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The present invention relates Hm production
oL | twigse3anz2ej ect of the presenf |nvention to devi se P&:'mﬂtdmdo:ﬁor

sel ecting antibody producing cel 1s"and for 5 asseSS|ng cell line

stability. BACKGROUND OF THE | NVENTHON Sel ection of antibody producing

cel ljs versus InlonI producing cells and i P particul ar thmmmmﬂl@ mm'mﬂ]ﬁ Pl gh
Elrgph{g%:@gg fcgﬁ?le%t?'?g?;t?ﬁofocﬁ)n?sg{nﬁa&rloml ;?nt milt e(F:)e: Inst suchy, ?O,I ect ef:l gel ik
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i nesFﬁpe?Tqu RUENTRI! | Y been | sol ated by rounds of limting dilution
cl oni ng
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‘theorg e@ﬂ esét? Jeﬂﬁ&ﬁﬁ)(ﬁévn&%c EthbA FordeRRBhb bytb admdhy kdlls dnf@BF t ant  to

avou? ers by | ow producfivity varlants whi ch
usualalssesémgeellhihgbetabglmwth rat.es than hi gh producers. In total, the

traditional process.can 15 take in excess of 8 nonths to conpl ete
'FurnMQOUUD&ETUEHN%BNH%rat|ons may limt the. nunber of cells

act Uit ioh 0P GREELE Todutiss &8I veRRS abn lpheiudaisasells and bf pdrdvulabiisdance .
hi gh-produci ng cel I’ 'cl ones a mere question of chance, Assessment of cell
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. anal yt.i cal c %ﬁ {e addi ti on, -
_anal ?Wﬁ?es& Iﬂgte vuggr%%éessnzg%%%sﬂggﬁé%{)%l cl ones corrpa'r ed to the
i -ajgal weddedallyeyn mmmemmmmhelmgroubmoymay, whi ch

t her ef ore_ provi des a nore detailed and accyrat Ctur‘i‘r%‘?’i ardln t he size

cof t Iamalysis- Md@@i%abﬁﬁﬁ?séﬁ tme cppsnigg apd cpstlye T FouR ays have
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guan stinct sub-popul ations. Flaw cytonetry (FC) has.
al so ifgdetant topesid dleegrotvth aﬂmghproducadduytlomm\yd@twuyvem}nw whigh nunber of
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CH I SaRd fa éﬁte&b oﬂ%S%E &ﬁ&)lﬁﬂ;le@ Furthermore practical con51derat10ns may limit the
number of cells actually screened and thus may render the detectlon of low abundance '

_hlgh-producmg cell clones a mere questlon of chance.

| Assessment of cell fine stability dunng the development process can ﬁ1rther requlre '

200 | analytlcal cloning, which can take between 6 to 7 weeks. In addltron, analytlcal clomng
involves assessment of 200-300 clones, compared to the analysis of ‘many thousands that is

| possible w1th flow cytometty wluch therefore prowdee a more detailed and accurate:
picture regarding the sme of the non—producmg populatlon. Previously reported secretion

‘assays have not been of sufficient sen31t1v1ty to_.allow recolut_lon and thus quantlﬁcahon of

25 distinct sub-populations.

.. Flow cytometry (FC) has also made it possrble to momtor productwuy of a'very large
number of cells and to isolate suitable sirigle cells. F C requires labelhng of cells with
| fluoropheor; «whose-fluorescenee is quanuﬁed in FC and should correlate.with-the. desu.ed,. o e
- 30  property. However, the amount of anfibody dlsplayed membrane-bound on the surface ofa
o cell line does not correlate well wlth lts secretlon rate for soluble antxbody (Meilhoc et al.,
_ Apphcatlon of flow cytometnc measurement of surface IgG in kmetlc analysis of

monoclonal antlbody syntheels and secretlon by murine hybndoma ccell-line in low serum



30 property. However, the anopunt of antibody displayed nmenbrane-bound on

"“the surface of a cell line does not correlate well with its secretion rate
.for soluble antibody (Meilhoc et al., Application of flow dytAumist2@7
. measurenent of surface 1gGin kinetic analysis of nonoclonal antibody

synt hewe@ o3id449ecreti on by nurine hybridoma ccel | -1 i nCTRPR2H80ger um 17

August 2007 WD 03/012449 PCr/EP02/ 08054 2 and serumfree nedia, Hybridoma
9, 67-175). Therefore, sinply stain?ng the displayed antibody with a

detection antibody has not proven effective for isolating highly productive
cl onesind $wamffixiasdint Hiytridoohiafof 67-¢75). Thgyefor simwphieiaieing dherdisplaysén t o over cone

t-his r.obl em and tao.direct sel ect f oL hi . .secreted
ant i b@gFB%‘i.y Wit ﬁgﬁte‘ftﬁ)@ 31“&6 ’%ﬁ%? ?ltcPd?ve&erfltSFﬁe‘%?% F‘g a%ﬁ l%@)ﬁ%ﬁuﬁgnt secr et ed
ant i beibhedrBrveAadpachtaledifferent approadhasiiiaet been Theser it dvemothedipbet i s t hen
subjected to | abelling and is ,sorted by. neans.of EC .. This approach suffers
from .tﬁﬁ%blﬁpééﬁ%ﬁ%fﬁélég?lﬁ%f&% Tugh progucer C%j'ﬁf%? f%cfl%?{ﬁnﬁg BUFSin order to ensure
single cell occupancy of gel droplets, only about 5% of the gel droplets
created 10 conprise a cell_ whilst about 95%.0f .1 h el particl.es anal yzed
are ddpdithe Brst msthod, single ccligand pr%%&gﬁ“ﬁﬁ“{;&?‘@@gea& so”\{a?%r}“can reduce
the vi g’i:i’h}opds. Ghe SRITE dEPIdt id HALSbjRAT® Rbylibg &l it esrtedbyneans OFFOf
reconbi nant protein, nost. notably mag,el_oma_ N%g) CF| l.s,. | ihe second
appr oaBifs appseachsuiers forbibarisadvapiaar babit fterp TR et ‘3|‘1“§}‘ Yeated affinity
sites ur%gﬂ%{&g%g&%aﬁ&&ﬂk%l&x%biets'sb'ﬁlg_%&ﬁntlsﬁ STftktede] diopleBSci@sdd t he. -amount
1"bodi

of secreted 3 S subsequentf_y_. FC. Holnmes et al. (J. of I|nmunol.
“AEtthod®mpri28 8 c¢ll 99iljt abaut PS5 Yugfitheigel Prtistes anglyzsd amderid of esllsgnt he

Lbiotin i o gp&g:a 115y RS dempaeat ure.  The biotin
' promt%ﬁgﬁ%oﬁlr?%gés‘%lluﬁ i ngp?@fﬁﬁsl{n of rgi}l?%jiﬁﬂﬁ%r?g&éggégﬁidl y of ‘a _biotinylated

capt ure@mmaely bslyfor Stpeessiap ofirecombinaigpaisteincwoy piably maysloga NI @lfs-ant i body
froma NSO cell line and 20 anchors it to the cell surface. Fluorescent
detection and cell sorting of |ow abundance high producer cell clones by
'FC i s Inhk#scecid sppechchyserietadbatibaiestaneretaiied by witifivially ercated mifindty sitsecr et ed
anti body wi.t‘h a thir f.luorecent!ly | ! | antibody. Addition
of ¥a  FrEEBEI P g’ﬁ@ﬁﬂ_ SRR 1, grdgt fo 2 ﬁeﬁsg_‘%?(%&l ?ﬁg@?é}%{%&g&%ﬁ&&ﬁdl a prevents
Cr 0SS- $ubkdqubkiiyeRC. Hsldiey bt AJ.. of Inkmmek methods, 230 (1988), d#l-24d dbicnéie ng of

- Secret aendas%a?yt_ ilnegl%g _tll;e? tg?dgt;ﬁgyo%%rf pfagxlnla_%lctm%ranc proteiné at room temperature.

' The biotin promotes fuirther binding first of avidin and secondly ofa biotinylated capture

anﬁbody. The capture antibody recognizes the secreted antibody from a NSO cell line and
20 anchors it fo the cell surface. Fluor@ecént- detection and cell sorting of low abundance high
| producer cell clones by FC is theﬁ-achicve(_i by i_nc_ubating the cells with the captured
oy ‘secreted antibody with a third, fluorecently labelled detection antibody. Addition of a
- ' .visco-s_ity_agept-'such as gelatine to the int:_ubziﬁbn medi_a prevents cross-talk between
- mdlvldllal clones.(i.e. diﬁ'us_io’n and b_in'diﬂg of 'secr'etéd'anti_body fromm prodilcer. cclis to

25 -non-of low-producer cells).

The main disadvantage of the published method is that it provide relatively low sensitivity
as to discriminate for high and low level produce'r cells and to allow for precise sorting of
_ _ | low abundhhcé hlgh producer cells. Usfng the publish_cd method, it was not possible to
30 detect the binding of a secreted chimeric antibbdy from a given Celi line to the cell surface
viaa cap'ture_.-an'tibody. Furthemldre', the capture antibody necessarily stems from
" mammalian cell culture, which may include fetal serum, and will often be stabilized with
bovine serum alb'umix; asa commercial antibody preparation. Use of capture antibody



25 non- or | ow producer cells). The main di sadvantage of the published
"method is that it provide relatively low sensitivity. as to discrimnate

~..for high and | ow | evel producer cells .and to allow for prediiseigustr200ig of

| ow abundance hi gh producer cells. Using the published nethod, it was not
possible to 30 detect the binding of a secreted chineric antibody froma-
gi ven tieedtbrel dnbifils te dsR@f Gl br BSE tamtemingtichstof Gapdithizf c@nduitaedy . Fur t her nor e,
the capture anti body necessarily stens from nanmmalian cell culture, which
may include fetal serum and will often be stabilized with bovine serum
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Augus . I I L | nati ons of
the ot s50P eoish G feferfMhehien b 0Bl e i eioe P SRRLABIEL | °FF Thie
pr esefele¢tpyisahie antibpdy expressingzinsleneslls fremisorpdl of esflfcloppanthisoljeatésct and

sel echeReiddaR the RBiHORAEOr@NPIARSJAAd&tRBHR 1c€l | s froma pool of cell
clones. This object is achieved by the nethod according to i ndependent
claim1. Accordingly, in a first aspect of the present invention, there is

provi G\@dorﬂm@l?flh @cfr@fasp&ebﬁaé pregeMaiVeRtiGie Giced isliBoviddd 4 Mkthadlof body,
Kin _av.id n to. cell surface of a. cell b)

- conpri.si St e of,
lncubé?le?qtg"g %egf "Wa ﬁﬁsqémbqoghcﬁ’ PLP'EY ll?oﬁt?ﬂ?e tide conprising at |east one
funct laa)riaikmgamit:ilrhodweu)smfhcagfaloalhi n of protein A, protein G . protein L or

funct ib?”ifeil:ub ﬁﬁq #Bla &tﬁ‘%l%ﬂﬁyi&?ed b@g%l%ﬂfié g&n{%%‘?rmq%ﬁ l%as%r‘ié‘fuﬁctﬁ:%gpnd anti body

or ant n.t uorescent recogni zes and bi nds an
epi t ope MDQM'N'FQS@WE@W Pbléf@lﬁ?f’dg psetpia &.invefein|Lasfunstienal N?"af‘éﬁbel l ed cells

"..that havgefgpind an anount of second anti body,. preferably by nmeans of
_"j-.fl uorescent analysis flow 6(é))(g‘torre In a second aspect of the present
“ i nven® oRcubafieg tkeicell with,3 seepd an 8&36‘fge§éh%dstff‘i?{]"’s(?@"tfyéab%%elaﬁ ing a first

~anti bodymammymzsugd binds ai é@ﬁ)p@fonll)eﬂrstfﬁﬂtllﬁ@i)aw din to a cell surface of a

- cell t i de ri SI ng ‘at | east
- one f\gﬂc eﬁ%:gré H&\or Scﬁoc}n %eﬁiﬁ ?%Iﬁl{%%ﬁé E’Qup"?’e A %"F'?thﬁe%%?%? .G or from
protein meéyahlmbaansmﬂuMesqeet analyisistlow Qymmw ant i body or ant| gen that is
._fluorescently | abel | ed and

Ina second aspect of the present invéntion; there is provided a method of selecting cells .

secreting a first antibody, comprising the steps of

1) linking avidin to a cell surface of a-cell wherein the avidin is conjugated to a
polypeptide'comprising at least one functional antibody binding domain, preferably:
from protein G or from protein A I

2) mcubatlng the cell with a second antibody or antigen that is ﬂuorescently labelled and
that recognizes and binds an. epitope on the first antlbody

" /.

--3) Sele_ctmg fluorescently .la_b_elled cells that have bound an-amount of second antibody;,

preferably by means of ﬂ'u_ore'scenf_ analysis ﬂow cytometry.

DETAILED DESCRIPTION OF THE INVENTION _
Possible. embodlments of the invention are shown in the figures. It is shown in

~ Fig.t a: schematic drawing of the_ca'pture_.and detection principle for assaying for
| secreted antibody and b: comparison of binding capacity.for gﬁapture’ antibody
and Protein A | _ ' '
Fig. 2 Fluorescent cytometry (FC) analysis of samples from secretion assay of the -

invention



t hat, recogni zes and binds an. epitope on the first antibody 3) Selecting
'quorescentIy | abel l ed cells that have bound an anmount of second anti body,
..preferably by neans of fluorescent analysis flow cytonetry. 1DEUSuSEHO7
DESCRI PTI ON. OF THE | NVENTI ON Possi bl e -enbodi nents of the invention are
~shown in the figures. It is shown in. Fig.1l a: schematic drawi ng of the.
capt ur eigasd mgeegem.wmemﬁ(m)%nb%lsaﬁS&Mplﬁgfrf)ml’sec@ﬁﬁﬂi efj@gl anti body and b:
conpari son of_ bindi or _.captur an PotelnAFlg 2
Fl uor escent CYFGet Q'gecf%p roan'%/{I)‘f(O P man éb?(?yqé{%é)c‘i!rgtl on assay of the
i nvention. -@crﬂecmmtlgdy.zom F| g. 3 Fl urorescent cytonetry (FC) analysis
of sanples from secretion assay conparing effect of protein Ato anti-human
.gG anti body for capture of . secreted anti body. The method according to the
pr esenfhe medhediaseording ta iedresenyingentios feresclastingells spereting a figgsht | body

conpri gﬁ@)og?eorgg,,@gg.qust@f)séﬂ nking an avidin to a cell surface of a cell b)
i ncubating the. cel bi oti nyl at ed poI ypepti de conprising at | east

one. funct PoNKNG FniasigtoR oellisHEacrfd ¢ r om protein G or fromprotein A

c) incubati By.ihbwated thewell With atistippdteaotypeptdet doaipriking fat leasemeent | y

| abel | ed and - t hat. rec es.. an bi.nds an eg{éog& on the first antibody
and rinsing of qﬁﬂ%oﬁﬂ'ﬁgodsy 9 ARPRB LG RPEEY C CRERB YT A1) sel ecting

fl uorescent ky lhalmt"hgatme@ell wsh afsatoritbardibbdwthdt iafluoranaantly labellekrand o

- anti body, preftﬁé f‘z@g aRd BRd5 SRte M@oﬁ‘iﬂ@%&t%tﬁo&?%&ﬁﬁ&ﬁ% ff‘”a' ysis flow

cytonetry (FC). ows concom t sortin uor esce y | abel ed
-cells. The pro‘dl'j’@lé'i‘d %‘iﬂoﬂd agiihody aftagineyhationt | body may be any cell enployed"

_for secreti agl seleow ﬂlﬁ&?@é&ﬁﬂﬁlﬁﬁale%%eﬂs that hzmét!fohﬂ@aﬁanﬁ}iﬁ’t'd?%@cdhﬁ CHO cel I's.

. Nbre prefera

! roducer ce cell |ine,. nost
‘preferably, i tg/'lt'QOdyaHreRg@P%@W e?“?‘?ﬁ’ée"“yééﬁHi%ﬂﬁ@frﬁq%/escﬁﬁte’"éwﬂsl%\ﬂy may be any
natural | y occusytagnetry (ECYiRCeaiioad cantdniagt sorting of fluorescently labeled cells.

The producer cell secreting the antibody may be any cell employed for secreting.
antibodies such as e. g. hybridoma, myeloma or CHO cells. More preferably, the

producer cell is a myeloma cell line, most preferably, it is an NSO cell line.
_-Consequently, the antibody may be any naturally occuring or _eng'ineered 'a"ntibody or

-antibody fragment such as chimeric or monovalent ofbis’peciﬁc':-antibc)die's, including the

 more recently known single heavy chain antibodies of c_a_m‘_e_ls 'ahq Hlamas. (Trends

-3a--



ant i .body fragnent such as chineric or nonoval ent or bispecific antibodies,
"including the nore recently known single heavy chain anti bodi es of canels
.and | lamas (Trends -3a 17 August 2007 WO 03/012449 PCTI EP021'D808ust 2007

Bi ochem Scien. (2001), 26, 230). Preferably, such antibodies according to
t he pre¥W&M3/01344%enti on al ways conprise binding sites fBEI/EPQH9Sesfinity

bi ndi ng of bacterial protein Gor protein A as conprised in the naturally
occuring Fc portion of Ininunoglobulin (1g) of various classes (1gG |gA,
IgE, 1gM. Preferably, the antibody according to the present 5 invention
conpr i Beshan. Seenp (2001 )) 26 02300 Prefg@blylbeh aptitafdessabtopding Fethaptas¢nédy accor di ng
to the present invention i.s an | . | vy chain
of 1| gGRvRHEn ARy T REC TG 15 PP EIRblsARR Rbac SRR bl Y
‘avi an protdih A ds@pmpeived if Thdadjurally o@nsingFhportiéniociinomaklobuls (Ig) &t i n- bi ndi ng

honol ogue t hereof such . t Lept ayi di 0..1Q fr t r ept.onyces
speci eSS SRFE i%"ﬁé‘a'g[?&aeﬁ'éfef’%&f lifaélﬁté‘lg eatg?(ggmgg% fhgﬁ)?' of such -

nat $ir ajrvintitsCdeiiphigestati b postion’sT aigBTMestipoeferabiyhthe ngfitodg negrding feant is
~Neutravidin (Pierce, . _Rcic ford/ |l L% ch is degl%cosiylig%t ed avi di ne devoid
of car BSmyerratinvenhigh is IgH o compaisiabivas oo° ARy B B0 t her engi neered as
.hot. to conprise .the tripeptide RYD domain conprised in. Streptavidin

t hat may nedi ate non-specific binding to cell surface. receptagr 15

Pr of r ABs ridTrRECAIMEe eAESERARYRIIPR RBYBHERL ATSR RUGRGIOT & &an

avi di ty, H R HAE L, bioRY-biAirg HofloFus thetedf Such @b kAT kébtaVadin b5 t |
_preferaﬁ , the avidine according to the present inventionis a_ . .
 neud r akDY om Steptsmysesisnenies of 2y SpwicallyasgeRetisaln REReered GRas Pl bi nding
i ch. k¥ @fqra,;o | £ BAA vafiant f& 1eutaGldin i@ cQf protein.
© 20 The avi 'r(l’%%:(uar{rlll%l?e |Shéhe}§§%§bl¥ﬁg}gglpi&%%r'face (ei‘.ﬁgq. by crossl i nki ng.

‘Conv entRiodkfatd/Bj) it is deglicosylatsd avidtiei deveid ehepsprhydigéa, haie®aPli n the art can
‘be enployed whic ' : _ . Xd B eDSRmad dehydes,
sucei et Ed G bERTRAURE chBACLE K acbletRBrS D Lo R REDTom

N[ N- 4camprisediin Strepthvidinrthdsenyonddidse ooy shcnific dinding fo eplhsurfagereceptnp-

(S_Ul fosucci ni m dyl...2- . SR ion is avian avidin. degl’ lated: .
1 mazi gﬁ&ﬁmﬁlly {th-g "él'r(lhznaar? ﬁ?rg’cﬂg-t%{%ﬂr?f???‘c'ﬁntnﬂ? %)S.pa‘rv f)alrl_)lia(\)’_1 ng}t’efg. ycIotS Y Sge's wi t hout
sayi ng aviaahvidine o2 & ceugrsvidinki Mgstgoeferablycihe awidinheecopding tortheprebend gr oups of

li pids.(e.q. hydroxyfuncty on of hos | ser i QfedmEerliskel y, with.
the r e_é‘i‘{"f‘-@‘é“ 52068 _xaé{g%ltgélg}éae%rﬁv{%hng sgg\lgr# g%%:ﬁ%?ﬂ &%)wt@r for ﬁgﬁr‘?bi!nhﬁ%
~ which capacity is approximately in the range of 14 pg biotin/mg of protein.

: 20 The avidin ¢an be linked to theé cell Surface e.g. by crosslinking. Conventional bifunctional
crosslinking rceigents-wen;hiom in the art can be elhployed which comprise reactive
';"3"-"-} I_ - groups such as o-xi_ramx.,. aldehydes; éu(:ciné imides or photo-reactive compounds such as
= : N-—[N-4—azid'o~tretra§ﬂ1ioi0benz_6&l)biof:ﬁnyloiy]succinimidé, SAND (sulfosuccihimi_dyl 2-
o :[m-mdwfﬁmb¢QMdo]eeﬂ1yl-1,3?dithidp_rdpionate). It goes without saying that the
- 257 crosslinking dox'.oécur either vnth réafcﬁi/e groups of lipids (e.g._hydroxyﬁmcti'on of
| _phoshaﬁdylseriné) or, more likely, w1ththc reactive groups displayed on the surface of -

- .. membrane proteins.

. Inaprefered embodiment, the avidin is attached non;cqvalently onto the cell surface after
: _ -30_ _having linked a biotin moiety covalenty, by means of a monofunctional crosslinking
| reagent carrying a biotin labél', to the cell 'Sl_xffacc. The avidin recogriizes and binds to the
biotin moiety on the cell surface. More preferably, such biotinylaﬁon is carried out at a _

'_temperature_ below -10°C,_ most preferably at about 4°C or below. At this temperature,



menhrane proteins. In. a prefered enbodinent, the avidin is attached
"non-covalently onto the cell surface after 30 having |inked a biotin

..noi ety coval enty, by nmeans of a nonofunctional crosslinking 17r&egshz007
carrying. a biotin label, to the cell surface. The avidin recognizes and
bi nds t &Q#&1244P0t i n noi ety on-the cell surface. Mre PFEERRAKSY, such
biotinylation is carried out. at a tenperature bel ow 10C,. nost preferably
at about 4C or below. At this tenperature, 17 August 2007 WD 03/012449
PCTI EP0O2/ 08054 5 efficiency of biotinylation increases with tine.
Expedi efiidigncytdfbiatiopiatiomimcrenses “flﬂirtlm%ﬁéwdﬂﬁ,ﬂﬂatthefﬁa@‘%mttﬁée fBI| surface is in
the ra ptured to the cell surface by
means O (ﬁmyi)ano %a@gﬁfmjﬁfce lh%&ﬁl sur gs?e[ﬁﬁ"S it is further prefered that
the cells are |ncubated in a solution conprising at least 50 g/m avidin,

- nore. ef.rab at d 100 ring to
t he av' S'Hdﬁkc}/l?eaﬁaﬁé“?%s B B%“?’é‘ﬁ?’ \§|n?1%/a§$n %%ﬁ(’&ifag%} ogl\ﬁl gcsl‘jftg(téeeusugl I'y
have abﬁldtﬁn‘ihdi) pf&ftrﬂ@ﬂ&t ﬂes:ellscHre inbutaitédrin alsbluaodnca]nprrsldgaiblﬁastlw vefpl oyed for

coating {he cell ace. an i,n is sequent .. ncubat ed..in excess of
the coyt ’PVCIPF E‘Yﬁﬂfﬁtﬂ"ﬁl%f’ H"%ﬁfgqﬁ;‘é‘} Iav'sur ofedngte e evldlf‘l n | abel to
Wi 11 bidegorthg@b ereditésetld Lﬂvmubewmnlneawumg ummy hamuoum lsmamgenesbfondl ng
sites faor b|ot|n | abel s. %{e{u refereﬂ %a %"\p t|n i ety that
“i's covaietin 1 bictip label i epgloyed for cadiug thecell shrtacgiand '&H%fq SHERY anchor

avi di n jAQibafeaVa beddtd of tﬁ@c&vﬁﬁnﬁﬁhﬁkeﬂlbﬁcftﬁqa)dl én tliertkl@dxrfaae tdae bivginllabed sur f ace
by means_of a spacer noiety, e.g. a linear_al k al n, V\/&) ..ch extends for

,.at weaswﬂllmndwoww@nrpmekevlalﬂaymapp?w 326“5& gﬂF"éf%r MY at | east 30

A In tPge ihext step.of the method according to the present invention, a :
’blotlny ted polypeptide enconpassing at |east one antibody bindi ng domain
I's incubated with the 20 avidin |abelled cells and becones bound to the

avi dit yef hat %ﬂefer&f) thldfg' HESfotiOnbibG thalid co%leeﬁl‘?fﬁ\ked 1o 18 calbirfeslindi ndi ng

_dorral n ‘accor present rnvention is not .derived fromthe the -

" ant i gewhioh ﬁmmgmp agchop hedmmoafcpw}eldbftte theiog} merfaseis linkgd f thg gell

i no i oh S or
_-'nomr;qJS i m%‘u‘ﬁ‘%é o’f)ml‘3 0%3e%p'glg!e o oﬂg“‘%fn mggmggliuy%gpt??déef a‘lt'rlleeasia})ol ypept i de

may be A,lgorepzrdiereabky aﬁlf(am(b&uaost prefasblppt leasi3®A. Protein A

In the next step of .the method according to.the present inventi'on,- a biotinylated
polypeptide encompassing at least one antibody binding domain is incubated with the
: 20 avidin labelled éclls and becomes bound to the avidin' that is now linked to the cell surface.
o ‘The antxbody bmdmg domain accordmg to the prescnt invention is not derived from the the

anhgen—bmdmg or complcmentanty detcrmmmg portion of an unmunoglobuhne or

immunoglobuline fragment. It is a non-lmmunoglobulme—denved antibody bmdmg
_ . polypeptlde The polypeptlde may be e.g. protein A (Surolia, A. et al., 1982, Protein A:
25 Nature’s umversal ,antibody*, TIBS 7, 74-76; Langone, J., 1982, Protem Aof
.. . staphylococcus aureus and related 1mmunoglobu1m receptors Adv. in Immunology, 32
p-156-241), protein G or protem L. Protein L is from Peptostreptococcus species and has '
the unique ability to bind through kapp_y-light chain interactions without interfering with an
antibody’s anﬁgen—binding site (Kastem, W. et al., 1992, Structure of protein L and
30 identification of a repeated immunoglobulin light-chain binding domain, J. Biol. chem.
_ 267, 12820-12825), thus bihding.to all classes of Ig as well as to _sin‘gle chain variable
fragments (ScFv) and Fab fragments.



.25. Nature's universal , an. TIBS 7, 74-76; Langone, J.,. 1982, Protein A
" of staphyl ococcus aureus and rel ated i mmunogl obulin receptors, Adv. in
I mmunol ogy, 32: p.156-241), protein Gor protein L. Proteinll Augubt207
Pept ost r ept ococcus species and has the unique ability to bind through
kappy | WBOBME n i nteractions without interfering w tPETER2ZEAM body' s
antigen-binding site (Kastem W et al., 1992, Structure of protein L and.
30 identification of a repeated i m’rﬁnogl obulin light-chain binding domain,
J. Biol. chem 267, 12820-12825), thus binding-to all classes of Ig as
vel | adctondisg fgthe prisentrnveation Hieaise pf sighaniibody-SEming doRWIFPPIsagment s. 17
August_ 2007 tpr esent
“invent?% ¥Pep lﬁy\gﬁgsg{oog’g %ﬁ%ﬁfﬁ&hgﬁt)oﬁ{ao%géﬂoéassagyg%rﬁhggong?|pgé|§ﬁlb pol ypeptide .
| eads maemrdnaﬂhmingmmlfﬁmmtlwhacnm@asfelugbmomceas@bﬁ}om@@ﬂ’dpwg’fﬂeﬂ't he present
| nvent%qu esen t1t Q 88kl CI éoythg 2640 HvBAch albQMloRE RYUESange!l | cl ones
froml % n ucer ecre I on assay -according to'the present
I nvsentfa@lmsedssﬁeralolfwvmnimtmlayymhsmﬁmf@@bﬂassstslshfa!rdunogae@l line| j ne

tabilict Assessnen I ne
Zeve: ol‘f%}?é’"ﬁ?‘b'?fég?s h@é?@gﬁ% Iry ?%qﬁl #ed gw"i‘ ?egsatlazog-l%g{r)lfir(\)g&gf at | east
200- 30@nicheaetike beticem 6 &amwrea&semmnmwmﬁvﬂtmwwmemstry,lthc assﬁmwmdu on with

flowcyto e assay. which..is th cationis
sensi t%%eg’ft? bﬂft'g{? JPpRUKHIQR 1S SREFIENSAROY: VS?mﬁ%uan UCI i

sub- po liﬁ&h puldliopSHHSusAldsGF L5, meﬂye@ebw@mmmﬁmlmu on on cell
I'i ne Stal|l |n only 5 hours. Preferably the antibody bi ndi ng domai n

_ slﬂroﬁﬁlﬂilﬁt'@lo B?“ff)rotel n G Protein A of Staphyl ococcus species and
5pl”0t6l n G of Streptococcus species are well-known protein agents t hat

" specifically bind to the Fc portion of antibodies, &}I?gy £ Bacterial i5
| mmunoBredtrebly thesitibpdibipdiag dpmain ipiom Pretein y gguotein ‘tSF‘Bg“o° 1990) . They

have f opungh oM g E&@sdmﬂ%%tbﬁ% bOSkrdpfo Bl @5&3{&9 bl iglowalpkdtait v

~purification o G of 'al'mbst any ani mal species or subcl ass.

St ap hy hgenbctbat] Sppmﬁwél)'rblw toithriéc pardomofaAniibedics(Bayle.MorBacitiake  fragnent of
as rg&%ﬁ%%%ﬁsﬁigs@ﬁg@g %Lo@é;o Qb erTe PEY Wad Dikob R0 They REESfolnd. 1N human

Fc resi 435 and 311, as shown in Deisenhofer ‘et al.
(1981 vadespicad hppicationyin bibtechediogy fos 7finity purifiontion pbleCrfiskmasbAet al . (1995,

Struct %mgxalo’Specg? ogZu%):Iass Staphylococcal protein A binds to a similiar site on the Fc -
- fragment of IgG as does streptococcal protein G, _mvolvmg in both cases e.g. in human
. | IgG-Fc residues 252-254, 433-435 énd 311, as shown in Deisenhofer et al. (1981,
© 200 Biochemistry 20; 2361-2_3‘70)_ and iﬁ_Sauer-Eriks_son et al. (19935, Structure 3, 265—278)'.

| 'Furthermore WO 00/7428 describes an 1solated antxbody bmdmg B1 domain polypepude
of bactenal protein G which binds a Fab ﬁ'agment of an IgG but substantially does not bind
an Fc fragment of an IgG. The use of this B1 domain is an_othcr prefered embodiment of

25 the present invention.

In general, antibody domains according to .fhe_ pre'seﬂt _inventidh xﬁa_y be used as isolated,'
_ dotnains or as fusion proteins with other polypcptide moieties. It is also possible to fuse
_ . several antibody binding domains ofe.g. protems A G, L, or of still functional variants.
30  thereof that have been artlﬁclally engmeered by amino acxd substitution, deletion or
| insertion. It is also possible to employ va._nants of e.g. proteins A, G, L, etc., respectively,

" that carry deletions or are truncated.



Furthernore, WO 00/7428 describes an isolated anti body binding B 1 donain

" pol ypeptide of bacterial protein G which binds a Fab fragnent of an |gG
~but substantially does not bind an Fc fragment of an IgG THeAugst 207 his
B 1 domain is another prefered enbodi nent of 25 the present invention. In
gener al WafB#dy dommi ns according to the. present i REHERM% Ay be used
as isolated. donmmins.or as fusion proteins with other polypeptide
noieties. It is also possible to fude several anti body bi ndi ng domai ns of
e.g. proteins A, G L, or of still functional variants 30 thereof that have
been afréfeiablyatbiepolymgptidespmrissy naor Ay 3 dites falyGos VP MOke| et i on or

|nsertlQ'grm,a{){yllt/lz\1 l&|a§19t Elxggﬁ};ﬂtg to enploy variants of e.g. proteins A, G L,

etc., Fespec carry deletions or are truncated. 17 August 2007
WO 03/012449 PC IEP02/ 08054 7 Preferably, the pol ypeptide conprises no or

only 1- S |1ﬁ'&k efdidbly

car boh;’fl(%etse BE’ &golpgéﬁi‘@?w$§ﬁﬁxgé‘:§t6%% ﬁgreﬁ{gg(gn(%{l SI ngélg? I eagli four antl body
bi ngi ngntacttmstgmrmef ah@uﬂkkl&kﬂo}ecuarwnlghbs epployed in the preseaipygntion. kD nol ecul ar

“wei ght ratein A has 4-5
hi gh af§f hf’{ tB?"ﬁ teselgg?og]nﬁtﬁlbﬂll\éﬁ&ﬁg%{?gﬁgﬁg&ﬂugé Iﬁ@ t(?lonj unction -

W tht iwnjmbﬁdn\haﬂuememmﬁvmﬁ oﬁavﬁmn fdxibddtinnmeietiess this deads toi consideralslet o

consi der ah) lificati unt of bound and
t-hus td'mgﬁ'éi‘iﬁ? ?W‘B’é‘f?gﬁ?.“c %'?ﬁ%' v hgpadand g o?‘g%%% po %%ée)aglglxde may be

“achi eved by any of the nethods descri bed above for blotlnylatlon of the
cell surface. In addition, %fhﬁ nd co ntl\éeﬁpﬁ%i eto _

. conjougdigtinylpfionaf thepalmepti et'BaX%' H $¥Fo the

.ol ypephi ﬁ%uhﬁau&a;f%ﬁafaeﬂquﬁyceom&amoﬁ,rxe@ arsadh@adn&e@m@rpatmew hydr ogen
peroxi dase in the presence of_ hydrogen peroxide. 15 It ‘Pet al so possi bl e,

and t hioonigpisg biotingpeigkyto 65?'@’@9’ Whosg fevalsnplnking o henalynsptide i enpl oy
- direct léﬁtﬁﬁeﬂggxgé%h %rﬁi\{éa a8 Perdxidaod MABPeacesf i es at
: |

| east one "ant bi ndi ng rral n o? pI‘O%eI n Aor protein G Crossl i nking
of pol yiydpigedperardeprotein noieties, respectively, i's well-known in the
- bioghenical arts and may be achieved with a : :

~Itis also possible, and this being a further objeét of the present invéntiqn, to employ
._ directly an polypeptide-avidine cohj_u’gate which polypeptide carries at least one antibody
binding domain of protein A or protein G. Crosslinking of polypeptide and prot_eih
L ixioieti&s fmpecﬁvely, is well-known in the biochcmical‘ arts and may be achieved with a
) 20 : "mulhtude of reagents F asold et al., bifunctional reagents for the crosslinking of proteins,
| .. Angew. Chem. Int. Ed. Engl. (1971), 10: 795 801). For instance, couphngto amino groups
) o -of the amino acid lysines by means of N- hydroxysuccmmde (NI-IS) esters is well-known
- - m the art. Prefered embodiments and dcﬁmhons of the present invention apply 1 likewise to
this object. '
| 'Préfcr.ably, the b10t1n moiety is finked to the polypeptide by means of a spacer moiéty,
which spaéer érm'has-a-lcngth of at least 15 A, more preferably of at least 22 A, most
‘preferably of at least 30 A. Suit’éble spacer arms can be e.g. linear alky} moieties. Such
. extended spacer arms reduce steric hindrance when binding several biotinylated molecules

30 'to one avidin complex.

_ ' Furth_er prefered is that the antibody binding domain qo_mprising polypeptide according to
the present invention carries at least 3 biotin moieties covalently linked to the polypeptide



20 pul titude of reagents (Fasold et at., bifunctional reagents for the
“crosslinking of proteins, Angew. Chem. Int. Ed. Engl. (1971), 10:
.795-801). For instance, coupling to amino groups of the am hbAserd 200%j nes

by neans of N hydroxysuccinimde (NHS) esters is well-known in the art.

Pr ef er e WO ent s. and definitions of the present iBGIEROMNSApply

| i kewise. to- this object. 25 Preferably, the biotin noiety is |inked to
t he pol ypepti de by neans of a spacegr noi ety, which spacer armhas a length

of at least 15 A nore preferably of at least 22 R nost preferably of at

| east @@rateinSubregintferablyat astrhiefincrpitippand rpost preferatly §t lQhioti et i es. ~ Such
ext ended _spacer g L Gtib0 o g ioth (i d er al

Biot 1 rpich 8 pRY R e B REE, Kb b e OB S P red 15 that
f he anpdlymgiiddis eatilygodaned by tho nwmberiofiteapline,greynsiie thepobperfidsdc€o t he

present Jdnventiop carr.i 1O 1 L et : . i nked to
‘the pofPRSA"HRY: s'ﬁﬁéﬁﬁid%#%g%%g%i%%%@% E%%Zo? 8}§’glé’zla%$ﬁ{or protein,
T nore  preagent elfojypeptideapsh bbtibylotiem noi ties and nost preferably 6-10 biotin

nol ecul es per pol ypeptide or protein, respectively. The extend of

biotinylation of the polypeptide is easily governed by the nunber of

r_‘efiﬁ_t h‘!mel SESHED 8etbc]{ﬁohhﬁtimby&mm:'h gl&;htbep@sent'mvbmi:)rxg?mmsaw. gt | ysine, i

sul hydryl groups of cysftei and the pr rfion _bi ot iaon r eagent
“to pol nEpRtional fperrschRt l?ﬂg?egﬂ‘ _dy?ﬁ%@@@%hﬁ%‘“ﬁg{b@?fq‘%}ﬁgéﬁaﬁ‘ﬂgﬁy accor di ng
t 0 theyhesRRked ¥ ERAlIbRTY Wiie BpréRion bgarR¥iBlohefsab be tonitred bgitid y | abel | ed
anti body or antibody _fragnent that 'SP@gi fi-cal.l‘y hi nd .0 thel?o ecreted

fi 1%t mathog efithe RFrser inveplicns 1t B seape f thgpresert dpven i t (ierion A% ed by t he

10 et fod 06 vkREadthes St chipfilang Buitdblk dobibireienef Hfirst hitd eeament i nventi on,
detection.  anti body' shall also be construed as to COITEI’I se any suitable

conbi ndeteasion gntibedy; qrdy thy frites beingyuorerseribt IR LS LY IUGRAPYY t he 1 at ter
being {l 9&#&%&5&& técﬁrﬁﬁllxéls%@ch-é%.%%li oy dasl}arrlgaﬁhhwy, agtiBledagyi n el at ed

techni ques”such as e.g. Elisa tec y, a fluorescently

| abel | bielodtantgmm reexgoigad b thetfipst; ssareied pgtibodyempy beemplay¢hBEGCICTHIP: be
enpl 'OYEQ?&?JM ﬁL%SMeQE‘ﬁgésﬁ: :E?&Qeo‘ilh?egﬂr&ént- ihPeciBh 8Bt $it8ReniRg and ¢ of the

presen nventl on, a S | n_t erve |ng ) i -
incubation period in cell culture medium allows to saturate artifically created antibody

 binding sites on the cell surface with secreted antibody.

\ o
~at

Préférably, during or at latest after incubation of the cells ‘with the biotinylated pdlypeptide
) 20 ‘according to the metﬁod of the present invention, the cells are cultured in a medium
comprising a viscosity inér_eas)ihg ageﬁt. This measure prevents cross-feeding between cells
,\ - by artificially elevat_ing the viscbsity of __thé medmm. Such agent can be e.g;_'methyl'_
s . 'céliulose, PEG, starch, polysaccharideé ﬁp'm-algaé,.bacteria or plahts, or gelaﬁne. In a
| . prefered embodiment, gelatine in a concentration of at least 10% (w/w) is employed.
In a further, partiéularly preferred _futthcr embodiment, during or at latest aﬁt}r' incubation: -
. of the cells with the biotinylated polypeptide and prior to staining the cells with the |
 fluorescently labelled aﬁtibbdy or antigen acoo.'rding.to the method of the present inV@ntion;
the cells are c_ultu'red m a medium comprising nbn—biotin_ylated‘ protein A, or another non-
B 30 capture, competing antﬂ)ody'bmding domain compnsmg polypeptide according to the
present invénﬁon, in a concentration of at least 0.5, p.g/mL,_mbre preferably ina
'mncen&aﬁon of at least 4 pg/mL, most preferably in a coﬁcenu'aﬁon of at Jeast 8 'pg/mL. :
Expediently, such non-capturé, éompeting protein A or the like is u;éd in combination w1th



-~ secr et

i ncubation period in cell culture nediumallows to saturate artifically
" created antibody binding sites on the cell surface with secreted anti body.
. Preferably, during or at latest after incubation of the cel |l Apgust 20/

bi ot'i nyl at ed -pol ypeptide 20 according to the nethod of the present

i nvent ivomo3aRe9cel | s are cultured in a nmedium conpri AGTEP§2808t0sity

i ncreasi ng agent. This neasure prevents cross-feeding between cells by
artificially elevating the viscosit$ of the medium Such agent can be e.g..
met hyl . cel lul ose, PEG starch, polysaccharides from al gae, bacteria or

pl ant sa viStosigginateasing agamt as deseritfed abolves irberderta preventy sross-foeding hetyeen
concent[ati on of at least 10% (ww is enployed. 25 In a further,
'partic“(ﬁ"lﬁrly preferred further enbodi ment, during or at |atest after

i ncubation of the cells with the biotinylated pol ypeptide and prior to

staining the cells w.th. .the. flugr At i Qr antigen
accor df rﬁ&“ibi"ﬂpﬁ@r m&g&e?ﬁﬁ%ﬁgﬁeﬁ@?&%&eﬂ tl%bﬁl!eh %}%agg{)?g%gr e cul tured
in @ nRALIMAE MR Téthod oN@8 pltsait invehtidrehdpfiot kavingrallogred gepsetber non 30
capture,_ conpeting anfjho i ndi ng. damai n_conmri.siNng ' accordi ng
to theantigpdyiohing %’\fé‘ﬁ ‘i°8ﬂ3,c'1gtl P&W‘Eﬁ‘é‘sﬁ@a’f’f %%d%fd]‘%etggwg@g& hg? nL, . nore
pr ef er ghliYplb&kife at®OEE M a0aéd ONhodeliale. . éas tonbentration afetleaspPSftefabl y in a
concentration of at least 8 tig/n. .. pedi entl.y - re,
corrpetm&@nlp$mhéhﬁdhloﬁhﬂgﬁé“qqdkgs&?t?§§ﬁﬁﬁ_ %’“ﬁ"%&%f‘%ﬁ&i’ﬁﬁ&f&% lgust 2007
WO 03/ -gg@ggggﬁgg{eggg%gﬁgﬁ%&s ndt MebSERfRidalid bowide espegvelgdntthas descri bed
above, 1n order to prevents cross-feeding. be }?/egg éel l&?ﬂ Pr ef er ably, prior .
' t.016t asasombfladrescerty labeliedipntigen qr|aa%bq9§@gwq>g?5 A setachop- MBI “or ant i gen
"y 5accopding to. '%ﬂﬂt BRI Yetwddr e dihes ®ifmproveavi ng al | oned
iiheg%%"?%ﬁc‘)ﬁ%tggh I n-ﬁ%tgtc?%% bi ot’l nyl at ed pol‘ypﬁpti de.t hat was.
i nobi béngitititg of arvidiswinkinationtbydhe assay efithe aresqnt pveRtRY. igorH¥RPY s added to
the cells, e.Q. in |nt [MelcF RAE theQtfer hRopasedfdadhres,Such third
bl ocki 'Sf‘%’blalf/r-nie%“g %q{aggﬁlfdr{lgatugﬁﬁa)}r enmali 'r?i ng 1rtfgl)ntpilélsoogly bi ﬁsg_ll ng sites
of t heelgi theivisgbsitysncrpasingrepttiadd/obthe compeiing noaciemyiaierd prisho gAY the R
respectjvely, by the 10 :sec JOL es e Yuhahakikiefly anhé geRy.0r anti body
enp oyi*'ke’f“b%td&é%esé’f]?rglﬁgcam/iegﬂﬁn%gg&re Eﬁ;‘%‘grtbcont ribul es to gbl,i mnate |ate
cross-feedi ng between clones and thus to inprove
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sensitivity of and discrimnation by the assay of the present invention. It

" goes without saying that such neasure can be conbined in an?; way Wi th the
.other proposed neasures, e.g.. the viscosity increasing ageht

Aggest 8P0T he
conpeting non-biotinylated protein A and the 15 like, in order to

syner gi wbies@lildeye enhance discrimnation and thus sensi tpoikpo2eosi he, assay:
17 August 2007 WO 03/012449 PCT/ EP02/ 08054 10 Exanples In all .
experinments, cells were taken from exponenti al growth phase of batch
culture with viability being greater than 95% as assayed by standard

dyed- ¢ #%m antl ng techniques. 5 1. Conparative experiment Cell Ii ne
6A1( 10 F tai ned from Monza Bi ol ogics) derived from NSO nyel ona cel |
line was used It is a GS-transfectant cell line (Bebbington, C et al.
1992, i g M&]ems l&llgmleElﬁ&'n%n?Ex@n&ﬂﬁ?%@ﬂ@ﬂﬁ%@ﬂflbd%lfb(lltﬁfdwfﬂtlﬁye| oma
cells u5| ng a utam ne synt het ase ne as an -anplifiable

sel ectalabmt)nlmuk@grca@ Mé&%mp@gyedw ik eounting teehgigiesn g human

Egerlc | gG anti body cB72.3 specific to the t he breast tunour antigen

3. The cells were treated exactly as described in the publication
FblnESlEL“_J%ﬁLbﬂsingyﬂ@E result was di sappointing, with no reproducible,
significant difference in fluorescence 15 between -the secreting cells and
an untreated negative control cell line (NSO cell line ECACC No. 85110503)
bei ng gkl anuahuaoomebmmdrﬁoneMnMolpgpoaipeMm N$Qoiielopga gelliingg- GS

transf ect ed elo ceI d rnally to the |
cel'ls, Wéﬁﬂseggnﬁl%aﬁg eﬁlﬁ’%t %llq%ﬁﬁ#\ébtcblnégqng%g?tfa?gl%%bﬁ% narfcgan fl uorescence.

20 18 SAfTERIdnVT ad66ombirant antbagy from m;velsm cellsadingratglitamdine $inghesasenci pl e of

B o el RS B I A 52 e

.agal N chPSRI 1% &iéﬂ%Glaﬁﬁm & cBTGabecifiti® the thedidastumatr dntigeva s
WS

e e B el I A 1.2 ™

succi nigg géélll't Qvak RisabpdiiHed Rith R6 ¥GRERIcRe, Bighifieant dittbdce it fluorescence

NS Do

S between the secreting cells and an untreated negative control cell line (NSO cell lme
ECACC No. 851 10503) being observable. The experiment was repeated w1th anon-
pmducmg GS transfected myeloma cell line and with human IgG added externally to the

cells, and again, there was no apprecnable difference in mean ﬂuorescence

20 2. Secretion assay

) 2.1 Capture of secreted antibody

The ﬁ_rix__lc_ipl'e'.of capture and detection of secreted antibody. is_Schematlcally depicted in

25 Fig. 1. The cell line 6A1(100)3 secreting chimeric antibody cB72.3 was again chosen as an

_expenmental model The secretion matrix was constructed as follows 10" 6A1(100)3 cells
. ‘were washed in 25 mL of pH8 PBS and re—suspended in 1 mL of 1 mg/mL NHS—LC—blotm
: (caialogue no. 21336, succm1m1dyl-6—(blounam1do) hexanoate; Pierce, Rockford,
IL/U SA. ) in. phystologlcal standard PBS (pH8) Followmg 40 minutes mcubahon at 4°C
- 30 i the cells were washed twice in PBS (pH7), and re-suspended in 1 mL of PBS (pH7). 128
pL ofal mg/mL neutravidin™ (Pierce, UK) solution-was added, and the cells mcubated at’
' r60m temperature for 15 minutes followed by a further wash with S0 mL of PBS (pH7).
- Following re-suspension in 1 mL of pH 7 PBS, non-biotinylated protein A was added to a



IL/1S-A) in. physiological, standard PBS (pH8). Follow ng 40 m nutes
“incubation at 4C, 30 the ceI | s were washed twice in PBS (pH7), and
_re-suspended in.1 nL of PBS (pH7). 128 L of a 1 ng/nL neut ri\AeBustRE07

(Pierce, UK) solution was added, and the cells incubated at room

t enper awmo @/fin4915 m nutes foll owed by a further wash RCT/EP@OSIS of PBS -

(pH7). Following re-suspension in 1 nL of pH 7 PBS, non-biotinyl at ed

protein A was added to a 17 August 2007 WO 03/012449 PCTI EPQ2/ 08054 11

final concentration of | g/nmL: the m xture was incubated at room

tenper ghhy &)rfcgl'itraﬁlonrﬂfnphgﬁﬂ Na% tmixbiZe bwadfincubhtedtpt rborhi temperythueet & Protein A
(Pierce, Rockford

6- 10 bj | abel. i
sol ut | orinwtes Nettier® ihdf ﬁddgygtle&%;l&lgt;d Proteind ?él' 4 rﬁqu{vogg,p:g{u B! el n)
DT AL 0 FighR ISR TRl Lotbl R bRy hloR duliRhsiied ocappivngcliS o S

i ncubaff'os® rating ndependent experi rrents confl med t hat
even ahuautec(an(rmhrtampmm The Gopegniration of bistmxlated Protsitsifn apeliedi 188 ng was

not approachi n sat i R Gsacl Ohine eg{ as

posPt | G‘éc“gﬁth‘f“rg‘l ﬁ%mgﬁoga%avé};% t he app?n(?%rl at e egol un%%gf .10 |
purif i e@ncBfatich .bigﬁot;cg/rgl MietimylatahBmotein At bindingfwag ngt gipraachigg s@ioR o be ‘used
as negative control consisted of cells being devoid of a

bioti nﬂé"‘!ﬁi‘&?‘rﬁheé’ﬁ! ure protein A affinity matrix. These sanples were
processed as all other sanples starting with i ncubati on in the secretion

nedium 15 Al sanples that were to be dng on assa
were exysepdes to §eusrd e @R?—Bﬁ%—-b‘?’?fﬁéllfﬁrdé "%g?éﬂ‘ ’8&%%3@%‘%%3& in 10yrrL

of I%ecr%lﬁg& _?Fgﬁ;@ogi%!ac&d&ﬁwtﬁn%dlsqurﬁs descrl bed in Hol mes, P. et
ce

‘ roved iné devel opment by a high throughput affinity capture
-’surface di splay technique to select for high secretors, J. of |Imunol ogical

o éﬁljv fodl gTcBl OB eityHvE b 200) - 3 |||
enri chg 1?%§%f8%/§d9§) ¥ tl g tmf'}'%?nss mad%m aleéo cont g)l(fned)S H;:%Ef ' ne
body t hat

non- bi anomymumdcapmm m)ttrmAA @ﬁngwaﬁ@K)Th%%amPEféﬁvef‘H’@%FﬁieGraéa
- diffuses away e prevent it. .frombinding to
" hon- proﬁ?ﬂ’@ﬁﬁ% &aé{l wﬁ{‘. HE?a ?n!!hL§cc?QﬂmtnE@5ﬁRy

S were I ncubated in the secretlon medi um for
15 s nutes at 4 C.

All samples that were to be used in the full secretion assay were exposed to the followmg

procedure Cells were resuspended in 10 mL of secretion medium ( cell culture medium as
descnbed i Holmes, P. et al., Improved cell line development by a high throughput
: affinity capture surface display technique to select for hxgh secretors, J. of Immunologlcal
20 | methods 230 (1999), 141-147 for culture of NSO 6A1(100)-3 cell- line ennched w1th 10%-
| 'gelatme) This medium also conta.med 8 pg/mL of non-blotmylated protein:A (Slgma, UK)
. in order to capture antibody that dJﬁ'usw away from producer cells and thereby prevent it

-from bmdmg to non-producer cells The cells were incubated i in the secretion medium for

oI5 minutes at 4 °C.
s

22 Fluorescence Labelling‘

_ 'Bound secreted anﬁbody was-detected using mouse ahti-hurhankappa light chain FITC '
. 30 conjugate (Sigma, UK) ata final dilution of 1/500. '
| Cells treated as described under 2.1 were washed once in 25 ml PBS (pH ‘7) and 320 plof
a 1mg/ml murine IgG blocking antibody (Sigma, UK) was added and mixed with the cell '
~ pelletand incubated for 5 minutes. The cells were then washed for the second time with 25 :



“eont rolVt

25 2.2 Fluorescence Label Iing Bound secreted antibody was detected using
" nouse anti-human kappa light chain FITC 30 conjugate (Sigma, UK) at a
final dilution of 1/500. Cells treated as described under 2. 17 et 288hed
once in 25 mM PBS (pH 7) and 320 | of a 1ng/ml nuri ne'IgG bl ocki ng
‘anti bodywda @rogrmas UK) was added and mixed with the cel |PCTfHoR/e80540Nd

I ncubated for 5. mnutes. The cells were then washed for the second tine
with 25 17 August 2007 WO 03/0124492PCT/ EP02/ 08054 12 nL of PBS (pH7) and
resuspended in 1 m of PBS. 5 L of nouse anti-human Kappa |light chain FITC
det ect in@NoAPLS RALH) ahSr@upenddin basl ARBENS phiod mohes ansithuman Kepprekighd for 15

m nutes, Follow ng.a n 25 resuspended
in 1 nchppEITE detectipn ay&f’%‘g@‘gm“o% éﬂedyg%?hié@g g%v&ezlyt?g%%t ry After

st ai ni RgnaRs F3R6widRatuithertWash mzsmbnssmeallsmermusgeudede lanbPPSed using a
Coulter Epics Elite flow Flow Cytoneter with 488 nm and 515 urn excitation
and detf%%ﬁabfﬁﬁbl’dl%%‘?‘%?@f hs respectively. Log side scatter vs. forward
scatter was used to identify the viable population which was gated and the
| evel of fluorescence (and therefore the anount . of bound anti body) was
measur @B Flow ewtemetsbpul ati on. Distributions for (A) negative control (i.e
‘Wi thout affinity matrix), (B) cells with secreted anti’body captured by the
affinity matrix and (C) positive control cells | at ed &pexternally
added, musfaumugm@sc@d@aﬁpmwwwﬂﬁe’fmmﬁ ,uﬁlgagay.p %1 shown in
Fig. 2 Skl &4 (568 bxtcitation®@l détedtigncel | s B

exhi bi tEgp a- }%cegﬁ&w%%g%m%éﬁ%gﬁof 13&1%:1\/\%?‘1(?%8 a 50- fQ| d crease in nean
f | urer esnmlnagﬁhs r@pmwelercﬂngﬁlfldm@aﬁfm’g'a{fowf’éW?R)Wasﬁésedﬁﬁé BESI ‘E? ve control C
~shpwed aalﬂg %u059 Rl Céra% 2vdl OF ﬂudr&&ﬁ&é%&d(iﬂ&éfofehﬁe ARGati ve

ues uor escence accord g to Fig. 2 are given
~in tablefbbuddarktiboliy) das measured for thls population. Distributions for (A
control (i.e. without: affinity matnx) (B) cells with secreted antibody captured by the

affinity - matnx and (C) posmve control cells mcubatcd with extemally added, punﬁcd IegG.

negative

15 captured by the. affinity matrix are all shown in Fig, 2 as cell count vs. fluorescence
| mtensxty Secretmg cells B exhlblted a mean fluroescence of 19.3 which was a 50-fold
-increase in mean ﬂuorescencc as compared to the negative control A. The positive control
C showed a mean of 59. 5 and thus a 125-fold increase over the negative control. Numenc

- values Qf mean fluorescence according to Fig. 2 are given in table 1

Tabié 1
) | | -Samp_lc.: - T ' — R Mean ﬂuoresccnce [arbmary umts]
A= negative control — [oa -
“[B-sccreting cells o B 193
| C: positive control (+ exbgenou.é IeG) . 59.5

25 3. Comparative Example

* The effectiveness of biotinylated capture antibody binding of secretéd antibody at the cell
surface was compared with that of biotinylated protein A. In the comparative experiment,
the secretion assay was performed exactly as described in section 2 with the exception that



Sanmpl e Mean fluorescence [arbitrary units] A. negative -control O. 4 B

" secreting cells 19.3 C positive control (+ exogenous |gQ 59.5 3
. Conpar ative Exanple The effectiveness of biotinylated capt ur &/ éHg‘iS_bg%ﬂ

bi ndi ng of secreted antibody at the cell surface was conpared with that  of
bi ot i nybasetagrotein A In the conparative experi menPCTVEPROS®creti on assay
was performed exactly as described in section 2 with the exception that 17
August 2007 WO 03/012449 PCT/ EP02185054 13 PBS devoid of any viscosity
I ncreasi ng agent was used for incubation instead. of. secretio medi um f or
al | sBBBIdesoid Afany viscosity brerassing aeens ias hspd frdpqupgifon iagica gé"m’a\?& control (C)

A AR I b | (A)[JRSItRE EdniOUC)Saat | ons, one
addi t FsAinn for ﬁ& %m{»lﬁ? &;%gﬁoﬁé%%?agﬁﬂgg%ﬁw Qafol (A) 1061 ©

substi tui ng b| ot| nyl %g protein A
Wi th aB®2.9kédistinggcils (mmeiemﬁued huthanremomg@ct!@nss 5%‘&?5 ht i body (

Si gma, UK) whi JAambat i on at 50
g/?ﬂ paF P%aﬁ?fiﬁ?ﬁtsgwgﬁhflmg kn %ﬁpg}g‘f | on e+{r)118§wl%§gﬁ?g&§3‘tlur ation and
bekng1g® mrpapaiﬂcebapmrd dmbaahp(u&grmbem whishwasinmebilised onitke gsHayifesgs Y added
experlnent gnously adde
humnan Py 4§ ﬁ‘EP“f‘ﬁ 9#&?“11@)52: “Zaat;h%a%g%géedﬁ{% % rtlﬁgé%\éa%tﬁ%%g ositive

“cont I @kinglReMParabletd memﬁdwnsfﬁm«emus@ameqmm expromentsoSanple(ly). 3 as cel |

- count vs. fluorescence intensity afte ow C nce
. anal ydyas subsgquepily ipcubpfed w1 e§°g%° Jde%h %b%;tﬁl ve cgntro B: capture

-anti bedypeds: de@&ﬁiealfd&‘ihéiﬁé'ﬁiﬁ\@oontrﬁrdbbﬁ! mxs&;xbdﬁnnssbcalesml@whewnpr otein A).

Filg. d3nZ¥igs3ias selbepunhve- QS‘PW"%EE‘%
~ nmpdel p Bv fbo Bt n&a&mbb ,r@@mti\tetmmrdscence as 15
5&90 %dh&%?ég@n ga(g 53: Ao¥&a g s ay,

/ ‘conmpare I've control cells v r ot ei n used
(sanp Ipeot@)n,A, DivecustodeB733, BOtGBAY NW&%‘@“\A%H“W%W‘PU‘@? weTdmese t hus

-'Prote

Nunmeric nmean fl uoréscence val ues acgc e dlstrl given in
“fg?ﬁg EX L&ll[ll&gﬁ’hurnan | gG

- dem’“ "mg’g“}"%:% ﬁ{ ﬂ%ﬁ%@aﬁ;ﬂ@t&i 182 Sftfeqd bfuRplubaimtibaytwitte ant i body.

~and dmxg@anmeemodmzs@plmm gavert Safold BRIcag AR mE

ective when the technjique was used to.capture
a%%'ﬂf”iffcﬁncqaﬁcrease in nmean

Tlgoregge fopared to the SRS Dkt &hE I-fb%%&' VBt BBlelOA was used (sample C),

¥

20

- there was an 80-fold i mcrease in mean ﬂuomcence thus demonstrating that protcm A was
more effective than capture anﬁbody Protein A was also highly effective when the
technique was used to capture and detect secreted ¢cB72.3, with an approximately 55-fold

increase in mean fluorescence as compared to the negative control.

:S'ampl-w prepared exactly as described in Holmes et al. (ibd.) showed no increase over the
- negative control (data not shown). |
" Table2
| Sample- — | o ' o :mean-ﬂuomscence [arbitrary units]
TA: Ne_gaﬁve control |  '. | :(-_)-6 |
{B: ,'Cabt_me'Antibody + exogenous IgG .~ - 2.8
- '._C: Capture protein A -+ exogenous .IgG ' 46.3
i D: Capture protein A + secreted cB72.3 329

Companng the data of experiments B vs. C,D, it is clear that substitution of capture
_ antibody by protein A gives drastic improvements in sensitivity of detcctlon and capaclty



20 Sanpl es prepared exactly as described in Holnes et al. (ibd.) showed no
“increase over the negative control (data not shown). Table 2 25 Sanpl e,

. mean fluorescence [arbitrary units] A Negative control 0.6 7BAugust2007
Capt ur eAnti body + exogenous I1gG. 2.8 C: Capture protein A + exogenous |gG
46.3 W0 oSlepaisr e protein A + secreted cB72.3 32. 9 CorfaAvERGo30he dat a of
experinments Bvs. C/ D, it is clear that substitution of capture antibody
by protein A gives drastic i mprovekents in sensitivity of detection and
capacity 17 August 2007 WD 03/012449 PCTI EP02/ 08054 14 of binding,

res pe@ttulmﬁhg, respbetivebt. Thedrbtjcallpr poeimA shatidbave angyecsapt eddndings two bi ndi ng

Sites t al as co are Goliitghem ght allow to

doubl %"F t@tala%%ﬁ‘pm&are ragn%%%odly L@E[dj%ﬁé(j%{ﬁgﬁt?e& cal 2-fold intensity

enhan&ﬁ&ﬁﬂbi‘sec?élwantﬂmmbdtmﬂl(thnomowd—fo}qlan@ﬂ%!bﬂmtlmcem@éf -dhiheor et i cal

maxi mum since a af it negnigARAkikge bindi ng

af fi nFW’GFmbWBPlé‘m‘?g%“HVMA"?&% e or%&’rﬁuﬂﬁﬁ Sgl%tr the ac%ual |y

0b§erXﬂﬁoﬂ?&ﬁﬁé&&éﬁ@@bﬂﬂﬁ@mmmmmwmon@@tpmhew@ﬁﬁtb@ey of ~about

15-20- fold Iargely exc ds the heoretlcall urprisingly
Rt by BN A cbuBE RSP 6 Bt s 26

and f a¢ npari son o bi.ndi ng capacity

for Cﬁﬁ&Xirgel;lg@ideQM Qhéwetf&xlfﬁreﬂmadmmeoéurpmmmmr ynkadded | gG vs.

‘protein di ng such exogenous 1gG . Sanples were essentially prepared
as des@sdibed in present parts of this section, except that both the anount
-of “capture antibody and protein A respecti veI y, used for incubation was

. doubled in order to ensure saturating bindin was added to
| .detbl n @i \d thows gpmparison pEbinding capacity f ?fﬁa%‘%“et’tﬁ‘%g?@&f“é‘]’%g‘é?%g o
-predeter i ned, SRGTHG VR rdRinH bRNRRANOHSopEEuS G Tmplaaubat i on.

| essentially prepared as described in present parts of this section, cxcept that both the

amount of capture antibody and protein A, rcspectxvely, used for incubation was doubled
) -:m order to ensure saturating binding. Punﬁed IgG was added to defined volume of cell

- ._1'5 ' pellet, in Qrder to ensure precisely predetermu_led concentiration of exogenous IgG during

incubation.



15 17 August 2007 dainms 1. Method of selecting cells secreting a first

" anti body, conprising the steps of a) linking avidin to a cell surface of a
~cell b) incubating the cell with a Rhiotinylated pol ypepti de ldomgussIy at

| east one functional antibody bindlﬁg domain of protein A, protein G
protein L or functional variants thereof c) incubating the cell wtha
second éptlbody or antigen that is fluorescently |abelled and that

recogni Zes ™3nd” bi nds an epitope on.the first anti body d) selecting
fluorescently |abelled.cells that have bound an anount of second anti body,
by neans of flugrescent analysis flow cytonetry. 2. Method of claim1,

“char act briYletbad ohseleptingicgls Eﬁcéfttlnﬂy‘l fé}tsw%eriy p‘@mww& thegtepyoft ein G or a

protein A%f)l r tagggngjagllpgma%fzeo@g%%@cterl zed in that the avidin is bound

to the ce urfface arter cova iotinylation of the cell surface has
been car rb)ednabatinglthe bkl kit abiotihylated pblypeptideaingprisirechtileast sret  di ni ng or at

| at est after. incubati ith . the biofinylated paol ypeptide,” the cells "are.
cultured i nfupstiop lﬁ‘?l‘g?)‘l?\fl)\ﬁ"f‘glnﬁdm&“\l‘?g Pf?llet"%/A P%?‘B&glpﬁ%}em @ht. 5. Method

of sel ecti ngun&BhhiSvasigntshdr&gk @ first antibody, conprising the steps of 1)
linking avidin to a celil surface of a cell wherein. the avidin is

conj ugat e unx:uaatlrpg)ﬂllypelqbwldheammﬂmlhwgyat amtmttluctneﬂfxmnmentlynal ant i. body

~ binding do i.n.f ot ei n om protei n_ A atlngthe cel |
with a seco ?l’eg ‘5?%%&5\3{‘8?"%}\%‘?3938 bt"h‘fft 1OpS,8p g’s"c‘ﬁ%\‘t Yabel [ ed and t hat

recogni ze§ aadctiigliforastethy fabBied ]l Mgt hw@ﬁo@qatdntmmnt ofSQec§ﬁi ecting

fluorescently labelled cells that have bound an ampbunt of second antibody,

by means of anlibeslyeby meansefaflyospscent analysistitoveeytpmetry. August 2007 16 6.

Met hod according to claimb5, characterized in that the avidin is bound to .
the cell surface after covalent biotinylation of the cell surface has been
carri ed2.qMethod of claim 1, characterized in that the biotinylated polypeptide is a protein G

or a protein A.

3. Method of claim 1, characterized in that the avidin is boi_ind to the cell surface after

covalent blo’tir_xylation- o_f the cell --surface has been carried out.

' 4 ‘Method of claim 1, characterized in ﬂlat during or at latest after incubation with the
b1otmylated polypeptlde the cells are cultured ina medlum comprising a viscosity -

: mcreasmg agent.

_ l) : _ 5 Method of selectmg cells secretmg a ﬁrst ant1body, compnsmg the steps of
o 1) lmkmg awdm toa cell surface ofa cell wherein the avidin is conjugated fo a |
polypeptlde compnsmg at least one: functlonal ant1body bmdmg domam from )
“protein G or from protem A '
' 2) mcubatmg the cell with a second ant1body or antigen that is ﬂuorescently
labelled and that recognizes and bmds an epltope on the first antibody
3) Selectmg ﬂuorescently labelled cells that have bound an amount of second

" "antibody, by means of ﬂuorescentanalysm flow cytometry.



7. Method according to one of the preceding clains characterized in that
“the cell is an antibody-secreting cell. 8 Mthod according to claim7,
.characterized in that the cell is a hybridoma, nyelorna or gt 007
Met hod according to one of the precedibng cl ai ns, characterized in that the
anti body conprises binding sites for high affinity binding of bacterial
protei n @ Methad ageprdipg o slaia Sc ehagacierized in Het tfe avidin pr lenmdito theadeli s,

characteri zgg .l . L hodye i S | gG or conprises an Fc portion of
an 1gG 11. %& Eg& agé%pﬁ?lﬂg’%%@%nnéelﬂé Cgﬂ%“’g“r%@%ﬁﬁ??@ cc?f’é‘fd?ﬂs",t' characteri zed
in that the avidin is neutravidine. 12. Method according to claim1,
characterized in that the biotin noiety is linked to the polypeptide by
means of 5&65%88 éfc"i@%t‘?o%ﬁ’fg‘ﬁie pEeseding ehiias gharacterizaddn ghat thf celltis ah east 15
A 13. Methpmoagsedeigbedo claim1 or 12, characterised in that the

bi oti nyl ated pol ypeptide carries at |least 3 biotin noieties covalently
| inked to the pol ypeptide. 14. Method according to claim 13, characterized

ot hod aarPRabRRORE I R 4P oRraciipedah Bt F6ellis  hhrdh i oy at | on of

the cell myélbmaor O BEEN carried out at a tenperature of |ess than 10C

9.. Method according to one of the preceding claims, characterized in that the @ntibody
comprises binding sites for high affinity binding of bacterial protein G or A.

- 10. Method according to one of the preceding claims, characterized in that the

~ antibody is an IgG or comprises an Fc portion of an IgG.

11. Method according to one of the preceding claims, characterized in that the avidin

is neutravidine.

12. Method according to claim 1, characterized in that the biotin moiety is linked to

the polypeptide by means of a spacer moiety which spacer moiety has a length of at
least 15 A. |

) - 13. Method gccording to claim 1 or 12, characterised inthat the biotinyiated
- polypeptide carries at least 3 biptin‘ moieties covalently linked to the polypeptide.

~ 14. Method acqo’rding to claim 13, characterized in that the biotinylated polypeptide

comprises 6-10 biotin moieties.

15. Me_thod_ according to claim 3 or 5, characterized in that biotinylation of the cell

surface has been carried outata temperature of less than 10°C:



