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selection of high producing cell lines is an important first step in the development of any
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 costly. 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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addition, encapsulation/decapsulation can reduce the viability of some cell types

commonly used for expression of recombinant protein, most notably meyeloma NSO cells.

In the second approach, secreted antibodies are retained by artificially created affinity sites
15  orreceptors on the cell surface in order to assess the amount of secreted antibodies
subsequently by FC. Holmes et al. (J. of Immunol. 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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therefore provides a nore detailed and accurate picture regarding the size
of the non- é)rodum ng popul ation, Previously reported secretion assays have
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with the de%f'o?rﬁg'otein 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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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 cytonetric
measur enment of surface 1gGin kinetic analysis of nonoclonal antibody

synt hesi s Fighd dJdweres¢asheyigmetnr (FReamasis of samples &b sk¢ration asséyow serum 17
Decenber 2004 VUGt 2AMEoRIALERAS LARAG ar? RS iBEIAR & dia, Hybridoma
9, 67-175). There orle Si rr% I'y stz ni ng ?ﬁa gl spl Iaygé Etﬁﬁ)gﬁy with a
detection anti BSEPALANRSY- proven ef fective for isolating highly productive
clones. Two fundanentally different approaches have been chosen to overcone
this prohlemand to directly select for ucer cells of secreted
ant i bodi e? Le B‘eﬂﬁga?%?@% Fortb? g??é?’ﬂé'a’e"téanfar S@%E’% %e(ﬂéﬁ%‘”%tﬁ‘ﬁé’JH? lttant secreted
ant i body anibodpcappriseatredieps ofgel droplets. The entire droplet is then

subj ected to | j L ns of FC. This approach suffers
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approach, secreted ant ret ai by art|f|C|aIIy created affinity

sites 15 or recefPsy ﬁ?ﬁo‘?‘ﬁ%‘“@%‘f af?ﬁl"f’ °%h order to assess the anobunt of
secret ed anti bdjli stecinfbemseaitlyyatelled&ils tHat e betindén ar(-ldunt of seeomainol .

met hods, 230 (199
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capture antibody. The capture anti body recogni zes the secreted anti body
froma NSQ cell line and 20 anchors it to the cell surface. Fluorescent
det ect i on 'BRArOgRa" celbiacretipg Hie anbpcyseayde e call gRployaddaresretiogl | cl ones by

FCis theant&jbhlee\é@&h e&ye gnmha@m@gnyelmmldm h‘éllﬁsh\ﬂbr’é%r&é@bwrtﬂé secreted
antibody with a t
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of a visEBIHE cg Eﬁtm%%?@?’f‘ é@?@gﬂ‘ﬁﬁt Hrgpe[r%blyf ﬂés @gb lﬁ'ﬁann;edloaypr evelnt |Son
cross-tal k between individual clones (i.e. diffusion and b|nd|ng of
secreted en oty OTRLAMNBSheSFLS AR SRbORBEEE o1 1),
| ow sensi ﬁnﬂhoﬂyframeﬁtgu@u @@hlnﬁﬁfﬁ@{ aohovalgnt gbisnedific ewbloéfes.llnqhm’mtl@r cells
and to al ke Jeeéntwrkﬁ@wﬁﬁn@%éémh% antifdiied R Ebfi@é?&&n&‘ﬂ shtducer cells.

Usi ng the publisheéd nethod, it was not possi to 30 detect the binding of
a secreted chineric antlbody froma given cell line to the cell surface
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via a capture anti body. Furthernore, the capture antibody necessarily stens

from manmalian cell culture, which may include fetal serum and wll often
be stabilized with bovine serumal bumin as a commercial anti body

prepar ati oNO V24t capture anti body 17 Decenber 2004 t RGBS B0t ai |l s t he
risk of viral or BSE contam nations of the clonal cell cultures. SUMVARY OF
THE INVENTION It is the object of the 4present I nvention to devi se anot her
nmethod to efficiently detect and select suitable antibody expressing

si ngl e. ceBiechémoSnien. {A61), 29, 238) Prefirahhy suchppfikodigsjeropdingto %W%%d by the
met hod ace¢Qr.din i Gl 2bohi ﬁﬁ]ﬂ? g,ﬂ'dﬂg| kdFiaBorbielsd opspect of
t he preser]ﬁvegtﬁ({/en‘{v%gr??g?ﬁ%&gﬁ#&sg prmﬂgg%gaa me':bhod gbad;égjlag%ti ng cells

secr et i ngpeotéin Asts camprised dy the campily stawing Repestiepef Ismuapglpbioi (g o&vi din to a

cell surface of,a ¢ ' ' Y Hi of 4 d
pol ypept i H@“%ugﬁﬁfﬁegﬁﬁg" f%‘ F@gyﬁmﬁ%%%t‘ﬁdﬁﬁwﬁ%‘?%‘g@ %%llglgér?g donai n of
prot ei B8 AinvehtdredompGsespn @ gbnioh oban fpGnMostgmeferablyy the patibody sreprdsiz te)
i ncubating the cell with a.second anti ' t is fluorescently
| abel | ed festeﬂtd{“"?nﬁn8%5ﬁf1£% VI o T gﬁ’g‘ﬁ °§%‘.‘?%8%lé}%%°$ﬁg first antibody d)
sel ecting fluorescently |abelled cells that have bound. an amunt of second
Second aseevdn ertpelyBhore BETR S CrEntors oo el bERE oy 1"
sel ect i Ng of §hy StherFaikciBEAI N6, botfulBifidinghuinkdMeLaky theesdpuch s a.g. Stheptasidip@0of 1)
linking avidin to a cell surface of a.,cell wherein the avidin. s cponjugated
to a Kol B SomeirepimmicesPteE aessmicli o ERERsAUN SrenB o B 6] HHfing
dormi n, prnﬁgugfllgmcé’ 'ngrannQ.r&rl Blathpfa F subh enbikYeR SafianbisNeutraddingPiens, t he cel |
with a secon nt1body or antigen that is fluorescently |abelled and that
recogni zeRaskfordiy aehichris deslcopletesavidiee deveidiof gatboydens, Bvitgamas | ng
fluorescent) L ’ r{éﬁ'}e R RHhpRSe RERiRbH REB @omdinant i body,
pr ef er abl %%%ce@?ﬁégh%?mﬁ%&élﬁrei en?ﬂa_g%ﬁ? ysi s fplﬁgt\:’/v_cyt onetry. DETAInLED
DESCRI PT| @dmBEischHiEStreprEdin drt Ray siedint nepripsdifivbindingdp ceth@riapR AR ar e
shown jn the. figures ..t | | | SRR RNl the
capturg a?\%efg’@'k’g'c e8#%%%%9%??@%#%%%%}’%@”or g‘?(‘:j?_rg'?gé ans'?i te)ody and b:
conpar i soravizh abidirdion i -ospawiidiye. Most prafetable thervidipsdycordingitofhepiesent A Fig. 2
Fl uor escent ok OIS edtrdidle. 808 nbiteifle SANRhERPLLREG 6! igth Bifaay of the
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,
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anti body for capture of secreted antibody. The nmethod according to the
present i nYEM398344% or sel ecting cells secreting a first PCIRPOHGES conpri ses
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the cell with a biotinylated pol ypepti#e conprising at |east one

functional antibody binding domain fromprotein Gor fromprotein A c)
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and -t hat .recogni ' ' C He first antibody and rinsing
of f unbo&hogmgggéﬁgﬁggﬁq]b%&%ﬁlgpg&ﬁ%u@?toi%gn Y selecting fluorescently

| abel l ed cells that have bound an anobunt of second antibody, preferably
and expedigntl.y.by . nmeans | uar e i FO) . FC
al | ows coﬁ'ﬁ%‘ﬂ‘ill%tlsa%tbeg%ﬁqﬁcﬂft ?c(ﬁlsﬁgfg%s&é%%gfaa%%ﬁe 28 pltseggi%l{etyaﬁé’oducer

cel | sacr etk fgthHehgrefrdd thadiye orliyarb éncabateddialalsolatipn aymulising at lswt 5@ pg/ig

anti bodi es such as e hybr i donma Lo or cel. s. re preferably,
the prod@¥Ein oorg P@@I%IWi?aB@B&a@%ﬁ%%m gﬁ%’f ’éeﬁ%lgﬁ |t% "‘?E‘ an NSO
cell" i ne-ac@ﬂ&ﬁgmebieyem {rlventivR! Aiaaymaresnlds @swedly haatabowt |4l bindhercdiies foy or

engi neered _anti baody_ or. _anti bod frag[me t Sﬁch aslz%ri rrqejrlc ‘g)r rmr&cp){val ent or
bi speci fi diofi: Higduptindabsl Wyﬁéfqrﬁga qeefl stuface od AdR5 Upsr gt Y eavy

chai n ant i;RoALES ifixc&R GRS canibntl &R Hickind RS ord thé cEIPELRMABE bne6i0tin 146k]

03/ 012449 PCT/ EPO2/ 08054 4 Bi ochem Sci en. :%%Jgtgl) . A6, ,238)) . Preferably,
such aWt i bllibing ta euerddingalesuleieavinecpenibou ?‘i%‘?ﬁ%ﬂ%ﬁ/ rhigHBri se bi ndi ng
sites for |high affinity binding of bacterial protein Gor protein A as
conprised 1nh the naturally occuring Fe portion of Inmunoglobulin (1g) of
various classes (1gG I1gA IgE 1gM. Preferably, the antibody according to

o . : S ab’ ) oareferably,
the pr ese(r)lﬁ%;tﬁgﬂ c%}%‘r%%?%%ﬁ?%ﬁg@hﬁ’?ﬁﬁm !tft‘?s ARG Teht®Midkbd R/ ind &6 suffgian@r ef er abl y

the antib e present inventi'on is an 1gG or conprises at
| east one wigehy§unctivas o afchdrg@idinTine-cavalditly ta el surres i linked toithesesHt i nvent i on

I's conyentignal, avian avidin_(approx, .67 Lqpal i.e.
bi ot i nbi ﬁ&%ﬁif W&ﬂ%%&ﬁaéw?ﬁeéfééﬁ%g&%hg%ﬂ E%I.Ch%%’r‘g%%%w ‘gﬁ%ﬂ{ %8&%%92[)) from
St r ept ony ckanap paif@sblpat leasy 2¢ Acmibst atdfyratdy ajease30 Bal | y engi neered variant of
such naturally occuring avidins. An exanple for such engineered variant is
Neutravidin (Pierce, Rockford/IL) which is deglycosylated avidi ne devoid

of car bohyydrad ext siey/éfitbe @Bthpd according to the present invention, a biotinylated

polypeptide encompassing at least one antibody binding domain is incubated with the

20 avidin labelled cells and becomes bound to the avidin that is now linked to the cell surface.
The antibody binding domain according to the present invention is not derived 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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between 6-7 and being further engineered as not to conprise terr\e ?I’I pepti de

RYD donain conprised in Streptavidin that may nedi ate non-specific binding
to cell surface receptors. 15 Preferably, the avidin according to the
present i nYENFBH4? s avi an avidin, deglycosylated avi arPGENEIESDr is a
neutravi dine. Mst preferably, the avidine according to the present
invention is a neutravidine. Such neut%avidi ne shows maxi mum capacity for
biotin binding which capacity is approxi mateﬁi;’ in the range of .14 g

bi ot i n/ rrgA@torpimtt@tthreé@ltﬁh@nm the seefisugiantiberycinding domeaiR GIIPISIES ace e. g.
by cr OSS{Nh%h ide %31@ éiseml 1“% v\/ﬁﬁ&ﬁn%ﬁ? StcoRifl g tHSRGRRT S

wel | - kno e ar can conprise reactive groups such
as oxi ranwemamr;leﬁxyvdeg to mﬁfmnﬂﬁ dlsmm@ste@lghmﬁuéefﬁ@éélpmﬁeﬁ%wwr?@? such as
VLl g o bt bR 5LAHRIoR NERF Qacldih A5 A SRR AHELALY Aol for Sl nd

[ m azi do- cﬁasnaﬁsesshemMHeluhx}amm -AssSswiénttiof cgd losistshiditseduring @ cgfblire wi t hout

sayi ng th 5 cro doe groups of
i pids (e. ﬁve Wﬁ%‘?fﬁﬁ%@h gygeﬁﬁgeiﬁggﬁg{lserl E%Et%&rpno:@%%dﬁ%fy with
t he Teact mbRchdiad tks betwepi auﬁuweeksnheogmduanmmfﬂowmgmam,eth@am:ewhsh In a
prefered enbodinent, the avidin is, attach oval en ont the cell
sur f ace aﬁé@? subjest AEMS AEPYqaHARY S?SHVSF?Wgﬁg‘?@f Ve &P@W&K/% by “Heans of a
nonof unct ippsiRking kRS SégultoNdofRRGRAE o£EHIIE, Yind thetebPi Igbzb lirforedtien on tal lilke cel |
surface. 'Fhe avrdin recognl zes and binds to the biotin noiety on the cell
sur f aclé. Iﬁtﬁ’é‘% b‘l"'VS such biotinylation is carried out at a
tenperature bel ow 10C, nost preferably at about 4C or below. At this
tenperature, 17 Decenber 2004 WO 03/012449 PCT/ EP02/ 08054 5 ef{_| ci ency of
bi ot i nyl atm@fmabhéh@@@bgdwwﬂs fomain BAPREUPHIY 4 OF PRI @R O ne f or
bi oti nyl at hiein | T avidin
y %‘?& ftclz,fst Opﬁﬁlea andl f Jtaﬁ%; S oE&%u.sfs%QcQ&sa&f,wé‘lﬂh%ﬂB

is to be e ceI surface by neans of biotin |'abel on the
cel | surfagmtsmsmpbcxﬁganwm&teﬁheﬁ?@mfm&odxeh@w&% Beddetiahcubated in a

sol uti CI];.]%P Iﬂgll l?lﬂmaémhﬁggfotélgs gfmenﬁélf’lgésnSﬁﬂqg \@/1%031@96)‘3 ThHE pavéfouhgast 100

g/m avidi erm av ering to t according to the
pr esent |rvméapreadapp%camhmnbmtﬁbndlwmsd&hibypmﬂl@mﬂﬁG af PnpgiaRy sites for

biotin. If iotin |abe ce and
avidin is SRFTEREF §F°° 1aﬁ S'bg@f%r’%xca? 'I?geél}s%%o dIStp{%e cova enotnlwf‘?nked bi ot i n
| abel on tfgneel df IgGLE a@a%,stre‘pm:obaabpnotem @piabolvib® in/idth casésreck. iohugwed avi di n

nol ecul e | eavi ng.ope t dln bj n | abel s.

Furt her prlég\elﬁlrcé’gs S%Ee ?ﬂg?gtjﬁé?'ﬁlz’ %ﬁﬁ‘m 1s|e1§§0g%r3:g qu?%i linked to the
cel | syor f ogiectRREstry M0 zfmtmo)mﬁﬁ@smraﬁkmﬂ etaali(1995, Slortrey,A6612TBY to t he

cell surface is linked to the cell 15 surface by neans of a spacer noiety,
e.g. a linear alkyl chain, which extends for at |east 10

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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A, nore preferably at least 20 A, nost preferably at least 30 A. In the

next step of the method according to the present invention, a biotinylated
pol yp eptide encor‘r;)assi ng at | east one anti body binding donain is incubated
with the 20V M4 | abel | ed cells and becones bound to tHdERIPRM that is
now | inked to the cell surface. The antibody binding domain according to
the present invention is not derived ffomthe the antigen-binding or

conpl ementarity determ ning portion of an inmunogl obuline or

i munog! oBuiferaielyfthepelppeptids conipsises noow opkyrih &g ebelysosdalints MOEd ant i body

bi ndi ng ol t,i glg ptide may be e.g. protein A (Surolia, A et
al ., 1982?”#%@8%90 saég %‘%’rgt‘%s uni versal ,antibody’, TIBS 7, 74-76;
Langone, 3., 1982, Protein A of staphyl ococcus aureus and rel ated

i mmunogl ohulj n, recept or Adv.. i1 YodyKndin®sifks Gadf pres otein G
or protei %“ffj‘?meat %cﬁweﬁgcilescofn 8%“%3{;}?%!@?1@ o andin peci es %rr?d?mr?gfs t he

uni que sabiihthdt prdtein B ofdbindt o kPmddepibar weighhis eolpkiyed inrfheprassot igventignt hout

interferi W th an .aptib ' t.) gen= bi ndi i . et al.,
1605, | ot r aRehiniaLrotron b S high s Bt AP T Bpl0Redeagty

i munog! oRuhjufctioh Shfh-ted@uNvilmsiof gvidiarted biotiGmoiBiie) thisdéwdsto coRgderable
12820- 12825)

. thus bhinding tq all class of . | s.well .as 1 ingle chain
variabl e amplifeatiop of haampintof secreted @Pﬁ‘b‘ﬁ‘é’rﬁ%‘? a0 Siepal fﬁ’g‘i?%@% 03/ 012449
PCT/ EP0O2/ 08054 6 According to the present invention, the use of such
ant i body- bi ndi ng, donai n conpri sin ol ypepti de, | ead en ed
sensi ti0vi tBiotinylation eEthe pplyReriide Wyg% ?YF‘ES??IE’ qfite IB‘?@%%%FSGH %%’HY‘? on, "
al | owi ng_ e byl iofrBE ik off] SERLALNAIMIG 1 MMoolldeaivemaldy pakawieso from | ow or

non- producers. e secretion assay according to the present .invention also
al | ows forcom'asz}teah@hﬁmmtﬁwh?seﬁvﬂﬁtﬂlwgl@t%‘t%fﬂme?‘ﬁ‘ 1S Assessnent  of

eaui 1 ed SRR P Bl R el Ay e e e o Cake

bet ween 6 Hydrogempméogde.l N conj unction with flow cytonetry, the assay which
is the subject of this application is sensitive enough to resolve and
quanti Ty low or non- producing sub popul ati ons of thousands of cells, and
t her eby Qilvie alsofossitid, iandthixbeirey d futtherebjedtf sheagizésenttiyveniiors i smHohour s.

Preferably,.the antibody. bi ndi ng domain.is fr r.ot.ei RL@laLn G
Protein A qS‘FCt?WeB%%”&Efg“% BHEdS Wg]h%‘ pﬁb@?@dﬁ c%hg% ﬂé‘?f@%ﬁoco&ks speci es
are wel | - kg @nefi€bfpro@EeAbsproeii G.Spesdifkingbf polypeptifletand piogsire portion of
anti bodi es (Boyle, M Bacterial .15 | nogl.obul i n- Bi ndj LNns,
Acadeni c PRYSESS, IERFAIYSE Q%qu%&wn "fa&}’%%%?loaﬁtﬁau Wi g%%;r'ﬁ% 1 ‘g%% i cation
i n bi ojechpptiony of Rhgeats\(Fidoldet Al Vifohaivhileeageiis fay Geafrosalinkiig ofpmicingni mal
speci es or subcl ass. Staphyl ococcal J;)r oé % r}, A binds to.a sim.liar site on
t he Fc Angew. Chem. Int. Ed. Eagl. (1971), 10: 795-301). For instance, coupling t0 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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fragnent of 1gG as does streptococcal protein G involving in both cases

e.g. in human. 1gG Fc residues 252-254, 433-435 and 311, as shown in

Dei senhofer et al. (1981, 20 Biochem stry 20; 2361-2370) and in

Sauer - Eri kY&QH708344%| . (1995, Structure 3, 265-278). Fur tHSFREPBS4\D 0017428
descri bes an isolated anti body bi ndi ng!r Bl domai n pol ypeptide of bacterial
protein G which binds a Fab fragnment an 1 gG but substantially does not
bind an Fe fragnent of an 1gG The use of this Bl_ donmain is.another
prefered enprotinmere prpfermblnah keap Gchietimmeitigrand Mot prefaraly el Lhiotimnt i hody

domai nS ageA gl é?ﬁlgy&vgwkﬁitdﬁ oP piBfiin, ray&lel e RXteREofbitRyREod SfGhat €d  domai ns

or as fusion pro er pol ypeptide noietjes. |t is also possible
to fuse pelypepitle mreasilyadyerbecol thgmeo pgva@wesgqyps it ralypsptide (B2 L, or of
still fungilion | | Sinaldidn €Ngi neer ed
by am no g%llmgj %t’ﬂ?\ét% ?ﬁ%’%ﬁ@g‘é‘gﬁéﬁg#%?@Lﬁeﬂ%\gﬁ?%ﬁébﬂ&?@E%Fglgh%hossi ble to
enpl oy svardageit $o pdlymeptide ypoobtinglatlon. G, L, etc., respectively, that carry
deletions or are truncated. 17 Decenmber 2004 WO 03/012449 PCT/ EPO2/ 08054 7
Preferably, the pol ypeptide conprises no or only 1-2 sites of

gl ycosy! atThe Bscoiid) kietectpnahtiticalylaycording wdakespreseyt inwmkiomyndy bt any Preferably, a

pol ypeptide conprjsing at.le foyr .anti hod I ndi '

pr ef er abl ﬁon"ﬁn’i@’lﬂgi]fw’%?cﬁ?t@f ]ﬁ&iltegﬁmg’ﬁgﬂ?r al[’g‘g‘%% et %{r%b%\:eﬁ%%%nﬁlﬁgs enpl oyed

ib_n 5 he pr fﬁf@*%?"‘“*‘&fﬁ“s" %ﬁbo@@fbt_ sk e;tpa?tsirpbgaa ?élrbldhd’i_am bé;rﬁoditbryﬁ tbgﬂ{ei nity
inding sites far e Fc portions o n conjunction with.the,

mul ti V8l efefhogrof Wilﬂ?sﬁ“tf’%‘fenﬁ‘?lbi? ‘Z‘e WEE&E Pfef%fg“’%”g’a&s d%S"“é’Br‘%% ﬁbﬁgVab| e

ampl i fi catganiefbeldBestRER b cBipsRGh§ bedbRRbinbReYonTuHEst andsebénds t o si gnal

amplification, 1o Biotinylation of the pol piide maybe achjeved by any of
e met hodsicerioncniibady, e \he 1B perms SRy (O IEh ot R EBETIOTaN f ace. |

addi tion, o ;;ldg@d Al o0t MRS LR oY ERASSdhiigRes! Equaﬂ?,ﬂi fi@ads€ently bi Ot i n
nmoi ety to tyram ne, ose covalent Iinking to the poly eptldEe1 Is. catalyzed
by oxygen lhelied antigercrebagnized by thedustisponsicd peithedy. ey dricaRiowed R f¢feci9Pesence of
hydr ogen L e ; | | st iVafliddh SnRGhfdBeAing UT t her  obj ect
of thgl%prélﬁgcé%%é% v‘é‘#??“é"tﬁ? £"rté%saﬂeéﬁrrlgiIclccj}g%ﬁ%lcl}li)rsectu?"3 an’_ ol ypept iedg_-éavi dine

conj ugat e indubationpetigdinrell detwamedion aliows ozstrairmtitenly rated 2a8ib88Y ng domai n
of protein.A.or.protein 190 L ki ol ypepti de and protein

noi eti es, %Fgélf?ését%% f/,cellps We \ﬁﬁk%egﬁeﬂgﬁe{ogg bi ochem cal arts and may be
achieved with a 20 nultitude of reagents (Fasold et al., bifunctional
reagents for.t

(1971),  10%fselyedh Oﬁ%&‘:"%#&ﬁ%@?’%‘%&g ﬁeﬁﬁﬁ%\g‘% %ﬁg&%@éelﬂﬁd@gl '

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



17 Dece lﬁ-é .
of the amno acid |ysines by means of N hydroxysuccinim der? esters is
well -known in the art. Prefered enbodi nents and definitions of the present
i nvention g@?ly | i kewise to this object. 25 Preferably, the biotin noiety
is |inked 9¥a244d| ypepti de by neans of a spacer noi et yPCT/ERRBHSSpacer arm
has a length of at |least 15 A nore preferably of at |east 22 A nost
preferably of at l|east 30 A Suitable %pacer arns can be e.g. linear alKkyl
noi eties. Such extended spacer arnms reduce steric hindrance when binding
several biaotiscnsityinerdesing agentlag descidigedtaboynin qidar & ProvagAress-fecdinebs¥YeeRr ef er ed
i s that t ? ant| body bi ndi ng domai n conprising pol ypeptide according to
the present Tnvention carries at least 3 biotin noieties covalently |inked
to the polypeptide 17 Decenber 2004 WO 03/012449 PCT/ EPO2/ 08054 8 or
protein, ef er e rably 6-10
bi ot i n mrjHD %teﬁgié’sp’b‘)err %Jln%ﬁep? &ggewgdfl me?icl)ftogﬁs‘%&h Eaagaéé?r}?s%%h E?’f(ht%tﬂgxt end of
bi ot i nyl atacesdiag td ﬂhemeﬂmﬁpﬁﬂmmraﬂmtmcmm angt a@u\lemgdﬂwdtsh@etndl mber of

G hyar y1 qPatRE P S eB R R h phe e pal MR o b AP B2, oy

t o pol ypephird ®ld¢Rg aﬂm&ﬁdynsydcméd torthe cella'h:eg mmdenhﬂemmftat lmstﬁﬁttﬂ Body
according to the pres 1 nve t| or.J conventi o f L.uor cent |y
abel | ed ARgmbRHgh B %ngith 8’?’?‘?‘8&31‘%%8?"” g e
secreted fismsd @ﬁﬁ E@Qpbbl HRKRheSSst: zbamﬁimﬁhdi,raipmeiy,sbﬁthebe noni t or ed
by the 10 net héd gg t he Wragignt mventfggln ﬁ c{}g é c% Qj&gst esent

i nvent 1%n, secapdtferesenntiy Opisiaptigendys antbody egpigyed-Ign deteiiat: 8 npri se any
sui tabl e Cﬂﬁﬂe%r%@ﬁthﬁﬁ'teﬂo eﬁnﬁﬂa@élﬁte%%s-?&ﬁﬁ@@ewﬁ&i El6ikds @Rd it tolidgpoveonl y the

| atter being fluorescently labelled, as I's conventiqgnall | oyed in
£ gpes withy

rel ated t ewhsfioed andidiscrimingtion byithy @&aﬁ@@ﬁﬂfﬁfﬁ%ﬂ"@&%ﬂ Worescent |y
| abel | ed gﬁg@é t B prdRE mémBYred) ©

enpl oyed fo&ﬁlg%{b& ‘%E%L‘L% %ﬁglﬁlﬁ g{ﬁetgﬁost ep‘[r)s b anrlld c_of the
present i nugtite Gsosity inboasing agpetwé/niﬁhgmlﬂmmgatm’bw“ﬁﬂﬂ%ﬂfﬁeﬁl ferdteul ture

medi u | 0 ]_%ﬁ ites on

t he cef16l lgcoéd%%% wf‘%} H %‘é’dﬁ% ﬁ}% E%G Eﬁ d%?a ‘%Sg‘gg%hlﬁ%gﬂ%?g?f | at est
after i ncubatl on of the ceI s with the biotinylated polypeptide 20
according to the nethod of the present invention, the cells are cultured in
a nmedi um conprising a viscosity increasing agent. This neasure prevents
cross-feeding between cells by artificially elevating the viscosity of the
medi um Such agent can be e.g. nethyl cellulose, PEG starch,

pol ysaccharides from al gae, bacteria or plants, or gelatine. In a
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prefered enbodi nent, gelatine in a concentration of at |east 1 o%w/w) IS
enployed. 25 In a further, particularly preferred further enbodi nent,
during or at latest after incubation of the cells with the biotinylated
pol ypept i d&Q@B@IP# or to staining the cells with the fIRG/RERIYRIN4 y
| abel | ed anti body or antigen accordi ngi to the nmethod of the present
invention, the cells are cultured inl8 medi um conprising non-biotinyl ated
protein A or another non 30 capture, conpeting antibody bindi ng domain
conpri si nExampleept i de according to the present invention, in a
concentration of at least 0.5 g/nL, nore preferably in a concentration of
at least 4 g/nL, nost preferably in a concentration of at |east 8 g/ni.
Expedi ent Iy all sxefiments; Hptvereeaken Gnmetxpongnital gtaith piteso pf haich dufties With used in

combi nati on 17 Decepber.,2004 WD.03/.0124 R a viscosity
i ncr easi nd‘agﬁg&ﬁ{}e‘ﬁ%gﬁétgﬁtgbfubgd; > apspared Q%Stam%re(f(%fedgyrl g@ug‘ﬁ%gécr 0% L% f eedi ng
betweeg cells. Preferably, prior to staining the cells with the
fluorescentl ﬁ I abet | ed anti body or antigen 5 according to the nmethod of

t he preseﬂt & ter having allowed secreted antibody to bind to
t he biotinyl ated pol ypeptide that was i mobilized on the cell surface, a

third, bl OCkI ng antibody is added to th once ratlon of
at | east @l ling641(19§) bta@ﬁ%ﬁo?li%oﬁ%ﬁ%‘Pg’&g%nﬁﬁfﬁ%BM R Vi hIB’l nd to
the renai %a%seﬁnglpgg;x tRinSeleRd cai fi esﬁmgtb& deodl], nyd2aHRM-1p@l ypept i de but
IS not recogni ze bound, resFectlveI n@@@ y the 10 second fl] uorescently

| abel | &d anpne@egmqfrarambway 1&:‘%8}176& elutppe SEEREESE £ ur t her
cont T but 98is] fer®lab fh AL gésgze&%ﬂéﬁaahé?%meaﬁmgﬁ@o gésres and thus to

| mprove [ VI Iscrimnation b he assay of the present
i nventi on. swmtu@nmmcbbmm 126 agtibedy eBE2:3 m@ﬁcﬁmﬁsm@r@awu@ewaﬁﬁnned in any

o, P 58 S AR e i WSS s b

and/or th non- protern l'i ke, in order
t 0 syner giBieiresaltlwas dn;hp;mxamg,l with aovepatinaie,simificautgliSeerrein ﬂlﬂql";scmcet he

assay._ 17 Decenher 2004 0124 In all
exper i HenttStween Heseqsing ¢ %Aﬁﬁ@?f{q‘nr%e%%% eﬁg%%%g &grco as%ﬁg?ébat ch
cul t ure wWrdACENHRE1D$0T) dling obdesabler Theexperihéit was mpedsdodittbanatandar d

dyed-cel| p(i'g urt]:%nIgn %rgn% bl li‘r%r%lomSa cell line and with human IgG added externally to the

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

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 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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1. Conparative experinent Cell Iine 6A1(100)3 (obtained from Lonza
Bi ol ogi cs) derived from NSO nyelonma cell line was used. It is a
GS-transfectant cell line (Bebbington, C et al., 1992, Hi gh-level 10

expr essi on Y BP1244 onbi nant anti body from nyel ona cel | s DESVERY2ZE808% ut ami ne
synthetase (GS) gene as an anplifiable sel ectable marker, Bi o/ Technol ogy
10: 169-175) that is secreting human dhi meric | gG anti body cB72.3 specific
to the the breast tunour antigen TAG7’3. The cells were treated exactly as
descri bed final tdueerprabbh ©dtli mgimo treemixture avas(ingibated at Term temperatusgfer 5

di sappointing, wth no_reproducible,. significant L] ce i Qr escence
15 bet meﬂ‘?‘%@s'ﬁféf’égiﬁ]rgo caeﬁrég?‘ﬁﬁbi’mgﬁ%%a%%?%gb‘ ﬂfg%rg%,%:gﬂfégdh? ro:'é'%él | line
(NSO cel | chirag 6-10GAGKR MBels BErlprR03 kolbgdmganhkied wad ireubatédefoe n forthareldt  was
repeated with a non- produci ng _GS transf.ect ﬁg ihlogepfctell Ilnﬁe‘;\%{_ W th
human | gGTaB¥eH 2e 08t HAMSEANS [hfeconcgiiyation § 1% algd Rrigina A, applied,

appr ecisablig dhfdeta a6t v&t dRadtink! BAERHAGACAperderds chfmed it assay a2. 1
Capture of secreted antibod rinciple of capture and detection of

t ody.  The p [
secret ed sandebietipn;of 13Q H&lnﬂ%mavlfivd Beatiin Pe Binding Wes ngl gpprogohing saiyraliqn | o
6A1(‘100)3(§,1&§£&t h%)chi meric anti body cB72.3 was agai n. chosen as an
experi nment al model . ‘The secretion. matrix was constructed as follows. 107
6A1(100)3 cells were washed in 25 nL of pH8 PBS and re-suspended in | nL

of I ny/ NHE L G Di O | e te iate volume of

succinim yqﬁs%ﬁgésgégw&%{%gggﬁeg@&%er cefh%gg%r%prno?, v IL/U.S.A) in
physi ojeogipusified sBEBIRGoBRS a(qohi@htratienldf 66 pgmBO mi nut es i ncubation at 4C,
30 the cells were washed twice in PBS (pH7), and re-suspended in 1 nlL of
PBS (pH7). 128 L of a 1 nmg/nmL neutravidin(tn) (Pierce, UK) solution was
added, andsaifpgestsbs Ssell BShEPAGR 00! comxiNIed cfteplty tingrdevdionfd5 ni nutes fol | owed
by a further wash with 50 ni of  PBS (t&%rjﬂl) Foiglovm'r%? re-ﬂius 2! (iaron in 1
ml of pH PIPEEVIHHRMTEPIAER AEEPyBR%EY-T AP G ST BT ¥ telerber 2004
WO 03/ 012449, RETi R0 ¥i@8R%Matioh ih tHeabcredResdivnat i on of 1 g/nl: the mixture
was i ncubated at roomtenperature for 5 mnutes. Next, 52 L of a 1 ng/nL

biotinifl ated Protein A (Pierce, Rockford, IL/US A ; carries 6-10 biotin

| abel s perwgﬂrﬁéﬁat%%ibg'ﬁséﬁqﬁ HRAGE Sboidn kiiapReleReipdsed toahd fllbwiig 15
m nutes at room tenperature. The concentration of biotinylated Protein A

appl i ed f qrogdinecCeliswanareaspentsd in/kmb of sroeetiph gredippd <l AR MEXPBFnent s
confirmed f0ah &Y ERRles®. LANGRIbIAICER InQieviRBmOnt By abigh thitbigued Protein A
bi ndi ng was hot  approachi'ng daturation (data not Shown). Sanples to be
used as poaffibitwesptonsurate display tethoinue dsssitcivor hich Resreiprprloph mnaauwolagicghe of
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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1o purified cB72.3 1gG to 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/avidin/capture protein A affinity matrix. These sanples were
processed A0 e¥N1248? her sanples starting wth incubati onPGHERIZBS0SECreti on
medium 15 Al sanples that were to be used in the full secretion assay
were exposed to the following procedue: Cells were resuspended in 10 niL
of secretion nmedium ( cell culture nmediumas described in Holnes, P. et
al ., | npr onledf BBS (pH) red wensptudpdrinit mbgf BBS: 5 g ofmovermgcfumen F5aapa Jet apt ur e
surface di nol ogi cal
30" et noa s 341 FEBBloH Uik Ry RSLAL UL Pl el SREGELAL mondelor LTV TO 0

enri ched \mmmewwmgmgatfmﬂe)wasﬁhngsmmmab@bvmmmtsn@@e ingl/ el PBS

non- bi ot| af ﬁ?’ ein A |grra UK) in order to capture antibody that
di f f uses P g‘t#’gd’a%"é‘% ell's and thereby prevent it frombinding to
non-prcsducer ceI | s. The cells were incubated in the secretion nediumfor

15 mnute 4 C 25 2.2 Fluorescence Labelling Bound secreted anti body
was det ecﬁ@%ﬁ%se anti - human kappa |ight chain FITC 30 conjugate
(Sigma, UK) at a final dilution of 1/500. Cells treated as described under
2.1 were washed, once jn 25 m  PBS H 320 | a1 / murine |1 gG
bl ocki ng aﬁ%@a&n&@#@?@%emmw&“é@w@%ﬁ W)?Ee(fna\lnyﬁeﬂ%lﬁéa@fl T pell et and
i ncubat ed fiaes Hitdow PR CTBReeelitE 4888 ahdST5 ma sluitotidncind dbtectivacond ti me
with 25 17 Decenber 2004 03/.012449 PCT/ EP02/ 08054 %fﬁ n% {”ﬁtﬁBS (pH7) and
resusp@ndéWVPWB&thMesmﬁcﬁF%LOSEldBFC%‘U?e oxpEA SFRFRHESES A ! Ein chain FITC

det ection Iﬁ{?ﬁl bW wa el BR1 6 it%l,ofﬂﬁ&eéchﬁzef{ﬁidl therkofthekaemt or 15
m nut es. ng a further 'wash in 25 m PBS, the cells were resuspended

in 1 nl PBEbokustandihedy) sias megsureddor hipmopdatiop. Distibubions|foriAd PessHEt ry Aft er
st ai ni ng %nﬁj v?&g}l Eﬁm&ﬁg’@%ﬂéﬁﬁﬁk&%tedcﬁhﬁoﬂy%ﬁtﬁreéﬁgmésed using a

Coul t er p| cS neter Wt ran and nm_ exci tation
and det ectafﬁmt)ﬂlﬁamm él‘igiomw eaprekeeily cybatadyythsaxtranatiy added, puydied figl war d

tt fy. t -gated and th
evel Tt ey R e R R ErRCE BRI O MR AER 0 ) whs
measur ed fintendityl Seqpainglcalis B exhitidtes tamidan flumescehaprof (AP whighavdsad0-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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control (i.e. without affinity matrix), (B) cells with secreted antibody

captured by the affinity matrix and (C) positive control cells incubated
with externally added, purified 1gG 15 captured by the affinity matrix are
all shown WO B0g44%2 as cel |l count vs. fluorescence intdSVEY2088xreting
cells B exhibited a nean fluroescence gf 19.3 which was a 50-fold increase
I n nmean fl uorescence as conpared to the negative control A The positive

control C. showed a nmean of 59.5 and thus %25 fol.d Jnc@g(?fse over the
negative EBHdeypid oflameyipeosityBriragngaschioms ved foF Betahen g GPF g P Fig. 2

are given T oreTenn) abkidl duni t's
A nggat | \%&é%ﬁﬂr%f%&&es %?ggrﬁétl n %gl\?gﬁhgg %Mﬁf °?§?§mv§ cont F(?Iraﬁg + ]

ekogenous cBgTpsecreinpsels (Mowdescrbed/ia tdaaaieus sqriiens rpedditipaplsaapis(B
bi | . I
i otiny au,gaq of %%te%g hﬁpggeé? ﬁﬂ%&&ot@fn %ﬁ%ﬁﬂin?l@feﬂ eyt a%htﬁlaﬂnce

surface wa are 1ot n ated protein A | he
conpar at i \IgGé?xfspcqﬁmaptpre aptibodyd Signd, éH()a’érs@ywma@nwbﬂlﬁQﬁ%the elaurpse as

descri bed section

037 012446 AR 38 g Jor B LGS BhebiBlio St BRI LA A e
was used fhafnglcnmpmwemmerawaatdﬁpfotmmm inrthe predowsrexpaiments Szyapip(Bs.  Apart
from standard negati,ve ¢c A

secreting GBS }gg &1‘5)“%1531‘}3@%%‘{ é“)gﬁnc?u%% af&)‘?eéi\%u%lggié@ é@%éwg)ﬁgﬁ i t i onal
sanpl e ( B)has besm desceipad & Hixpositivs tordtiol sigvhilistiytioas &l aj) smlﬂesrarassmwmh a

bi oti nyl at.ed. mpuse anti - hugan 5 |1 gG Fc; spgcf) ¢ & ant i bod I gna,
) whifch e 8 gaee et Broteendarpiety ang % SRR Fuaf st gSo o
15 m nut ess viRSedGRREELDIF! 3:00 nlagame cEitRs, eB bﬁptﬁahnﬂh%tiy,cm pasitive doairoly
conparable to the amount of protein A used in revious expe ‘E | ments.

Sanpl e ( B)ProtgiRA.JRIFeEEEE AR TS :lﬂﬁQ,tE‘Bft)eH“Wff"rfn%’% QW FEPS, YAt AT ® 1gG and
further prtﬁ&&ﬁ?ﬁﬁu&ﬁ g&ﬁ%nﬁ%e@m‘é%&ﬂhbﬁﬁlefzorhéd%sop@gh&d Meibedynvitol  above.
or

Di stributions | €s are shown 10 in Fi as cell count vs.
f 1 uor esceriseanige mdﬁypradﬁcéfsamp@\m EFY Ol ! @#%%S’r‘% AR EROIEEAAAASs,  as was

used 1k Fl Gmpfre Fne, e ndea Siﬂﬂ%EélléeH&%Uef When gmteﬁantmasmmwa C
positive con secreted cB rotein A). Numeric nean
f | uor escertberevak aRﬁO-&dd ummaﬂ@mtlmantﬂhere@nesm thbﬁﬂﬁwt@nﬂé}ﬁ“ piotein 4 Way ar e
listed in tabl h of nodel

pr oduct (s’g?ﬁgegf %)V%%%é:}; E |g%?eélg§éﬁalg%g¥re n-f uroresggg:?e as 15
conpar ed ttechoiymemegasddie caqmmzlam detertt keretddoviyd &y withvrespppramalely SA-folds used

(sanpl e )mcrease 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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there was an 80-fold increase in nean fluorescence, thus dermnstratl ng that

protein A was nore effective than capture anti body. Protein A was al so
highly effective when the technique was used to capture and detect
secreted cBPH3BI244} t h an approximately 55-fol d increascPGHERMYER|S4

fl uorescence as conpared to the negative control. 20 Sanples prepared
exactly as described in Hol nes et al. 16 ba. ) showed no increase over the
negative control (data not shown Tahl e 2 25 Sanpl e. nea fI u .escence

[ ar bi t r ar pf binflingresgectiyslya T heasetica . PEATEN & %O“Iéélﬁ‘(etﬁneaxﬁ‘f?? PHEY o genous

1g&:8 C Sp)P XROSRBESy, badthEs i aliéam‘otabﬁbleﬂ@t ein A+
secreted c%g{o?i% )gs%rﬁ;lgé}rel&ﬁogca he dat g®of expen%nts B vs, \%i D it is

clear thaemouiofsecmtecamtibedyckaynd ftheoretical dEdd tspsift eRbaRcement) drastic
' ”pfoverfe@%;aggggpg@g@v& dops @r?te%ﬂkf‘eﬁfe‘h@.ﬁ PR GARReE b Yighhriesameig 2004 WO

03/ 012449 I ndi ng, respectlvely heoretlcally,
protein Aasttrhndb/dam'aweedethe bindiog affiwity ofprosimAibygbowion erdes. b coptrashthe, o

compar ed | g GAPLME A BB AR LS LA v bt LAY B ol amrount of

secreted 5 oun Ica intensity en ancerrent) Thi s
expect at i @dsld\lmgélyl ehweuds tho tisbidinslbbredicthbvates, suptisingly and ey ukepwe a hi gh
affinity binding 5 anti body can exceed the binding affinity of protein A by
about one™¥&r. In contrast, the actually observed intensity enhancenent
by protein A vs. capture anti body of about 15-20- fold largely exceeds the

h LIy predicted val Kk
Filo. 10 S emparmesHon pditk Hecunasef s S IR S e B0 10 g

Fe porti onx@feno@iPARIBOUE Vs, PﬂiﬂﬁﬁlAllﬁ@MsucnémgenwskgﬁbISammgv&mh exogenous
| gG. Sanples were essentia

I repared a escr.i bed in t parts of
th| s sect |eé$$ﬂt1@lyd§?ﬁafqdr?éfle%{’¥fhgll? e“atrl?ﬁ‘ﬁ%‘? 'gifss??&b?’lf?“él 5%?{‘15’3%1@‘ aPld p?ot ein
A t cHsEd i luesll fot csbaded whodoabled
sat L?ZF??] ahg)lﬁ%y?fng Plf%lﬁ%dy%&@%ﬁ%/\]gga gd to a,qlgﬁLOt J voaIW (%f felrfa 15
pel | et nngxd@eto emgnre pRivpEnghiadng dluifiph %&}e‘f’@r ta%egveaﬁf%q §fil o
exogenqus ﬂeﬁgf’, ULk, eﬂsﬁ%‘ﬁ@&ﬁée%e&l&?en%@@ BRREntAP8A of exogenous IgG during

incubation.



_ _ _ .17 December 2004
15 Cdains 1. Method of selecting cells secreting a first ant |elgody,

conprising the steps of a) linking avidin to a cell surface of a cell 5 b)
i ncubating the cell with a biotinylated pol ypeptide conprising at |east one
functional antibody binding domain of pfotein A protein G protein L or
functional variants thereof c) incubating the cell with a second anti body
or antige®laimest is fluorescently labelled and that recognizes and binds an
epitope on the first antibody 10 d) selecting fluorescently |abelled cells
t hat have bound an anmount of second antibody, preferably by neans of

f | uor escent MettaklyFisgledtivpwelly taaneting fird anlibbdygdombrisihg i@ slepsofiar act eri zed in
that the biotinylated_ pol ypeftide Is a protein Gor a protein A 15 3.
Met hod of cP)ailiﬁ%q.‘}g%P&bﬁé?l swfpogpfapelt the avidin is bound to the cell

surfacg aft . 1 Qi A I : een carried
out, p?eferg%llill a}[’ta}é ﬁkﬁ?%?{lﬁlﬁ/ lgta%ll fgﬁgﬁgéo%g%rﬁﬁgg?@gﬁkggﬁegkﬁgggterrperature
of | ess than Ifaticdal ahtibdy lindingfdondaai of protemhdy moteer GzmdteimLiohat duri ng or
at latest after incupation with the biotinylated polypeptide, the cells

are cul tured iHug RS ANSPYSing a viscosity increasing agent. 5.

Met hod of SQL%édﬂﬁﬁngﬁHc%ll%ﬁﬂfaeéle}:&m ﬁ}ufobaﬁsr At POAYis (PRI IS IBE St eps

of 25 1) linking avidin to a ce surface of a cell wherein the avidin is

conj ugat ed t o and thasirqqegpizesianddungsrdngipitgpaen thedisst aptibodyunct i onal ant i body

bi ndi domg{ n referably,.f I ot.ei.n o, fromprotein A 2) incubating
the-caft “vi Bh iesBRE ey e R A e oBipsphf B PrabRaLedintdy Maber ed
and that recogintibedy, priderabl Iﬂéhnebfﬂ@cﬂes&ﬂtitﬁ@sfsiﬂcﬁ{fc?ﬁ&hé ydy 30 3)

Sel ecting fluorescently | agg)l?l ed cells that have bound an té?am)unt of second

anti body, preferably by neans of fluorescent analysis 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.





