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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
involves 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 fluorescence 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 cﬁometric 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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The biotin promotes further binding first of avidin and secondly of a biotinylated capture
antibody. The capture antibody recognizes the secreted antibody from 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 antibody 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



30 detect the binding of a secreted chineric antibody froma given cell
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comprises the steps of

a) linking an avidin to a cell surface of a cell

b) incubating the cell with a biotinylated polypeptide comprising at least one
functional antibody binding domain from protein G or from protein A

20 ¢) incubating the cell with a second antibody that is fluorescently labelled and that

recognizes and binds an epitope on the first antibody and rinsing off unbound
second antibody after incubation

d) selecting fluorescently labelled cells that have bound an amount of second
antibody, preferably and expediently by means of fluorescent analysis flow

25 cytometry (FC). FC allows concomittant sorting of fluorescently labeled cells.

The producer cell secreting the antibody may be any cell employed for secreting antibodies
such as e.g. hybridoma, myeloma or CHO cells. More preferably, the producer cellisa
myeloma cell line, most preferably, it is an NSO cell line.

30
Consequently, the antibody may be any naturally occuring or engineered antibody or
antibody fragment such as chimeric or monovalent or bispecific antibodies, including the

more recently known single heavy chain antibodies of camels and llamas (Trends
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the surf{&ehapacity is approximately in the range of 14 ug biotin/mg of protein.

20  The avidin can be linked to the cell surface e.g. by crosslinking. Conventional bifunctional
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)biocytinyloxy]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 a 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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In the next step of the method 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 immuno globuline or
immunoglobuline fragment. It is a non-immunoglobuline-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 Pepfostreptococcus 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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fragment of IgG as does streptococcal protein G, involving in both cases e.g. in human

IgG-Fc residues 252-254, 433-435 and 311, as shown in Deisenhofer et al. (1981,
20  Biochemistry 20; 2361-2370) and in Sauer-Eriksson et al. (1995, Structure 3, 265-278).

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 Fc 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 truncated.
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del et i onsgeferably # licksaaptatohtut®3/ 012449 PCT/ EP02/ 08054 7 Preferably, the
pol ypeptide conprises no or only 1-2 sites of glycosylation, nore
preferably it |acks any carbohydrate. Preferably, a polypeptide conprising
at |east t iRk BothPEsisy st i tanAp &S yHiadhy sités, nivsasrefepadyei n A
of abouﬁaﬁgyﬂﬁﬁg%ééggﬁég?é3g?gﬁ?§$gﬁ%%ptoyed in}?%e.pgesent Lﬁ%gntio%. Such
i ntact pinticeproten Ras’ abost 49 I mel ¢autdrtweigit nglemploypd isthe preseHany=@lighr t i ons of

IgG In _conjunction w.th the i.val.enc . di ¢ hi ot ieties,
this | oS TBREOHe LA A 42 BB IS TORY s BLUSIS popiop ST,
ant i bodypauRf ARGt frulidvaking P aF adtl fof biogihinsietickDthR lehdsty catsideralit t he
pol ypepti de may be achi eved by any of the nethods, descri bed above for
bi ot i ny| zhplificatibn phthegerduns of feareted antibadyibeyndrand;thus te signa araﬂbf?%ﬂv-eni ently
possible to conjugate a biotin noiety to tyram ne, whose coval ent |inking
to the polypeptide is catalyzed by oxygen free radicals generated by
hy dr goenBREngKiieasethieholepidenanbe acievedyyranger tipenetbdedestibddaboge al so
possible, and this being a further object of the present invention, to

© ﬂﬂ?fode carries

enpl oy £ biadinylatign op Hio,ged surtace. Fyrdeitien, didsplsg and coeBITI B PYSS

at |east_ o n‘gga? n{ falg)‘lﬁg %%Oi%gg it}ggxgﬂ{%?@haseoéovgfeﬁi Bliind\the BoBbEHHG

Crossl i nKig0 p pfotein noieties, respectively, is
vel | - knogalyzed hieodices fiesiratidal gdnsratendb niaydrogenaguehoxadasd imiherpreseRee eful ti t ude
of reagents (Fasold et al., bifunctional reagents for the crosslinking of
pr ot ei nshydrog@@eRroXifem I nt. Ed. Engl. (1971), 10: 795-801). For instance,
coupg ng to amno groups of the amno acid |ysines by neans of
N- hydr oxysucci ni mde (NHS) esters is well-known ) )

It is also possible, and this being a further object of the present invention, to employ

directly an polypeptide-avidine conjugate which polypeptide carries at least one antibody
binding domain of protein A or protein G. Crosslinking of polypeptide and protein
moieties, respectively, is well-known in the biochemical arts and may be achieved 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 lysines 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



in the art. Prefered enbodi nents and definitions of the present invention
apply likewse to this object. 25 Preferably, the biotin nmoiety is |inked
to the powgpepiisge by nmeans of a spacer noiety, which sSpRCErEPar/MIRAS a

|l ength of at least 15 A, nore preferably of at least 22 A nost preferably
of at least 30 A Suitable spacer arnsgcan be e.g. linear alkyl noieties.
Such extended spacer arns reduce steric hindrance when bi ndi ng several

bi ot “y'qgg d& lg%g%’n%r%% aﬁ%as%%l@cﬁi Bbﬂlegﬁﬂa)}n%ét GprEféféblrs% 1pefiar ed is that

the anti n conprising pol ypeptide according to the
present masmﬁﬁésmpompbptﬁk atprotems tesBedbivelyi Hhereitend @fslH@@%é#lté’rﬁltqf}h@l nked to

t he pol ypeptide WO 03/01244 [ EPO2/ 08054.. 8 or r ef er abl
at | eastpog’PSPBg‘?ﬁeﬁﬂﬁgcé@né? &)Y%%PWB S8 Feastye %“’EB gk’glw%{d%c(g Pes per Y
pol'ypeptindfo 8fou gﬁ efﬁysﬁle §1ﬁl§ﬁﬁ§1"gtd($kh5fc§5h@n@>éh@ﬂfé p)f)p&h@ﬁbﬂblloahylaﬁomf t he

pol ypeptide i's easi | governed by t he nunber of reactive groups in the

pol ypeptregien( ®. Ig)lypqattdﬁopfgﬂmgp@ylétﬂoﬂ ysi ne, sul hydryl groups of cysteine) and
the proportion of biotinylation 5 reagent to pol ypeptide upon

bi otinylation. The second, detection antibody according to the present

i nvent | ofheRYorkRE dal¥tiorcambeny aadaling td te pasesinvontibahelylbedngant i body or
ant i body fragrrent that specifically binds . to the secreted f.i rﬁ;@‘?lﬁatl body

whose ex(pﬂé@liio@ﬁl Biyroxgsesatly lghedpd 31Ftsb0@éf op antihody ipeaenbihat pecifisa Y of the
present inventi t n

ant i bod nhessheﬁﬁ?ed rsPargﬁ)%dil[Br Ued r&}gﬁ) g)r y(;edg‘%grclldsﬂgflgnmyﬁé;ﬁlo Itng%%gg Eﬂrﬁgl nation
of ayof | rgéthaddf SeGeednt ideéeonl bitha Bdidpb@(ﬂ ]‘/he mredent inentica tdetechen nglbody

fl tly | abelled, t | | at
teohnt qugsll sieiheasnerisd 46F SR GUEDTE SRTRPT of A THELFLSERNT y
| abel | egde?&:tt" g%ﬂtﬂg 'yigéjlamfr Belie ﬁhéréécenﬁ}ﬁ&b@ﬂ&ﬂ a@ﬁtobﬁ%iﬂwnﬂﬁy be

enpl oye et ectrron. Expedi ently, etween steps b and of the
present déomplendd mrrgslaasdsbmhrﬁquem‘slmh\wmg:djllsa techriguasoRqyrdyi @@HPWS%‘@FW culture

medi um al tqQ saturate fIC ant i hod S on
t he ceI |l é@f@é@@gw FeROEHE Wfd a,g&ﬁ? gbﬁybo, %ﬂt})rl %9%%8%19%?&#
af t efs | nehatdnAY, Blfbekiise <‘s€‘é k% Mt ridneprBieat invehtade d shet itpeptiide 20
accordl ng to ﬁg 1mate hod " pt he presellril\fpl nvention, the cells are cultured in
a mediu nnncubanon period in cell culture medium allows to saturate artifically created antibody

binding sites on the cell surface with secreted antibody.

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, polysaccharides 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 to 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



conprising a viscosity increasing agent. This neasure prevents
cross-feeding between cells by artificially elevating the viscosity of the
medi um Syoh3atame can be e.g. nethyl cellul ose, PEG st &CTIEP02/08054

pol ysaccharides from al gae, bacteria or plants, or gelatine. In a prefered
enbodi nent, gelatine in a concentratioQ of at |east 10% (ww) is enployed.
25 In a further, particularly preferred further enbodi nent, during or at
latest a Hale ’ S5l 2o b ety trotefbedal Ypeaehde and
pri or to;‘ g%é?gﬁt?ggatg%%&ggeﬁtsa%/\n&t%%&%gea%o#l’&ggggggrﬁ ly |abelled a%ti body or
antigen edlsording to the nethod of the present invention, the cells are
cultured in a nedium conprising non-biotinylated protein A or another non
30 capture, conpeting antibody binding domain conprising pol ypeptide

accor di nrrQab1)Corid 6 SRMing TeRRIE Rith thdldoreResdlaballddmtiobdpér dregsn 0. 5
g/m., nore preferably in a concentration of at |east 4 gg/ st

nL!
pr ef er abhogordingtoctbn crethadaef thprsseniinveatien agl #fipr heving plligwed 8544154 such
non-capture, .conpet.ing pr.otei [ |4 [ - i @R W th WO
031 012448 esy BB B e ou U Ref p8lyeltfith Bl Imit o8 f SRR M A
above, i i@ BREkiInG ARIBYBNE 2465 3hé €4 e1g ihetcoremtratien bbat leused.&rtabl y, pri or

to staining the cells with the fluyorescently | abell.ed ant.jbody or antigen

5 accor dmggnt. Suchthirdehlpeldng pntitedy py @c&@mbmﬁ&w@ﬂm&m ﬁilba‘fyd‘ﬁ&@]inﬁ&ﬂﬁﬁ | owed
secreted .antihod LD | Qb bt £d RRhY RERb BRI, 3lmeas

i mobi | %@mi)hoth}éat%@@&g%}lﬁggg{@gm %&?%%éab@ocki ng aﬁ{e! bod}L llb?s added to
the @l | Secofd HluoteBcatl§dstetiat natigenror afitiddyl eagdoydd. for dese@ionpghisimeageh t hird
bl ocking antibody is able to hind to _the remaini g}eanti ody, l]a ndoivgg sites
of the biftsthiengonitibucpin gipainatedae sirssfeedms borwe 8 SR dReY _
respect | \glotiviRorbif abdrdEeaifl b HoiRaenhl YrsaRehveadon beanvidfouant | body
enpl oyed tor detecti on. I's measure Tfurther contributes to elimnate |ate
cr oss- f eedliimgtthesushencastueras bandmbed in any way with theethei propese) MRSHAY

di scrim nation by the assay of th esent j.nvent i I « W

saying t k&t heaatroRbatIGras e ASHY ae@ﬁgfl}*?&ampﬁ l%rﬁorﬁ/{%féﬁw ltaﬁdﬁgégt%h%?@g{reopos ed
Measyk es jje Gy Gradr B8 syHePERKallY chRdice aftfAthiRgen tnd@ ths Gensitivtycuitinedssay
non-biotinylated protein A and the 15 like, in order to synergistically
enhance discrimnation and thus sensitivity of the assay. WD 03/012449

PCT/ EPO2/ 08054




10 Exanples In all experinents, cells were taken from exponential growth
phase of batch culture with viability being greater than 95% as assayed by
st andar d woedocahd counting techniques. 5 1. Conparative @expapomesss Cel |

| i ne 6A1(100)3 (obtained from Lonza Bi ol ogics) derived from NSO nyel oma
cell Iine was used. It is a GS-transfgctant cell |ine (Bebbington, C et
al., 1992, High-level 10 expression of a reconbi nant anti body from nyel oma
cells us%?%?ﬁ\l gl utam ne synthetase (GS) gene as an anplifiable selectable
mar ker, & hnol ogy 10: 169-175) that is secreting human chineric 1gG
anti body cB72.3 specific to the the breast tunour antigen TAG/3. The cells

treat ed tl described in th licati (i bd.).
The r csomalEeamsabpa TG akat PR opaganeerar Bree DRrer bt or once

in fluorgse i PaeR JdsheasaeiRl ibGtmahidsdyeadeARottngaadmitiuregat i ve
control.ﬁgﬁﬁﬂﬁﬁﬁégg%%% celfiP?%e CAC@ No. 85110503) beiﬁg observabl e. The

expers nent was repeated wth a non- producing GS transfected nyel oma cell
line and, Wit h huqan I G.addted externally to the cells, and again, there
was no abpﬁ%@@ﬁﬁi@géﬁgﬂ@?%%ce in mean fluorescence. 20 2. Secretion assay
2.1 Capture of secreted anti body The principle of capture and detection of

secreted anti body is schematically depicted in, ch Fi é Tﬂ)e cel]..line
6A1( 100) Geld Gue 641 (lPO¥h(abtained fom Lisoas Birazicy) dreye Ealinﬁq% suEipaz ceilline

oL ( 100) Fogieiott iyp O RaBREY S R ADurRB bR, EOBSAL A0 HBR IR 0T 1 m
of 11970/ lordNeSnldareedrhbinadteatibbdgfiem moyel @i B86]s using a glutamine synthetase
ohys! ol olsiegens ¢ amap IS SgIgHeRle mrek e s HboRER (P IE A Bt on ot 4G
30 the ¢ e'cke%fgﬁ{uﬁqagtf&lgﬁgn& ng?nﬁqtib'ad B874 86 d0i i@RANE ercShrene Agshriaptident. Of

PBS (pH7 neutravidinTM (Pierce, UK) solution was
added, amd@7BeThetdls weae tizated dxadtly as dosoribedrethapublication Hadmes efial 6&dol | owed

by a further wash with 50 nL qof PBS (pH7. Fold ow [ e-sy i in 1l nL
of b 7 BBSresAbaBoGEPPG ARG S PO ks Sratisa Dt BB TS e
PCT/ £P02(,Q8R84 the secreting cells and an untreated negative control cell line (NSO cell line

ECACC No. 85110503) being observable. The experiment was repeated with a non-

producing GS transfected myeloma 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 (pHS). 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 (pH7).

Following re-suspension in 1 mL of pH 7 PBS, non-biotinylated protein A was added to a



11 final concentration of 1 pg/nL: the m xture was incubated at room
tenperature for 5 mnutes. Next, 52 L of a 1 ng/nL biotinylated Protein A
(Pierce, Woaokboxddy IL/U S A ; carries 6-10 biotin | abel sPpo&rEPP2/@H0&4 N)
solution was added and incubated for a further 15 mnutes at room
tenperature. The concentration of biotiinylated Protein A applied for 5

i ncubation was not yet saturating. |ndependent experinments confirnmed that
even at concent r.at i f 0 i QL E r i iradi was
not appr@ba& tﬁoﬂﬁe%%EIB a(%inloglg/ #%‘a%%gﬁgtugh@%??&g%ﬁglagg 8%% %g@ﬁ?ggeggpg

posi t VenGRRk! NextVBhaut BER 1dasesl. Bidtinylabs Propiopl (Fiéree,RbdkferdpIL/UIDA.;
purified cB72.3 19gG to give a concentration of 6.6 g/ni. S%rrpl %s to he used
as negatdavesc@nf rodtirc absissres prajeing eplutom #vas gdded; apd ingubated for a further 1

bi oti n/ avi di n/ capt ur rotein affinity: X 4 I

pr ocess dF RS, TO9PH g?gp%%{c%el‘ e@ es{Oartlrc ?ét%m%%bf&ﬁ gg]%ge??%%?%ﬁﬁ ;teﬁ‘gﬁgéecg rf etion
medi um  B5udtion SREPLES yehadtuieEng Imdependése dxpeninidngs tomfirnsecthat ieven a6 say
were exposed to the follow ng, procedure: %Ié,s wer e esu(?Fp nded ir;[. 10 L
of secr eeoneentrasion w120 ¢eiml biotinyiated FEIPINA-JENAIRE $2F PRLIAPATECHREFARIARON o

al ., Inmproved | i ne devel opnent by a high throughput affinity capture
surface ??ﬁ%}%ﬂ‘lé@hni que to select for high secretors, J. of | mmunol ogi cal
20 net hods, 230 (1999), 141-147 for culture of NSO 6A1(100)-3 cell line

iched with 10% l'atine). Thi dj I . tai ned. i
o bt oy Srymet o A B b S e MRl ¢ v
di ffg)ses Ay Jﬁﬁ@ fgﬁig}%g{ cSldesiraAng &f'l%ﬁ M¥oIRrevent it frombinding to
el’rs. & s Were 1 ncubat

non- pr oducer ¢ ed in the secretion nedium for
15 minutes at 4 T. 25 2.2 Fluorescence Labelling Bound secreted anti body

(S g, - Erpolat 103 FSAReS PSR GRPIGH CTRG0B OLBAPLPEGTRN 48 doscr i bed. under
sk e IS RSB B B el v prom saroun 19,
i ncubat eshnfysies Ganiinp witisincathation &l the serzetéort mediuwashed for the second tine
wth 1525

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

procedure: Cells were resuspended in 10 mL of secretion medium ( cell culture medium as

described in Holmes, P. et al., Improved cell line development by a high throughput

affinity capture surface display technique to select for high secretors, I. 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



WO 03/ 012449 PCT/ EPO2/ 08054 12 mL of PBS (pH7) and resuspended in 1 m of
PBS. 5 L of npuse anti-human Kappa light chain FITC detection anti body
(Sigma, UKD osas24aedded, and the cells incubated for 15 m ®araP02/6854 owi ng a
further wash in 25 mMl PBS, the cells were resuspended in 1 nL PBS for
analysis by flow cytonetry. 5 2.3 FlowXxytonetry After staining as
described in the previous section, cells were anal ysed using a Coulter

Epi cs El fan%'f %ﬁﬁ @/ésﬁ h&édmtﬁn 6518B9r19 ANQf BbRsBERfhERAKapa Bed

detection 1 pectlve y. Log side scatter vs. forward scatter
was usedcHain FH@ﬂetégnmubvd)a@lgnpdﬂé) wes addedhansthoeellsjaewbated dar The | evel

O e o e I LT S 2s T, iy SRS SR LR e pRRas o

for thls A) negative w t hout

af fini ton%hél&éﬁ;by(ﬂ@V@%& ith secreted antibody captured by the
affinity matrix and (C) posi t| ve control cells incubated with externally

addeds, purified 1gG 15 captured by the affinity matrix are all shown in
Fig. 2 3 e unt,[ vs. fluorescence intensity. Secreting cells B

exhi bi tgz—ﬁ%%‘%gﬁ—uﬁxoescence of 19.3 which was a 50-fold increase in nean
fl uorescence as conpared to the negative control A The positive control C

showed a nean of 59.5 and thus a 125-fol.d i ncrease over, the n ga]%é
cont r ol . Afigheirining asdes@ibedfin Hspre FiPYTEsER fells WereqmaivRy! ‘fsbnﬁffg Tare given

in tabl eEElCS %,11-['- %&W%@PA&W& hi ﬁfﬂ%ﬁ%’?g%n{: SRS PG ddckioh A

negative ecreting ce positive control (+
exogenousalgegthdrebpectibely. Lépsipasattones. Exawmapl s:aﬂfhewwlisedtq idenielydhef

blotlnylated capture anti body b of . secreted ant dy .at th
surface Wableqwppifien Wiiehve Jo?“%ﬁggﬁvﬁw ‘E’desﬁ%“tegf“?‘fp& tefife e finifl!
conpar at gf’&&f&%ﬁ twas ntn% é@%ﬁhis%pﬁﬁﬁaﬂ DeEibREsHHOIEL) ®xatid y as
described 1n sectio t he exception that
control (i.e. without afﬁmty matrix), (B) cells with secreted antibody captured by the
affinity matrix and (C) positive control cells incubated with externally added, purified IgG
15 captured by the affinity matrix are all shown in Fig. 2 as cell count vs. fluorescence
intensity. Secreting cells B exhibited a mean fluroescence of 19.3 which was a 5 0-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



WO 03/ 012449 PCT/ EPO2/ 08054 13 PBS devoid of any viscosity increasing
agent was used for incubation instead of secretion nediumfor all sanples.
Apart frowossanday d negative control (A), positive controlPCTEPOABHIS4 CB72. 3
secreting cells (D) as described in the previous sections, one additional
sanple (B) was prepared by substituindg3biotinylated protein Awith a

bi oti nyl ated nouse anti-human 5 1gG Fc-specfic capture anti body ( Sigma,

UK) whi chpwagvbiargthhl viessigintlgsisehens Waé acd fobincubutiondhdtend oftsecetigl n  f or
15 minutes, this concentration being close to saturation . and bei

conpar abmedivm farellsampias. Aparp fiomestendard Regative cQi! prbPPetiEe %9&5@? ﬁ(lgrg?’ﬂds .
Sampl e ( S _subse Ly 41 1 2 gG and
Furthor B G oean BECTNED) aldorPanh e i b A RaRNE SR HadRER PR Ve

Di st ri buiagpsephfed b3l substttiplgsottyatadproteid @ with Ebgptinglaksl mebde antthmnans .

fluorescence intensity after flow cytonetry. fluorescence anal ysi s as was
used ¥n B FC‘IZP%qiicgf!.anl:re ?@tlt’rﬁ’é@éﬁw&fézégﬂ){ Wé%h Vﬁ"% “E‘gﬁg’ﬁfsgsﬁﬂ&‘%%ﬁiﬁ}ﬂéfe
posi tivey, (?&tuf)gl{ion at%roglgxlrnpfd%’lS%inﬁ?ﬁ,;tﬁg%ngéﬁzﬁﬁél bALLERLO toNaturMiiBAdC Mean

fl uorescence val ues a ding to istributions given in Fig. 3 are
| i sted i beinglbmparablEhe thsemadntofptaieie Aantadbn the pmevibuhenparimegs wavarle (B) oduct
(sanple B) gave a 5-f.ol

i ncrease in an, fl.urore nce.a 15 ed to
t he negaf’ay&uksgaEsEy 1’_&%1%??. "Hﬁ}@?@?r}o ciildsd ﬁ'ln@iaﬂfg“? \%‘gﬂ{@ee{jpr()ggs(rgmg?gg 0,
there Wag,ahe el Rtuddifhicthe 38&til & coRAN abdHODRSERRSs férrilissafRIERnss iakimyg t hat
protein A was nore effective than capture antibody. Protein A was_al so

hi ghly eff Eigt 8 we cotheount e flucsesheriagiietengity afise foweytdmetor Buoraspepes aalysis,

secreted cB72.3,. with .appr.oximat el y 55-fol d. | . el RAN

f 1 uor esc8h¥a@s H%CdéBr?%%rzg@l 'g"tAhBe n%ﬁﬁtclx{%ac hfarpgfr?gg%§@rr%r g% pr eﬁggg%i

exactly asotdiayc mhReretdd dJHTRME Sritéindl). Nuhledic meah dlvettstnct Relueaseonineg tot he

negative control (data not shown). Table 2 25 SarrEI e nean fl uorescence
P

[ ar bi t r atlye disfkibulions/giveeigdtig deare disted an tables2.Bhesp PLFaptysR Ry Withexogenous
19G 2.8 hlcl:manc?g lfrﬁo%e%%dﬁ!:ﬂséﬁ’nﬁe %%gsgﬁ)'ﬂ-sfoi(ﬂgcrégse?in mean flurorescence as
15  compared to the negative control cells. However, when protein A was used (sample C),
there was an 80-fold increase in mean fluorescence, thus demonstrating that protein A was
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 control (data not shown).
Table 2
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



D: Capture protein A + secreted cB72.3 32.9 Conparing the data of
experinments Bvs. CD, it is clear that substitution of capture antibody
by proteiwoOA3®IMes drastic inprovenents in sensitivity of PAFtEPO2/ISHN4 and
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10 antibody, preferably by means of fluorescent analysis flow cytometry. 2.
Met hod of claim 1, characterized in that the biotinylated polypeptide is a
protein Gvoros/ow4protein A 15 3. Method of claim 1, charaeCarmEpPazossn that
the avidin is bound to the cell surface after covalent biotinylation of
the cell surface has been carried out,lpreferably after biotinylation has
been carried out at a tenperature of |ess than 10C. 4. Method of claim 1,
charactegigpd in that during or at latest after incubation with the 20

bi otinyl ated pol ypeptide, the cells are cultured in a medium conprising a
viscosity increasing agent. 5. Method of selecting cells secreting a first

ant i body ri skhng t.he eps 1.0k L gy lde surface of a
cel | Me}-eﬁ\ﬁ%ﬂioﬁﬁj‘%ﬁlﬁg |c§1 Scs(%ﬁfeﬁé%% )eﬁééttagﬁg 5@%%1%%3%?}%%&%00?@” sing at

| east one fynghtigsavidanbidetsutficebigetionai n, preferably fromprotein G or
fromprotein A 2) incubating the cell w.th a_ second.ant]j b%gé or antigen

:Eatfﬁl s f1 tor meukaiingyhe eglbyith a biofinylatednolyRepbgn FOBRISIAG 2HFRAIE AN epi t ope on
e first antj i
{F],{%‘Q{g%/naif)m&@dé@%g%d}g%?#ﬂg%é};scent |y | abelled cells that have

bound an anmou secon preferably by means of fluorescent
anal ysi s f lopwineybaingtthy cell with a second antibody or antigen that 1s fluorescently labelled

and that recognizes and binds an epitope on the first antibody
d) selecting fluorescently labelled cells that have bound an amount of second

10 antibody, preferably by means of fluorescent analysis flow cytometry.

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.

4. Method of claim 1, characterized in that during or at latest after incubation with the
20 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
1) linking avidin to a cell surface of a cell wherein the avidin is conjugated to a
25 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
3) selecting fluorescently labelled cells that have bound an amount of second

30 antibody, preferably by means of fluorescent analysis flow cytometry.



