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international search réport and to be republished upon receipt of that
report Faelection pEhigh prasiyaing cal dines in er impiriany fisat sgp in thedeeglopwentiaf angyi d-
bioprocess. For protein production from animal cells, such selected cell lines have
10  traditionally been isolated by rounds of limiting dilution cloping followed by product
analysis. This traditional process is time consuming and cbstly. Two rounds of cloning are
required to improve the theoretical confidence of achieving clonality. Clonality is
important to avoid overgrowth of high producers by low productivity variants which
usually have higher growth rates than high producers. In total, the tradifional process can
15 take in excess of 8 months to complete. Furthermore, practical considerations may limit the
number of cells actually screened and thus may render the detection of low abundance

high-producing cell clones a mere question of chance.

Assessment of cell line stability during the development process can further require

20  analytical cloning, which can take between 6 to 7 weeks. In addition, analytical cloning
invoives assessment of 200-300 clones, compared to the analysis of many thousands that is
possible with flow cytometry, which therefore provides a more detailed and accurate
picture regarding the size of the non-producing population. Previously reported secretion
assays have not been of sufficient sensitivity to allow resolution and thus quantification of

25 distinct sub-populations.

‘Flow cytometry (FC) has also made it possible to monitor productivity of a very large
number of cells and to isolate suitable single cells. FC requires labelling of cells with
fluorophor;whose-flnoreseenee is-quantified in FC and should correlate with.the.desired.....- -
30  property. However, the amount of antibody displayed membrane-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 cf;tometzic measurement of surface IgG in kinetic analysis of

~monoclonal antibody synthesis and secretion by murine hybridoma ccell-line in low serum
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ance Notes on Codes and Abbrevi ati ons"appearing at the begin- ning of each

regul ar i ssue of the PCT Gazette. ~ (54) Title: METHOD FOR SELECTI NG
ANTI BODY EXPRESSI NG CELLS (57) Abstract: A nethod for selecting high | evel
anti body pMSHBEIHE cell's, conprising the step of attachi PI/BRIBOMSH A or
protein G to a cell surface, thus capturing secreted, soluble antibody.

Fl uorescence staining of the captured &ntibody by conventional nethods and

subsequent FACS .analysis allows to select ]ow abundance hi g_h gr oducer
si ngl e . cebhdserut-fide owdacHyomaR 037 D1 Paracfore, simphtsianingthe dsplayed ng

anti body f ? CEl Eﬁgg E 9]kl %Nﬂ Mclipe present
invention%‘?n)rftg:ogi2"|§tﬂtgodC 1%@15@% 0 g?%?é%ﬁr?o ogiec(%%z;rll proguc ioI;r%r‘ofc It is an
obj ect  oflohéme Tpoderiamennilediffersnt appraiekds bevebesr thosen toaversehetis ng ant i body
produci ng_cells dfor.5 My | ' I LIt v BACKGROUND OF THE
| NVENTI O\Ipxaoﬂcérb?nladgﬁ digpelyise @gtggéﬁg?%8%%#\54113g?f%}e\?egraé{t}gsé&rl\%sh produci ng cells
and insparticular the selection of high producing cell lines is an

br bauct 1 off # 1B whelF oSl S ROTRPeRLar e PR AR s foa B ©1 € 1
tradi ti ongkll drofl@eTheeali@ideshldys thensibieck td labdilihgrndds souteil bp mehmsrif #. f ol | owed

by product_.analysis. This traditijonal  ,process is.tife,cansum ng and
costly. TWBISABRRR S(S‘ffe@:gﬁﬂ?? &‘@%Pé"@@éﬁh%e‘gmt“ﬁﬁi gl tp'ﬁténf’ﬁ@bﬁget i cal
conf i dencep@ite f6316 8311 dtGupdnbyalt gel FropletsOiiay biidat 5% of kel draplbts brarioi d
overgrowt h of high producers ob/y | ow productivity var.i an&s V\:HI rcug usual |y
have HPghepmpiss sl mdilsiebeom A5 Yheidhe il Bartelss analyzrd prgdsyoid efeells- Mg ¢ onal

process Cafgigon, teﬂé‘a?sﬂlﬁﬁo%ﬁﬁ@é‘ﬁﬁﬂ%qn&a?ﬁéﬁhg@hé QiabRPdabRe cElfypérer nor e,

practical considerati I mt e nunber of cells actually screened

tions nma
and t hus memmokydsed fonexpression of wROTBPINARS RIIMID AR Betably mghelpme NL cell- cel |
clones a nere question of chance. Assessnent of cell line stability during
the devel opnent process can further require 20 anal ytical cloning, which
can take bethasesond approgthysseteted anfibodifgiarg refained hy psfificially cieptehrifigity #irs| ves

225" koA o100 S o ABD Sk B 001 YHRaghBRY | housards
det ai | ed auisbeqeatly by BC. Holmes et al. (J. of ITmmunol. methods, 230 (1999), 141-147) describe

an assay involving the biotinylation of plasma membrane proteins at room temperature.

The biotin promotes firrther binding first of avidin and secondly of a biotinylated capture

antibody. The capture antibody recognizes the secreted antibody fiom a NSO cell line and

20 anchors it to the cell surface. Fluorescent detection and cell sorting of low abundance high

producer cell clones by FC is then achieved by incubating the cells with the captured

secreted antibody with a third, fluorecently labelled detection antibody. Addition of a

viscosity agent such as gelatine to the incubation media prevents cross-talk between

individual clones (i.e. diffusion and binding of secreted antibody from producer cells to

25 non- or 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 producer cells and to allow for precise sorting of
low abundance high producer cells. Using the published method, it was not possible to

30  detect the binding of a secreted chimeric aniibody from a given cell line to the cell surface
via a capture antibody. Furthermore, the capture antibody necessarily stems from
mammalian cell culture, which may include fetal serum, and will often be stabilized with

bovine serum albumin as a commercial antibody preparation. Use of capture antibody
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picture regarding the size of the non-producing popul ation. FeV|oust

reported secretion assays have not been of sufficient sensitivity to allow
resolution and thus quantification of distinct sub-popul ations. Flow
cytonetry (FC) has also nmade it possible to nonitor productivity of a very
| ar ge nutileeaforefentaid the riakdf viral or 8SiEadoataminatiali «f tise cighad calledultares. FC requi res

| abel ling of cells with fluorophor, whose fluorescence is quantified in FC
and should correlate with the desired 30 property. However, the anount of
anti body SVMMAREOF REHRINYENTEMNIND on the surface of a cell |ine does not

correl at eypehb owe&tfbfthfe%r%ﬁﬁﬁ@én% foteGist gﬁotﬁ&'rﬁ%@d @%Hceﬂﬁ%e(z bhdoc et

al . Application of flow cytometric measurenent surface I'n kinetic
anal ysi s §$IG%H'E?PFWP°‘§H&XP%H9Q siogie ﬁ@w@%a%et@tcloaﬂs B'V'Srﬁ!?ﬁcﬁé hybri dona
ccel | -1 i ngcHigvel OWtieahatidd dccBRFRITH fidegdHedniMaid3/ 012449 PCT/ EP02/ 08054 2 and

serumfree nmedia, Hybridoma 9, 67-175). Therefore, sinply staining the
di spl ayed antibody with a detection antibody has not proven effective for
i sol at i ngAbcagdiihgly, b @ fistaspeet of tHeqmesent ifventibn nidaesdradided ainéthed eht appr oaches

have beensag‘ﬁi’sg?lk%e&\é%%‘?mt%A%Bgdd’. 9&9[9&%5‘59&5{?@10 d| rectly select for high

producer cells secreted an e first nmethod, single
cel | s andakdinkibariyidintn a selcyuseesiofamell body are encapsul ated in gel dropl et s.

The entirg) qﬁcQBlat‘iﬁg thécéllhﬁﬁ'n aSM&ln?%Ee%q:;gHBeétﬁiQ%bﬂnbﬁ%%ﬂ%ds?orﬁ%ﬁ&gngy means of

FC. This approac suffers fromt I'sadvant a IS user
unfri endl y, aHBRdyibindinggiomajngof p&ﬁ%f\eprgteﬁg@eoreféwt Féensdenrtyarentsgel dropl et s,
only about %Sferaéf t he gel dropl ets created 10 conprise a cell whilst about

encapsul af) o aBRaREFaRy Bl ek ety FrBtdardbes turesredyidbeted # ) pes
comonl y usdblatfrenogmxgﬁmlm anfepitepeconthe st agtibodyei n, nost not ably neyel oma

NSO cel | s L/é%lekh%{fﬁ.@ﬁa%?&ﬂﬁ%@ {éﬂs Eﬁﬁﬁi@a%%%‘?d‘éd %’rﬂ&ln‘?éf s2e &Huﬁ{;é‘ed by

art|f|C|a cre es receptors Ysurface in
order to ass?é@‘grabh@ymﬁﬁuﬁpff&pf%@%ﬁéﬂ@mﬁl%ﬂﬂwmﬁ@'y subsequently by FC.

Hol mes et al. (J. of Inmmnol. methods, 230 (1999), 141-147) describe an
assay involving the biatinylation of pI asma nenbrane proteins at room

t enper at ule? secepbashest of theresant Beertion.thrre ispravded? mpthed obteleslingicals and
secondl y eédcrétingiadirét Apittidg bofpRtibg Be sipkiobody. The capture anti body

recogni ze i | ine and,20 anchors it to

the cell ihﬁjﬁgeig\%@ﬁﬁ?g@ﬂ%ﬁ%@%@%ﬁ %ﬁre&lﬁge %g%i'f" '%‘Eﬂ"i‘ﬂgﬂtﬁg(f)‘?al ow abundance
hi gh pr odugeiypepgtide coinprisirg diyedsthnesundional aotibody etiding domeinb@tierapiyt he cel | s
with the Cant fr‘rgtein G or from protein A
2) incubating the cell with a second antibody or antigen that is fluorescently labelled and
that recognizes and binds an epitope on the first antibody
3) Selecting fluorescently labelled cells that have bound an amount of second antibody,

preferably by means of fluorescent analysis flow cytometry.

DETAILED DESCRIPTION OF THE INVENTION

Possible embodiments of the invention are shown in the figures. It is shown in

Fig.1 a: schematic drawing of the capture and detection principle for assaying for
secreted antibody and b: comparison of binding capacity for capture antibody
and Protein A

Fig. 2 Fluorescent cytometry (FC) analysis of samples from secretion assay of the

invention
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secreted antibody with a third, fluorecently | abelled detection antibody.

Addition of a viscosity agent such as gelatine to the incubation nedia
prevents cross-tal k between individual clones (i.e. diffusion and binding
of secreted anti body from producer cells to 25 non- or |ow producer cells).
The mai n igs&dduoregeenbeyterheing(fib) asgiyss ofsemplds fremiskeretidntaspapvi de rel ati vely
| ow sensi tivity, hPorfloBS SRR S ahRhurth Hiod Mol @Ykl f 0ducer cell's
and to all ow focrong);égcq)%e sorp'lgl nlg o?a f)o‘\j/v arglgegdﬁnced}ﬁ? pr% ucer cells.

Usi ng the publ iSRELIANPHY; it was not possible to 30 detect the binding of
a secreted chineric antibody froma given cell line to the cell surface
via a capture ntlbod thernore, the captyre antibody necessarily stems
from nmamt8f ™S ogéalc?or ing F{}E"épre\ﬁﬁ“tdrﬁ’eﬂw o RefagHRe ‘Feifa‘l’cr%t@ﬁ&ﬂrs tand wi Il often
be st abi | animbdwcorhpriseetherstepse@f um al bumin as a commerci al anti body
preparation. gﬁi% enber 2004 therefore entails the
ri sk of viral Uﬁ? I@&ESQR% gﬁ‘ltﬁg%lgns c% e(ﬁcl onal cell cultures. SUMVARY OF
THE | NVENTI ON b} ingubgting the celowithod blomlmwphdemmrmm gtdeabonese anot her
method to effici efﬂﬁét%néi%hfﬁﬁiyﬁmglng%elll'ﬁﬁ;ltfroﬁﬁﬁ%@m@o?‘l‘f’ém gfb xpr essi ng

single cells froma pool of |1 Cl ones 'S ect achi eved by the
met hod accor di f} 'P%JbPPRﬂetb%ﬁ%]Bﬂih F$UPRY antibagdy-Hakis ﬂ'@Q"?SCGFW labgllpd g0d aspect of

the present } nverthatoaccghia@mnd ﬁn@ﬂépﬁi@ﬁb&tﬁ@?&@ﬂnt}ﬁbﬁd &f&r@ﬁtngrw Celdl S
secreting a |rst nt| steps of a) linking avidin to a
cel| surface of & 8'I"f Xﬁ%%’ﬁgg‘?y% F’ﬁ‘ébag% with a biotinylated

pol ypepti de codprsetscting fiordseartly Iam&ecfmﬂsthat)lnmfe boamd arbardyuridiofsbictgd donmai n of
protein A protei i I c)

i ncubating the ce %t'gbdyp%&e?é@co dgéxg%ckllgrg%é’?/ﬂgerangg{f!%%ﬁé?rh% SYSSS éq"‘hor escently
| abel | ed and t hatvtametudin)z ES atlows ¢sincorsittant seping opfbiosescently ldhiefesitcelimt | body d)
selecting fluorescently |labelled cells that have bound an anount of second
ant i body, gref erabl by neans of fluorescent analysis flow cytonetry. In a
second aspB PFOSPCEFH%‘ W@eﬁfheuwvmvuw beraiy call praplpyes\fpegretingret hod of

|SE| ECtI Ng aftolies sEECAsRS. lgﬂl@}/bﬁd(ﬁmé Sﬁyew‘rﬁdch@-lo cSIBMbrePréterablpethst eps of 1)
I NKINg a In to

h d d
to'a ot Jisahfr 8! B st dne, st refitaby et WHQIcRLi® body by nding -

domain, preferably fromprotein Gor fromprotein A 2) incubating the cell

with a seeeﬂ&gagﬁthbmgznﬂod@%%@m§ Pallralip ocHEY GBRberta SRty 8 and  that

recogni zes an ds an ep e on
antibody fragment such as chimeric or monovalent or bispecific antlbodres including the

more recently known single heavy chain antibodies of camels and llamas (Trends

«-3a-
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3) Selecting fluorescently |abelled cells that have boundC an anmount of

second anti body, preferably by neans of fluorescent analysis flow
cytonmetry. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Possi bl e enbodi nent s of

t he i nvent W ¥4Shown in the figures. It is shown in FRG/EPFIBE hematic
drawi ng of the capture and detection principle for assaying for secreted
anti body and b: conparison of binding 4capaci ty for capture anti body and

Protein A Fig. 2 Fluorescent cytonmetry (FC) _anal ysis_ of sanples from

secr et | on Bisshem. Sxfient (R901), A6 @30)% Brefezablyz swdaaibnsdies 2ppading 19 thepresent or escent
cytometry.(F ' ?délﬂ ! bindhe ¥t Bat¥eriab ORA Glag ef f ect
of protei r]fgvﬁﬂc%oélaagﬂﬁé?hﬁﬁg%bﬁg asﬁtt%?%(%g%h?ggﬁtgapturggﬁof ensepret ed anti body.
The net hograen dr dicomptisedtimthe priosiipecduring Fe pastion of Imsameglob#y (BIof s secreting

a first antibo C r{se 4 ki Wl a cell
surface of P&E& ?%SBB ?Iglahié%\b faﬁElt’ &r%{f Ege?%aeﬁ(?{” tl\?\lle) atnhbgdvb%ag%rﬁi% Ii%thggﬁspég?y pepti de
conpri si ngnmehtidremadprisssen Fepodion ofial Is@nMobtquisfeisblyclihe gntibodniogordig o pr ot ei n G
or fromprotein c).lncubating the ce ] ti body that is

f1 uor escerttd Igreqea@aﬁn&an Eﬁa?gﬁ]}Ha‘ion}pgg%sgamezz’égggg%%vgl ngsgfaigéEl epitope on the
first antibody and rinsing off wunbound second anti body after incubation d)
selecting fluorescent]y |labelled. cells.that have bound,a u second
ant i body, TﬁPéY@%FWd@éF'SQB@ﬁ FVERHOB S GopY%FRLo ﬁayl%%vg%lggggf&aﬁgﬁii s flow
Cyt omet 1y of K othdfGuithibAis.e. bEMThdikERimdoub idrgeof buchlab e g eSimphavidin (6abel ed

cells. The producer cell secreting the antibod be any cell .enpl oyed
for se@r etkiDhdronaHaPiERHCeSSPEFIEPT 4BY @?en’é‘?aﬁﬁﬁbﬁqnﬁ%ﬁg?g e@ﬁéa%@t &pﬁ'}@gel | s.

More pr ef ockitfig AfaREUEEE hd fot SucR efBlReRIIT a6 81 Is NidubavidiiBierce,
pr ef er abl ??ﬁlpitlwiog angﬁSO cel l }Taiﬁ{r?e. ?Oonsequentl t he anti body may be any

nat ur al | y Reelsford/Hg whichdn destisendaicdavidinrlayordof ey hYSB‘Efyg‘f"F t such as
chi meric %%ﬁ&ﬂ%%nﬁ%’ glﬁrﬁl'e?ﬁ%'ﬁiegﬂe& ik b PRRHpRSe the BidepSidTOVID @Bmatior €
recently known si.ngle il avy chain antibodies of canels and |Ilamas (Trends 1
7 DecenbercofpfgedWDSGeptevidin ot RETMEdate nosemgific binding to cell surface receptors.
15  Preferably, the avidin according to the present invention is avian avidin, deglycosylated
avian avidine or is a neutravidine. Most preferably, the avidine according to the present
invention is 2 neutravidine. Such neutravidine shows maximum capacity for biotin binding

which capacity is approximately in the range of 14 pg biotin/mg of protein.

20  The avidin can be linked to the cell surface e.g. by crosslinking. Conventional biftimctional
crosslinking reagents well-known in the art can be employed which comprise reactive
groups such as oxiranes, aldehydes, succine imides or photo-reactive compounds such as
N~[N—4—azido—tretraﬂuorobenzoyl)bioéytinyloxy] succinimide, SAND (sulfosuccinimidyl 2-
[m-azido-o-nitrobenzamido]-ethyl-1,3-dithiopropionate). It goes without saying that the

25 crosslinking does occur either with reactive groups of lipids (e.g. hydroxyfunction of
phoshatidylserine) or, more likely, with the reactive groups displayed on the surface of

membrane proteins.

In a prefered embodiment, the avidin is attached non-covalently onto the cell surface after
30  having linked a biotin moiety covalenty, by means of 2 monofunctional crosslinking

reagent carrying a biotin label, to the cell surface. The avidin recognizes and binds to the

biotin moiety on the cell surface. More preferably, such biotinylation is carried out at a

temperature below 10°C, most preferably at about 4°C or below. At this temperature,



4 Biochem Scien. (2001), 26, 230). Preferably, such antl%amcFeéSZO%.CCOI‘dl ng

to the present invention always conprise binding sites for high affinity
bi ndi ng of bacterial protein Gor protein A as conprised in the naturally
occuring F¥QB34¢h of | munogl obulin (1g) of various ACHEPEYFQG | gA,
IgE, IgM. Preferably, the antibody according to the present 5 invention
conprises an Fe portion of an 1gG Most preferably, the antibody according
to the present invention is an 1gG or conprises at |east one heavy chain
of 19G TmﬂimmﬂpﬁbQMMnmg:r@aeesméﬂpneﬁemdmnﬂvéhﬁieeﬂﬂlonémls"cf?rvent| onal avi an

avidin (a rox %]ce]f)s'ﬁrfg@‘xs tgglr &g, _i.e. biotin-binding
suc

honol ogue as e rep 10 kD) from Streptonyces
speci es or any chem cally or genetically engineered variant of such

natural |l y _pccuri.ng.avi for is

Neut ravi TRECEP & B8 iR fos e s ylen Y SAOLONBR B UPERRL (201
of car lBohygis filrther %emdalghamhqﬁeﬂs heﬁnmbatecﬁni salluﬂorbmmpglsi’nl at lesst 5@ ngfrrg eer eﬂ as
not to conprise the e LN onpd.i. Str idin that
may nedi agg‘dﬁbﬁwé?)%f b@’%tl equ dncag g}.?(i?rg‘ E%‘i%‘ﬁ &%g%ér ef erabl y,
t he ‘avi di ncasgiap & the pleSert ifveltion S Avitin rivlestlds @sually hame about aimtiing sites for

degl ycosyl ated ~“avi an avidine or is a neutr grctil ne. Cg P ﬁsg?lrﬁl y, the
avi di ne adéimaHiagiete labrl issmploysd foricpgrimgthesslls dHAdI s ¢h
neutravi dijRGih @ WoextB b%@b@@a}i&ﬂyﬁméd%otm 168l B 1 Beli AgfacepBhehionapael ty is
approximately in the range of 14 bi ot i n/g}g of projein. ﬁ)? The avidin can

be |i nked wna bingkic oue aw@em%eleéeagmgwpeﬁhse ﬁ’ﬁtﬂéﬁfﬂ’@“dl‘tﬁﬁﬁ‘\?%

bi functionglgs crosslinking reagents well-known in the art can be enpl oyed
whi ch conprlse reactive groups such as oxiranes, aldehydes, succine imndes
or photo reactive conmpounds such as

N-[N-4-azigoptr %&@gh%&%@ﬁ%&ﬁ/ﬁd)ﬁmﬁm QLRXY BHEE to thetdiSurfRANRd

(sul fosuccinim
[ m azi do- owlich ﬁmbtmmz m:ntb:}r-aetdﬁrymniqosaldmtbfhp (dprceb Furfrge 19)linked todlreellni t hout

t hat 25 | i nk .
is'a%: gg aarft?f’ﬁ’é’ Cr Séspaceglﬁo?&%%%g a |dy er| ng‘?‘“‘%wﬁlﬁl&g‘ﬁ%xﬁmm”ps °

t he react|A{en@:e@tqﬁaab1yaﬂbaymh§mostlpmfaablfatieasbitOAnenbrane proteins. In a
prefered enbodi nent, the avidin is attached non-covalently onto the cell
surface after 30 havi ng linked a biotin noiety coval enty, by neans of a

rTDnOfUnCtlmm@neﬁfﬂégﬁéﬂtﬁéﬁmamodﬁﬁ@ﬁﬁigtﬁ&ferpyesagmebmmahlohajdabcl to the cell
surface. The avidin reco n| z s and bij.nds e Di. OII %%/thon the cell

!
surf ace. I\Kﬂli@eﬁ‘?@fe@i:%{ﬁ?aﬁ HdspstinsaptiRpdy b g OER 1118
t enper gf urKidielB¥nekQEiis AR Vecd¥iB behmib Yhedlvidabmut is Aéw ﬁﬁkdﬁ&tb chell\ﬁurfalﬁe.S

temperaty I"I(?hfa ai-lz:bo%%cb?nr?zggr do%%(l)lf acvc\gda(zl?)g/tg %h%%?egsenlzt)%verllztﬁ)%zlé gc%:%géved from the the
antigen-binding or complementarity determining portion of an immunoglobuline or
immunoglobuline fragment. It is a non-immuno globuline-derived antibody binding
polypeptide. The polypeptide may be e.g. protein A (Surolia, A. et al., 1982, Protein A:
25  Nature’s universal ,antibody*, TIBS 7, 74-76; Langone, J., 1982, Protein A of
. staphylococcus aureus and related immunoglobulin receptors, Adv. in Immunology, 32:
p.156-241), protein G or protein L. Protein L is from Peptostreptococcus species and has
the unique ability to bind through kappy light chain interactions without interfering with an
antibody’s antigen-binding site (Kastern, 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 binding to all classes of Ig as well as to single chain variable
fragments (ScFv) and Fab fragments.
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5 efficiency of biotinylation increases with tine. Expedlcéarrlrt] e;, ?%e

reaction tinme for biotinylation of the cell surface is in the range of
30-60 min.. If avidinis to be captured to the cell surface by neans of a
biotin | ab&OBPIZML cell surface, 5 it is further pref dEENHES4 he cel | s
are incubated in a solution conprising at |least 50 g/m avidin, nore
preferably at |east 100 g/ m avidin, the term'avidin' referi ng to the
avidin according to the present invention. Avidin _nolecules usually have
about 4 biAsdindipgds the prasent invighiiam, te upg ofgueh wibedy-bipding domalnFTRFSHE or

coating t gﬁwg @Jt%dfa ﬁ%ﬁ RGShARY %é%g{dﬂ’oﬂﬁ atsﬁdggcﬁ)gﬁgggp blobrdidgte WAk &eni N excess of

t he coval nked brotin surface, one biotin | abel

10 wi || biiméntion, alveviag todiuffictatly distriminatehighpredvesr calbelgres3romylopHEMOBI ndi ng
sites for _biptin I E r oSt ihhtabiod S8 Mokt AR £HY that is
coval ent | Frqdl(l)l?l r%(}lhgggctr émég{a%gsuf e%%ﬁgege%ﬁl_%ﬁ ?_u_nct i _gns tc?g_%nchor avidin
non- coval ént hysedsmentiod celblite ssabilitpoeséssmerit ok el ling stahifityodiring 25l ling ace by

means of spacer . noi et £ a linear, al ' | s for at
Teast 10 daigaiea iBaci oty RoplrRfRyRid HontR U i IERAHARES | O 0%,
I n the nexthicidp b bbivecn® tdheede daicoijmirtion with dloproypemtry; thyssstyi which a
bi oti nyl ated paql.yp {i de.enconpassi ng at, |l east one anti.b bi ndi ng donmai n
i s i ncubate@eRFHE P tg“s?ﬁplé“\ﬂ“éﬂﬁs?lﬁ%’&g’é%g&ﬂ ‘ieé"tl‘é%*’dﬁﬂ&%“ilﬁé@ b%ﬁlﬁg' to the
avi di n t hatodudinB QMb-poguledidnd &F thduBar@e bf cefib)dha afRreby Eive iefdmatioglyn billiitieng domai n
according to _the present invention is not derived fromthe the
ant i geld- biskgiligingrleyABenent arity determi ning portion of an
i mmunogl obul i ne or i mMmunogl obuline fragnent. It is a
non-i nmunogl obul i ne-derived anti body binding . pol ype éi de. . The_pol ypepti de
may be e. @refprablydhsantibpdibindingdomgin sifrog proteimA er PIPE%}{) ifolgin 58f Nat ur e’ s
uni ver sal &%ﬁ%ﬂop&cg% sgeaﬂa%%dérotgiﬂggﬁﬂhleﬁﬂg&@% SIP&HGS ASRA-Ikvat RbiinA Of

u and r

st aphyl ococ aur eu ated 1 munogl obul'in rec&pt ors, Adv. in

| munol ogygeB@that spediealiybind)to theRstnettionef grtibediss Gayle M. pBasiariah | is from
Pept ost.reptoco | ' Id 1909, TRy 206 fduiough
kappy lItsi g Pn:é“ﬁggl lé&lﬂ%tp%?'gjgg P%E%@%dggﬁ%%é?@r@%d Iv?ﬁb?)h aﬂpdaant | body' s
ant i gen- biwidéspepad appdicgtikmsit bivteckolegy fat affinitgprificgioned igfy of dmoFeBY i n L and

30 identification.of a,repe i l ' - ' i ]l ng domai n,
3. Biol. @H%QHSPBEBG??ITJ?@%%-‘ %@@M@ﬁ%&ﬁm nslt{{% a %reg);giégﬂofgl g as
wel | as t Grapinegl of Igtras does atrépdroecal Hrotefm@ningol¢ise Mbotaerdesiead if humpwent s. 17
Decenber 208410836 932382 5515 FLd%1 9823 0vn in Deisenbofer et al. (1981,

20 Biochemistry 20; 2361-2370) and in Sauer-Eriksson et al. (1995, Structure 3, 265-273).

Furthermore, WO 00/7428 describes an isolated antibody binding B1 domain polypeptide
of bacterial protein G which binds a Fab fragment of an IgG but substantially does not bind
an Fe fragment of an IgG. The use of this B1 domain is another prefered embodiment of

25  the present invention.

In general, antibody domains according to the present invention may be used as isolated
domains or as fusion proteins with other polypeptide moieties. It is also possible to fuse
several antibody binding domains of e.g. proteins A, G, L, or of still functional variants
30 thereof that have been artificially engineered by amino acid substitution, deletion or
insertion. It is also possible to employ variants of e.g. proteins A, G, L, etc., respectively,

that carry deletions or are tnmcated.
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According to the present invention, the use of such anti body-bindi ng domain

conprising polypeptide |eads to enhanced sensitivity in a secretion assay
according to the present invention, allowing to sufficiently discrimnate
hi gh pr odud¥} 9344 c| ones from | ow or non- producers. THEEEHEFon assay
according to the present invention also allows for easy and 5 fast
assessment of cell line stability. Asséssment of cell line stability during
a cell line developnment process traditionally required anal ytical cloning
of at | eaPref@obly300paywrptids comphisesnocaaniydk@sitsd ohglpesgaies Mofeeks. I n

conjunction w.t.h.f AR the assay which is the subject of this
applicati 8ﬁef?r blggééc:ﬁ%vﬁé eno%%lﬁte’t o resolve and quantify | ow or non-
produci ng sub popul ati ons of thousands of cells, and thereby give

informatign .on, cell .lin 10 i) [ L t he
oo SRS bR PR oty SRV e Reshasally
St aphylsoc getad pragie & Faband?2 fhaheleculBveizhSiscaplayebbdisprsysatinesntion.e

wel | - kno rotein agents a eci.figcal i . tion of

ant i bodi \grsé“ IBWCE?’-‘OW{E Bsa%% %é‘?gni@bﬁ%%téi OE){thiF{rl;ggtlthﬁgsl ér?gg%?%t ei ns,
Acadeni ¢ Rbfjasotionaith (i ©ERvASRR of avitimyfor tavtin tholatil, thisilekds prevasidagpe i cat i on

i n biotechnol gy for affinit urificatjqn of | f .al nost..any. . ani nal
speci es oﬁ“@ﬂgéﬂrt'ﬁgﬁth&aﬁlﬁwpﬁé Eeéeé{anﬁg Ve %an&ﬂﬁg °§1§nara{0aglphﬁ{¥3?' site on
the Fc fragnment of 1gG as does streptococcal protein G involving in both

cases e.g. in human. 119G Fc residues, 252-254, 433-435 and .311 . as shown in
Dei sentof &iotaylaion of the golypeptidsmay ke Ashisved by any @%mﬁ%%eﬁﬁ eqlapi’ove -

sauer- &1 | 6566laih of fob BPeurfibd. Wehdihondit ie-ad BnvelbicyRkdble &y VO 0017428
1S

descri bes "an ated antibody binding Bl donain gol ypepti de . of bacteri al
protei n Gonhjugite bbivtis moidtyts tyiaipeevhossicovaient fuking to thepplypeptidedf| y does not
bind an Fe S5 1ot SerBid A0 MRhOprbsenddistt her

pref ered gﬁéﬁ%&é&%@#ﬁ%%?%@ﬁt H?\%ﬁ?%%r Iln gene‘?%l, ant i body

domai ns adwdrogemperéxade.he present invention may be used as isolated donains
or as LsUSi on proteins with other polypeptide noieties. It is also possible
to fus several antibody binding domains of e.g. proteins A, G L, or of
still fundgtisamalpossibié,and this3@itgsefugidr objecttoftiznpacsortdnvention, fd emplPY y engi neer ed
by ami no agid _substitution,.deletion or, | L5 . i . sible to
enpl oy var “&Fﬁ%a‘]d?oa’@’.eﬁ.&ebq’ {ing Gpogugate %“I]_l,pog% g?%de?%gﬁée%tléa\%e@%?ﬂn@% t carry
del et i ons WfdiRg @ridinefRbRM A drprorisGEosshfikids ¥ipolieftide 440 pREHE EP02/ 08054 7

g |r 5 ]; gg; |b L{ﬁl@%&e%n%?gg\%? t, iisdvfr'\ellgl(c)uo 0 i the b?&:hgrrﬁicglnelrt\é a&'& z%a*f f)et a%ﬁie%d with a

20  multitude of reagents (Fasold et al., bifunctional reagents for the crosslinking of proteins,
Angew. Chem. Int. Ed. Engl. (1971), 10: 795-801). For instance, coupling to amino groups
of the amino acid Iysines by means of N-hydroxysuccinimide (NHS) esters is well-known
in the art. Prefered embodiments and definitions of the present invention apply likewise to
this object.

25
Preferably, the biotin moiety is linked to the polypeptide by means of a spacer moiety,
which spacer arm has a length of at least 15 A, more preferably of at least 22 A, most
preferably of at least 30 A. Suitable spacer arms can be e.g. linear alkyl moieties. Such
extended spacer arms reduce steric hindrance when binding several biotinylated molecules

30  to one avidin complex.

Further prefered is that the antibody binding domain comprising polypeptide according to

the present invention carries at least 3 biotin moieties covalently linked to the polypeptide
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preferably it |acks any carbohydrate. Preferably, a polypeptide conprising

at least four antibody binding sites, nost preferably 5 intact protein A
of about 42 kD nol ecul ar weight is enployed in the present invention. Such
i ntact prot7$ORM_s 4-5 high affinity binding sites forPAHHPOEIS¥orti ons of
IgG In conjunction with the nmultival ency of avidin for biotin noieties,
this leads to considerable anplifi catd on of the anpbunt of secreted

anti body bound and thus to signal anplification. 1o Bi otlléﬁ)yl ation of the
pol ypept i @epmigihmosrarplovbly 4 jeagfbiein meitesand mogirreeeblibtlieove for

bi ot tnyl ap n.f érg,‘awgggdde ﬁyf[;&&ﬁﬁrqsﬁ&ﬁaéiﬁlmeﬂem $¢ HistinglaBiéh B conveni ent | y
possible to con?u ate a biotin noiety to tyram ne, whose coval ent |inking

to the pobyippgptidelis easily gouerned/biettic pymbsr prenctive geonpgin thepolynsetife{aged by

hydr ogen £ OXI I | ot dn 1S al so
possi bl e, B%hngj g %’l%g %B%{Enﬁgﬂg]hg{lﬁfgﬁ%"fﬁg)g{ygt& g%ﬂat e rgﬁrgagn?%?or?\;}gﬁﬁnon, to

enpl oys diaagettkopaypeptidopepbiotieylatiindi ne conj ugat e whi ch pol ypeptide carries
at | east one antibody binding domain of protein A or protein G
Crosslinking of polypeptide and protein noieties, respectively, is

wel | - KnoOWThe Bechiitt dbtectihemilsmly asrordingivdhemysehenemtipemayibaiyh a 20 mul titude
of reagents (Faso et al I.fyncti gnal r.ea ts f Ll J ;hki ng of
pr ot ei ns, COWﬁﬁté%aL %ﬂ@i‘?fcq‘tm lageé%g aﬁf“’é’ﬁy o'iaf’ggi‘g'eﬁaﬁlm%%tsg%ﬁéaﬂ i?)]%]hgpnst ance,
coupl i N t®heRERReDfiRtPSibod whdie eiitssion By k Gell glsderie® Haynaitared by the

N- hydr oxysucci ni_m de (NHS) est%{rﬁgi S we]jéth-knomg. i%wth ar.t . Ptr efde,r ed
enmbodi ife nfeethod of temrespitilration: SIPE ST PIERRPE I P n’agf)tfaipofliaﬁé% e to
this obj eghan 4% R'BhGRBDEYto chiBridd Y kitaBRicihpinktion dfakied ahdseehial pol ypept i de
by means of a_spacer_ noiety whi_ch_spacer., arm has a | en thaﬁf at | east 15

A nore pdeieetioasntibady, enly thedatter beingflugseseently labsHed, apis Gonye ¥ast 30 A
Sui tabl e 3pAfREd B ERitel HBhRGuS slch dslete BlisatbdiiiquéDBQlallg S fdksbontigxt ended

3 .
spacer arns reéduce steric hindrance when bi ngl ng several bjotiny]ated

mol ecul es latgled antigenoreaaanitieh by iyt accrrigs epEodprarydiesmployed fﬁ’éflett"f'l’_é’nant i body
bi nding d %L}E?é 4 entwgplglle%telg% st%gé VYRERrde \?g%g%{@‘fﬂﬁo&’ Q shdrf18tePefiBgNt i nvention

carries at teas | leties co I nked to the pol ypeptide 17
Decenber 20Dbatidd peBodih241 oulRGTHER0R/allgest saturste tifealy areatgdaptibgfif er abl y at

least 6 biold MR & 62 o hefIBNinR bt lRaRhidoaf: 10 DI otin

Preferably, during or at latest after incubation of the cells with the biotinylated polypeptide

20  according to the method of the present invention, the cells are cultured in a medium
comprising a viscosity increasing agent. This measure prevents cross-feeding between cells
by artificially elevating the viscosity of the medium. Such agent can be e.g. methyl
cellulose, PEG, starch, polysaccharideé from algae, bacteria or plants, or gelatine. In a
prefered embodiment, gelatine in a concentration of at least 10% (w/w) is employed.

25
In a further, particularly preferred further embodiment, during or at latest after incubation
of the cells with the biotinylated polypeptide and prior to staining the cells with the
fluorescently labelled antibody or antigen according fo the method of the present invention,
the cells are cultured in a medium comprising non-biotinylated protein A, or another non-

30  capture, competing antibody binding domain comprising polypeptide according to the
present invention, in a concentration of at least 0.5 pg/mL, more preferably in a
concentration of at least 4 pg/mL, most preferably in a concentration of at least 8 pg/mL.

Expediently, such non-capture, competing protein A or the like is used in combination with
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nol ecul es per pol ypeptide or protein, respectively. The extend o

biotinylation of the polypeptide is easily governed by the nunber of
reactive groups in the polypeptide (e.g. amno groups of |ysine,

sul hydryl gMSuP0IZAS cyst ei ne) and the proportion of bi ot i MEVERIPEHNSE reagent
to pol ypeptide upon biotinylation. . The second, detection anti body
according to the present invention mayBe any conventional, fluorescently

| abel | ed anti body or antibody fragnent that specifically binds to the
secreted favispsigrinétbasihg aghsse desgriped sboveningydes (e BEYenty Bofe-feeding SeBEeRoni t or ed
by the 10 nethod of the present invention. In the scope of the present

. . ] . . . .

i nvention, “detection antibody shall also be construed as to conprise any
suitabl e conmbination of a first and second detection antibody, only the

| atter bei fluyorescently lab j ' : ed in

rel at ed té%%%?%ﬁ%%”%ﬁ%qmgégéﬁﬁgh ﬁﬂggﬁﬁg% ﬁ%%ﬂgggakgﬁg *%?ogﬁ?#%%rescently
| abel | &d aRtdrgiag to the agtiiod @ theyrdser ifvientiin, and efterdiavis abewadsasretcdny be

enpl oyed for., detectign ) ientl V.. LN i . t he
p?gsext iﬁW@WFﬁBﬂgugq%ﬂ§%¥ﬁ$ﬁ@§89§“Pegﬁelﬁ%u%ggﬁgﬁﬂ%%?ﬁ%ggfﬁp%% fQEUIture
medi um al |18 bldkmgtatitaddg ieddded ioahd defls, i it cbnestiatiorof at IpasiQiSrig 5si t es on
the cell surface with secrete nt.i body. . Pref.erabl. duk,i . at.. ] at est
after i ncdﬁaﬁl-oﬁﬁ‘défh“ldf?;%@glag&w%ﬁ'ﬁs ﬁ%%ﬁ’?%tthfs?@%mES?u?bﬁggPlﬁ%’é‘gts‘ﬁ%
accor di ng Jrend hstyekdiashRfeptidibubis@siatogn¢@ aid tvind, irbspedtivblysbyathe cul tured in
a medi um conprising a viscosity increasin ageqt@ ghl. nﬁﬂgure %revents
cr oss- Heedeprpdibiorgeetly &bpled ag g"é‘r‘l’??‘i‘h?ﬂ&%@? ARV ?tﬁ%o’f" VPEETEity of the
medi um Sufﬁh%&% 'b%ﬁotéﬁm&agc 1afdRE Ry FeediBB bbtiweab SondShkal thet RrifiBrove

ari des

pol ysacch > fromalgae, bacteria or plants, or gelatine. In a prefered
enbodi mentseng@titafiaad discrimisatinndiitheassarride peseptdnenian dh 305 WL enpl oyed.
25 In a furty | 9] Wraly RBTh tREDAGH pisdked Hlkirag or at

| at est afﬁ%&ggﬁgﬁ aP%%%Hh§§$¥%§£@%ﬁlSﬁﬁfﬁh‘?ﬁe bippinylated_poly&eptide and
prior to stmithd visrosibeincishding agentandiethe tpupating sewbiofinylaisd protsip A40d BSdy or

o 9ol L e OB e HIGHREERRI SRRy of b EcB | 5 2 e

cul tur i i um-“conprisi'ng non- {1 nylated protein” A, or another non
30 capture, conpeting antibody binding domai n conprising pol ypeptide
according to the present invention, in a concentration of at least 0.5
g/m., nore preferably in a concentration of at |east 4 g/nL, nost
preferably in a concentration of at least 8 g/nL. Expediently, such
non-capture, conpeting protein A or the like is used in conbination with 17
Decenber 2004 WO 03/ 012449 PCT/ EP02/ 08054 9
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a viscosity increasing agent as described above, in order to prevents

cross-feeding between cells. Preferably, prior to staining the cells with
the fluorescently | abelled antibody or antigen 5 according to the nethod
of the pre¥h®3/Mgenti on and after having all owed secr et REF/ERMEPIZIY t o bi nd
to the biotinylated polypeptide that was i mobilized on the cell surface, a
third, blocking antibody is added to tifle cells, e.g. in a concentration of
at least 0.5 to 5 ng/m. Such third bl ocking antibody is able to bind to

t he remai Mixampdst i body binding sites of the biotinylated pol ypeptide but
is not recogni zed and bound, respectively, by the 10 second fluorescently

| abel | ed antigen or antibody enployed for detection. This neasure further
cont ri but @sall expeliinehte adetls wede¢aken fos-ckpadintia girsttivebase of mtdiculivgg Withus t o

inprove sensitjvity of and discrimnati.on ] resent
i nventi on¥: b{ﬁ‘%bﬁgg i tﬁ{)@?ﬂ %Syﬁﬁ ?f&ayte?‘nEY Stgﬂdcagyd eggﬁﬁg&%ﬁﬂg %’8 c‘glﬁg'i ned in any
g

way W th the other proposed neasures, e.g. the viscosity increasing agent
and/ or the cgnpeting non:-biotinylated protein A and the 15 like, in order
to synergﬂst@@%ﬁﬂ?ﬂgﬁﬁ@ﬁggmﬁiscrinination and thus sensitivity of the
assay. 17 Decenber 2004 WO 03/012449 10 Exanpl es PCT/ EP02/ 08054 I n al
experinments, cells were taken fraom ex}g_o ent)i}%gjﬁ%gng l&ﬁ:ms% of eﬁ tch

cul t ure wiGeH ling 648 (1003 (objaingd, frgmd 0pza Biolpgicshotssry S Irof S By Ho e P rd
dyed- cel | ' DGt o1 fine (BEBRIAGSR, (Y €t X PSH2] HRMtlekse! | | i ne
6A1(100) 3"%8%?% ﬁg#??%%n?a Bi ol o(gi@cs]é derived faggimﬂﬁlgsho nyel oma cel |

line ias euprssion of airgeombgnt sniihedyckera pyclopicolls HEBAHABBTRGEHIICES ot al .,
1992, H 9{(9@%&&é%%@-%&%ﬁ&%&@&&@ﬁ%@ﬂr&%&m t0:besly7s) ramsny el ona cel | s

using a g ne synthet ase ( gene as an anplifiable selectable
mar ker , Bisedrdting implanghinidic 160 antitelly eBd-3 spscifig dthe thebieaptiapureamig® i ¢ 1 gG

a0t 000y OB RGBS RSl BN e TR 1 ]

were treat Yy as descri e publication hHolnes et al . (ibd.).
The resul tTheassultiveadisappoliting, with ndreprodualie,cifmifidehtadiffererpgiif fleciercensef f er ence

in fluorescence 15 between the secretin | | t negative
cont rol® ceFveep g Sff\ﬁg%'gc@ﬂf" a‘i“f eun%?&idf% . cgéi?@%g%gl% el ncgeﬂgglgervabl e. The
exper i MentEORSC NeY 851 10603)ibking abseenablepTladuperivgentFat repentddewitteainenyel oma cel |
line and with human | added. external |y, t.g the .cell i t here
was no ap;ﬂ’@dﬁc%{% HF%’%@P&%@IW cﬁ'ﬁﬁﬂe ?r?/dtmﬁ’e%%ctﬁe added PR e

cells, and again, there was no appreciable difference in mean fluorescence.

20 2. Secretion assay

2.1 Capture of secreted antibod:

The principle of capture and detection of secreted antibody is schematically depicted in
25  Fig. 1. The cell line 6A1(100)3 secreting chimeric antibody ¢B72.3 was again chosen as an
experimental model. The secretion matrix was constructed as follows. 107 6A1(100)3 cells
were washed in 25 mL of pH8 PBS and re-suspended in 1 mL of 1 mg/mL NHS-LC-biotin
(catalogue no. 21336, succinimidyl-6-(biotinamido) hexanoate; Pierce, Rockford,
IL/U.S.A.) in physiological, standard PBS (pH8). Following 40 minutes incubation at 4°C,
30 the cells were washed twice in PBS (pH7), and re-suspended in 1 mL of PBS (pH7). 128
uL of a 1 mg/mL neutravidin™ (Pierce, UK) solution was added, and the cells incubated at
room temperature for 15 minutes followed by a further wash with 50 mL of PBS (pHT).
Following re-suspension in 1 mL of pH 7 PBS, non-biotinylated protein A was added to a
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20 2. Secretion assay 2.1 Capture of secreted antibody The principle of

capture and detection of secreted antibody is schematically depicted in 25
Fig. 1. The cell line 6A1(100)3 secreting chinmeric antibody cB72.3 was

agai n chos@P BP12449 experi nental nodel . The secretion mat PF¢KERRE38Hnst r uct ed
as follows. 107 6A1(100)3 cells were washed in 25 nL of pH8 PBS and
re-suspended in | nL of | ng/nL NHS- L&biotin (cat al ogue no. 21336,

succi ni m dyl - 6- (bi oti nam do) hexanoate; Pierce, Rockford, IL/US A) in
physi ol ogifinal g:orseram:iamebfla"a&/(qm—ia)e mﬁ@lhbovasngcmtemalﬁm% tempegatuEi foh Sat 4C,

30 the cells we in, P H A.nt of
B ( pry M. Neh 3ot AR pFRUPRT Fres O @GS SORERE R AT e
gddedf an%m&iag sqﬁl ﬁlanihmwb@e;eﬁ?ain) s6106N wepiledtand incfipted] fr mifoiier<iSf ol | owed
y a further wash with 50 nlL of PBS (pll7 J | ow ion in 1
mL of pH TAPHS ahEeh FERRCFRITSt Top fﬂ”&é drapo °Mé°%é’&1&@8rﬁ8* ’é“:§r P%g% ﬁ?{er 2004
WO 03/ Q12449 Riel! F29 260885 tuldink !&iﬁbpéﬁﬂélﬁeékbéﬁmﬁl caffirhed /it - evehat ri Xt ur e
was i ncubated at roomténperature yt es. a%u .1 mg/ L
bi ot i nyl atcencepiragiosiaf 120 peimd #’Wylﬂé@i?’r‘%?‘%lﬁ‘v P\Pﬂ‘c‘}gg’aﬁ\n"t aPB%’F‘&F%% Ilb| otin

| abel s Perq R Qhiehidmso!l ution was added and incubated for a further 15

m nutes at room tenperature. The concentration of biotinylated Protein A
applied for 5 incubation was not yet saturating. |ndependent experinents
confirnmed v tdWhahssk Protein A
bi ndi ng waés oets(?ogé]“%& a%ﬁ&g%'%ﬁ%%g%nq%g%dég ;]tgt{hgé%&éﬁfa é\b%ml es to be
used am pmﬁe&$mrg®mmr@onmmtmamgmx he appropriate volunme of 1o
purified cB72.3 IgGto give a concentration of 6.6 g/nL. Sanples to be used
as negative control consisted of cells being devoid of a

bi oti n/ avighpisapbetid BE @agemre obn@dlfcbiisted ofeblls beingHeesié ofanpl es wer e
processed as all other sanples.starting w th incubation gg?sa?le ﬂ§ecret| on
e

medi um  15iotin/avidip/santare prpign fygmagex- SPIPIEH & SRR PeeE 10N assay

Wer e exposgghnicd sthigwaihl iftMbitibn iR IR GEH R mddalnh.s were resuspended in 10 ni
of secretion rredl um( cell culture nmediumas described in Holnes, P. et

al., IHproved cell line devel opment by a high throughput affinity capture
sur f ace dl&@%%%@%ﬁga SR HeQsibh Betfull erdfiofl BssapwERleRBdbed tb. th@fonbwmgnol ogi cal

20 net hod 141-147 for culture of NSQ 6A1( 100&33 gdel I i ne
enri ched wirotedu@9tells were resuspended in 10 mL of secretion medium ( cell culture m
described in Holmes, P. et al., Improved cell line development by a high throughput
affinity capture surface display technique to select for high secretors, J. of Immunological
20  methods, 230 (1999), 141-147 for culture of NSO 6A1(100)-3 cell line enriched with 10%
gelatine). This medium also contained 8 pg/mL of non-biotinylated protein A (Sigma, UK)

in order to capture antibody that diffuses away from producer cells and thereby prevent it

"|

from binding to non-producer cells. The cells were incubated in the secretion medium for
15 minutes at 4 °C.

25

2.2 Fluorescence Labelling

Bound secreted antibody was detected using mouse anti-human kappa light chain FITC

30 conjugate (Sigma, UK) at a final dilution of 1/500.
Cells treated as described under 2.1 were washed once in 25 ml PBS (pH 7) and 320 pl of
a 1mg/ml murine IgG blocking antibody (Sigma, UK) was added and mixed with the cell
pellet and incubated for 5 minutes. The cells were then washed for the second time with 25
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gelatine). This nmedium al so contained 8 g/nL of non-biotinylated protein A

(Sigma, UK) in order to capture antibody that diffuses away from producer
cells and thereby prevent it from binding to non-producer cells. The cells
wer e i ncubdX @142 he secretion nmediumfor 15 mnutes aRCUYERG2/08084 2 2

Fl uorescence Labelli ng Bound secreted anti body was detected using nouse
anti - human kappa light chain FITC 30 Konjugate (Sigma, UK) at a final
dilution of 1/500. Cells treated as described under 2.1 were washed once in
25 m  PBSn{lobf HBS Gily) sDrekuspéndediml mhoFRBIni MLl meyes sridesian &eapa it dy
(Sigma, UK) . . 7 f, t ; L ted for 5
m nut es. gl%‘?ﬁ%%ﬁﬂp%%@&ﬁﬁ%ﬁ %?&tﬁgéds’g%gﬁgkﬁsnngﬂ gmat%d;ﬁggﬁ 17 Decenber
2004 WO 03#idiltE« FOLRGRE ERQS0$08vn 29 miPBS] thppdls(vsrriesuspendebispbA®ed in 1 n
of PBS. 5|lz of .ugega{lvtci -ogéé n Kappa light chain FITC detection anti body
(Sigma, UST WETSEHIETY AR e cells incubated for 15 minutes. Following a
furthes wash in 25 mMl PBS, the cells were resuspended in 1 nL PBS for

anal ysi s I? ow cytonmetry. 5 2.3 Flow cytonetry After staining as

descri bed & us section, cells were anal ysed using a Coulter
Epics Elite flow Flow Cytoneter with 488 ran and 515 nm excitati on and

detection 10 wavel engf hs, respectively. lLog side scatter vs. fo0 rd scatter
was used tNGTERHERS 3P dFFFélbe‘gWe‘c‘bﬁf T (R S T erf“&é%"%&ﬁ’f‘éaaﬁ‘ﬁ%e\@?he | evel

of f1 uor eggaai ASK FRECHbHRER: WhE 488k Rhd STH nb exoiteticuini detdyjonvas measur ed
for this population. D stributjons for é@)v Hegati ve C nt.‘icghgé){h.e. wi t hout
af finitoy rmeavelepgths yespectienly-d-ogisidn sealler & BV F?%H‘Vasd’éfff QIEHBYY he
affinity aiiid ARG ok PhicR Uk Gh¥@aknBb (94 of BhbrssceRe\RAltBdePicthe 2xbak nal | y
added, puritied’lgG 15 captured by the afflnltg_sbrratrlx are all shown in

Fig. 2 as ofébindatihedy)was meareddeithis@opyipianRispiputions Sl REs¥r | s B
exhi bited c%n{i‘&a(ﬂe.f&i%h%ﬂﬁagﬁ{ﬁﬁﬁ@%tgbﬁ é@ e gbcy@éll ﬁg_ﬁg&-]lfc%tdmd b?_g{eease in mean

fl uorescence as conpare ative contro he@&gm ive_control
C. showed aifimibematak 260(C) rasitive tragrokeeilp Bioabsted wihcaxteardly gdded, Rumdied dgfat i ve

controls - NABRLI Gy di@hiRRy Bt il $BQRGRFRIES RACARA VS GubRscBh& 2 are given

in table 1*
intensity. Secreting cells B exhibited a mean fluroescence of 19.3 which was a 50-fold
increase in mean fluorescence 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. Numeric

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

20
Table 1
Sample . Mean fluorescence [arbitrary units]
A: negative control 0.4
B: secreting cells 19.3
C: positive control (- exogenous IgG) 59.5

25 3. Comparative Example

The effectiveness of biotinylated capture antibody binding of secreted 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
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Tabl e 1 Sanpl eMean fl uorescence [arbitrary units] A negative control 0.4 B:

secreting cells19.3 C. positive control (+ exogenous 1gG59.5 25 3.

Conpar ati ve Exanpl e The effectiveness of biotinylated capture anti body

bi ndi ng of WOBOEME] anti body at the cell surface was cHGIAFAHSH4 h t hat of
biotinylated protein A In the conparajjve experinent, the secretion assay
was performed exactly as described in Section 2 with the exception that 17
Decenber 2004 WO 03/012449 13 PCT/ EP02/ 08054 PBS devoi d of Y viscosity

i ncr easi ndBsdaveided snygsesitynincieatpgrgeniorasused fante t‘%l?ﬁ?ﬂ%% CreR® um f or
al | ~sampl ggq: e adrlanish -F@Bﬂ%ﬂi DERIBTIN4BatER Bbi Rl %A)@ositﬁ{é%bﬁtto\l@()}?@ﬂt rol- (O
and cB72.3 secreting ce (D) as described in the previous sections, one
addi t i onalcBgadptaetimB)celind®) asdegsaibetinisie premieusiseaiony opt slditipprlspaplefBbt ein A
with a biqtj gﬁﬂﬁﬁ]?%{g-' QGwki6 - ' dbn8-raRiah body (

Si gma, UK%&"‘{,SME’.\{A&’%‘LG\%%%’ I rmoDbi |1ge on rﬁtgincell 33%@2&‘1%%% ncubation at 50
g/ for T8GHespedds capthiesntbrdyd g, U5 wWhichwpsdmaebilisest aetheipadksieffceand

bei ng conpar.able.to e t L] [+ hiSan

experi rregﬁ)g.m é%qneat%gff n\;/%gﬂssu[g%g%%ﬁﬁ Fé}c;ghn&céﬁi a?ée]%%&?ﬁeg%henougl y added
human | gG being chmpbiable tpthe eesssihf poteih Asishbinrithepedpiseaperingmtst g@“&i@ﬁﬁ’)t ive

control above.. Distributions for all r ' ' as cell
Count v gt b Bt brobpiondl R uBbE 1P Al ke lbokist o

anal ysi s, ha@BeshaRsdtbed frthdpogitive cqdfiofabole. DAstribngtipas for ell somplesaire stBwncapt ur e
anti body, C._ positive control, r ot ei - _secreted, cB72. 3 ein A).
Nuner i ¥ nmeBR1S P 35 FELOuRLE- b‘é‘?rﬁsé’ i sgyﬁ‘_gerﬁgw ctyfpéneé-yg}up.,egﬁp ?doar?gf ygllg’\/en in
Fig. 3 areshisusd ihrid alokig. £.A:TBgatis Cordlol, B9 Riphire astiticip @l posiiivdcontrolran 1 gG
nodel product (sanmple B% ave a 5-fqld inc¢crease in nean a{l)l ur or%scence as 15
conpar ed tioleie.JEFaEEG Cg%fﬁ:rl’é?te’@é)l Numegis; facaaTuorgaeence Falies petomEe s

(sanpl e Ojpe ﬁ@oﬁe%‘ﬁveﬁ_@nﬁ%ti%e%sieﬂ%ﬁﬁl%@.i‘ﬁbd@@fbabﬁb@aﬁﬁﬁmiﬂl t hus
denonstrating that protein was nore effective than capture anti body.

Protein A wagndg@sddekppduct spapleiR) @avivstriald derepsedh Mg BREECHEHt to capture
and deject, Seolatoth 91@%%&? co:%‘ﬂf?tl Belﬁﬁi@@WeﬂWh@Rﬁﬁ}eYn R0k abdd (sdoffld €gse i n mean

C ;
fl uorescence~as conpar 0 e negative control. 20 Sanpl es prepared

exact | y asthetesxas aip 8ol irdpdaseis nadan dluoregdengt, thus demavatratingithet POEILANAEr t he
more effective than capture antibody. 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.

20
Samples prepared exactly as described in Holmes et al. (ibd.) showed no increase over the
negative controi (data not shown).
Table2
25
Sample- mean fluorescence {arbitrary units]
A Negative control 0.6
B: Capture Antibody + exogenous IgG 2.8
C: Capture protein A. -+ exogenous IgG 46.3
D: Capture protein A + secreted cB72.3 32.9

Comparing 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 detection and capacity
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negative control (data not shown). Table 2 25 Sanpl e.mean fl uorescence

[arbitrary units] A Negative control 0.6 B: Capture Antibody + exogenous
lg&.8 C. Capture protein A + exogenous |1gG46.3 D. Capture protein A +
secreted cBWPP3/YPI4Q Conparing the data of experinents B RGEVERS2P§054¢t jg

cl ear that substitution of capture aqti body by protein A gives drastic

i nprovenents in sensitivity of detecti 4n and capacity 17 Decenber 2004 WO
03/ 012449 PCT/ EP02/ 08054 14 of binding, respectively. Th orei)ti ally,
protei n AoShiding maetivaly. Shecsaialy, Praibsh th HaHAGEvFR BLosp LGP o8

conpar ed : bbRdYo caple ddti¥say e hnaki@valcy @adbbletttshe anount of
secreted gﬁﬁsﬁ%;g)gagﬁggb(theoo?agti cal 2-fold int e%si ty enhag pent). This
[

expect at i emowdif secrriseantibpdyt hopnd EheoseticAlsfold IneRpitheRkRgFsmEnt e a high
affinity Rincl0gh BofRhiocbhsiaie SuRERAC Aol site 8 highnitkaininapt el n A by

about one n contrast, t g actual Iy observed intensity enhancenent
by protsei mnbody carcenstes the bimtling effinityiof pistain Aby-abenut opgprder. I ¢paistdlit ceds t he
t heoretical redi c A oS . T hEegsan. 1o
Fig. 1 b g %bS‘?%%&r‘u%g%‘%‘%L %?C%g‘%%gﬂy?é%%iﬁ&?%{“ﬁ%apturﬁg%kf i body bi ndi ng
Fe porti orolafargéiy egpeadsibs yhearttieally meisted vaiue supnsivgly prddfongpkeowh exogenous
| gG Sanples were essentially prepared as described in present parts of
this sect fi® except that both the amount of capture antibody and protein
A, respectively, used for incubation was doubled in order to ensure

ol | etlo | Fiprdeironis ettt phtiatrpeapaftrePer FuytSh i fpebafly |
eX0Qgenous ckgsendisly Mded IgTE v ptotdn A blrdibipaelbesgeddif 4eG Bafliplis werel. Met hod of

selecting cells secreting a fiyst antibody, conprisin h teps of a)
li nki ng awswntiallyprepagss) qs%gﬁﬁl?%dc’é PEsery PRty ‘%/f thi§ Sefion, exept tafhoth &8

amount of capture antibody and protein A, respectively, used for incubation was doubled

in order to ensure saturating binding. Purified IgG was added to defined volume of cell

15 pellet, in order to ensure precisely predetermined concentration of exogenous IgG during

incubation.
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5 b) incubating the cell with a biotinylated pol ypepti dee%egjrrgrrlzs%\g at

| east one functional antibody binding domain of protein A, protein G
protein L or functional variants thereof c) incubating the cell with a
second anti body or antigen that is flub¥escently |abelled and that

recogni zes _and binds an epitope on the first antibody 10 d) selecting

fl uoresceflaims apel | ed cells that have bound an ampbunt of second antibody,
preferably by neans of fluorescent analysis flow cytonetry. 2. Method of
claim1, characterized in that the biotinylated polypeptide is a protein G
or a protieMethdd oXSeldctingRielo skepdtingl adirss abtibodya cambasing €t stepslofiat t he avidin
I's bound to the cell surface after covalent biotinylation of the cel
surface has2bdtkmgavidiado acell sysfaseefaptly after biotinyl ati on has been

carrieg out b?tinalbtaﬁg%’ﬁng%ﬂ"ufithgirbiéﬁ%ﬁat‘é@?@yé&%de%Qmﬁsg%ig(ghmgstBB%C' aim 1,

characterized int uring ate ter 1n lon wth the
bi oti nyl at ed plahgiaplintibpdy bindmgldomaar &f protetrus getotein @, prettinioconpri sing a

viscosity increasin ent. 5. . Method of selecting cells secreting a first
ant i body, conpti‘P‘ét}qqﬁlg‘_ﬁa‘lﬁ_gn@_tt@%EOfof 25 1) linking avidin to a cell surface of
a cel | wher g nn&iataY tHdi Bl withCPRESPARBod P orantiReh HRABRU 1 RsE QNP 1ARIILY at

| east one functional antibody binding domain, “preferably fromprotein G or
from protei n Ang)hitmenogazenipd indscwl dpitape ¢n thedegantibethit | body or anti gen

that s fluqrescent!ly |abelle hat . recqagni zes_and bi.nds an epitope on
the f10st afl imGapretoorf e fierRal el B EEETRRE L aBPiuarseRnl "  hat have
bound an anpunintibbdy; pesierdblydithemd yf fipsredcenedlalysRyfloveansmerty.f | uorescent
anal ysis flow cytonetry.
2. Method of claim 1, characterized in that the biotinylated polypeptide is a protein G or
a protein A.
15
3. Method of claim 1, characterized in that the avidin is bound to the cell surface after
covalent biotinylation of the cell surface has been carried out, preferably after

biotinylation has been carried out at a temperature of less than 10°C.

20 4. Method of claim 1, characterized in that during or at latest after incubation with the
biotinylated polypeptide, the cells are cultured in a medium comprising a viscosity

increasing agent.

5. Method of selecting cells secreting a first antibody, comprising the steps of
25 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
2) incubating the cell with a second antibody or antigen that is fluorescently labelled
and that recognizes and binds an epitope on the first antibody
30 3) Selecting fluorescently labelled cells that have bound an amount of second

antibody, preferably by means of fluorescent analysis flow cytometry.



