'l’ ﬂlclgl‘ibltlll‘té lpi‘lTPbH
Mannheim, Gernally) I_Illawht

€ gsedas temprate 1orn vitro
transcription usi %xﬂ,u uuﬂu i %ﬂﬂg@tﬂ tuiug Ihﬂyitmg—ﬂagctkmaﬂ-ﬁalrwaﬁcreened'agamst the

Er,,
F(ab"2 1gG by gnzyme- finked |I|%Mgwubumcm assd (ELi%@. Tahte-84-Componentsused for the
third PCR. Com %&R’Nﬁﬂié‘éti&'ﬂ ?nfﬂlt%%é-aéﬂfmm Watgr; PCR grade 14, 70X Re ction Buffer

with MgC12 (104 solution T7 Prom Primer (6 M) 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




DMSO 0.8 PCR Nucleotide mix (10 mM each) 0.5 250 pM Working solution T7 Prom Primer (6 pM)
1.6 0.48 1.1M Working solution T7 Term Primer (6 pM) 1.6 0.48 p.M Working solution C-term HA-tag
(6 pM) 0.4 Q.48 j.IM Enzyme Blend 0.4 PCR 2 product 2 Final volume Block cycler
program forWhezt'ﬁw%qu . Temperature (C) Time Number of cycles 95 m|n§%1mﬁﬁ§8

-56-

Gel electrophoresis:

The ge! electrophoresis analysis (1 % agérose gel, Invitrogen Corp., USA)} was
performed to evaluate the amplification and the specificity of the cDNA templates
with the appropriate controls.

5 Table 36: Gel analysis protocol.
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




60 1 mm. 721 min.30sec. 727 min. 14 OD - 56 - Gel electrophoresis: The gel electrophoresis
analysis (lagarose gel, Invitrogen Corp., USA) was performed to evaluate the amplification and the
specificity of the cDNA templates with the appropriate controls. 5Table 36:Gel analysis protocol.
Component‘%ﬁ%’é&@rzsﬁ/ﬁgration time 1-120 6 5x Orange G 3 PCR prggggpéﬂﬁn(éo\(}glume 15

Volume for gel 10 : -57-
Mix Component Volume (ul)

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,



20 min. In vitro tr_anscription 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 1 /Féjl of ea
o}

overlapplngw %ﬁ?ét was transcribed and translated in a total volumé Gﬁ(lm}a % C for 20

hours in the RTS Proteo Master Instrument (Rochg 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 VitroctipreRiip bRt ahsEER0, (HE75000 &R 1on dRare S tthaterBd 16 75 pl PBS

(Tlaiﬁl-g gguéion) g%cuf{gaw%@tsétﬁ emigiaiforiheeageatalingans alatlsatiomoBihe protein.
:com en s for Vitro |
AR, S s ET SRR AP R RIS (©) WL

E. coli lysate 2 ctvator PRinalv for 10-2 T 2: Feedin
mix 640 Amlné"é[éy Wl evelabiedinsnifaltag. Burlingame, CA, USA), TLRZ ?Tﬂ% ¢ J

5 (HTA125), TCRab (IP26), (all available from Bioscience, San Diego, CA), BDCA-
1, BDCA-2, BDCA-4, CD25 (4E3) (all available from 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




20 1-120 200 Final volume 1000 WO 2010/094475PCT/EP2010/001008 - 57 - Mix Component
Volume (n1) Mix 3: Reaction mix 7 Amino acid mix 7 Methionine Mix! 25 GroE Supplement 5

RNAse inhibitor

WO 2010/694475 PCT/EP2010/601698
-59.
Ig hea?_ry chain Ig hght.cham x) Ig light chain (A) primer

primeyr primer

VHL-1 Vil-1 VyL-1

VuL-5 huC-1l

VyL-6

huCy-l

The employed sets of primer for the second polymerase chain 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




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 PBS) goat anti-human IgG Fab
fragment (produced by Bethyl Laboratories Inc., obtained from Biomol 5 GmbH, Hamburg, Germany, 1
mg/1 ml) inctiiste &t 4¢ overnight. The plate was washed three times WithiFESHitBEition (100
PBST (phosphate buffered saline Tween-20)) and 6Q pl of Blocking solution (0.25% CroteinC
(w/v)/0.5% Tween (w/v)/PBS) was added, incubated tor | h at room temperature. Mother washing step
(3x100 p1 PBST) was performed and 37.5 pl sample was transferred, as well 10 as 37.5 ml negative
control (negativinGtptrel Friwndiredre dtio fraresariplifadtraetintion] fnddchts pbrasithvia dantrol,
containing 0.75 i ofrmanggconhinant kahimamentdRachgLiagnesticsizelHadangheim,
Germany). The sarrllftglesi.were tltlrated I.%%a 1:3 dlluglpn. Tpe IatEeuwas P%bb@c?ed ;%Jég at room
temperature. ARSHS \}\?élsfﬁﬁ] cgfe%S (3’)”( 0Fd PBE B?gZS ‘Efi“‘g%% éﬁtiffwman é ab’)2 (Dianova,
Hamburg, Gernﬁ&ﬁWFb‘.@Ibhg%ﬁﬁ (Al 0laRERD A HEBI BERAYY S 8RiishY) Wirss Afdtied E#empRiSbated for 1 h
at room femperaturelaithedelsttavashingestep (k0 750 BB IRONVES peatb G dmiikadsc), of TMB
(POD Substrate.RechieRiagnesiesrizmpiit Manengioh CeEma,beNei b8da8d) was pipetted
into each well. After 2t:3 an tesi the absgémilon signal was detected at 405 nm and 495 20nm (Tecan,
Safire 2; Tecan'Dé&dtscitand m}bel-i?(i?}"all figim. Gert alﬁ);f’.a ﬁfg% cytometric analysis and cell sorting:
For FACS analﬁsis and cell sorting monoclonal antibodies, either biotinylated or conjugated with either
FITC (fluoresc yanate), PE (Phycoerythrin), or APC (allophycocyanin) against the following
antigens were used: CD3 (UCHT1), 25CD4 (13B8.2), CD8 (B9.11), CD40 (MAB89), CD80 (MAB104),
CD83 (HB15a), AP ae A 1 (aReass et hronrhires Srammmizcdtmish comle Bt ddine, - 58 -
France}0CD19 ¢Hi83y8¥1@R2G4RIHERcCDBHIBS 1y,01th@ieafQDiae (8%6), CD1 1 ¢ (B-1y6) CD14
(M5E2), CD24, CD22a, CD38, CD138 (all available from BD Pharmingen, San Diego, CA, USA),

CD45 (H130), GDA5RA | , HLA: 36) vai It ' , CA, USA),
TLR? (TL2.2), T B %?X}% R R e L g
BDCA1, BDCA- P BPE AL HE % 30%8) Th 3vATIRTE drSHI R sidbe stshredsestidbach,
Germany), IgM pankstst aradiibreese dectrchvesbeGrooéar RA the Srim@ oRea¢B D1 hpsevdded by M. Lipp,
Berlin, Germanyg:sT peukT astBatardatvwasreised for W analysis daunoteehéBeckmansCoulter).

Streptayidin co U%@S@Ih%rﬂﬁa%ﬁ@nofs@ﬁgn@'F%&@H?‘rmingen) were used for visualization of

biotinylated antibodies. Dead cells were excluded by propidium iodide staining. Appropriate

soype-matched I'einEILFOINS! AR HeTRuEd Ip detemming N leuslotheskaraun staining

Cells were analklzecﬁl]l m,é a FAC ur and sorte Aria (Becton Dickinson
Immunocytome g%@(h‘?&l’l\“ﬁountain View; CA, 15USA). Example 1 Amplification of IgG genes from
humanized immi"d mice's-single B i i

all hva nalvumerace chat roaectionAL th-aonefivad nrimer Set
G L{y A PUIXIIICIMQC CITATET T CTUULIUTT VVILTT LTS TIATU I\l
1
1

Bt it cham () primer, Slg ightcham (L BEMEE |0cus have
The 3'-primar RE R A :géecdﬁﬂprirr{elsgé%}?‘r;ggiled in the

3]

aVal=ava

and one changed=sHiH >
been obtained|a¥’gutlingd"

. o 0 L et 18 e ikt ardh seobmnck ariiar .
nsofa as he pris.of I T bt SeLebu T Sgon entoting 1€ Kadgy Kepie and e
eacton s Ghn nEu]e TS SRpllyaa bt i SHLeI ok ine i3 pob e BN ebcion ae
denoted in the h&:ﬂ i} il%E?OﬁTIﬁw C Idi\l;KL-A, SEQ ?9? NO- - SE’%F]H:)Z ;}0:

viLs | SEQ {}:2) NO: [\ o1 | SEQ 213 NO: ’

val6 | SEQ {[3) NO:

huCy-1l SE? 41’131 ?O:

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



primer Ig light chain (Ic) primer Ig light chain (X) primer VHL-1 V"L-1 V),L-1 VHL-2 V,,L-2 VKL-2 VHL-3
V,,L-3 V1L-3 VHL-4 V"L-4 huCx-I1 - 59 - Ig heavy chain primer Ig light chain 00 primer Ig light chain
(X) primer VHL-1 V"L-1 VKL-1 V11L-5 huCK-11 VHL-6 huCH-II

WO 2016/094475 PCT/EP2G16/001608
-61-

IpG heavy chain primer |  1EC iig;iitr;:?in () | IgG light chain (A} primer
VyL-la SESQI’I;{T;JO: VKL-EQ SE%I,DS ‘I;IO: V,L-1a SEQ % NO:
vit-te | SPQONO viie | SELRNON | vipe | BRSNS
val-id | 55Q 41333;‘?0: vil-la | SEQDNOT | yipg, | SERIONG:
Vyl2a | SEQ ;£[6) NO: |y », | SEQ élg NO: | gy 3, SE(%I,ID; é\f():
V uL-2b SEEJ’%?Q V,L-2b SE%{D&NO: viL3p | SPQIONO
Vyul-3a SE?;,%\IO: V.L-3a SE%I,DS 3;10: v,L3c | SEQ élg NO:
vyL-3b | SEQ i? NO: 1y pap | SEQ é{; NO: yipaa | SEQ g’ NO:
val-3e | SEQDNO vy 5o | SEQREPNOT vy g SE?;’DS?O‘
YV L-da SE%% Eo: Viida | SEQ 213 NO: Ty s, SE% ;,DS :1;10;
vaLap | SEQIDNOT gy 5o | SEQIINOT 1 vy 6 | SEQUINOS
V 4L-5a SE(};}Z?O: V.L-6a SEQ ‘1513 NO: V,L-7a sﬁ(g 7}% é\;g;
v L-6a | SEQ }g NO: | o 16p | SEQ ;/13 NO: | g | SEQ él; NO:
VuL-7a SE(§9[,DS(I;IO: huCyI1I SEQ };'11) NO: V,L-4/9a SESOI,DQ ?]o;
hl.;gn- SE?IEE?O: ViL-i0a SEQ ;]23 NO:
huCy=I1 | SEQ ég’ NO:

-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.




The employed sets of primer for the second polymerase 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:
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 SEE #4473 74 Vu-Ic SEQ ID NO: 130 V"L-Ic SEQ ID NO: BFEEHAY I8 ES D NO: 75

-62 -

Eggtﬁple 3

Amplification of IgG genes from humanized immunized mice’s single B cell by
a polymerase chain reaction with two identical primer sets

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

5 obtained as outlined above. The 5’-primer and the 3’-primer of the first and second
primer set were identical. A scheme of this polymerase chain reaction is given in
Figure 6.

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

. . Ig light chain (k) . . .
Ig heavy chain primer primer Ig light chain (A) primer
SEQIDNO: |, | SEQIDNO: SEQ ID NO:
huVy-1 94 ) . 107, 108, 109, huV,-1 116
110
SEQID NO: | huV,- | SEQID NO: SEQ ID NO:
huvie2 | 22 95 2 1(121, 112 huV;-2 17
SEQID NO: | huV,- SEQ ID NO: SEQ ID NG:
huVir3 | 96.97,08,99 | 3 113 huVy-3 118, 119
SEQ ID NO: haVe- SEQ ID NO: SEQ ID NO:
huVy-4 100, 101, 4 K 114 huC,-2 120, 121, 122,
102, 103 123,124,125
huCyz | SEQIDNO: TtuC,- | SEQ ID NO:
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



VH-1d SEQ_ID NO: 131 V,,L-Id SEQ ID NO: 59 VKL-2 SEQ ID NO: 76 VH-2a SEQ ID NO: 132 VKL-2a
SEQ ID-NO: 60 VkL-3a SEQ ID NO: 77, 78 VH-2b SEQ ID NO: 133 V"L-2b SEQ ID NO: 6 |, 62 VKL-3b

SEQ ID NO: 79 V1 3a SEQ ID NO: 134 V"L-3a SEQ ID NO: 63, 64 VKL-3¢c SEQ ID NO:
WO 2810/(}94475“ ] PCT/EP2010/0010068

-63-

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 the

5 regulatory elements. This linear expression construct is further amplified with the
help of two terminal primer. These primer comprise the following sequence: 5’-
CTTTAAGAAGGAGATATACC+ATG+15-20 bp of the gene-specific sequence
(5°- primer, SEQ ID NO: 126} or 5’-ATCGTATGGGTAGCTGGTCCCHTTA+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 | two fixed primer | one fixed primer two variable
chain sets set primer sets
IeG HC ~ 1110 bp ~1110bp ~ 822 bp
1eG LC(K) ~ 1089 bp ~ 1089 bp ~ 799 bp
15 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
20 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
25 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



80 VH-_3:b SEQ ID NO: 135 V"L-3b SEQ ID NO: 65 VkL-3d SEQ ID NO: 81 VH- 3c SEQ ID NO: 136
\S/E?g ISDESCI)DSNO: 66 VKL-4 SEQ ID NO: 82,83 VH-4a SEQ ID NO: 137 VKL-4a SEQ ID NO: 67 VKL-5
: 84, 85 V1 4b SEQ ID NO: 138 V"L-5 : -
WO 2010/094475 Q a SEQ ID NO: 68 VkL QCT/Em{)mmmo&s

-64 -

reaction-employing two fixed sets of primer. By employing only one fixed set of
primer up to S-times higher optical densities can be achieved.

Example6 .

In vitro translation and huFab specific ELISA with a nucleic acid obtained
5 from a from single cell

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.



SEQ ID NO: 86 Vi--5a SEQ ID NO: 139 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 VkL-4/9‘§E%JBOM%'590,91 huCtl- 2 SEQ ID NO: PCT/EP010/001008

- 65 -
Patent Claims

1.- 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
5 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
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.



194, 105, 106 VAL-10 SEQ ID NO: 92 huCk-2 SEQ ID NO: 120, 121, 122, 123, 124,125 -60 - In
Figure 3 the agarose gel of the amplified nucleic acid fragments obtained in this-polymerase chain

reaction is shwpog, samples were analyzed after 40 amplification cyclesyith anaapealing
temperature of 50 C and 55 C, respectively. The blanks (water) were negative and the size of the

fragmer_lts 5 correlated well to the expected sizes-@¢7.50 bp (1gG 1-1C) and 665 bp (IgG LC),
respectively, after the first polymerase chain reaction and of 711 bp and 688 bp, respectively, after the
second polymerase chain reaction. Example 2 Amplification of igG genes.from hymanized
immunized micé's si?‘@@@ BEROsYNH1P &&%rﬂ%?éget%ﬁgfﬁ%ﬁiﬁﬁﬁ?h ‘f&%afﬁeﬁgeén ?pﬁlr%ler sets Single
B-cells of a mouse it arimemempiyedriogtbb st pelitrasss ishein apratinad MebitiHed above. The

5'-_primer and the 3'-95@%?@ '@@fﬂ{%@ﬁg@,@gépddyifﬂ@fe.ﬁﬁﬁmtgldﬁf&fﬁnt 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

15polymerase %hai”%ﬁﬁpﬂc&ﬂiﬁ‘@aﬁsg UrR ¢ Thepaplpyedisets, eharimerifed thediast polyrnerase
(6]

Spolymerase ghainyRARioRs, : |
SEQ IDNO: 16 13 G CRATA TP DAY G B NOE AN Sk T N b5e

coding region 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



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 VxL-3 SEQ ID NO: 23, 24, 25, 26 VHL-4 SEQ ID NO: 10,11 V,L-4 SEQ ID NO: 19
huCx-Il SEQuIPNsaf:28 VHL-5 SEQ ID NO: 12 huCK-Il SEQ ID NO: 2-m/epa010/01008

-67-

variable domain or an immunoglobulin kappa light chain variable domain or
an immunoglobulin lambda light chain variable domain.

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:



V L-6 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) ?rimegdgG light chain (k) primer VHL-la SEQ ID NO: 29, 30
VKL- 1 a SEQ ID NO: 53, 54 VAL- 1 a SEQ ID NO: 72 - V HL Ib SEQ ID NO:

10

15

20

15.

- 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.



31 VKL-Ib SEQ ID NO: 755,56 VAL-Ib SEQ ID NO: 73,74 VHL-Ic SEQ ID NO: 32, 33 VKL-Ic SEQ ID
NO: 57, 58 VAL-I ¢ SEQ ID NO: 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

-1-

SEQUENCE LISTING

<110> F. Hoffmann-La Roche AG
120> Method for obtaining immunoglobulin encoding nucleic acid
<] 30> 25241 WO

<150> FEPQ9002396.1
<151> 2009-02-20

<160> 145

<170> PatentIn version 3.5

<210> 1

<211> 330

<212> PRT

<213> Homo sapiens

<400> 1

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys lLeu val Lys Asp Tyr
20 25 30

FPhe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leun Tyr Sex
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr
65 70 75 80

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
B5 90 85

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125



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 NO: 80 V H L-3b SEQ ID NO: 41 VKL-3b SEQ ID NO: 65
VAL-3d SEQ ID NO: 81 - V HL 3c SEQ ID NO: 42 VKL-3c SEQ ID NO: 66 VAL-4a SEQ ID NO:

Lys Pro lLys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr val Leu
180 185 190

His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Tle Ser Lys Ala Lys Gly
210 215 220

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
225 230 235 240

Leu Thr Lys Asn Gln Val Sexr Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Rsn Gly Gln Pro Glu Asn
260 265 270

BAsn Tyr Lys Thr Thr Pro Prc Val Leu Asp Ser Asp Gly Ser Phe Fhe
275 280 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
280 295 300

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330

<210> 2
<211> 327
<212> PRT



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-6b SEQ ID NO: 70

-3-

<213> Homo sapiens
<400> 2
Ala Ser Thr Lys Gly Pro Ser Val Fhe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val BAsp Lys
' 85 a0 95

Arg Val Glu Ser Lys Tyr Gly Pro Fro Cys Pro Ser Cys Pro Ala Pro
100 105 110

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thy Cys Val val Val
130 135 140

Asp Val Ser Gla Giu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Fhe
165 170 i75

RAsn Ser Thr Tyr Brg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190

Trp Leun Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205



VAL-8a SEQ ID NO: 89 V HL-7a SEQ ID NO: 49, 50 huC-lll k SEQ ID NO: 71 VAL-4/9a SEQ ID NO:
90, 91 huCH- lll SEQ ID NO: 51,52 VAL-10a SEQ ID NO: 92 huCA--1ll 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 40 amplification cycles with an annealing temperature of 50
C and 55 C, 5 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 LC), respectively, after the first

polyrtnerase chain reaction and of 442 bp and 399 bp, respectively, after the second polymerase chain
reaction.

pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
210 215 220

Gilu Pro Gin Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225 230 2335 240

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
250 295 300

Cys Ser val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325

<210> 3

<211> 107

<212> PRT

<213> Homo sapiens

<400> 3
Arg Thr Val Ala Ala Prc Sexr Val Phe Ile Phe Pro Pro Ser Asp Glu

1 5 10 15

Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
20 25 30

Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln
35 49 45

Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser
50 55 60



WO 2010/094475PCT/EP2010/001008 - 62 - Example 3 Amplification of IgG genes from humanized
immunized mice's single B cell by a polymerase chain reaction with two identical primer sets Single
B-cells of a mouse having a human immunoglobulin locus have been 5 obtained as outlined above.
The 5'-primer and the 3'-primer of the first and second primer set were identical. A scheme of this
polymerase chain reaction is given in Figure 6. The employed sets of primer for the first and second
polymerase chain reaction are denoted in the follgwing list: Ig heavy chain primer Ig light chain (x)
primer Ig light chain (X) primer huVH-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: 95 huVr 2 SEQ ID NO: 111, 112 huVA-2 SEQ ID NO:

117 huvkllfu% %%QSQ NQA Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
65 ¢ 75 80

Lys His Lys Val Tyr Ala Cys Glu Val Thr Eis Gln Gly Leu Ser Ser
85 90 95

Pre Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
100 165

<210> 4

<211l> 104

<212> PRT

<213> Homo sapiensg

<400> 4

pPro Lys Ala Ala Pro Ser Val Thr Leu Phe Prc Pro Ser Ser Glu Glu

Leu Gln Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe Tyr
20 25 30

Pro Gly Ala Val Thr val Ala Trp Lys Ala Asp Ser Ser Pro Val Lys
35 40 45

Ala Gly Vval Glu Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn Lys Tyr
50 55 60

Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys Ser His
65 70 75 80

BArg Ser Tyr Ser Cys Gln Vail Thr His Glu Gly Ser Thr Val Glu Lys

Thr Val Ala Pro Thr Glu Cys Ser
160

<210> 5

<21i> 21

<z212> DNA

<213> Homo sapiens

<400> 5 ’
tcaccatgga ctgcacctgg a



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 SEQ ID NO: 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 fragmengs 15correlated well to the expected sizes of 711 bp
(1gG HC) and 688 bp (IgG LC), respectively, after the first and second polymerase chain reaction.

<210> 6

<2il> 21

<Z212> DNA

<213> Homo sapiens

<400> &
tcaccatgga ctggacctgg a 21

210> 7

<21il> 22

<212> DNA

<213> Homo sapiens

<400> 7
ccatggacac actttgotee ac 22

<210> 8

<211> 22

<212> DNA

<213> Homo sapiens

<400> 8
ccatgygacac actttghttec ac 22

<210> 9

<211> 23

<212> DNA

<213> Homo sapiens

<400> 9
tcaccatgga gtttgggcetg age 23

<210> 10

<211> 25

<212> DNA

<213> Homo saplens

<400> 10
agaacatgaa acaccigtgg ttett 25

<219> 11

<z1l1l> 25

<212> DNA

<213> Homo sapilens

<400> 11
agaacatgaa acatctgtgg ttert 25



Example 4 Generation of linear template for in vitro translation WO
2010/094475PCT/EP2010/00100S - 63 - 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 the 5 regulatory elements. This linear
expression construct is further amplified with the_help of two terminal primer. These primer comprise
the following sequence: 5'- CTTTAAGAAGGAGATATACC+ATG+15-20 bp of the gene-specific
sequence (5'- primer, SEQ ID NO: 126) or 5'-ATCGTATGGGTAGCTGGTCCC+TTA+15- 20 bp of the
gene-spegjfig.segpience (3'-primer, SEQ ID NO: 127). 10In Figure 9 lanes 1, 5 and 9 represent the
blank waten ¢ontsols. The heavy chain nucleic acid are contained in lanes 4, 8, and 12, and the kappa
light chairgigrlanes 3, 7, and 11. Lanes 2, 6, and 10 show combined samples of both chains. All
nucleic actishavethed®iSaéted size (see Table 38). Table 38:Size of the linear expression constructs.
munoglob%g)twngixed primer one fixed primer two variable chain sets set primer sets 1gG HC - 1110
bp -1110 bR 5824.PR:19G-LLCEK) - 1089 bp - 1089 bp - 799 bp 15Fxamule 5 In vitro #@nslation 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 pfe¥idelfor a linear 20 expression construct which allows the in vitro production of the
encoded E4l :jm%noglobulin fragment. In contrast the two-step polymerase chain reaction with one
fixed and gne-vanaklessgtelsprimer 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 Ig&2C ddmprisin 25immynog|obu|in Fab fragment. - 64 -

acaatgtctg tctecttoct ca 23

<210> 14

<211> 19

<212> DNA

<213> Artificial

<220>
<223> huCH-II

<400> 14
gecaggggga agaccgatg 19

<210> 15

<2il> 19

<212> DNA

<213> Homo saplens

<40G0> 15
gccagggygga agacggatyg 19

<210> 16

<Z21li> 21

<212> DHNA

<213> Homo sapiens

<400> 16
gctecagetee tggggetect g 21

<210> 17

<21l> 21

<212> DNA

<213> Homo sapiens

<400> 17



reaction employing two fixed sets of primer. By employing only one fixed set of primer up to 5-times
higher 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 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. 10Two-step polvmerase chain reaction gith 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”SRea expiassion conhstruct for the production 150f IgG KC and IgG LC. Thus, these
multiplex polyrnerase chain reaction are well suited. The concentrations of the obtained human kappa
Fab immurmaglobalin fragments are between 100 and 550 ng/ml. Lanes 9 to Il of Figure 16 show IgG
HC and Ig8@1>C(K) obtained from a single cell without the addition of IgG 1-IC positive control. 20Here
the obtaifnéttamplint of human Fab immunoglobulin fragment was between 180 and 330 ng/ml. WO
2010/094%%%0%@5?%57801008 - 65 - Patent Claims 1.Method for obtaining a nucleic acid encoding
an immunegiebulin variable domain from a single cell comprising the following steps: -
performing a:first polymeraseehain reaction with three to six 5'-primer 5and one 3'-ﬁﬁmer, -
performing with the product of the first polyrnerase chain reaction a second polymerase chain reaction
with thirte(ezqotg s%teen 5'-primer and one 3'-primer, whereby the distance of the binding locations
of the primgr empjoyed in the 10second polymerase chain reaction is reduced compared to the
distance kribe fisstpolymerase chain reaction. Method for obtaining a nucleic acid encoding an
inununogtsbiitin Yerdabiedrain from a single cell comprising the following steps: - performing
a first polymerasia chain reaction with four to six 5'-primer and 150ne 3' -primer, performing with the
product oii@%i@ggggojg{gggg%cpain 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 i&fe sétne as in the first polymerase chain reaction and at least one 5'-primer is changed,
and Wher§§§éin tE@Asecond polymerase chain reaction the number of nucleotides

<213> Homo sapiens

<400> 20

tttecaactge tcatcagatg gogg 24

<210> 21

<21i> 20

<212> DNA

<213> Homo sapiens

<400> 21

ccteteoctec tcaccctect 20

<210> 22

<211> 18

<212> DNA

<213> Homo sapiens

<400> 22

ctectcacte agggoaca 18

<216> 23

<2il> 19

<212> DNA

<213> Homo sapiens

<400> 23

atggeotgga tcoeoctetec 19



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 poiymerase chain reaction, when bound to the nucleic acid to be amplified. WO
2010/094475PCT/EP2010/001008 - 66 - 3. Method according to any one of the preceding claims,
characterized in that the 5'-primer employed in the first polymerase chain reaction bind in the coding
region for the leader peptide of the immunoglobulin. 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 coding region 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 prqyide for overhangs encoding the translational start codon ATG for 5'-primer and/or
10the transiational stop codon TTA for 3'-primer. 6. Method according to any one of the preceding
claims, charaetesisred in that said method comprises the first step of: - providing a single cell and
obtainingtHémRNR 6EB&fd<ell. 7. Method according to claim 6, characterized in that said method
comprise&%&; 1§£ollowing second step: - obtaining cDNA from said mRNA with a reverse transcriptase
polyrnerage 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 20reaction. 9. Method
according to any one of claims 1 to 7, characterized in that four 5'- primer and one 3'-primer are
employed#i%he fitst polymerase chain reaction. 10. Method according to any one of the preceding
claims, c@@ﬁte%gd in that said immunoglobulin is a human immunoglobulin. 2511. Method
according.{9-8nywene ofthe preceding claims, characterized in that said immunoglobulin is an
immunoglobulin of the class G (IgG). - 67 - variable domain or an immunoglobulin kappa light chain
variable dditfain & an immunoglobulin lambda light chain variable domain. 13. Method according to
any one ﬁ%ﬁ@@eaﬁﬁtﬁfﬁﬁ]s, characterized in that a) for obtaining a nucleic acid encoding an
iinmunoglobulin heavy chain 5 variable domain the first polymerase chain reaction is performed with
primer compeisingsthe nucleic acids of SEQ ID NO: 05 and/or 06, 07 and/or 08, 09, 10 and/or 11, 12,
13, and 18Ztand/dr 105 and/or 106, and the second polymerase chain reaction is performed with
primer coRtpesing the nucleic acids of SEQ ID NO: 128, 129, 130, 131, 132, 133, 10134, 135, 136,
137, 138,<f§§? 148741417503 104 and/or 105 and/or 106, and/or 142, and/or 143, b) for obtaining a
nucleic aciglhhgpcaeding an immunoglobulin kappa light chain variable domain the first polymerase chain
reaction ispetermed-withqsrimer comprising the nucleic acids of SEQ ID NO: 16, 17,18, 19, 15 and
115, and the second polyrnerase chain reaction is performed with primer comprising the nucleic acids
of SEQ IDJ%E): 5§7and/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,,£0), angd/or 115, and/or 144, and/or 145, c) for obtaining a nucleic acid encoding an
immunoglehutin laimbda light 20 chain variable domain the first polymerase chain reaction is performed
with primetzgdmptisingthesnecleic acids of SEQ ID NO: 21, 22, 23 and/or 24 and/or 25 and/or 26, and
120 and/o{ré%gl a2n7d/or 122 and/or 123 and/or 124 and/or 125, and the second polymerase chain
reaction is, cetrj[g[g; da\é}’é'%ﬁ@abef 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 NO: 86, SEQ ID
NO: 87 andB*8&8SEQ ID NO: 89, SEQ ID NO: 90 and/or 91, SEQ ID NO: 92, and SEQ ID NO: 120
and/or 12£308/0f 1,22 and/or 123 and/or 124 and/or 30125.

<213> Homo sapiens

<400> 28

agctecteag aggagggtag 20

<210> 29

<21il> 38

<212> DNA

<213> Homo saplens

<400> 29

ctttaagaag gagatatacc atggtgcage tggtgcoay 38



-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
of the light chain constant domain and a part of the heavy chain Cl domain, with a 5method according
to any one of claims | to 9, translating in vitro said nucleic acid and thereby producing the
immunoglobulin Fab fragment. 15. Method for producing an immunoglobulin comprising the following
steps: - providing a single immunoglobulin produging cell, 10- 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 agq&ncgging an immunoglobulin light chain constant domain and 15combining the nucleic
acid encqélﬂg, thgzheavy 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
transfectedicell dndersepiritions suitable for the expression of the immunoglobulin, 20recovering the
immunoglobulin from the cell or the cultivation medium and thereby producing an immunoglobulin.
SEQU_ENgggiggilgl\l_%;altgggcg.al-tlé)cgg’g@d@@-ltgg&ggge AG <120> Method for obtainingsimmunoglobulin
encoding nucleic acid <130> 25241 NO <150> EP09002396.1 <151> 2009-02-20 <160> 145 <170>
Patentln version 3.5 <210> 1 <211> 330 <212> PRT <213> Homo sapiens <400> 1 Ala Ser Thr Lys
Sly Pro S&#'Val Phe Pro Leu Ala Pro Set Set Lys 151015 Ser Thr Set Sly Sly Thr Ala Ala Leu Sly Cys
Leu Val LZsl}ﬂisp‘*Iﬁxr 202530 Phe Pro Glu Pro Val Thr Val Set Trp Asn Set Sly Ala Leu Thr Set 354045
Sly Val Hig i Phe.ProAlaal Leu Gin Set Set Sly Leu Tyr Set 505560

<400> 31
ctttaagaag gagatatacc atgcaggtcc agcttgtgea g 41

<210> 32

<211> 41

<212> DNA

<213> Homo sapiens

<400> 32
ctttaagaag gagatatacc atggagghtcc agctggtaca g o 41

<210> 33

<211> 41

<212> DNA

<213> Home sapiens

<40G0> 33
ctttaagaag gagatatacc atgcaggtcc ageotggtaca g 41

<210> 34

<211» 41

<212> DNA

<213> Homo saplens

<400> 34
ctttaagaag gagatatacc atgcaaatge agotggtgca g 41

<210> 35

<21l> 41

<212> DNA

<213>» Homo sapiens

<400> 35
ctttaagaag gagatatacc atygcagatge agetggtgea g 41



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 859095 Lys Val Glu Pro Lys Set Cys Asp Lys Thr His Thr
Cys Pro Pro Cys 100105110 - 2 - Lys Pro Lys Asp Thr Lea Met lle Ser Arg Thr Pro Glu Val Thr Cys
130135140 Val Val Val Asp Val Ser His Gil) Asp Pro Glu Val Lys Phe Asn Trp 145150155160 Tyr Val
Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 165170175 Glu Gin Tyr Asn Ser Thr Tyr Arg
Val Val Ser Val Lou Thr Val Leu 180185190 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 Ile Ser Lys Ala Lys Gly 210215220 Gin
Pro Arg GIl{OPro3 in Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 225230235240 Lea Thr Lys Asn Gin Val
Ser Lou 'E%{léysgeu Val Lys Gly Phe Tyr 245250255 Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly
Gin Pro Gl Asnm0265270 Asn Tyr Lys Thr Thr Pro Pro Val Lea Asp Ser Asp Gly Ser Phe Phe
2752802851Beu HyroSeriyssLeu 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 32;‘53{?0 2910> 2 n

zagaay gadatatace atgcagatca ccottgazgda g

<210> 37

<211> 41

<Z12> DHA

<213> Homo sapiens

<406> 37
ctttaagaag gagatatacc atgcaggtca ccttgaagga g 41

<210> 3B

<211> 41

<212> DNA

<213> Homo sapiens

<400> 38
ctttaagaag gagatatacc atgceaggtcoa ccttgaggya g 41

<210> 39

<211> 41

<212> DNA

<213> Homo sapiens

<400> 39 1
ctttaagaag gagatatacc atggaagtgc agetggtgga g 4

<210> 49

<2i1> 41

<212> DNA

<213> Homo sapiens

<400> 40
ctttaagaag gagatatacc atggaggtge agetggtggs g 41

<210> 41

<211> 41

<212> DHA

<213> Homo sapiens

<400> 41 i
ctttaagaag gagatatacc atgcaggtgc agotggtgga ¢

<210> 42



<211> 327 <212> 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
202530 Phe Pro Glu Pro Val Thr Val Set Trp Asn Ser Sly Ala Leu Thr Ser 354045 Gly Val His Thr Phe
Pro Ala Val Leu Gin Ser Ser Sly Leu Tyr Set SO5560 Leu Ser Set Val Val Thr Val Pro Set Ser Ser Leu
Sly Thr Lys Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095
~Arg Val Glu Ser Lys Tyr Sly Pro Pro Cys Pro Ser Cys Pro Ala Pro 100105110 Glu Phe Leu Sly Sly Pro
Set Val Phe Leu Phe Pro Pro Lys Pro Lys 115120125 Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr
Cys Val Val Val 130135140 Asp Val Ser GIn Giu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp
14515015§ ¥0 lnyaI Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe 165170175 Asn Ser

Thr Tyr Agg gl gA@gg \al Leu Thr Val Leu His Gin Asp 180185190 - 4 - Pro Ser Set lle Glu Lys Thr
lle Set Lys Ala Lys Gly &n Pro Arg 210215220 Glu Pro Gin Val Tyr Thr Leu Pro Pro Set Gin Glu Glu

Met Thr Ly=@25230235240 Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Set Asp
ctttaagaag gagatatacc atggaggtge agetgttgga g

<210> 43

<211> 41

<212> DNA

<213> Homo sapiens

<400> 43
ctttaagaag gagatatacc atgcagctge agctgcagga g 41

<210> 44

<211> 41

<212> DNA

<213> Homo sapilens

<4G0> 44
ctttaagaag gagatatacc atgcaggtgc agctgcagga g 41

<210> 45

<211> 41

<212> DNA

<213> Homo sapiens

<400> 45
ctttaagaag gagatatacc atgecaggtge agcetacagea g 41

<210> 46

<211l> 41

<212> DNA

<213> Hemo sapiens

<400> 486
ctttaagaag gagabtatacc atggaagtge agcitggtgca g 41

<Z210> 47

<211> 41

<212> DNA

<213> Homo sapiens

<400> 47
ctttaagaay gagatatacc atggaggtgce agoetggtgea g 41

<210> 48
<211> 41



245250255 lle Ala Val Glu Trp Glu Set Asn Gly Gin Pro Glu Asn Asn Tyr Lys 260265270 Thr Thr Pro
Pro Val Leu Asp Set Asp Gly Set Phe Phe Leu Tyr Ser 275280285 Arg Leu Thr Val Asp Lys Set Arg
Trp Gin Glu Gly Asn Val Phe 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 151015 Gin
Leu Lys Ser Gly Thr Ala Set Val Val Cys Leu LeujAsn 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 Set Lys
Ala Asp TXE §Iu 707580 Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Set Set 859095
Pro Val Tj}rl@ys g%oPg;giég@ Arg Gly Glu Cys 100105 <210> 4 <211> 104 <212> PRT <213> Homo
sapiens <400> 4

<400> 48

ctttaagasy gagatatacc atgeaggtac agctgeagea g 41

<210> 48

<211l> 41

<212> DNA

<213> Home saplens

<400> 49
ctttaagaag gagatatacc atgoaggtcec agctggtgea a 41

<210> 50

<21i> 41

<212> DHA

<213> Homo sapiens

<400> 50
ctttaagaag gagatatacc atgeaggtgc agotggtgea a 41

<210> 51

<211> 45

<2iZ> DNA

<213> Homo sapiens

<400> 51
atcgtatggg tagetggtce cttagaccga tgggecectte gtgga 45

<210> 52

<211> 45

<21Z2> DHNA

<213> Homo sapiens

<400> 52
atcgtatggg tagctggtcc cttagacgga tgggoccttg gtgga 45

<210> 53

<211> 41

<212> DNA

<213> Homo sapiens

<400> 53 .
ctttaagaag gagatatacc atgaacatcc agatgaccea g . 41

<Z210> 54
<211> 41
<212> DNA



Pro Lys Ala Ala Pro Set Val Thr Leu Phe Pro Pro Set Set Glu Glu 151015 Leu Gin Ala Asn Lys Ala Thr
Leu Val Cys Leu lle Set Asp Phe Tyr 202530 Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Set Ser Pro
Val Lys 354045 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 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 cjgcacctgg a - 6 - <210> 6 <211> 21 <212> DNA
<213> Homo sapiens <400> 6 tcaccatgga ctggacctgg a2l <210> 7 <211> 22 <212> DNA <213>
Homo sapiens <400> 7 ccatggacac actttgctcc ac22 <210> 8 <211> 22

<213> Homo sapiens

<400> 54
ctttaagaag gagatatacc atggacalcc agatgaccca g 41

<210> 55

<211> 41

<Z12> DNA

<213> Homo sapiens

<400> 5B _
ctttaagaag gagatatacc atggacatcc agttgaccca g 41

<210> 56

<211> 41

<212> DNA

<213> Homo sapiens

<400> 56
ctttaagaay gagatatacc atgygccatec agttgaccca g , 41

<210> 57

<zZ1l1l> 41

<212> DNA

<213> Homo sapiens

<400> 57
ctttaagaag gagatatacc atggccatcc agatgaccca ¢ 41

<210> 58

<211> 41

<212> DNA

<213>" Homo sapiens

<400> 5B
ctttaagaag gagatatacc atggccatcce ggatgaccca g 41

<210> 5%

<2il> 41

<212> DNA

<213> Homo sapiens

<400>» 59 -
ctttaagaag gagatatacc atggteatct ggatgaccea g 41

<210> 60

<211> 41

<212> DNA

<213> Homo sapiens



<212> DNA <213> Homo sapiens <400> 8 ccatggacac actttgttcc ac22 <210> 9 <211> 23 <212> DNA
<213> Homo sapiens <400> 9 tcaccatgga gtttgggctg agc23 <210> 10 <211> 25 <212> DNA <213>
Homo sapiens <400> 10 agaacatgaa acacctgtgg ttctt25 <210> 11 <211> 25 <212> DNA <213> Homo
sapiens -7 -<210> 12 <211> 20 <212> DNA <213> Homo sapiens <400> 12 atggggtcaa
ccgcecatcct20 <210> 13 <211> 23 <212> DNA <213> Homo sapiens <400> 13 acaatgtctg tctccttcct
cat23 <210> 14 <211> 19 <212> DNA <213> Artjficial <220> <223> huCH-Il <400> 14 gccaggggga
agaccgatgl9 <210> 15 <211> 19 <212> DNA <213> Homo sapiens <400> 15 gccaggggga
agacggatgl9 <210> 16 <211> 21 <212> DNA <213> Homo sapiens <400> 16

<400> 60
ctttaagaag gagatatacc atggatattg tgatgaccca g 41

<210> 61

<2il> 41

<212> DNA

<213> Homo sapiens

<400> 61
ctttaagaag gagatatacc atggatattyg tgatgactca g 41

<210> &2

<211> 41

<212> DNA

<213> Homo sapiens

<4Q0> 62
ctttaagaay gagatatacc atggatgttg tgatgactca g 41

<210> 63

211> 41

<212> DNA

<213> Homo sapiens

<400> 63
ctttaagaag gagatatacc atggaaattg tgttgacaca g 41

<210> 64

<211> 41

<212> DNA

<213> Homo sapiens

<400> 64 .
ctttaagaag gagatatacc atggaaattyg tgttgacgca g 41

<210> 65

<211> 41

<212> DNA

<213> Home sapiens

<400> 65
ctttaagaag gagatatacc atggaaatag tgatgacgcea ¢ 41

<210> 66

<21i> 41

<212> DNA

<213> Homo sapiens



gctcagcetec tggggcetect g21 <210> 17 <211> 21 <212> DNA <213> Homo sapiens ctggggctgc
taatgctctg g <210> 18 <211> 21 <212> DNA <213> Homo sapiens <400> 18 ttcctcctgc tactctggcet ¢
<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 cctctcctcc tcaccctect20 <210> 22 <211> 18 <212> DNA
<213> Homo sapiens <400> 22 ctcctcactc agggcara <210> 23 <211> 19 <212> DNA <213> Homo
sapiens <400> 23 atggcctgga tccctetee -9- <210> 24 <211> 19 <212> DNA <213> Homo sapiens

<400> 24 a%gc%tsqga ccccteteel9 <210> 25 <211> 19 <212> DNA <213> Homo sapiens <400> 25

atggcctgém gggiggtg%g%agggg& 26 5214213952122 8NA <213> Homo sapiens <4002 26 atggcctgga

ccgctetecl9 <210> 27 <211> 20 <212> DNA <213> Homo sapiens

<210> &7

<211> 41

<212> DNA

<213> Homo sapiens

<400> &7
ctttaagaag gagatatacc atggacatcg tgatgaccca g 41

<210> 68

<211> ¢l

<212> DNA

<213> Homo sapiens

<400> 68
ctttaagaag gagatatacc atggaaacga cacteacgca g 41

<210> &%

<211> 41

<212> DNA

<213> Homo sapiens

<400> 69
ctttaagaag gagatatacc atggaaattyg tgctcactca g 41

<210> 70

<211i> 41

<212z> DNA

<213> Homo sapiens

<400> 70
ctttaagaag gagatatacc atggatgttg tgatgacaca g 41

<210> 71

<211> 44

<212> DNA

<213> Homo sapiens

<400> 71
atcgtatggg tagctggtce cttasagatg aagacagatg gtgc 44

<210> 72

<2i1l> 41

<212> DHNA

<213> Homo sapiens

<400> 72



<400> 27 agctcctcag aggagggcgg20 <210> 28 <211> 20 <212> DNA <213> Homo sapiens <400> 28
agctcctcag aggagggtgg20 <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 <212> DNA <213> Homo sapiens <400> 32 ctttaagaag
gagatatacc atggaggtcc agctggtaca g41 <210> 33;9211> 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 atgcaaat ctggtgca g41 <210> 35 <21]> 41 <212> DNA
<213> HS%Basaaf)?gn%agggTOag %é‘ gfﬁ% %91 ES}ZC% iC%gﬁaAg<29332 Hogmo sapiens <400i1%6 ctttaagaag
gagatatacc atgcagatca ccttgaagga g41 <210> 37 <211> 41 <212> DNA <213> Homo sapiens <400>

37 Ctttaagasy gagatatacc atgcaggtca ccttgaagga g41
<211> 41

<212> DNA
<213> Homo sapiens

<400> T3
ctttaagaag gagatatacc atgcagtctyg tgctgacgeza g 4]

<210> 74

<211> 41

<212> DNA

<213> Homo sapilens

<400> 74
ctttaagaag gagatatacc atgcagtetg tgttgacgca g 41

<2i0>» 75

<211> 41

<212> DNA

<213> Homo saplens

<400> 75
ctttaagaag gagatatace atgeagtctg togtgacgea g 11

<210> 76

<211> 41

<212> DNA

<213> Homo sapiens

<400> 76
ctitaagaag gagatatacc atgcagtetg coctgactca g 41

<210> 77

<211> 41

<212> DNA

<213> Homo sapiens

<400> 77
ctttaagaag gagatatacc atgtcctatg agctgactca g 41

<21i0> 78

<211> 41

<212> DNA

<213> Homo sapiens

<400> 78
ctttaagaag gagatatace atgtcctatg tgctgactca g : 41



<210> 38 <211> 41 <212> DNA <213> Homo sapiens <400> 38 ctttaagaag gagatatacc atgcaggtca
ccttgaggga g41 <210> 39 <211> 41 <212> DNA <213> Homo sapiens <400> 39 ctttaagaag
gagatatacc atggaagtgc agctggtgga g41 <210> 40 <211> 41 <212> DNA <213> Homo sapiens <400>
40 ctttaagaag gagatatacc atggaggtgc agctggtgga g41 <210> 41 <211> 41 <212> DNA <213> Homo
sapiens <400> 41 ctttaagaag gagatatacc atgcaggtgc agctggtgga g41 - 12- <211> 41 <212> DNA
<213> Homo sapiens <400> 42 ctttaagaag gagatgfacc 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> 41 <212> DNA <213> Homo sapiens <400> 45 ctttaagaag
gagatatageg;atgcaggtgc agctacagca g41 <210> 46 <211> 41 <212> DNA <213> Homo sapiens <400>

46 ctttaagasyy gagatatacc atggaagtgc agctggtgca g41 <210> 47 <211> 41 <212> DNA <213> Homo

sapiens <212> DNA
<213> Homo sapiens

<400> 7%
ctttaagaag gagatatace atgtectatg agctgacaca g 41

<210> 80

<211> 41

<212> DNA

<213> Homo sapiens

<400> 80
ctttaagaag gagatatacc atgtcttetg agctgactca g 41

<210> 81

<211> 41

<212> DNA

<213> Homo sapiens

<400> 81
ctttaagaag gagatatacc atgtcctatg agetgatgea g 41

<210> 82

<21i> 41

<212> DHNA

<213> Homo sapiens

<400> 82
ctttaagaag gagatatacc atgcagectg tgcetgactca a 41

<210> B3

<211> 41

<212> DNA

<213> Homo sapiens

<400> 83
ctttaagaag gagatatacc atgcagcttg tgotgactca a 41

<210> B4

<211> 41

<212> DNA

<213> Homo sapiens

<400> 84 ]
ctttaagaag gagatatacc atgcagcctg tgetgactca g 41



<400> 47 ctttaagaag gagatatacc atggaggtgc agctggtgca g41 - 13 - <212> DNA <213> Homo sapiens
<400> 48 ctttaagaag gagatatacc atgcaggtac agctgcagca g41 <210> 49 <211> 41 <212> DNA <213>
Homo sapiens <400> 49 ctttaagaag gagatatacc atgcaggtcc agctggtgca a4l <210> 50 <211> 41 <212>
DNA <213> Homo sapiens <400> 50 ctttaagaag gagatatacc atgcaggtgc agctggtgca a4l <210> 51
<211> 45 <212> DNA <213> Homo sapiens <400> 51 atcgtatggg tagctggtcc cttagaccga tgggcccttg
gtggads <210> 52 <211> 45 <212> DNA <213> Hpmo sapiens <400> 52 atcgtatggg tagctggtcc
cttagacgga tgggcccttg gtggads <210> 53 <211> 41 <212> DNA <213> Homo sapiens <400> 53
ctictaagaag gagatatacc atgaacatcc agatgaccca g41 <210> 54 <211> 41 <212> DNA -14- <213>

Homo sapjeps <400> 54 ctttaagaag gagatatacc atggacatcc agatgaccca g41 <210> 55 <211> 41
<212> DMA 218> Homo sapiens <400> 55 ctttaagaag gagatatacc atggacatcc agttgaccca g41 <210>
56 <211xAkx<22®> DNA <213> Homo sapiens <400> 56 ctttaagaag gagatatacc atggccatcc
agttgaccc‘é]@ﬁl Homo sapiens

<400> 85
ctttaagaag gagatatacc atgcaggctg tgetgactca g 41

<210> 86

<21l> 41

<212> DNA

<213> Homo sapiens

<400> 86
stttaagaag gagatatacc atgaatttta tgctgactca g 41

<210> 87

<211> 41

<212> DNA

<213> Homo saplens

<400> 87
ctttaagaag gagatatacc atgcagacty tggtgactca ¢ 41

<210> 88

<211> 41

<212> DNA

<213> Homo sapiens

<400> B8
ctttaagaag gagatatacc atgcaggetyg tggtgactca g 41

<210> 89

<211> 41

<212> DHA

<213> Homo sapiens

<400> B9
ctttaagaag gagatatacc atgcagactg tggtgaccca g 41

<210> 20

<211> 41

<212> DHNA

<213> Homo saplens

<400> 90
ctttaagaag gagatatacc atgceagectg tgctgactca g 41



<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 atggccatcc ggatgaccca g41 <210> 59 <211> 41 <212> DNA <213> Homo sapiens <400>
59 ctttaagaag gagatatacc atggtcatct ggatgaccca g41 <210> 60 <211> 41 <212> DNA <213> Homo
sapiens -15- <400> 60 ctttaagaag gagatatacc atggatattg tgatgaccca g41 <210> 61 <211> 41 <212>
DNA <213> Homo sapiens <400> 61 ctttaagaag gpgatatacc atggatattg tgatgactca g41 <210> 62
<211> 41 <212> DNA <213> Homo sapiens <400> 62 ctttaagaag gagatatacc atggatgttg tgatgactca
041 <210> 63 <211> 41 <212> DNA <213> Homo sapiens <400> 63 ctttaagaag gagatatacc
atggaaatgl@tg%aca 041 <210> 64 <211> 41 <212> DNA <213> Homo sapiens <400> 64 ctttaagaag
gagatatacg,atgggaattg tgttgacgca g41 <210> 65 <211> 41 <212> DNA <213> Homo sapiens <400>
65 ctitaagangy gagatasacc-atggaaatag tgatgacgca g41 <210> 66 <211> 41 <212> DNA <213> Homo
sapiens - 16- <400> 66

<400> 91

ctttaagaag gagatatacc atgectgectg tgetgactca g 41

<210> 92

<2ii> 41

<z212> DNA

<213> Home sapilens

<400> 92
ctttaagaag gagatatacc atgcaggeag ggctgactca g 41

<210> 93

<Z11> 40

<Z12> DNA

<213> Homo sapiens

<400> 93
atcgtatggy tagetggtoc cttagggaac agagtgaccg 40

<210> 94

<211> 43

<212> DNA

<213> Homo sapiens

<400> 94
ctttaagaag gagatatacc atgcaggtge agetggtgcs gtc 43

<210> 95

<211> 46

<212> DNA

<213> Home sapiens

<400> 95
ctttaagaag gagatatacc atgcaggtca acttaaggga gtctgg 46

<210> 9%

<211> 42

<212> DNA

<213> Homo sapiens

<400> 9%
ctttaagaag gagatatace atgaggtgca getgetgeag tco 42

<210> 97



ctttaagaag gagatatacc atggaaattg taatgacaca g41 <210> 67 <211> 41 <212> DNA <213> Homo
sapiens <400> 67 ctttaagaag gagatatacc atggacatcg tgatgaccca g41 <210> 68 <211> 41 <212> DNA
<213> Homo sapiens <400> 68 ctttaagaag gagatatacc atggaaacga cactcacgca g41 <210> 69 <211>
41 <212> DNA <213> Homo sapiens <400> 69 ctttaagaag gagatatacc atggaaattg tgctcactca g41
<210> 70 <211> 41 <212> DNA <213> Homo sapiens <400> 70 ctttaagaag gagatatacc atggatgttg
tgatgacaca g41 <210> 71 <211> 44 <212> DNA 5213> 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
ctttaagaal >ga;§k;acc atgcagtctg tgctgacgca g41 <210> 74 <211> 41 <212> DNA <213> Homo
sapiens <40{> 74, ¢ittaagaag gagatatacc atgcagtctg tgttgacgca g41 <210> 75 <211> 41 <212> DNA
<213> Homo sapiens <400> 75 ctttaagaag gagatatacc atgcagtctg tcgtgacgca g41 <210> 76 <211> 41

<212> DN#&213*» Homo sapiens
ctttaagaay gagatatacc atgaggtgoa gcotgetggag te 42

<210> 98

<211> 42

<212> DNA

<213> Homo sapiens

<400> 98
ctttaagaag gagatatacc atgaggtgca getggtgcag to 42

<210> 9%

<211> 42

<212> DNA

<213> Homo sapiens

<400> 29
ctttaagaag gagatatacc atgaggtgca gotggtggag to 42

<210> 100

<211> 43

<212> DNA

<213> Homo sapiens

<400> 100
ctttaagaag gagatatacc atgcaggtac agoetgceagea gtc 43

<210> 101

<211> 43

<212> DNA

<213> Homo sapiens

<400> 101
ctttaagaag gagatatacc atgcaggtac agetgcagga gtc 43

<210> 102

<21i> 43

<212> DNR

<213> Homo sapiens

<400> 102

ctttaagaag gagatatacc atgcaggtgce agetgcagea ghteo 43

<210> 103
<211l> 43



<400> 76 ctttaagaag gagatatacc atgcagtctg ccctgactca g41 <210> 77 <211> 41 <212> DNA <213>
Homo 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> 79
Ctttaagaag gagatatacc atgtcctatg agctgacaca g4l <210> 80 <211> 41 <212> DNA <213> Homo
sapiens <400> 80 ctttaagaag gagatatacc atgtcttctg agctgactca g41 <210> 81 <211> 41 <212> DNA
<213> Homo sapiens <400> 81 ctttaagaag gagatatacc atgtcctatg agctgatgca g41 <210> 82 <211> 41
<212> DNA <213> Homo sapiens <400> 82 ctttaagaag gagatatacc atgcagoctg tgctgactca a4l <210>
83 <211> 41 <212> DNA <213> Homo sapiens <400> 83 ctttaagaag gagatatacc atgcagcttg tgctgactca
a4l <21@%]:§4; <2§Q0>54313i<eg;2> DNA <213> Homo sapiens -19- <210> 85 <211> 41 <212> DNA
<213> Homo sapiens <400> 85 ctttaagaag gagatatacc atgcaggctg tgctgactca g41 <210> 86 <211> 41
<212> DiAG=2133 Homo sapiens <400> 86 ctttaagaag gagatatacc atgaatttta tgctgactca g41 <210> 87
<211> 4E=2323 PN L 2B HORIE A PIEN3ILRDTS BT <L ftaagaag gagatatacc atgcab%ctg tggtgactca
g4l

<210> 104

211> 67

<212> DLNA
<213> Homo sapiens

<400> 104
atcgtatggg tagctggtcc cttagtggtg gtggtggtgg tgaactctet tgtocacctt 60

ggtgttyg 67

<210> 105

<211l> 67

<212> DNA

<213> Homo sapiens

<400> 105 .
atcgtatggg tagetggtoo cttagtggtg gtygtagtgg tgaactgtot tgtccacctt &0

ggtgttyg 67

<210> 106

<211> 67

<212> DNA

<213> Homo sapiens

<400> 106
atcgtatggg tagetgotec cttagtggtg gtogtggtgg tgaacttict tgteccacctt 60

ggtgttg 67

<210> 107

<21il> 44

<21Z> DNA

<213> Homo sapliens

<400> 107
ctttaagaag gegatatacc atggacatcc agatgaccca gict 44

<2190> 108

<21i> 44

<212> DNA

<213> Homo saplens

<400> 108



<210> 88 <211> 41 <212> DNA <213> Homo sapiens <400> 88 ctttaagaag gagatatacc atgcaggctg
tggtgactca g41 <210> 89 <211> 41 <212> DNA <213> Homo sapiens <400> 89 ctttaagaag
gagatatacc atgcagactg 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 g41 <210> 92 <211> 41 <212> DNA <213> Homo sapiens <400> 92 ctttaagaag gagatatacc
atgcaggcag ggctgactca g41 <210> 93 <211> 40,5212> DNA <213> Homo sapiens <400> 93
atcgtatggg tagctggtcc cttagggaac agagtgaccg40 <210> 94 <211> 43 <212> DNA <213> Homo
sapiens <400> 94 ctttaagaag gagatatacc atgcaggtgc agctggtgca gtc43 <210> 95 <2]11> 46 <212>
DNA <21%§ﬁ8ﬁ?8gs§5?§’%§t§ﬁ%6%g§ Céﬁfgaggéag %gcé%tg%gl%c atgcaggtca acttaaggga%%ctgg% <210>
96 <211> 42 <212> DNA <213> Homo sapiens <400> 96 ctttaagaag gagatatacc atgaggtgca
gctgctgcagod2 14@1- <211> 42 <212> DNA <213> Homo sapiens <400> 97

<211> 44

<212> DNA

<213> Homo sapiens

<400> 109
ctttazgaag gagatatacc atggacatcg agatgaccca gtct . 44

<210> 110

<211> 44

<212Z2> DNA

<213> Homo sapiens

<400> 110
ctttaagaag gagatatacc atggacatcg tgatgaccca gtet 44

<210> 111

<Z211> 46

<212> DNA

<213> Homo sapiens

<400> 111
ctttaagaag gagatatacc atggatattg tgatgactca gtctec 46

<21i0> 112

<211> 46

<212> DNA

<213> Homo sapiens

<400> 112
ctttaagaag gagatatacc atggatattg tgctgactca gtctcc 46

<210> 113

<21i> 4o

<212> DNA

<213> Homo saplens

<400> 113
ctttaagaag gagatatace atggsaattg tgttgacgca gtotco 46

<210> 114

<211> 45

<212> DNA

<213> Homo sapiens

<400> 114
ctttaagaay gagatatacc atggaaacga cactcacgea gictc 45



ctttaagaag gagatatacc atgaggtgca gctgctggag to42 <210> 98 <211> 42 <212> DNA <213> Homo
sapiens <400> 98 ctttaagaag gagatatacc atgaggtgca gctggtgcag to42 <210> 99 <211> 42 <212> DNA
<213> Homo sapiens <400> 99 ctttaagaag gagatatacc atgaggtgca gctggtggag to42 <210> 100 <211>
43 <212> DNA <213> Homo sapiens <400> 100 ctttaagaag gagatatacc atgcaggtac agctgcagca 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 sapiens <400> 102 ctttaagaag
gagatatacc atgcaggtgc agctgcagca gtc43 - 22 - <212> DNA <213> Homo sapiens <400> 103
ctttaagaag gagatatacc atgcaggtgc agotgcagga gtc43 <210> 104 <211> 67 <212> DNA <213> Homo
sapiens <400> 104 atcgtatggg tagctggtcc cttagtggtg gtggtggtgg tgaactctct tgtccacctt60 67 sapiens

<400> 105 ategtatggg tagctggtcc cttagtggtg gtggtggtgg tgaactgtct tgtccacctt60 ggtgttg67
<211> 46
<212> DNA
<213> Homo sapiens

<400> 115
atcgtatggg tagotggice cttaacacte tccoctgitg aagctc 46

<210> 116

<211> 43

<212> DNA

<213> Homo sapiens

<40G0> 116
ctttaagazg gagatatace atgcagtctg tgetgactca goo 43

<210> 117

<21il> 43

<212> DNA

<213> Homo sapiens

<400> 117
ctttaagaag gagatatace atgcagtetg ccctgactca gec 43

<210> 118

<211> 43

<212> DNA

<213> Homo saplens

<£00> 118
ctttazgaag gagatatacc atgtcctatg agctgacaca goo 43

<210> 119

<211> 43

<Z212> DNA

<213> Homo sapiens

<400> 119
ctttaagaag gagatatacc atgtcctaty agcotgactca gec 43

<210> 120

<211> 46

<212> DNA

<213> Homo sapiens

<400> 120
atcgtatggy tagctggtcce cttatgaaca ttccgcaggyg gcaact 46



<210> 106 <211> 67 <212> DNA <213> Homo sapiens <400> 106 atcgtatggg tagctggtcc cttagtggtg
gtggtggtgg tgaactttct tgtccacctt60 ggtgttg67 <210> 107 <211> 44 <212> DNA <213> Homo sapiens
<400> 107 ctttaagaag gagatatacc atggacatcc agatgaccca gtct44 <210> 108 <211> 44 <212> DNA
<213> Homo sapiens - 23 - ctttaagaag gagatatacc atggacatcg agatgaCCca gtct44 <210> 109 <211>
44 <212> DNA <213> Homo sapiens <400> 109 ctttaagaag gagatatacc atggacatcg agatgaccca gtct44
<210> 110 <211> 44 <212> DNA <213> Homo-sapiens <400> 110 ctttaagaag gagatatacc atggacatcg
tgatgaccca gtct44 <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,¢titaggaag gaga a acc atggatattg tgctgactca gtctcc46 <210> 113 <211> 46 <212> DNA

<213> Homeo-sapiens <400> 113 ctttaagaag gagatatacc atggaaattg tgttgacgca gtctcc46 <210> 114
<211> 45x232>3MNA <213> Homo sapiens

<213> Homo sapiens

<400> 121
atcgtatggy tagetggtoc cttatgaaca ttebgeaggg geaact 46

<210> 122

<211> 46

<212> DNA

<213> Homo sapiens

<400> 122
atcgtatggg tagcetggtcec cttatgaaca ttecgtaggg gecaact 46

<210> 123

<211> 46

<212> DNA

<213> Homo sapiens

<400> 123
atcgtatggy tagotgytcoc cttatgaaca ttocgcaggg gctact 46

<210> 124

<21l> 46

«212> DHA

<213> Homo sapiens

<40Q0> 124
ategtatggg tagctggtcc cttatgaaca ttctgtaggg geaact 46

<210> 125

<211> 46

<212> DNA

<213> Homo sapiens

<400> 125
atcgtatggg tagctggtec cttatgaaca ttetgtagyg gctact 46

<210> 126

<21i> 23

<212> DNB

<213> Homo sapiens

<400> 126 23
ctttaagaay gagatatacc atg



- 24 - <210> 115 <211> 46 <212> DNA <213> Homo sapiens <400> 115 atcgtatggg tagctggtcc
cttaacactc tccectgttg aagcetcd6 <210> 116 <211> 43 <212> DNA <213> Homo sapiens <400> 116
ctttaagaag gagatatacc atgcagtctg tgctgactca gccd3 <210> 117 <211> 43 <212> DNA <213> Homo
sapiens <400> 117 ctttaagaag gagatatacc atgcagtctg ccctgactca gcc43 <210> 118 <211> 43 <212>
DNA <213> Homo sapiens <400> 118 ctttaagaag gagatatacc atgtcctatg agctgacaca gcc43 <210> 119
<211> 43 <212> DNA <213> Homo sapiens <400z 119 ctttaagaag gagatatacc atgtcctatg agctgactca
gced3 <210> 120 <211> 46 <212> DNA <213> Homo sapiens -25- <210> 121 <211> 46 <212> DNA
<213> Homo sa[i)iens <400> 121 atcgtatggg tagctggtcc cttatgaaca ttctgcaggg gcaact46 <210> 122
<211> 462?%2>2§5NA <213> Homo sapiens <400> 122 atcgtatggg tagctggtcc cttatgaaca ttccgtaggg
gcaact465210>123 <211> 46 <212> DNA <213> Homo sapiens <400> 123 atcgtatggg tagctggtcc
cttatgaaca ttecgeaggggatacids <210> 124 <211> 46 <212> DNA <213> Homo sapiens <400> 124

atcgtatggg tagctggtcc cttatgaaca ttctgtaggg gcaact46
<400> 127

atcgtatggg tagetggtec ctta 24

<210> 128

<211> 41

<Z2i2> [DNA

<213> Homo sapiens

<400> 128
ctttaagaag gagatatacc atgoaggtkc agctggtgca g 41

<210> 129

<211i> 41

<212> DNA

<213> Homo sapiens

<400> 129
ctttaagaag gagatatacc atgcaggtcc agettgigca g 41

<Z10> 130

<Z11l> 41

<212> DNA

<213> Homo sapiens

<400> 130
ctttaagaag gagatatacc atgsaggtec agetggtaca g 41

<210> 131

<21l> 41

<21z> DNA

<213> Homo sapiens

<400> 131
ctttaagaag gagatatacc atgcaratge agetggtgea g 41

<210> 132

<211> 41

<212> DNA

<213> Homo sapiens

<400> 132
ctttaagaag gagatatacc atgcagatca ccttgaagga g 41

<210> 133



<210> 125 <211> 46 <212> DNA <213> Homo sapiens <400> 125 atcgtatggg tagctggtcc cttatgaaca
ttctgtaggg gctact46 <210> 126 <211> 23 <212> DNA <213> Homo sapiens <400> 126 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 ctttaagaag
gagatatacc atgcaggtkc agctggtgca g41 <210> 129 <211> 41 <212> DNA <213> Homo sapiens <400>
129 ctttaagaag gagatatacc atgcaggtcc agcttgtgcayg41 <210> 130 <211> 41 <212> DNA <213> Homo
sapiens <400> 130 ctttaagaag gagatatacc atgsaggtcc agctggtaca g41 <210> 131 <211> 41 <212>
DNA <213> Homo sapiens <400> 131 ctttaagaag gagatatacc atgcaratgc agctggtgca g41 <210> 132
<211> 41§2 ¢ .’§2>?3PANA <213> Homo sapiens <400> 132 ctttaagaag gagatatacc atgcagatca ccttgaagga
941 - 27 55211344 €4di23:DNA <213> Homo sapiens <400> 133

<400> 133
ctttaagaag gagatatacc atgcaggtca ccttgargga g 41

<210> 134

<21li> 41

<212> DNA

<213> Hemo sapiens

<400> 134
ctttaagaag gagatatacc atggargtgce agetggtgga g 41

<210> 135

<211> 41

<212> DNAR

<213> Homo sapiens

<400> 135
ctttaagaag gagatatacc atgcaggtge agctggtgga g 41

<210> 136

<211> 41

£212> DNA

<213> Homo sapiens

<400> 136
ctttaagaag gagatatacc atggaggtgc agcetgttgga g 41

<210> 137

<211> 41

<212> DHNA

<213> Homo saplens

<400> 137
ctttaagaag gagatatacc atgcagstge agcetgcagga g 41

<210> 138

<211> 41

<212> DNA

<213> Homo sapiens

<400> 138

ctttaagaag gagatatacc atgcaggtge agotacagea g 41

<210> 139
<211i> 41



ctttaagaag gagatatacc atgcaggtca ccttgargga g41 <210> 134 <211> 41 <212> DNA <213> Homo
sapiens <400> 134 ctttaagaag gagatatacc atggargtgc agctggtgga g41 <210> 135 <211> 41 <212>
DNA <213> Homo sapiens <400> 135 ctttaagaag gagatatacc atgcaggtgc agctggtgga g41 <210> 136
<211> 41 <212> DNA <213> Homo sapiens <400> 136 ctttaagaag gagatatacc atggaggtgc agctgttgga
041 <210> 137 <211> 41 <212> DNA <213> Homo sapiens <400> 137 ctttaagaag gagatatacc
atgcagstgc agctgcagga g41 <210> 138 <211> 45£212> DNA <213> Homo sapiens <400> 138
ctttaagaag gagatatacc atgcaggtgc agotacagca g41 - 28 - <212> DNA <213> Homo sapiens <400>

139 ctttaa aag atatacc atggargtgc agctggtgca g41 <210> 140 <211> 41 <212> DNA <213> Homo
sapiens ég ctégl agaag gagatatacc atgcaggtac agctgcagca g41 <210> 141 <211> 41 <212>
DNA <21

omo saplens <400> 141 ctttaagaag gagatatacc atgcaggtac agctggtgca a4l <210> 142
<211> 4& s232>1 BINA <213> Atrtificial

ctttaagaag gagatatacce atggargtgc agetggtgea g 41

<210> 140

<211> 41

<Z12> DNA

<213> Homo sapiens

<400> 140
ctttaagaag gagatatacc atgcaggtac agctgeagca g 41

<210> 141

<211> 41

<212> DNA

<213> Homo sapiens

<400> 141
ctttaagaag gagatatacc atgcaggtac agctggtgea a 41

<210> 142

<211> 48

<212> DNA

<213> Artificial

<220>
<223> VH-1fp

<400> 142 .
ctttaagaag gagatatacc atgaactbtc ttgtccacct tggtgttg 18

<210> 143

<211> 49

<212> DNA

<213> Artificial

<220>
<223> vi-rip

<400> 143
atcgtatggg tagctggtce cttaaactbt cttgtecace ttggtgttig 48

<210> 144

<211> 45

<212> DNA

<213>» Artificial

<220>



<220> <223> VH-Ifp <400> 142 ctttaagaag gagatatacc atgaactbtc ttgtccacct tggtgttg48 <210> 143
<211> 49 <212> DNA <213> Art icial <220> <223> VH-rfp <400> 143 atcgtatggg tagctggtcc cttaaactbt
cttgtccacc ttggtgttg49 <210> 144 <211> 45 <212> DNA <213> Artificial - 29 - <223> VL(k)-1fp <400>
144 ctttaagaag gagatatacc atgacactct cccctgttga agctc4s <210> 145 <211> 46 <212> DNA <213>
Artificial <220> <223> VL(K)-rfp <400> 145 atcgtatggg tagctggtcc cttaacactc tccecctgttg aagcetc46

_29.

<223> VL{k)~-lfp

<400> 144
ctttaagaag gagatatacc atgacactct ceectgttga agetce 45

<210> 145

<211> 46

<212> DNA

<213> BArtificial

<220>
<223> VL(k}~rfp

<400> 145
ategtatggyg tageotggtec cttaacacte tccectgitg aagcte 46



