METHODS OF SELECTI NG CELL CLONES BACKGROUND OF THE | NVENTI ON 5 TECHNI CAL
FI ELD The invention concerns the field of cell culture technology. It
concerns a nmethod of selecting cell clones as well as producer host cell

| i nes sel ected thereby. The inventi og further concerns a nethod of
producing proteins using the cells generated by the described screening
nmet hod. 10 The invention additionally regards an automated platform for

i mmedi at e-early high throughput screening, that means cell clone selection
before the cells are passaged the first tinme, of manmalian cells producing
proteins, METERIPRSIOF BEEEPANG CERLAGEONES especi al |y anti bodies. 15
BACKGRQJND The market for biopharmaceuticals for use in human therapy
continues to grow at a high rate with 270 new bi opharmaceuti cal s bei ng
eval uat ed g ey F)tFup mat ed sales of 30 billions in 2003
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popul ation of “cells grownin a bioreactor is genetically as hombgeneous as
possi bl e. pEsaeget el fitst ofimes of stammeliamdcelis! lpradicing ishieihsreesoetially

generate rtrlpé].gp l?ﬂgg) &hé 4§p%%fﬂﬁf“ﬁ§é§gﬁ when used for cloning suspension

cells, its X &3t y to repeat the dilution step at
| east twice to reliably obtain populations that truly originate froma
single parental cell. An attractive and reliable alternative is the use of
f1 uor é8cence activated cell sorting (FACS) to generate nonocl onal

mammal i an ppetkcROWASD(W2005019442) . 10 Commonly used nmanmal i an production
cells constitutively secrete their product into the culture nmedium The
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cul tures pPRustiontof dliopharoErputicaisdioen eukanptiof espesigllysnammaliaopeéltsais

bi osensor g, A . {,88| §n§ BESIRILE, ¥ &8RN licd/ 6 th Fecombinant monoclonal cell
line used in the process. 'In addition, the time to generate such a mammalian cell
25 line producing a therapeutic protein is an essential part of the time needed to bring
any biopharmaceutical to the clinic. Taken all these aspects together, there is an
urgent need to develop methods to screen novel producer cell lines as fast as
possible while maintaining the quality of the cell lines resulting from such a screen,
particularly with regard to their productivity. “
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20 inmpl enmented for high-throughput screening of cell culture supernatants
at early stages of cell line devel opnent. Cenerally, characterization of
new y generated nonocl onal cell lines producing therapeutic proteins
requires that sanples are taken fron%the supernatant to be 25 anal yzed for
nmet abol i ¢ paraneters, product content and product quality. Wile sone
approaches have been described to increase anount and throughput of
sanples to be analyzed during cultivation of mammalian cells, these
concept did not enable such neasurenent at the i medi ate-early stages of

cl one scr agadition Qﬁtmﬁfﬁmlah T;fn@aactﬁche ce®d lgenaefafly pageiRged tibAing &b o me.
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t herapeutic an S In serunt m cal | y defined nedia. The
set-up consists of FACS-based single-cell cloning linked to a robotic

station or_auto Iatfor erf ng_an assay.such as a S
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(ant i body JinggoRbedfitutd nli@m@&al qml moSHEdmeidNn erﬂﬁ)d%stot ASEcOBAN quBntifyOoed
single cell mferablyln 96- well plates. Lléggto efficient use of
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been described to replace ELISAs as assay for determination of recombinant

protein concentrations in mammalian cell cultures (Baker et al., 2002). However,

many of them, such as optical biosensors or rapid chromatography can not yet be

20 implemented for high-throughput screening of cell culture supernatants at earty

stages of cell line development.

Generally, characterization of newly generated monocional cell lines producing
therapeutic proteins requires that samples are taken from the supernatant to be

25 analyzed for metabolic parameters, product content and product quality. While
some approaches have been described fo increase amount and throughput of
samples to be analyzed during cultivation of mammalian cells, these concept did
not enable such measurement at the immediate-early stages of clone screening,
that means before the cells are passaged the first timP:. (LUtkemyer et al., 2000).

36 The standard procedures used are not only time consuming but they also involve a
high effort in cell culiure maintenance and thus in cost. |



W have enployed this assay format to replace a standard tinme-consun ng
ELI SA format for detection of 1gG type anti bodies. W have designed a
novel concept to enable the earliest possible screening of newy generated
nmonocl onal production cell lines for, their reconbinant protein
productivity. At the sane time, the ‘data 30 denobnstrate how this concept
can expand the capacity of such a imediate early 4 screen through
automation. A single unit could potentially screen thousands of clones in
10-20 days. In light of this observation the novel fast-track quality
assessnent for nonoclonal cell line productivities described here wll
allow drastically reduced devel opnent 5 tines that are needed to establish -

rel i abl e pregearasedhersforgetisr BRedlp percieralp Privairoess Pl selacting gel clongs
earliest RASs) Qkﬁgwfﬂ%ffﬂ%ﬁﬁdﬁr@&gﬂ 5tingk&sicel | cloning is the analysis

of primary nonocl onal C S, cultures of single cells giving rise
to a cel | Hirtherinord)ehemrewtbdle acedpassagedatedhetprocéss for the genersdioni oF al so
called i q%ate early screening. As these are the parental cultures of

t he ceﬁlngﬁs gggycg%géllqsr ultimately give rise to a master cell bank
(MCB) as the primary stock for production of therapeutic protein, a
crucial prerequisit of the present invention is the continued sterility

during t hSYMMARYE QRTHEINVENERNIre. This is a key challenge, which high
15 throughpul \GEHEEGHES 'nggef"r'ﬁteﬂ{ﬁ?:t ff! SBIIeetir’;g?) E8F cléned tefre ¥ §59(ng tROHES
g do t a I's extend. A.

such as targét Screenin not neet oOr east nof to t
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present i nM@Dghelt iseredinP B eeifs folem hSeChinkss Bamstef hevarpNEERO) ofells
selecting cell cl ones before passaging them that neans .
producing proteins such as therapeutic antibodies in serum-free and/or chemically
defined media. The set-up consists of FACS-based single-cell cloning linked to a
robotic station or automated platform performing an assay such as a homogenous
15 time resolved fluorescence (HTRF®) assay to detect the protein (antibody) content
in monoclonal (CHO) cultures as they grow up from a single cell preferably in 96~
well platés. As a key to efficient use of such an automated screening platform we
further describe the use of autologous feeder cells to achieve high cloning
efficiencies in chemically defined serum-free media. This concept represents the
20  first automated platform for immediate-early clone-screening and will, therefore,
serve as an essential step for increasing throughput in cell line development in the

near future.

Homogeneous time-resolved fluorescent (“HTRF®") assays have the advantage
25 that they are homogeneous, sensitive, versatile, reproducible, safe, and robust.
We have employed this assay format to replace a standard time-consuming ELISA
format for detection of 1gG type antibodies. We have designed a novel concept to
enable the earliest possible screening of newly generated monoclonal production
cell lines for their recombinant protein. productivity. At the same time, the data

30 demonstrate how this concept can expand the capacity of such a immediate early



i mredi at e-early screening, has not been described before, especially not
in the 25 context of biopharnmaceutical producer host cell |ine selection.
It is not obvious to apply such sel ection before passaging the cells,
since the unpassaged cells are very sensitive,with regard to culture
robustness. Furthernore, great care has to be taken when handling such
cultures with regard to potential contam nations as no back-up culture
exists at this stage. It was conpletely unexpected that such 30 unpassaged
cell's would produce protein of interest with a pattern relevance to clone
screeni ng Py : a . uced 5
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The present invention is not obvious from the prior art.

The concept of selecting cell clones before passaging them, that means
immediate-early screening, has not been described before, especially not in the
25 context of biopharmaceutical producer host cell line selection. It is not obvious to
apply such selection before passaging the cells, since the unpassaged cells are
very sensitive,with regard to culture robustness. Furthermore, great care has to be
taken when handling such cultures with regard to potential contaminations as no
back-up culture exists at this stage. It was completely unexpected that such
30  unpassaged cells would produce protein of interest with a pattern relevance fo

clone screening (see example 2). Surprisingly, the amount of protein produced



6 Concepts for automation of sanpling and sanpl e nmanagenent during
cultivation of mammalian cells have been described in the literature

(Lut keneyer et al., 2002). However, non of these concepts allowed the
screening of primary nonoclonal cell_,cultures for their productivity of a
reconbi nant protein. Mnoclonal 5 cells generally need to be cultured in
smal | volunes before the first passage (e.g. 500pl, 300pl or preferably
200pl) as they need to condition their own culture nediumto survive. To
obtain solid data on these new nonoclonal cultures the specific o
concent r at jijar uchNEorfiRFHsCivak Nsfi@eftutd BECISTBEIeHMBNREHS dsOfdie dhyanibd | ed
at least at three distinct tine points. For manmalian cell cultures these
time poi ntexampladediays) bestsingleaall damngpainis is 70 espeniipl feganabingidanst s on
t he cell : t e ' e . 5%
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product (Ethe'nﬁ‘é’ééurérﬂsﬁﬂ éfttﬁé d‘rﬁéurﬁrbf'tﬁ@ Fc)‘c@f?m @fﬂﬁie@éiﬁl’he%r@fé?ﬁ ) T%@s@adnange
of detection is between 1-20ng/liter or bet ween 1-10ng/liter.

of such srm:ome\nflum@essageda@&ﬂsmpwagivm lﬂré&i(péﬁtedl‘ya@}emechthﬁ ieviediteuel ity
sel ection f 0
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popularity in recent years, Mst curre i catigns th r).assay
f or mat"Car TR §-- h@efqp&UHCo‘?“’Eﬁ' t@é&b@?{ﬁ%és Eﬁa’r‘ @f"’%q %@% 't) IS
(www. htr f g%?}%?RédF? S51Ebd, Hat 'fﬁe\!‘%\(:%ht HO&S/ EF(onbhé%Ié&ti@ﬁrht I d@ﬁﬁﬂ?rﬁﬁ how

concerni ng HT r)y- assays give a h| nt t'owards applicaltion in screening
host cel | Tepresentabve e ulitteotoront psed siunsg selertion ds dabinealinal proedestion or
| n a met hq(grggget selecting cell clones. 7 DESCRIPTION OF THE FI GURES FI GURE

hatic of a standard nmethod for selecting cell clones. B)
Schematlc of integration of FACS and a robotic unit for inmmediate- early
cl one 5screening in cell |ine devel opment: The earlie possSi E“F :
For " praduEPerEY SRTBIG SBRGERy (3t WBIA eFHEsSPD RONABEREaT g Bakng) o

celI's depegithied RanFAESaghRYedPir Qheebhqamoeah@mé?@s elsaeaény We! Infuiti Wi
concept requires the integration of an automated 96-well i'ncubator into a

steril e ugPntgwRersoputhesaitowst eavan t\éiih%agmﬁl@m@rﬁrs rotating gileamultitveslival s.

10 FI GRE c%ntamers or stirring the culture medium inside.

20 - It could further be shown (see example 3) that the titer curves measured with the
-described immediate early clone screening concept predict the potential of the
newly generated monoclonal production cell lines for high production. rates and
yield of therapeutic proteins such as antibodies (proof-of-concept). The ranking of
clones according to the described immediate early clone screening method data

25 nicely correlates with the productivity data after “classical” cell expansion, e.g.
seed-stock cultures in MATSE format. Therefore, the data (figure 5) demonstrate,
that the titer curves measured with the described immediate eary clone screening
concept predict the potential of the newly generated mionoclonal production cell
lines for high production rates and yield of therapeutic proteins such as antibodies.

30



Conmpari son of ELISA and HTRF(r) based neasurenents of anti body
concentration in 96-well and 384-well assay formats: CHO D&4 nonocl onal
cell lines producing an 1gG type anti body were cultured in 15 chemcally
defined serumfree nedia in 96-well|l plates. Supematants were coll ected and
the concentration of antibody in the culture nmedia was determ ned by a
sandw ch-type anti 1gG ELISA in a 96-well format and simultaneously by
HTRF in an 96-well and an 384-wel| assay format. The two anti bodi es used
in the ELISA and HTRF(r) formats were fromthe sane source. 20 FIGURE 3

Schematic G‘c%‘égfg R faAdmatibe BRsaehpRh@tdnar sarhgle rBMiddnienaiemgt ddlgvation
measur enent s 6-wel | plates containing single cells are transferred from

a FAGS uniaf marramalm geliso have dogarc deatrdred Fhéhe dferakire @EPF@HIﬂY@é &ty ghsf er
of single egy t i r ' n eh
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volune is mmrwcmhrfcebrmubwes)iorsthrpermbamﬂtivﬁmdfelirbu:mramnbyt profainativhagooal t
while the cells ar red. back to the incu etti un|t
hen oo cels ganaran demmip s ilnags it 5l VBt BEord ineltiS Rabfide

them 30 t gopohe %mrra&epré?é@w Q0OLIN CaP Hid o Reed thesordiitial tiseit bwmbart@se are

noved to the '8 reader measur efrent at 665 nm and 620 nm Sanp
tracking |r@e@u@utceauwebél’rcz:@btam Sobd slata ol hgpe dwrw mengsianal PP@JFQ@ the

specific concentration of the product in the culture medium needs to be gquantified
at least at three distinct time points. For mammalian cell cultures these time points
10 . need to be at least 24h apart. To avoid negative effects on the celi cultures the
sample volume per time point should not exceed 2.5% (v/v) of the initial culture
volume. Therefore a strict requirement for removal of samples from such cultures
is the !imitatidn to small amounts (< 20pl, <10ul, <5ul, preferably in the range of
0.2 — 5 pl, most preferably 0.5 — 2 pl) and a high sensitivity for detection of the
t5  product {(at least 1mg/liter for an IgG type antibody). A preferable range of_
detection is between 1—20mg!iiter or between 1-10mg/iiter. The handling of such
small volumes to achieve the 'required accuracy for a high-quality selection

process requires the use of a robotic pipetting platform.

20
HTRF® assays have been known in the art. They are homogeneous, sensiﬁve,
versatile, reproducible, safe, and robust and have been gaining popularity in
recent years. Most current applications of the HTRF® assay format are within the
field of drug screening (Mellor et al 1998). (www.htrf-assays.com).

25 However, none of the prior art documents concerning HTRF® assays give a hint
towards application in screening host cell lines for production of proteins, e.g.

recombinant proteins or in a method of selecting cell clones.



5 Fastest possible screening of clones during growh in incubator. Titer
curves obtai ned by autonmated HTRF6-based i mredi ate early screening of CHO
cell clones: Stable CHO cell pools expressing an 1gG type 4 therapeutic
anti body were single- cell deposited,into 96-wells by FAGS. Cells were
transferred to the automated io incubator and the automated titer
measurenment programwas initiated 15 days post single cell sorting.

Anti body titers were neasured every three days for each well. FIGURE 5 15
Screeni ng of clones by autonmated HTRF(r)-based i medi ate early screening

and correlptseriPTioN eAUtHEWIRURRGa from i medi ate early clone screening
and seed-stock cultures in MAT6 fornmat. A) 119G produci ng CHO cl ones

wer e depodifdiREdto 96-wel | plates and nmeasured by 20 HTRF(r) assay at day
10, 13, 1 f i I s expressing an 1gG
g?)g%%u o dref %t§h§5r‘d”rﬂeth§haf84 Seitir el

type 1 th wer € si ngl e- eposited into 96-wells by
FAGS. Cel IB) S¢tematicoiSihesgration of FRESaand matobdtic noiilfat onmadidid-berhactomeat ed
titer neasurenent. pr?%arsaﬁmafpi nitiated 10 days post single cell sorting.
Ant i body SCRFUNGEY ElHESAFVEPRTRIM: ti nes every two to 25 three days for
each vel | ThHe bhRideBEsBRA SR for SouaemifydoP ndlélombnoERARl cadilvegdunl
line (different shades of grey) represents’the titer curve for a single 96
wel | each cosguetedmtiilegsing!ausls depasitastby FAGTegrow up to gyl papKeiRNson Y-ones
by titer u - i Tocdd ' ~cel
deposi ¢ 1 on e B pRALAReRY e EhE o HEdralb 6EnEluctbied SebpfingBbatt

det er m nata steriguwriitygeridmmireg paivscged titef inesastirémertssn odguldranieinaaies sel ect ed
by i mmedi ate-early clone screening (I ECS) were conpared to the titers
obt ai N"€d by MAT6 scale. Clones with high titers in | ECS showed al so hi gh
titers i nfyAlfrseal e. Specifically, four out of the five clones identified

by IECS as top clones were identified as top clones by the subseciue_nt 5
MAT6 scal &xopariiasnmf EdShetnd HTRF® based measurements of antibody concentration

in 96-well and 384-well assay formats:
CHO DG44 monoclonal cell lines producing an IgG type antibody were cultured in
ts chemically defined serum-free media in 96-well plates. Supematants were
collected and the concentration of antibody in the culture media was determined
by a sandwich-type anti IgG ELISA in a 96-well format and simultaneousiy by
HTRF in an 96-well and an 384-well assay format. The two antibodies used in the
ELISA and HTRF® formats were from the same source. '
20
FIGURE 3
Schematic concept of an automated platform for HTRF®-based titer
measurements: _
96-well plates containing single cells are transferred from a FACS unit to an
25 automated incubator. The software schedules fransfer of single plates from the
incubator via an airlock into a sterile environment. A sample representing less than
2.5% (viv) of the culture volume is removed from every supematant and diluted by
a pipetting unit while the cells are transferred back to the incubator. The pipetting
unit then mixes sample and HTRF® reagents in‘384-weil plates and transfers them

30 to the sforage hotel for incubation. After 2 hours the plates are moved to the



Dark/grey filled cells in the table represent the top clones. DETAI LED
DESCRIPTICN OF THE I NVENTION | o The general enbodinents "conprising" or
"conprised" enconpass the nore specific embodi ment "consisting of’
Furthernore, singular and plural fornms are not used in alimting may
Terns used in the course of this pre%ent i nvention have the follow ng
meani ng. 15 The term"imedi ate-early" neans a point in tinme during the
generation of a nonoclonal cell |ine, where the nonoclonal culture is
still a primary culture and has not been passaged yet. That is, the single

par ent al | I | r Vi

Ceveral ti eeaebia ReaichRe & cRE%im Sifode i sapfadtind RNy
havi ng beerarspiiéd platas arichbamede odaddrst i me whi ch 20 is terned as been
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FIGURE §

15 Screening of clones by automated HTRF®-based immediate early screening and
correlation of productivity data from immediate early clone screening and seed-
stock cultures in MATG format.

A) IgG producing CHO clones were deposited into 96-well plates and measured by
2 HTRF® assay at day 10, 13, 15 and 17 after cloning. |

Stable CHO cell pools expressing an IgG_ type 1 therapeutic antibody were single-

cell deposited into 96-wells by FACS. Cells were transferred to the automated

incubator and the automated titer measurement program was initiated 10 days

post single cell sorting. Antibody titers were measured four times every two fo
25 three days for each well by the described HTRF® screening platform.

Each individual line (different shades of grey) represents the titer curve for a single

96 well each representing a monoclonal cell line.

B) Ranking of clones by titer
s  Subsequently, clones were picked at day 17 after single-cell deposition, expanded
into 6-well plates and subjected to titer determination during three passages. The



| ncubat or neans a container for incubation of cells, preferably manmal i an
cells at 15 a tenperature of 37C +/- 5 C and a CO2 content of 3- 12 %
preferably 5- 10 % The incubator is preferably an automated incubator
enabl i ng the sequential or schedul ed9 presentation or transfer of cell
culture vials to an automated platform "Fluorescence resonance energy
transfer"” ("FRET") means a process which uses 20 two fl uorophores, a donor
and an acceptor. Excitation of the donor by an energy source (e.g. flash

| anp or fluoroneter |aser) triggers an energy transfer towards the
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absor bance spectrum of a fluorescent acceptor nol ecul e, they can exchange
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days or from 5-60 days or from 5-30 days or from 5-25 days or from 10-25 days,

and most preferably from 14-25 days.

25  The term “primary culture” means the initial culture step directly post single cell
deposition e.g. by FACS or by limited dilution.

A “monoclonal cell line” means a cell line were all cells derive from a single
parental cell. A monocional production cell line means a cell line producing a

30 recombinant protein were ali cells derive from a single parental cell.



25 "bi ol um nescence energy transfer (BRET) system This systemis
described in Arai et al., 2001, Anal, Biochem 289 (1), 77-81. Said BRET
system can al so be used for the present invention and its sensitivity can
be even higher than that of FRET. The exanple given in Arai et al.
conprises Renilla luciferase, (Rlucfﬂand enhanced yel | ow fl uorescent
protein (EYFP). Further, intranolecular energy 30 transfer has been shown
between Renilla luciferase (R uc) and Aequorea 12 "green fluorescent
protein" (GFP) (Wang et al. 2002, Ml . CGenet. Genomcs 268(2), 160-8). In

th |t . b omi s
coul 8 bo- S halbe plHpE B BF | b BhE Sheh BE R R L nAiiel HETRThG”
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be neasured. Furthernore, donor acceptor interactions in the
systematically nodified | anthani des such as Ru(ll)-GCs(l1) have been
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_Anal yzes showed a Forster dipole-dipole energy transfer nechanism 10
"FAGS" smedf@ Proaess drids perfaaned andide elatiorm ds ?ullmgrr§§%am’@r@@tﬁéer g LA Sweet
RG Herzenberg LA. Fluorescence-activated cell sorting. Sci Am 1976;
234:108-117). The enpl oynent of "fluorescence activated cell sorting"
("FACS") &Muitimeell’ micgnifa cafit céure idevipeocessstihgvel spveral equivaientsulmiey a

single cloni,ng step is uir.ed e tp its accuracy. The concept descri bed
her e, coné’i’aé?’g‘y{?)'f:algv'é’e‘&%%%\n@pé’r %?I%nes are screened for their
productivity at the earliest possible stage. Figure 1B describes such an
i mredi at e-early screen were the {%roduct titer of culture supenatants of

g

cel | s gr owdHR§iI® rProstafiie esvisomven dndetised-pp2 gased pafigledoad|of IerspbEnt i on
i : th i : t.s. i ted
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f or hi gh- perothac owdloodes. Fi gure 1A in conparison shows a schematic of the
standard nmethod for selecting cell clones. "HTRF(r)" assays are .
"honogeneous tinme-resol ved fluorescence assays” that generate a signal by

FRET bet wdubaeitafheditfa 20a8H & fofceeHlieS of cells, preferably mammalian cells at
15 a temperature of 37C +/- 5 °C and a CO; content of 3 — 12 %, preferably 5 — 10 %.
The incubator_ is preferably an automated incubator enabling the sequential or

scheduled presentation or transfer of cell culture vials to an automated platform.

“Fluorescence resonance energy transfer” (“FRET”) means a process which uses
20 two fluorophores, a donor and an acceptor. Excitation of the donor by an energy
source (e.g. flash lamp or fluorometer laser) triggers an energy transfer towards
the acceptor if they are within a given proximity to each other. The acceptor in
turn emits light at its given wavelength.
Because of this energy transfer, molecular interactions between biomolecules can
- 25 be assessed by coupling each partner with a fluorescent label and detecting the
level of energy transfer. More importantly acceptor emissions, as a measure of
energy transfer, can be detected without the need to separate bound from
unbound complexes. '
“Fluorescence resonance energy transfer” (“FRET”) is a process by which a
30 fluorophore donor in an excited state may transfer its excitation energy to a

neighbouring chromophore accepior non-radioactively through dipole-dipole



25 HTRF(r) (honobgeneous time resolved fluorescence) is a technol ogy based
on TR- FRET, a conbination of FRET chem stry and the use of fl uorophores
with long em ssion half-lives. Wiile HTRF(r) is based on TR-FRET chem stry
it has many properties-that separate it fromother TR FRET products. These
i nclude the use of a -lanthanide with an extrenmely long half-life
(Europium, conjugation of Eu3+ to 30 cryptate, an entity which confers

i ncreased assay stability and the use of a rationetric neasurenent that
allows correction for quenching and sanple 13 interferences. O her
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of mlliseconds. A 50-Is tinme delay in 10 recordi n% em_ssi gns, and
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mul tiple eehespondihg\tetied maxiot absotptiongextitation) of tb dcmrsausw detdutiagf or
the gromh of the cells.
light emitted at the wavelengths comresponding to the maximal emission of the
accepior, or by measuring the fiuorescent lifetime of the donor in the presence
and absence of the acceptor. The dependence of the energy transfer efficiency
15 on the donor- acceptor separation provides the basis for the utility of this
phenomenon in the study of cell component interactions. The conditions that
need to exist for FRET to occur are: (1) the donor must be fluorescent and of
sufficiently long lifetime; (2) the transfer does not involve the actual
reabsorption. of light by the acceptor; and (3) the distance between the donor
20 and acceptor chromophores needs to be relatively close (usually within 10-50
Angstrom) (Herman, 1998, Fluorescence Microscopy, Bios scientific

publishers, Springer, 2nd edition, page 12)

A further possibility to generate a signal is given with the so called
25 . ,,bioluminescence energy transfer® (BRET) system. This system is described in
Arai et al., 2001, Anal, Biochem. 289 (1), 77-81. Said BRET system can also be
used for the present invention and its sensitivity can be even higher than that of
FRET. The example given in Arai et al. comprises Renilla luciferase, (Rluc) and
enhanced yellow fluorescent protein (EYFP). Further, intramolecular energy
s0 transfer has been shown between Renilla luciferase (Rluc) and Aequorea



"Suspension” culture neans a suspension of cultured cells that have the
potential to growin liquid nediumand do not attach to supportive
surfaces of typical cell 25 culture vessels. Sone of these cells nmay have
been adapted to gain such propertie§ over a period of tine. The term
“cloning" in the context of cell culture t echnol ogy neans a process
whereby -single cells are selected or isolated out of |arge cel

popul ations. All 30daughter cells of such a single parental cell are
identical / genetically identical. 14 The term "high throughput” neans at
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cells, prahensd & FBHt@AdipBHKdDoR efEkly Chit3fKAmeChanBKX, CHO DUKX Bl , 15
and CHO D44 cells or the derivatives/progenies of any of such cell |ine.
Particularly preferred are CHO D44, CHO DUKX, CHO K1 and BHK21, and even

nore phef epfed- 9\'@1@%& n c%éd%%h'sBrtingflséei—}éfrié%ﬁiﬁrgﬁRQ@W’é‘éﬂtR f the
present invention host cells also nmean nmurine nyeloma celTs, preferably
NSO and Sprigrgentsrg d AorFlubresdenca-ativaisd med goniings 3¢ Amy19f6,23&M084I17). i ne.

20 Exanpl of i ne and | ter cells.which can be us A ani ng
of this’i niEnErBOUPEtaRlo RFRERSE oA st 3 o Eratt Mol M9
deri vati vegfrficage e sn Qirotésts elevkbbmenttitess raNBRIYI asingt | donihgcstagi Bg but
not limted to human, mce, rat, nonkey, and rodent cel] |ines, or
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supématant_s of cells growing in 96-wells subsequent to FACS-based single cell
deposition is measured. Furthermore the titer measurements occur in a fully
automated manner in a 384-well format to aliow high-throughput primary screening
20 for high-producer clones. Figure 1A in comparison shows a schematic of the

standard method for selecting cell clones.

“HTRF® assays are “homogeneous time-resolved fluorescence assays’ that
generate a signal by FRET between donor and acceptor molecules.

2s  HTRF® (homogeneous time resolved fluorescence) is a technology based on TR-
FRET, a combination of FRET chemistry and the use of fluorophores with iong
emission halfdives. While HTRF® is based on TR-FRET chemistry it has many
properties-that separate it from other TR-FRET products. These include the use of
a lanthanide with an extremely long halflife (Europium), conjugation of Eu3+ to

30 cryptate, an entity which confers increased assay stability and the use of a

ratiometric measurement that allows correction for quenching and sample



ECACC No. 85110503 Sp210-Agl4 ATCC CRL-1581 BHK21 ATCC CCL-10 15 BHK TIC
ECACC No. 85011423 HaK ATCC CCL-15 2254-62.2 (BHK-21 derivative) ATCC
CRL- 8544 CHO ECACC No. 8505302 CHO- K1 ATCC CCL-61

13

interferences. Other HTRF® technology features include homogeneous assay
format, low background, simplified assay miniaturization, folerance of additives
such as DMSQO & EDTA, few false positiveffalse negatives, cell-based functional
assay. 7

5 In the HTRF® assay, the donor is a Eu3+ caged in a polycydlic cryptate (Eu-
cryptate), while the acceptor is a modified allophycocyanin protein. Laser
excitation of the donor at 337 nm results in the transfer of energy to the acceptor
at 620 nm when they are in close proximity (690 A ° ), leading to the emission of
light at 665 nm over a prolonged period of milliseconds. A 50-Is time delay in

10 recording emissions, and analyzing the ratio of the 665- and 620-nm emiss'ions

minimizes interfering fluorescence from the media and unpaired fluorophores.

In a specific embodiment the HTRF assay may serve fo detect the content of IgG
type antibodies in culture medium. In this case the Eu-cryptate is conjugated to
15 anti human IgG antibody specifically binding fo the Fc region and is presented
upen binding of the antibody to the IgG pt'oduct, while anti human IgG antibody
specifically binding the kappa light chain is labelled as D2 acceptor to complete

the complex.

20 The term “cell culture” means muitiple cells cultivated in one container under
conditions suitable for the growth of the cells.

“Suspension” culture means a suspension of cultured cells that have the potential
to grow in liquid medium and do not attach to supportive surfaces of typical cell
25 - culture vessels. Some of these cells may have been adapted to gain such

properties over a period of time.

The term “cloning” in the context of cell culture technology means a process
whereby single cells are selected or isolated out of large cell populations. All

30 daughter cells of such a single parental cell are identical / genetically identical.



CHO DUKX (= CHO duk-, CHQ dhf() ATCC CRL-9096 CHO DUKX Bl ATCC CRL-9010
CHO- DA4 Urlaub et al., Cell 33[4 405-412, 1983 CHO Pro-5 ATCC CRL-1781
V79 ATCC CCC- 93 B14AF28- G3 ATCC CCL-14 CHL ECACC No. 87111906 Host cells
are nost preferred, when being estaQLished, adapted, and conpletely

The term “high throughput” means at least 250 measurements of protein
concentration within 12 houfs, preferably 500 measurements within 12 hours,
more preferably 2000 measurements within 12 hours, most preferably 4000
measurements within 12 hours. This is calculated by the capacity of the multi-well
s plate used, e.g. 96-well plate multiplied by the number of plates fitting info the
automated incubator relative to the performance speed of the automatéd platform
measuring the samples. By using two incubators or larger incubators the
throughput can be increased accordingly fo 8000 measurements within a day or
more. Using a time curve of measurements every three days, the throughput
10 could be increased by using more incubator capacity to at least 24000

measurements within 3 days.

“Host cells” in the meaning of the present invention are cells such as hamster
cells, preferably BHK21, BHK TK', CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1,
15 and CHO-DG44 cells or the derivatives/progenies of any of such cell line.
Particularly preferred are CHO-DG44, CHO-DUKX, CHO-K1 and BHK21, and
even more preferred CHO-DG44 and CHO-DUKX cells. In a further embodiment
of the present invention host celis also méan murine myeloma cells, preferably
NSO and Sp2/0 cells or the derivatives/progenies of any of such cell line.
20 Examples of murine and hamster cells which can be used in the meaning of this -
invention are also summarized in Table 1. However, derivatives/progenies of those
cells, other mammalian cells, including but not limited to human, mice; rat,
monkey, and rodent cell lines, or eukaryotic cells, including but not limited to yeast,
insect, avian and plant cells, can_also be used in the meaning of this invention,

25 particularly for the production of biopharmaceutical proteins.

TABLE 1: Hamster and murine production cell lines

CELL LINE ORDER NUMBER
NSO ECACC No. 85110503
Sp2/0-Ag14 ATCC CRL-1581
BHK21 ATCC CCL-10




cultivated under serumfree conditions, and optionally in nedia which are
free of any protein/peptide of animal origin. Comercially avail able nedia
such as Hamis 5 F12 (Sigma, Dei senhofen, Germany), RPM-1640 (Signa),

Dul becco's Modified Eagle's Medium (bDI\/EM Sigma), Mnimal Essenti-al Medium
(MEM Sigma), Iscove's Mdified Dul becco's Medium (I MDM Sigma), CD CHO
(I'nvitrogen, Carlsbad, CA), CHO S-Invtirogen), serumfree CHO Medium
(Sigma), and protein-free CHO Medium (Sigma) are exenplary appropriate
nutrient solutions. Any of 10 the nedia may be suppl enented as necessary
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enconpassed by this invention, erein the sel ectabl e anplifiable narker

gene encodslepsides (eHGeast i AeNaieg Taidingc t9lamine. 2 SIvRosed B ARTe
ne ¢ . . .

eductgee LN GlULPTLARCRITLAREN, CAP. SUFRAN RGeS TS ocsary

o e, Dy e el

aspar agi neveYR dnage kg hBR AT E: BeayRsnt BleMog: ey i pf S8rme

decar boxy haggumHYprertre?l) Hig dHediassuppisabited! wWeo sasiititle bRsk &ifasgum

t hreonyl -t RNA synthetase or Na+tWATPase. .
can also be used for the cultivation of host cells. For the growth and selection of

20 genetically modified cells expressing the selectable gene a suitable selection

agent is added to the culture medium.



17 TABLE 2: Sel ectabl e anplifiabl e nmarker genes Sel ectabl eAnplifiable

Mar ker Gene Accessi on Nunber Sel ection Agent D hydrofol ate reductase
ML9869 (hamster) E00236 (nmouse) Methotrexate (MIX) Metallothionein D10551
(hanster) ML3003 (human) .ML1794 (rat) Cadm um CAD( Car banoyl - phosphat e
synt het ase: Aspartate transcarbanyl add: Di hydr oor ot ase) M23652 (hanster)
078586 (human) N-Phosphoacetyl-Laspartate

The term “protein” is used interchangeably with amino acid residue sequences or
polypeptide and refers to polymers of amino acids of any length. These terms also
include proteins that are post-iranslationally modified through reactions that
include, but are not limited to, glycosylation, acetylation, phosphorylation or protein
5 processing. Modifications and changes, for example fusions to other proteins,
amino acid sequence substitutions, deletions or insertions, can be made in the
strucfure of a polypeptide while the molecule maintains its biologica! functional
activity. For example certain amino acid sequence substitutions can be made in a
poiypeptide or its underlying nucleic acid coding sequence and a protein can be

10 obtained with like properties.

The expression vector having a gene of interest encoding a protein of interest may
also contain a selectable amplifiable marker gene.
The “selectable amplifiable marker gene” usually encodes an enzyme which is
15 required for growth of eukaryotic cells under those conditions. For example, the
selectable amplifiable marker gene may encode BHFR which gene is amplified
when a host cell fransfected th'erewith is grown in the presence of the selective
agent, methotrexate (MTX). The non-limited exemplary selectable genes in Table
3 are also amplifiable marker genes, which can be used to carry out the present
20 invention. For a review of the selectable amplifiable marker genes listed in Table
3, see Kaufman, Methods in Enzymology, 185:537-566 (1990), incorporated by
reference. Accordingly, host cells genetically modified according to any method
described herein are encompassed by this invention, wherein the selectable
amplifiable markér gene encodes for a polypeptide having the function of
25 dihydrofolate reductase (DHFR), glutamine synthetase, CAD, adenosine
deaminase, adenylate deaminase, UMP synthetase, IMP 5'-dehydrogenase,
xanthine guanine phosphoribosyl transferase, HGPRTase, thymidine kinase,
thymidylate synthetase, P glycoprotein 170, ribonucleotide reductase, asparagine
synthetase, a}ginosuccinate synthetase, ornithine decarboxylase, HMG CoA
30 reductase, acetylglucosaminyl transferase, threonyltRNA synthetase or Na'K'-
ATPase.



Adenosi ne deam nase K02567 (human) ML0319 (nouse) Xyl -A-oradenosine,

2" deoxycof ormyci n AMP(adenyl ate) deam nase D12775 (human) J02811 (rat)

Adeni ne, azaseri ne, cofornycin UW synthase J03626 (human) 6-Azauri di ne,
pyrazofuran | MP 5"cl ehydr ogenase JOé;OQ (hanster) J04208 (hunman) M33934
(mouse) Mycophenolic acid Xant hi ne-guani ne phosphori bosyl transferase

TABLE 2:  Selectable amplifiable marker genes

Selectable Amplifiable | Accession Number Selection Agent
Marker Gene '
Dihydrofolate reductase M19869 (hamster) Methotrexate (MTX)
E00236 (mouse)
Metaliothionein D10551 (hamster) Cadmium
M13003 (human)
M11794 (rat) .
CAD (Carbamoyl- | M23652 (hamster) N-Phosphoacetyl-L-
phosphate D78586 (human) aspartate
synthetase:Aspartate
transcarbamylase:
Dihydroorotase)
Adenosine deaminase K02567 (human) Xyl-A-  or  adenosine,
M10319 (mouse) 2 deoxycoformycin
AMP (adenylate) | D12775 (human) Adenine, azaserine,
deaminase J02811 (rat) coformycin
UMP synthase J03626 (human) B-Azauridine, pyrazofuran
IMP 5°dehydrogenase J04209 (hamster) Mycophenolic acid
J04208 (human)
M33934 (mouse) ‘
Xanthine-guanine X00221 (E. coli) Mycophenolic acid with
phosphoribosyltransferase _ limiting xanthine
Mutant HGPRTase or]J00060 (hamster) Hypoxanthine, aminopterin,

mutant thymidine kinase M13542, KO2581 (human) |and thymidine (HAT)
! J00423, M68489(mouse)

M63983 (rat)
M36160 (herpesvirus)

Thymidylate synthetase DO00596 (human) 5-Fluorodeoxyuridine
M13019 (mouse)
L12138 (rat) .

P-glycoprotein 170 (MDR1) | AF016535 (human) Multiple drugs, e.g.
403398 (mouse) adriamycin, vincristine,

colchicine

Ribonucleotide reductase | M124223, K02927 (mouse) | Aphidicolin

Glutamine synthetase AF150861 (hamster) Methionine sulfoximine
UG9114, M60803 (mouse) |(MSX)
M29579 (rat)

Asparagine synthetase M27838 (hamster) B-Aspartyl  hydroxamate,
M27396 (human) Albizziin, 5" Azacytidine
U38940 (mouse)

V07202 (rat)

Argininosuccinate X01630 (human) Canavanine




X00221 (E. con) Mycophenolicacidwith Iimting xanthine Mitant HGPRTaseor
nmut ant thym di ne ki nase J00060 (hanster) ML3542, K02581 (human) J00423,

M68489( nouse) Mb63983 (rat) MB6160 (herpesvirus) Hypoxanthine,

am nopterin,

and thym di ne (HAT) Thym dyl ate syntlget ase D00596 (human) ML3019 (nouse)
L12138 (rat) 5-Fl uorodeoxyuridine P-glycoprotein 170 (MDR1l) AF016535
(human) J03398 (nouse) Miltipl edrugs,e.g. adrianycin,vincristine,

col chi ci ne

M14511 (rat)

synthetase M31690 (mouse)
M26198 (bovine)
Ornithine decarboxylase M34158 (human) o-Difluoromethylornithine
JO3733 (mouse)
M16982 (rat)
HMG-CoA reductase L00183, M12705 (hamster) | Compactin
M11058 (human)
N-Acetylglucosaminyl M55621 (human) Tunicamycin
transferase ' : :
Threonyl-tRNA synthetase |M63180 (human) Borrelidin
Na'K'-ATPase J05096 (human) Ouabain

The present invention is suitable to generate host cells for the production of

biopharmaceutical polypeptides/proteins. The invention is particularly suitable for

5 the high-yield expression of a large number of different genes of interest by cells

showing an enhanced cell productivity.

“Gene of inferest”, “selected sequence”, or “product gene” have the same meaning

herein and refer to a polynuclectide sequence of any length that encodes a

product of interest or “protein of interest”, also mentioned by the term "desired

10 product‘. The selected sequence can be full length or a truncated gene, a fusion or

tagged gene, and can be a cDNA, a genomic DNA, or a DNA fragment, preferably,

a cDNA. It can be the native sequence, i.e. naturally occurring form(s), or can be
mutated or otherwise modified as desired. These modifications include codon

optimizations to optimize codon usage in the selected host cell, humanization or

15 tagging. The selected sequence can encode a secreted, cytoplasmic, nuclear,

membrane bound or cell surface polypeptide.

The “protein of interest” includes profeins, polypeptides, fragments thereof,

peptides, all of which can be expressed in the selected host cell. Desired proteins

can be for example antibodies, enzymes, cytokines, lymphokines, adhesion

20  molecules, receptors and derivatives or fragments thereof, and any other

polypeptides that can serve as agonists or antagonists and/or have therapeutic or

diagnostic use. Examples for a desired protein/polypeptide are also given below.

The “product of interest” may also be an antisense RNA.



Ri bonucl eoti de reductase ML24223, K02927 (nouse) Aphidicolin d utam ne
synt het ase AF150961 (hanster) U09114, M0803 (nouse) M9579 (rat)

Met hi oni nesul f oxi mi ne (MSX) Asparagi ne synthetase M27838 (hanster) M7396
(human) U38940 (nouse) UW07202 (rat) | 3-Aspartyl hydroxamate, Al bizziin,

5" Azacyti di ne Am ni nosucci nate X0163 (human) Canavani ne 18 synt het ase

“Proteins of interest” or desired proteins are those mentioned above. Especially,
desired proteins/polypeptides or proteins of interest are for example, but not |
fimited to insulin, insulin-like growth factor, hGH, tPA, cytokines, such as

5 interleukines (IL), e.g. IL-1, IL-2, IL-3, IL4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11,
IL-12, IL-13, [L-14, IL-15, IL-16, iL-17, IL-18, in'terferon (IFN) alpha, IFN beta, IFN
gamma, [FN omega or IFN tau, tumor necrosisfactor (TNF), such as TNF alpha
and TNF beta, TNF gamma, TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1 and VEGF.
Also included is the production of erythropoietin or any other hormone growth

10 factors. The method accoi‘ding to the invention can also be advantageously used
for production of antibodies or fragments thereof. Such fragments include e.g. Fab
fragments (Fragment antigen-binding = Fab). Fab fragments consist of the variable
regions of both chains which are held together by the adjacent constant region.
These may be formed by protease digestion, e.g. with papain, from conventional

15 antibodies, but similar Fab fragments may also be produced in the mean time by
genetic engineering. Further antibody fragments include F(ab‘)2 fragments, which
may be prepared by proteolytic cleaving with pepsin.

Using genetic engineering methods it is possible to produce shortened antibody
20 fragments which consist only of the variable regions of the heavy (VH) and of the
light chain (VL). These are referred to as Fv fragments (Fragment variable =
fragment of the variable part). Since these Fv-fragments lack the covalent bonding
of the two chains by the cysteines of the constant chains, the Fv fragments are
often stabilised. It is advantageous to link the variable regions of the heavy and of
25  the light chain by a short peptide fragment, e.g. of 10 to 30 amino acids, preferably
15 amino acids. In this way a single peptide strand is obtained consisting of VH
and VL, linked by a peptide linker. An antibody protein of this kind is known as a
single-chain-Fv (scFv). Examples of scFv-antibody proteins of this kind known

from the prior art are described in Huston et al. (1988, PNAS 16: 5879-5883).

30



MB1690 (nouse) M26198 (bovine) O nithine decarboxyl ase M34158 (hunman)

JO03733 (npbuse) ML6982 (rat) a-Difluoronethyl ornithine HMG CoA reduct ase
L00183, ML2705 (hanster) ML1058 (hunman) Conpactin N Acetyl gl ucosam nyl

transferase Mb5621 (human) Tuni canygin Threonyl -t RNA synt het ase M63180
(human) Borrelidin Na+K"-ATPase.J058g6 (human) ML4511 (rat)

In recent years, various strategies have been developed for preparing scrv as a
multimeric derivative. This is intended to lead, in particular, to recombinant
antibodies with improved pharmacokinetic and biodistribution properties as well as
with increased binding avidity. In order to achieve multimerisation of the scFv,
5 scFv were prepared as fusion proteins With multimerisation domains. The
multimerisation domains may be, e.g. the CH3 region of an 1gG or coiled coil
structure (helix structures) such as Leucin-zipper domains. However, there are
also strategies in which the interaction between the VH/VL regions of the scFv are
used for the multimerisation (e.g. dia-, tri- and pentabodies). By diabody the skilled
10 person means a bivalent homodimeric scFv derivative. The shdrteni_ng of the
- Linker in an scFv molecule to 5- 10 amino acids leads to the formation of
homodimers in which an Enter-c-hain VH/VL-superimposition takes place. Diabodies
may additionally be stabilised by the incorporation of disulphide bridges. Examples
of diabody-antibody proteins from the prior art can be found in Perisic et al. (1994,

15 Structure 2: 1217-1226).

By minibody the skilled person means a bivalent, homodimeric scFv derivative. It
consists of a fusion protein which contains the CH3 region of an immunoglobulin,
preferably IgG, most preferably IgG1 as the dimerisaﬁon region which is

20 connected to the scFv via a Hinge region (e.g. also from igG1) and a Linker
region. Examples of minibody-antibody proteins from the prior art can be found in
Hu et al. (1996, Cancer Res. 56: 3055-61).

By triabody the skilled person means a: trivalent homotrimeric scFv derivative
25 (Kortt et al. 1997 Protein Engineering 10: 423-433). ScFv derivatives wherein VH-

VL are fused directly without a linker sequence lead to the formation of trimers.

The skilled person will also be familiar with so-called miniantibodies which have a
bi-, tri- or tetravalent structure and are derived from sckv. The multimerisation is

30 carried out )by di-, tri- or tetrameric coiled coil structures (Pack et al., 1993



Quabain The present invention is suitable to generate host cells for the
producti on of biopharmaceutical pol ypeptides/proteins. The invention is
particularly suitable for 5 the high-yield expression of a |arge nunber of
di fferent genes of interest by ceII§ showi ng an enhanced cel

productivity. "Gene of interest", "selected sequence", or "product gene"
have the sanme neani ng herein and refer to a polynucl eoti de sequence of any
| ength that encodes a product of interest or "protein of interest”, also
mentioned by the term"desired 10 product" The sel ected sequence can be

ful'l I engtmoercha%ggquat@mgezw v jé?let%l O19d3aSkIetk026e:, 1 Z88d1 23] MRcka
cDNA, a genom ¢ preferably, a cDNA. It can be the

native se(ﬁjéthcég%\lé\/‘oh@t@h8‘Fr$)2&)g€:hrr| ng fornm(s), or can be nutated or
ot herw se nodi fied as desired. These nodifications include codon
optim zations to optim ze codon usage in the selected host cell,
humani zati on or 15 taggi ng. The sel ected sequence can encode a secreted,

cyt opl asm nuc r, menbrane hound. or face p tide,  The
T obern diie RVEPESH redRlR. AcefRal B Relcchbg sl pies RhpHRMAAL by BBeor
pepti des, faldwifd siisch can be expressed in the seI ected host cell. Desi red

proteins can be for exanple antibodies, enzynes, cytokines, |ynphokines,
adhesi on 20 nol ecdl Q@P%'@@gp‘-ﬂm'@ cpHel exXerespiiy @ dxolein pf a'ljﬂﬁ;eﬁt § rebyidiedl, and

any ot her pol ypepti ggdﬁta lrFQ'&uﬁﬁfeVrEXQiﬁnfgon' sts or antagoni sts and/or
ia

have t herapeutic or gnosti ¢ ‘'use es for a desired
pr ot ei n/ pol ypept |I:deCatterna¢ tee gelisdor b’elbaston'ﬁmy pr oduct of interest" may
al so be an anti Segsﬁemovmg a% aliguot of the culture from each container before the
cells are passaged the first time,
d) Measuring the amount of the protein of interest in each aliquot,
e) Selecting clones according to the amount of protein measured in the
respective aliquot.
15
A preferred embodiment is an inventive method wherein the throughput is at least
250 measurements (of protein concentration) within 12 hours, preferably 500
measurements within 12 hours, more preferably 2000 measurements within 12
hours, most preferably at leaét 4000 measurements or aliquots in 12 hours.
20
Another preferred embodiment of the invention is an inventive method wherein
step c) is performed in a sterile environment class A particle load of less than 100

particles per m3.

25 A specific embodiment of the invention is an inventive method wherein at least one
step is performed in multi-well plates as well as a method wherein at least step d)
is performed in muiti-well plates as well as a method wherein the multi-well plates

are 96-well plates or 384-well plates, preferably 384-well plates.

30 Another preferred embodiment consists of a method wherein step a) is performed
in 96-well plates and step d) is performed in 384-well plates.



"Proteins of interest” or desired proteins are those nentioned above.
Especially, desired proteins/polypeptides or proteins of interest are for
exanple, but not limted to insulin, insulin-like gromh factor, hGH, tPA,
cyt oki nes, such as 5 interl eukines (25L)’ e.g. IL-1, IL-2, IL-3, IL-4,
lL-5, IL-6, IL-7, IL-8 IL-9, IL-210,71L-21, IL-212, IL-13, IL-214, IL-15,
IL-16, I1L-17, I1L-18, interferon (IFN) alpha, IFN beta, |IFN gamma, |FN
onega or |IFN tau, tunmor necrosisfactor (TNF), such as TNF al pha and TNF
beta, TNF gamma, TRAIL; G CSF, GwW GSF, M CSF, MCP-1 and VEG-. Al so
included is the production of erythropoietin or any other hornone growth
10 factors. The nethod according to the inventjon can al so be )
advant agedudughersergfarmd pmbedinedroloheanvenis ssaninveptyensitisod eiasein.
Such frag ts. JC SHIRY i bd, el =
Fab) . Fabqﬁgggorﬁee%t%%ggln@yg{regg Pc-%h{e vari agYéerFér ggf@&nygﬁl btg(fg ﬂ:s?%d;rﬁ%lgﬁt 0i ch
are hel d toigainhetctbiikd hiter adinese mreiecatsy aner eqgiriod. of 5185 aayaywitieséioptesd by
prot ease di gesti on, ,S %& wi th papain, fromconventional 15 antibodies, but
simlar FABRGT QYRS 97¥S al so be produced in the mean time by genetic
engi neering. Further antibody fragnents include F(al3 )2 fragnments, which
may be prepared by proteolytic cleaving with pepsin. Using genetic

engi neer i Ngeneinvedion t furbeppers beeneesnpr 8dunethetoraf eselectingi 156ty cianes

fragments [ g ' ; .vari abl e regions of the heavy (VH) and
of the Iigﬁ%@%%%?@%%%@gas&%'ef erred to as Fv fragnments (Fragnent
vari abl e = fragneat depositieg \siriglaluels mpxptdssing aqeotelime ot ifterelst dymeudti-avdllack
the coval ent bonding of .the.two chajns by the cysteines of the constant
chai ns'® the Fv fraghBRBIES %PF@I‘FU ‘t”?tﬂ‘%ﬁd'g%. It is advantageous to |ink

the variabl e regipNpasadifie iiieauscy bR i9d i@liheshai n by a short
peptide fragnent, e.g. of 10 to 30 am no acids, preferably 15 am no acids.
In this way a singl &apsfgringesaid maut-well eaptainasdocoraiiemptiry iBeulAioand VL,

| i nked by a peptigde_Lir i - Q] hi i j as a
si ngl e- chai n- Fv (('gsj‘cEéé%g%%gg%ﬁlﬁig%\g%ﬁ% %h@”ﬁ%‘g?iﬁ #n%rﬂgp é?’?\élﬂs?ﬁ\légl}nd
known from the pri oviaagt aloekdei®cs isheile ienvirbrshemt fevirad clags F8BartiehABatic:
5879-5883). 20 In recen e? . _various strategi es have been devel oped
for pr'@paring scFv 8§le§S Qi{)éP?E“ #&fdf¥ve. This is intended to |ead,
in particular, tosregARsihgantaiRibt BOReRIW fornBACA @& macoki netic and
bi odi stribution propertieS as well as with increased binding avidity. In
order to achi eve fruBiitngr theanpiesbytenripsting uny whileth@sieds gre fans@riss
fusion proteins wt a%l&fh@ﬁ%@ﬁtbpn dormai ns. The mnultimerisation domai ns
may be, e.d. the region of an I'gG or coiled coil structure (helix
structures) such gsMidngithezdihyted shmplessandHilve\assay treageniar i@l arwther
strat;gi es in which the i terflction bet ween the VHNL regions of the scFv
are us8d for the rrumqibn‘@‘rei" ]§Qf‘ PWe%e.g. dia-, tri- and pentabodies). By
di abody the skilled thfhspRatfing thaRAans-veelPtorrbiaBis bosRdidyabithe $tdnage hotel
derivative. The shortening of the Linker in an scFv nblecule to 5- 10

am no aci ds | eads t &rtimeubEdeiat i on of honodi mers in which an inter-chain

VHNL- super i nposi t;i ogy 4, %ﬁﬁ € j I i440nally be stabilised

by the incorpor at ohwlI 0 i ?ﬁi’%@ﬁﬁ%‘%’??ﬁg‘%@e‘gﬁgﬁg@g * di abody- anti body

proteins fromthg. pmeasudng treaamioent ofithd proteiPeofi isiecesttin ebch €asi@dner ,

15Structure 2: 1217-1226). .By mni body ,th |11 ed persaon an

b1 val Ght - homodi HEHEPER tbLBbRY Bt 1P 2L meBSu e wiFBh T amuee

whi ch contai ns t haefdrSbly eS0® tnéds remeREURAREINOBIHolirs, more preferably 2000
measurements within 12 hours, most preferably at least 4000

measurements or aliquots in 12 hours.

s0 A preferred embodiment of the inventive method is a method wherein sample
tracking is ensured by barcoded plates and barcode readers.



preferably 1gG nost preferably 1gGl as the dinerisation region which is
20 connected to the scFv via a Hinge region (e.g. also fromlgGl) and a
Li nker regi on. Exanples of m ni body-antibody proteins fromthe prior art
can be found in Hu et al. (1996, Cancer Res. 56: 3055-61). By triabody
t he skilled person neans a: trival edf honotrineric scFv derivative 25
(Kortt et al. 1997 Protein Engineering 10: 423-433). ScFv derivatives
wherein VHVL are fused directly without a |inker sequence lead to the
formation of trimers. The skilled person will also be famliar with
so-cal l ed m ni anti bodi es which have a bi-, tri- or tetravalent structure
and are derived fromscFv. The multinerisation is 30carried out by di-,
tri- or tesnaner prefervdd edhbadiimest isus troetbed (Wagrkinetheahumnben 08 paggages in

Pack. ot al 5o 5§ 02D 8 peliffed befiafhe olifate FRsERIR fe iy dfld 2™

nmet hod of selecting cell clones characterized by the follow ng steps a)
Depositing single cells expressing a protein of interest in individual

cont ai fer & fgther Quigterred arapdimentys aunethed yyraraid e multiive!l Blgtessast 9me
day, 10 j 2l 3 i
ay ) BIMBIgEY gge@ﬁt\hgl‘i’]ﬁlat@g, Fﬁ%@lﬁ% %ﬁg v&éIPPPa‘?é? hsCRBil %'Sngrr]p@ﬁ?gr e |

the cells are pass I'rst asurlng the anount o
prot ei.n ofwhereier etepsia) waeh aikippriormeg) iNS8bewli plpted andsstaps @)diong @r¢ t he

anount of protein. ured in the respective aliquot. 15 A preferred
enbodi rrentp%ir@r@ﬁgi”ﬂgg%ﬂ @Iﬂtg?hod wherein the throughput is at |east 250
nmeasurenments (of protein concentration) within 12 hours, preferably 500
measurenents within 12 hours, nmore preferably 2000 neasurenments wi.thin 12

hour s, oo Tusther spegific ermporirent ia 0dnyRIHYE Mested whereinmyiied GoRtaiversoyr s.
20 for culturing the monoclonal cells are removed from the incubator for a maximum

time period of 5 minutes, and were in step e) the lid of the multi-well container is
removed for no longer than 1 minute, preferably 30 seconds.

15 Another preferred embodiment is any of the inventive method wherein the celis of
~step a) have been ftransfected with an expression vector containing a gene of
interest in order to express a protein of interest.

A specific embodiment is any of the inventive methods wherein the single cells
20 have been generated by using fluorescence activated celi sorting (FACS) or by

limited dilution.

Another specific embodiment is any of the methods wherein the culturing time in

step b) of the first method and the time between one passage and another in step

25  b) of the second method is between 1-60 days or 1-30 days or 5-60 days or 5-30

days or 10-60 days or 10-30 days or 5-30 days or 5-25 days or preferably 14-25
days.

- A preferred embodiment is any of the inventive methods whereir; the aliquot in
a0  step c) of the first method and the aliquot of step e) of the second method is from

the cell culture supernatant.



Anot her preferred enbodi nent of the invention is an inventive nethod
wherein step c¢) is perfornmed in a sterile environnment class A particle

| oad of | ess than 100 particles per nB. 25 A specific enbodi ment of the
invention is an inventive nmethod wherein at | east one step is performed in
nul ti-well plates as well as a nethd§ wherein at least step d) is
performed in nulti-well plates as well as a nethod wherein the nmulti-well
pl ates are 96-well plates or 384-well plates, preferably 384-well plates.
22 A further preferred enbodi nent of the invention is an inventive nethod
wherein the clones /clonal cultures are nonitored over a period of tine
that is sufficient to obtain batch-like titer curves, preferably over a
peri od of Adberergtermd dnbadiphard iSanpbkéthecneentiva-riettagds whEneinithe eligiian

furthernore _concerns od_qf sel ecti cel.l .clones characterized by
Lhe ol | odiasos pups of <EOM0 8L, Buf GreRdaliyiin e P SE BT S ShbrBest ng o
protein ofprefergigots L2 grul ti-well 10containers in a cell culture nmedium

b. passaging the derived cell cultures up to 10 ti nes, : C.
transférring said nulti-well containers to an automated incubator,

d. sequentifih e ﬁré@ﬁ%fdeérﬁbagm?&it & H@LB’% fh‘éﬁhlrer&%trﬁ%at'ﬂ%@ XTHe?é’i“p Hﬁ? aiiﬁ&éibat or
via an airlock into a sterile environnent having class A particle I'oad
150f | ess is kah5%0 0/ paef thel el pdture®plume and wherein the. datectinn sensifiviiyl dfquot

of the culfure fromeach container, ,f. diluting the sanples by a pipetting
uni t whil éﬁ%R&Ot‘E'QW%a%F%mPPiﬁsf#Z??%&”E%(Ek to the incubator, g. Mxing the

di l uted sapltserapféted astbydifRABEs ey Bf AhanaidifiveMHetiodsewheraint gener
h. transferring the nulti-well containers of step g) to the storage hotel
for i n@ub&iAdet!s < 2.5% (v/v) of the cell culture volume and whereéin the range of detection

is between 1-20mg/liter or between 1-10mg/liter.

A preferred embodiment is any of the inventive methods wherein the cell culture
medium in step a) has a volume of 500ul, 300u! or preferably 200ul.
15 '
Another preferred embodiment is any of the inventive methods wherein the
measurement step is performed by an enzyme linked immuno-sorbent assay
(ELISA) or preferably by an homogeneous time-resolved fluorescence assay
(HTRF}, preferably by HTRF and especially preferred is a method wherein the
20 HTRF assay comprises detection antibodies directed to S
a. the Fc part of IgG type antibodies and to
b. a light chain of IgG type antibodies.

A spegifically preferred embodiment is any of the inventive methods wherein the
25  detection antibodies are anti h IgG (Fc) conjugated to Europium cryptate donor
and anti h kappa light chain conjugated to a D2 acceptor.

Another preferred embodiment is any of the inventive methods wherein the culture
medium is serum-free and /or animal component-free and / or protein free and for

so0  chemically defined.



i. Mwving the nulti-well plates of step h) to a reader, ] -
nmeasuring the anount of the protein of interest in each container, 25
whereby the throughput is at |east 250 neasurenents within 12 hours,
preferably 500 nmeasurenments within 12 hours, nore preferably 2000
measurenents within 12 hours, nost ﬁ?ef erably at | east 4000 neasurenents
or aliquots in 12 hours. 23 Another preferred enbodinent is a nethod
wherei n the nunber of passages in step b) is 0 and step e) is perforned
before the cells are passaged the first tine. 5 A further preferred
enbodi menta é’%)te’é y,ngfr t I tes
or 384-wel Id pl at g era 5 eg %rggo%e}n't béll\glﬁ%gpgg Iﬁg?rﬁrvgsrﬁgmggﬁ%%&%ﬂerel n
steps a) ttbeeplinawe mewhonmdpemsngrscubuﬂe plates and steps g) to j) are
performed in 384-well|l plates. 10 A further specific enbodinment is an -

i nventive nmethod wherein nulti-well containers for culturing the

nmonocl onala Qﬁ'ﬁ’ieﬁ‘ sfp@e:fbmfeerbd emivot Mgenitris & tcﬁrthé omV@tmaxn@mws iwteerpiar i od

of 5 m nutes, d were in step e) the lid o e E |£° i ner
Cermved | Gh RGIAR EIONRAFPRISRRTIE, 5t 8D PP SB6 JRas2OBAMRGTRGr
preferr ed Eé’dﬂﬁﬂ% (%)51 Oa/‘)bfgfat\}é f?ﬁeabﬂr‘é%%' ré@rh@fja%%hﬁé&tﬁ@%r&t%ld & of

step a) h sfecte an expression vector contalning a gene
of |ntere$M9ﬁﬂﬂorder to express a protein of interest. A specific
enbodi nent is any of the inventive methods wherein the single cells 20
have been generated by using fluorescence activated cell sorting (FAGS) or

by |'i m t edn dinbtidrqirefofreelt mwamtf@m@mmmnenm miayhoads theemetiduois
wherein the culturing tine in step b) of the first method and the tjne

bet weel o€ gaggfagwltm SR Or Wt%tﬂ"@p the; rayitigyelt gRNaEEsh PrnelirAbe e

bet ween 1- Ko F-iVA days or 5-60 days or 5-30 days or 10-60 days or
10- 30 dayscgglfI ggm@a@S%r 5-25 days or preferably 14-25 days. A

preferred enbodlnent is any of the inventive nmethods wherein the aliquot

in 30 step, c),.of the first th dige econd
mot hod 1 < RUIE RiEteaed " SpBEER Bornt &1 BB, ReFRgRLNEer e
enbodi menimétho@ny furthet RBakSiddvisy RS hoslof whidjoustibede ¢eﬂ!BOtPrhﬁe§raa|
vol une of < 20pl, <10pl, <5pl, preferably in the range of 0.2 ﬁl nDst
pr ef er'dbl N9 i§ a megjod wherein' the feeder célls used are hamster cells wheh the

deposited cells are CHO- or BHK- cells and wherein maus-myeloma cells are used

as feeder cells when the deposited cells are NSO cells. More preferably, this is a

method wherein the deposited cells are grown in the presence of 100 to 200.000

feeder-cells per mL medium.

20
- Another preferred embodiment is any of the inventive methods wherein the protein
of interest is a therapeutic protein, preferably wherein the protein is an antibody,

especially a therapeutic antibody.

25 Another specific embodiment is any of the inventive methods wherein the
deposited cell is a hamster cell, e.g. CHO or BHK cell or wherein the deposited

cell is a mouse myeloma cell, e.g. NSO cell.

The invention further concerns a method of increasing throughput in cell line

30 development by using any of the previous methods of selecting cell clones.



5 Anot her preferred enbodinent is any of the inventive nmethods wherein the
aliquot is < 2.5% (v/v) of the cell culture volune and wherein the
detection sensitivity of the protein neasurenment is at |east 1ng/l. A
further preferred enbodiment is any of the inventive nethods wherein the
io aliquot is < 2.5% (v/v) of the cell culture volune and wherein the
range of detection is between 1-20ng/liter or between 1-10ng/liter. A
preferred enbodi nent is any of the inventive nmethods wherein the cel
culture nediumin step a) has a volune of 500pl, 300pl or preferably

20411. 15 Pmetihesntnefetiath@abeshsend ésméﬂﬁbdobftﬂi}%dhé\rignéi gr%té‘iﬁt hods
nKe

wherein the neasurenent step is perforned by an enzyne
i muno- sor PERYAEs 89!, ( £19- SA)memrlisneealbl yndsr aerunviregeaidbuingt conditierso| ved

fl uoresce jalg Yy by HTRF and especially preferred is
a net hod mrl’?%ﬁ%’%ebgﬁ%&?wggégeé'comri ses detection antibodies
directed to a. tha. Feernpmatingfa gGaryqgie eell iwitdh esoraaidsta gened dii Bdreghai n
of 1gG type antibodies. .. A speci fi(ial lé preferred enbodi nent is any of
the i nventive met hofECRAEEEA RAGIR S EMIESEct i on anti bodies are anti h 1gG

(Fc) conjugated to. BUPRItHE tHey BERUMISR S¥rudFed ohdiiokaPdidd aibwCha N
conjugated to a D2 acceptor. Anot her preferred enbodi nent 1s any of the

i nventive met hods whr&ldeiatioRn@féhg eelhbe nediumis serumfree and /or ani mal

Aot hor espectal 15 D BPSTPR B ERIT I e U R b b el

wherein the cells ap&tgrown in suspension culture. A further specific
preferred enbodi ngnt, i.s any of. the inventive nethods wherein 5 the

sel ect &d cl ones r p?‘:é'étglﬁﬁoﬁhé’ft6?)'83(‘5%9?%@?”& é)IE’FI9n§WE ip o e 0VEaRCHOR:
preferably the top a0fsiedosclekgen@agured to express high anounts of the
protein of interest. n another preferred enbodi nent of any of the

i nventive net hodse-t RErafsting dhe sclam eedllsr ageprdinghlouany rexie of the invardivieng

the nul ti-well cont idedds Seviiusly ddiribag,
f. Cuitivating the top 30%, preferably the top 20% and most preferably
15 the top 10% of selected celis measured-to express high amounts of
the protein of interest,
g. Harvesting the protein of interest e.g. by separating the cells from th.e
supernatant and

h. Purifying the protein of interest.

A preferred embodiment is a ‘method wherein the protein of interest is a

recombinant protein, preferably a therapeutic protein, more preferably an antibody.

The invention additionally concerns a protein product produced by any one of the
25 methods described. '

The invention furthermore concerns a method of selecting a producer host cell line
by using any one of the methods described.

%  The.invention further concems a producer host cell line selected by any of the
methods described.



cul ture nediuminside. Another preferred enbodinent is any of the

i nventive nethods wherein the nmethod is further characterized by the use
of autol ogous feeder cells. Preferably 15 this is a nethod wherein the
feeder cells used are hanster cells when the deposited cells are CHO or
BHK- cells and wherein maus-nyel oma el ls are used as feeder cells when
the deposited cells are NSO cells. Mre preferably, this is a nethod
wherein the deposited cells are grown in the presence of 100 to 200. 000
feeder-cells per nL nmedium 20 Another preferred enbodinent is any of the
i nventive nmethods wherein the protein of interest is a therapeutic
protein, preferably wherein the protein is an antibody, especially a

t her apeut i & spydifieodnbodimeitoisherprapacer hestepdIodhaBitiertin @Ry heét t8e |s a
i nventive t hods mhereln the deposited cell is a hanster cell, e.

or BHK cel fUksyQiicesal pﬁSP%a@éEdﬁﬂW&ﬁ“éﬁlqe”i Qrﬁer@@lys‘éhﬁﬁé"l tﬂ@ah%%lqe” 8.3y,
NSO cel I haAfisteher b Ml rﬂPFFoHéSQF BRpELIARNG B Ek"ﬁk*& floPh 106Q%U. N9 2

protein in a eukaryotic ce 1Tan ce serum
cul turisng conditions char acteri zed by the foll ow ng steps

a. Gener at | c cell _which gontains. a s

5encodi ng 4 ﬁﬂ% '@f%\lﬁﬁﬁ ﬁf’gp'é%tconﬁem& V58I A atﬂ d@g@r hﬁ’ﬁb s@?eurﬁ% ree
condi ti On&iesdnbedﬂf@til@mdrhﬁcéuﬁialbﬁﬁt@hlrﬂﬁn%cifuhlﬂ cell, c. Deposition of
single cells in a nulti-well container, such as a 96- vel | pl ate, 10d.

Cultivation of said single cells opti onal ly in the presence of autol ogous

feeder Ce'A&jltl@n(jall§Cfr%e[Hv@ﬂ |BH3;0%EQFF%|G%Q%tr%rWW}Gbﬂ'%u‘itgb@n% 8%ebfln the

i nventive nethods preV|ous escr
10 sterile environment supplyrng class A particle load of less than 100 particies / m3

and which is suitable for an automated platform performing any of the inventive
methods as described.

The invention furthermore concems a method of immediate-early high throughput
15 screening of cells characterized by the following steps:
a) Performing single-cell cloning of transfected cells genetically mo.difiedito
express a protein of interest and
b) Performing a protein detection assay suitable to detect said protein of
interest in a primary cell culture of monoclonal cells growing in a multi-well
20 plate format using an automated platform while '

c) maintaining a sterile environment of the primary cell culture cutture.

In a specific embodiment the invention further concems a method of immediate-
early high throughput screening of cells using an automated platform wherein the
25 Tfollowing steps are performed:
a. 96-well plates containing single cells are transferred from a FACS
unit to an automated incubator,
b. The software sequentially schedules transfer of single plates from
the incubator via an airlock into a sterile environment, )
30 c. Supernatants are removed and diluted by a pipetting unit while the
cells are transferred back to the incubator,



f. Cultivating the top 30% preferably the top 20% and nost preferably
15the top 10% of selected cells neasured to express high amounts of the
protein of interest, g. Harvesting the protein of interest e.g. by
separating the cells fromthe super pat ant and h. Purifying the protein of
interest. 20 A preferred enbodi nent “Ts a nmethod wherein the protein of
Interest is a reconbinant protein, preferably a therapeutic protein, nore
preferably an anti body. The invention additionally concerns a protein
product produced by any one of the 25 nethods described. The invention

furthernore concegynsg @Eémﬂe dLgJit %heﬁﬁiéggsﬁmﬂé%%sapﬁéaggﬁté i FAg-by

usi ng any one of the nethods scribed. 27 A specific’enbddinent is a

producer host cel | walieplaieecaddransteradsemdefiie storagedukalfpoincgbation,,

or 5 mouse- nyel o CaRr 2 euiss Bl Bl BT g el oy FiE sl AT '
The invention furtheigexsedanaaraserigie. use of a producer host cell line as

descri bed for biopharmaceutical protein nmanufacturing. ditionally, the
i nvent ion concer ns @3 HAFKIRY W%ﬁﬁd@iqaé‘mc@dt@a@gt%a aé@P‘& RACERri | e

envi ronment supplying class A particle |oad of |ess than 100 particles /
n8 and which is suitable for an autonated platform perform ng any of the
i nventi ve Inext praferred aefebadimbetof any ofthe inverdivei mathodsttherarmewnicoindalans a
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profiles of each specific cell type under the above described culture conditions.
w0 These profiles could than be used to reduce the number of measurements needed
for clone se!ectidn as they could enable extrapolations. This again would increase
the possible maximum throughput of any such set up.
In case it is desired to limit the number of samples taken and/or the time frame for
the selection procedure, the described setup would enable the generation of
15 typical titer profiles that could be used to estimated the titer potential of such
clones (mathematical modelling approach). Titer potential means the final protein
concentration that the culture would reach before the first passaging.

The practice of the_present invention will employ, uniess otherwise indicated,
2 conventionai techniques of cell biology, molecular bioiogy, cell culture,
immunology and the like which are in the skill of one in the art. These techniques
are fully disclosed in the current literature. See e.g. Sambrook et al., Molecular
Cloning: A Laboratory Manual, 2™ Ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1989); Ausubel et al., Current Protocols in Molecular Bioiogy
25 (1987, updated); Brown ed., Essential Molecular Biology, IRL Press (1991);
Goeddel ed., Gene Expression Technology, Academic Press (1991); Bothwell et
al. eds., Methods for Cloning and Analysis of Eukaryotic Génes, Bartlett Publ.
(1990); Wu et al., eds., Recombinant DNA Methodology, Academic Press (1989);
Kriegler, Gene Transfer and Expré'ssion, Stockton Press (1990}, McPherson et al.,
30 PCR: A Practical Approach, IRL Press at Oxford University Press (1991); Gait ed.,
Oligonucleotide Synthesis (1984); Miller & Calos eds., Gene Transfer Vectors for



a) Performng single-cell cloning of transfected cells genetically

nodi fied to express a protein of interest and b) Performng a protein
detection assay suitable to detect said protein of interest in a primary
cell culture of nonoclonal cells grgying in a multi-well 20plate format
using an automated platformwhile c) nmaintaining a sterile environnent of
the primary cell culture culture. In a specific enbodi nent the

i nvention further concerns a nethod of inmrediate-early high throughput
screening of cells using an automated platformwherein the 25 foll ow ng

steps are mgiinedi®dCefls Q©8™e! BuBkaters, Mahaidnanacsll rmbecﬁﬁbbgya(a@gr)
transferred froma FAGS unit to an automated incubator . Thé software

sequent i alfgliasd @l 694 ANRIRLCeBfCuliurgl éium%rtaesrerssdﬂ%% Fraghms ef ali a an
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bar coded pl ates and barcode readers. In a referred enbodi nent of an
t he i nventGenreticeergiaeeringeobAsimals sieligain %Qﬁﬁhﬂ@ggbyphg? ATNdeR ©ftha iV ,set

woul d I r f f fic
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sel ection as they could enable extrapolations. This again would increase
t he po8si bl e maxi mum t hroughput of any such set up.

The invention generally described above will be more readily understood by
reference to the following examples, which are hereby included merely for the
purpose of illustration of certain embodiments of the present invehtion and are not
intended to limit the inventicn in any way.

15

EXAMPLES
MATERIALS AND METHODS
Cell Culture

20  All cell iines used at production and development scale were maintained in serial
seedstock cultures in surface-aerated T-flasks (Nunc, Denmark) in incubators
(Thermo, Germany) or spinner flasks sparged rrvith a mixture of air and 5% CO;
(Wheaton, USA) in specially designed incubator rooms at a temperature of 37°C.

25  Seedstock cultures were subcultivated every 2-3 days with seeding densities of
2E5- 3E5 cells/iml. The cell concentration was determined in all cultures by using
a hemocytometer. Viability was assessed by the trypan blue exclusion method.
The cultures originated from master, working or safety cell banks and were
thoroughly tested for at least sterility, mycoplasma and the presence of
30 adventitious viruses. All operations took place in air-filtered laboratories and under
strict procedures complying to ‘current Good Manufacturing Practices (cGMPY . Al



In case it is desired to limt the nunber of sanples taken and/or the tine
frame for the selection procedure, the described setup woul d enabl e the
generation of 15 typical titer profiles that could be used to estimated
the titer potential of such clones (mathematical nodelling approach).
Titer potential neans the final prot®in concentration that the culture
woul d reach before the first passaging. The practice of the present
invention will enploy, unless otherw se indicated, 20 conventional

"techni ques of cell biology, nolecular biology, cell culture, immunol ogy

and the |i | e iyt : Fg,&j?g? aiges
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Mol ecul ar Bdebtminggr indelbedrar at ory Manual , 2" Ed., Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, N. Y. (1989); Ausubel et al., Current
Protocols in Ml ecular Biology 25 (1987, updated); Brown ed., Essenti al
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- Cell Biot %@hﬁg} BRtechh@9Bbenfopbs Mol 839(55)5 Animal Cell Culture,
Humana Press (1990); Freshney et al , Cul'ture of Aninal Cells, Alan

R Lis9 (1987); Studzinski, ed. Cell Gowth and Apoptosis, A Practi cal
Appr oach, é@ Pcfeﬁis\?orﬁﬁ Oxford Uni versity Presss (1995); 5 Melaned et al.,
eds., Flow ?ometry d Sorting, Wley-Liss (1990); Current Protocols in
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i nvention gene descri bed above will be nore rea under st ood
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i nventi on e |nvent| n i n any way
EXAMPLES I!dbé’tEsEﬂ MSTANMD bEEHERSteCe(ISCUISartesd cells were deposited into 95-well
' microtiter plates containing 200 i growth medium at two cells per well with the
automnatic cell deposition unit. For sterile sorting the tubing of the cell sorter was
20 cleaned and sterilized by running as sheath fluid for 1 h each of the following

solutions: 70% ethanol, sterile H0

HTRF assay

“HTRF” assays are °“homogeneous time-resolved fluorescence assays” that
25 generate a signal by FRET between donor and acceptor molecules.

The donor is a Eu3+ caged in a polycyclic cryptate (Eﬁ-cryptate), while the

acceptor is a modified allophycocyanin protein. Laser excitation of the donor at

337 nm results in the transfer of energy to the acceptor at 620 nm when they are

in close proximity (680 A ° ), leading to the emission of light at 665 nm over a
30 prolonged period of milliseconds. A 50-Is time delay in recording emissions, and

analyzing the ratio of the 665- and 620-nm emissions minimizes interfering



zo All cell lines used at production and devel opnent scal e were nai ntai ned
in serial seedstock cultures in surface-aerated T-flasks (Nunc, Dennark)
in incubators (Therno, Germany) or spinner flasks sparged with a m xture
of air and 5% CO2 (Weaton, USA) in specially designed incubator roons at
a tenperature of 37C. 25 Seedstock ¢l tures were subcultivated every 2-3
days with seeding densities of 2E5- 3E5 cells/nL. The cell concentration
was determned in all cultures by using a henocytoneter. Viability was
assessed by the trypan bl ue exclusion nethod. The cultures originated from
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the foll ow ng solutions. 70%"% ste
15 well plates and transfers them tfo the storage hotel for incubation. After 2 hours the

Al

plates are moved to the reader for measurement at 665 nm and 620 nm. Sample
tracking is ensured by barcoded plates and barcode readers.

20 Anti h IgG (Fc) conjugation to Europium cryptate donor
The antibody was first dyalised in phosphate buffer 50mM pH8 and concentrated
to 1mg/mL using Biomax tips (cut off 30 000 M.W) from Miliipore. The antibody
was then reacted with N-Hydroxy-succinimide activated cryptate for 30 minutes at
room temperature in a molar ratio of 15 cryptate / antibody. The antibody cryptate
2 conjugate was finally purified from the unreacted fluorophore on a G25 superfine
gel.

Anti h Kappa light chain conjugation to D2 acceptor

The antibody was first dyalised in phosphate buffer 50mM pH8.5 and concentrateéi
s to 1mg/mL using Biomax tips (cut off 30 000 M.W) from Millipore. The antibody

was then reacted with N-Hydroxy-succinimide activated D2 for 1 hour at room



"HTRF" assays are "honobgeneous tinme-resolved fluorescence assays"” that 25
generate a signal by FRET between donor and acceptor nol ecul es. The donor
is a Eu3+ caged in a polycyclic cryptate (Eu-cryptate), while the acceptor
is a nodified all ophycocyani n protei g Laser excitation of the donor at
337 nmresults in the transfer of ef rgy to the acceptor at 620 nm when
they are in close proximty (690 A ), leading to the em ssion of |ight at
665 nm over a 30 prolonged period of mlliseconds. A 50-Is tinme delay in
recordi ng em ssions, and analyzing the ratio of the 665- and 620-nm
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unpaired f rophores. To detect the content” of 1gG type anti od| es in

cul ture nditialyrpurtifies! fomdhg preeacter Bugrophorgeered G25 sunerinfigeln |1 gG ant i body
specifically binding to the Fc region and is presented upon binding of the
antibody to the 1gG product, while anti human 1gG anti body 5 specifically
bi ndi ng the kappa light chain was | abell ed as D2 acceptor to conplete the
conmpl ex. This assay format allows the detection of I gG type antibodies in
the culst ufeN¥FEEm at concentrations wel | bel ow 1 litre. The HTRF(r)
assay is I [ t rerile
condlytl ongg ré%tmlﬁzﬁlla% rgt Eéés’rlfc%:rmﬁ%l ni ngﬁglsﬁd %é%éem?gggge&ﬂd%? ?@rﬁ?g%tsf @om a
i o FACS ummtume()sxmermtaotmf@l—lﬂﬂaubm asterimenvioimente schedul es transfer of
single plates fromthe incubator via an airlock into a sterile
environment. A sanple representing |less than 2.5% (v/v) of the culture

vol une i s Aigurevesl showstey etliesiane o dta mhmadibteicbdy edrdey setpippeséd.ndheni t
while the cells are transferred back to the |ncuba,l"gﬂeé B pggettl r][g unit
then nPxePreciR| tien Al cHivee pyperaaigal of calISIOWNg ReFG-wsfl3 s n
transfers gAresm h (ﬁgaog or, o 0 t

pl at es art-!-,:t nove b(%x@ea glﬁ@ é’%}:r forlt!r?éa%%rgneqﬁf’éégféﬂ GGgUmégﬁ%@ Lthé tﬂf@r :
Sanpl e t r ansasugemsnisnecaueed by adalhcademaiéd rmannendn Baisdowell fcumért@ allgw Ant i

h 1gG (Fc ntoE ium ol e anti body was first
dyal i sed h&bﬁt@@ﬁu PB[]’far% %mgp@gxghgﬁg%gerﬁlqn hc’léd to 1 mg/ M _ using
Bi omax tips (cut off 30 000 MW fromMIlipore. The anti body was then
reacted with N Hydroxy-succinimde activated cryﬂtate for

t
room t*érrpérloatf"t‘j@'éai%t@ heasRilityapl gsibg the geseibede Ml Rgn??%ﬁyns"qfﬁgucgﬁﬁebody

cryptate gassic ELISA several IgG producing CHO cell populations were analyzed for .
antibody production with both assays side by side (Figure 2). In addition it was

assessed how a shift from the current 96-well format to a 384-well format would
affect the assay performance. Figure 2 shows a good correlation between the

20 three assay formats for ail cell popuiations over a wide range of absolute antibody
concentrations from 0.025 to 10mg/l. Overall, any productivity-based ranking of the
CHO cell populations based on the 384-well HTRF format gave the same result as
employing the original ELISA format.

25 The 384-well HTRF format was automated and linked to a source incubator
holding 42 96-well plates containing cell clones. A layout of the immediate-early
clone screening platform is depicted in Figure 3 The platform consists of a
Freedom EVO 200 basic module (Tecan, Switzerland), a pipetting unit consisting
of Te-MO-96 3/5, Te-MO WRC and Te—MO Refill stations (Tecan Switzerland, an

so  Ultra Evolution Reader (Tecan), a LPR240 Karussell (Liconics), a Cytomat 2C
Incubator (Thermo) and a computing unit (Dell). The incubator sequentially



25 conjugate was finally purified fromthe unreacted fluorophore on a &5
superfine gel. Anti h Kappa |ight chain conjugation to D2 acceptor The
anti body was first dyalised in phosphate buffer 50mM pH8.5 and
concentrated 30 to 1ng/nL using Biongx tips (cut off 30 000 MW from

M1 Ilipore. The anti body was then reacted wth N-Hydroxy-succinimde
activated D2 for 1 hour at room 32 tenperature in a nolar ratio of 5 02 /
anti body. The anti body 02 conjugate was finally purified fromthe
unreacted fluorophore on a &5 superfine gel. 5 EXAMPLE 1: A robotic

pl at f or m paetevtalng gitEE thabgH SFEAP RS S citrdl %be%ﬂﬂg BRI v@srel ls&mbleur €
supernatants of CHOcells in"a sterile environment. Figure 1B shows the

schemat i ¢ @ffthe Rachreriigresuperapiant wwastakesefftapandeitial dition step ell futther t er
of cul tur t ol e

FACS- base s%sgqé@{]lpﬁ%%pégﬁéﬁﬂ%mgr%ﬁ%usge\éeycﬁpagg % tﬁhn&f a{néjr
neasur enerdcsepioe sokdions irefolmbénaladilutions. Rlates weee incubatedBir @eidurd pnmairo to
al I ow hi gh-t hr oughput screeni n h- produ er cI ones, To
val uate AT LESBH TR P BRoY s Shlided 0r Be e ey ting Be ¢ he
classi ¢ ElfATseystadre! gfadin0dowithen4rd) aeld s@ﬁ@auﬁg @W&N@@rﬁmva& d for

anti body production wth bot h assays side by side igure 2). In addition
it was as$edibedy Huwndifigationt fromodet kel @uﬁu@wsowev@lateﬁ i ﬂaprqmateaeﬂwel |

for mat V‘DLHoE’;B@ffr% BvohRJet z?r?sr?é’tg B%hd %Bpgpfb cré:#lgmo? fh r%oﬂﬁglgpgin%eﬂov or

correlati €t wee €€ assa or &t popu
a w de rariges dor ahsbd:dy secenetiohddya @mgiemmatr hemrxfarmrthz@;uglﬁuﬁ wolihglsb.
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sour ce incubator hol di ng pl at es contai ning cel P cl ones.
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Figure 3 'ggf'n)pér%b{‘g COI’ISI sts of a Freedom EVO 200 basi c nodul e (Tecan,
Swtzerlan prpetting unit consisting

15
EXAMPLE 2
Automated immediate early screening of monoclonal CHO cells producing an IgG-
4 type antibody
Genes encoding an IgG4 type antibody were transfected into CHO DG44 cells
20 growing in chemically defined serum-iree media and stabie ceil pools were
generated by selection with neomycin. Cells were subjected to FACS-based single
cell cloning including the use of autoiogous feeder cells as described above. After
a period of time of 15 days post single cell cloning, 42 plates were transferred into
an automated incubator and the immediate early clone screening program was
25 initiated. Supematants of all clonal cultures were taken every 3 days and the
antibody concentration was measured by the described HTRF assay.
Figure 4 shows the results for 16 representative clonal CHO cultures (panel 1 — 16
as indicated) as they grow up from single cells in 96-wells. For most cultures, titer
) curves indicate that they enter exponential growth phase at around day 15 post
30 single cell deposition (such as clones depicted in panel 4, 11 and 14). However,
some cultures demonstrate faster growth kinetics as the antibody concentration



of Te-M)-96 3/5, Te-MO WRC and Te-MO Refill stations (Tecan Swi tzerl and,
an 30 U tra Evolution Reader (Tecan), a LPR240 Karussell (Liconics), a
Cytomat 2C I ncubator (Therno) and a conputing unit (Dell). The incubator
sequentially 33 presented all plaéfs through an air lock to the central
pipetting unit, were a sanple of thé& each culture supernatant was taken.
After an initial dilution step all further reactions took place in
384-wel l's. Sanples were incubated with donor and acceptor solutions in
four serial dilutions. Plates were incubated for 2 hours prior to 5

measur enerfag éﬂb%dglrééér%d%megmwa BRAvd a4y1e5 s days, ﬁéﬁ’é!ﬂﬁ@lélorié%' ng

the FACTS sof twar Tecan, Swtzerland). This scheduli'ng all owed
HTRF- basedi%)tmed)mt@armjérﬁndiz:)atl on from42 cell cuI ture source plates in
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SCreene W I N e Sa |ter neasure ever | ay,
D he Goge: b Easa o AEs Ean L fBit Ao BURDA Ph s Elsa aRELnGPE e g frte T o
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EXAMPLE 2 Aut omat e |ate ear screeni ng of nmonocl onal "CHO cell s

pr odu]E:| ng tepicalgiiter W@‘éeaﬁhatbowdch&]e@eéd@omtﬁgat@ﬁ thgGiier ypoterdiatl iob swehwer e
et oot B R, S5 S BT AR 5 o,

neonyci n. coatémtratonehsiuthgastitack mulm%embeﬁﬂemm@isepmmlr@.oni ng i ncl udi ng
t he use of autol ogous feeder cells as described above. After a period of

tinme of 15 days post single cell cloning, 42 plates were transferred into

an aut omatigs gneﬂﬁéato%@r&@ratt@ehémﬁﬁ% aih’ﬁné‘d'iéie)’ é*alr19n§cr%féhﬁ@mceac@¢stog;raam was

25initiated. Supernatants of all clonal cultures were taken every 3 days
and the ardﬂsthgdbﬁh(hﬂhweam thégh endvew prediscaradionas tapid!yl @sd ranadesHPRRckigeay .

(paner 1 TEVROOHAIER A5 sh HB A HRTER R omsingl e col s I 6 wel I's.
For nost cul tures, titer

15
EXAMPLE 3
Autemated immediate early screening of monocional CHO cells producing an lgG-

1 type antibody and further subcultivation in MAT6 wells and comparison of
productivity in immediate early clone screening and MATG scale __

20 Genes encoding an igG1T type antibody were transfected into CHO DG44 cells
growing in chemically defined serum-free media and stable cell pools were
generated by selection with neomycin. Cells were subjected to FACS-based single
cell cloning including the use of autologous feeder cells as described above. After
a period of time of 10 days post single cell cloning, plates were transferred into an

25 automated incubator and the immediate early clone screening program was
initiated. Supernatants of all clonal cultures were taken four times every two to
three days and the antibody concentration was measured by the described HTRF
assay.

- Clones were picked at day 17 after single-cell deposition, expanded into 6-well
s0 plates and subjected to titer determination during three passages. Clones with
high titers in IECS showed also high titers in MAT® scaie with four of the five top



curves indicate that they enter exponential growth phase at around day 15
post 30 single cell deposition (such as clones depicted in panel 4, 11 and
14) . However, sone cultures denonstrate faster growh kinetics as the

anti body concentration 34 has already reached a pl ateau | evel between day
15 and day 25, (such as clones depié?ed in panel 8 and 12) Sone cul tures
have just entered early exponential growh phase at the |ast point of
measur enent (such as clones depicted in panel 9 and 13). 5 In case it is
desired to limt the nunber of sanples taken and/or the tine frame for the
sel ection e ,; | l Lt d of
typi cal tf%%ﬁ%bﬂgbgﬂg%nﬁﬁgﬁ§géﬁfggggﬁ%g§3¥@ghgg@ﬁﬁi#ﬁgbpﬁ%gt|té?k%%?%ntiaI
of such cltoaiethe(thert diawed measuratelth iting depmiteadmmddisieregriyt dorie atrespimgs t he

biseag: g COTBERBEDRIRS RASIRLOF 06 M denersti duriRionel AT EtPBcraThg
concept caRed irértrggﬂ BF&ﬂJcﬁﬁﬁ Wees alhhqhenalraﬁ therBbAIRIERINSS hess drtiiodlies. and

enabl es to include many thousands of clones in this primary screen. 15
EXAMPLE 3 Automated i nmedi ate early screeni ng of nonocl onal CHO cells
produci ng %Mg%tgype anti body and further subcultivation in MAT6 wells
and conparison of productivity in-imediate early clone screening and MAT6
scal e 20 GenesaiciothegateneanyEeregpiagasftmbnatyong NSQ celfsspredueidgian kyGsHO
DA4 cells growing in chemcally defined serumfree nedia and stable cell
pool s weré tg@ﬁ@f‘ﬁ%%@ by selection with neonycin. Cells were subjected to

FACS- baseg&idatdfedetld aflI§BH NYpe Rptibdnard Ranseetedl inRUNSHASNY growRgen
cells as described above. After a period of time of 10 days post single

cel I cwonichgmigallyt éefinest setunafisre Mmeste ianc stablesedupentatalg gereBERDOYand
LPe | receleRlih SR ST PRI RCSERT IR Ahty B FosRsI ARt o
anti body cehchomninghs desgritedipanatesitland hestieds sediiod. HATRF apsigd oltimees
IR B FE A AR p R SN o b Nt e
G ones W tdrubator and the immediate early clone screening program is initiated.

15 Supernatants of all clonal cultures are taken every 3 days and the antibody
concentration is measured by the described HTRF assay. Clones are ranked
according to these data and subsequently a selection of ciones is picked,
expanded into 6-well plates and subjected to titer determination during three
passages to verify the previously'obtained data.

20



high titers in I ECS showed al so high titers in MAT6 scale with four of the
five top 35 clones being identical in both formats. The data shown in
figure 5 denonstrate, that the titer curves neasured with the descri bed

i mredi ate early clone screening concgpt predict the potential of the newy
gener at ed nonocl onal production cell Tines for high production rates and
yield of therapeutic proteins such as antibodies. 5 EXAMPLE 4 Aut omat ed

i mredi ate early screening of nonoclonal NSO cells producing an 1gGlL type
anti body Genes encoding an 1gGlL type antibody are transfected into NSO
cells growcpgiMs 10 chemi cally defined serumfree nedia and stable cel
pools are generated by selection with neonycin and puronycin. Cells are
subj ected to FACS-based single cell cloning as described in naterials and

et hods sect o pfdih Sy ofsdiEE LA cbhILolradBrisay by RSPoISHAG! Sele!

cloning, 42 plates are trans rnto an aut omate or and the
i medi ate early choRemsitignsinglepcaligr expressingiat pratesol .of intesgd anandimidsiabf
all clonal cultures are.taken every 3 days and the anti body concentration
is measured by the &85%1@%8&1%% “é%@&%!%h ones are ranked according to

these data and supsesiiefihgthé ceifs Relkt Aasebngbapes i s picked, expanded into
6-wel | plates and subjected to titer determnation during three passages

to verify the prei StRMvipsHras Aol Afdhe aqyltuns fremaedgh contgingsibefarethe
sel ecting cell clonesgy _ log8He Bttt f Ol | owi ng st eps
a. Depositing singl ?c%?%seéi%rrggsﬁ%g&a Ipr otein of interest in individual
5cont ai ners in a dulMeaseringdhegmount of the protein of interest in each aliquot, _

10 e. Selecting clones according to the amount of protein measured in the

respective aliquot.

2. A method according to claim 1 wherein the throughput is at least 250

measurements within 12 hours, preferably 500 measurements within 12

15 hours, more preferably 2000 measurements within 12 hours, most
preferably at least 4000 measurements in 12 hours.

3. A method according to claims 1 or 2 wherein step ¢) is performed in a
sterile environment with class A particle load of less than 100 particles per

n

20 mso.

4. A method according to claims 1-3 wherein at least one step is performed in

multi-well plates.

25 5. A method according to claims 4 wherein at least step d) is performed in

multi-well plates.

6. A method according to claims 4 or 5 wherein the multi-well plates are 96-
well piates or 384-well plates, preferably 384-well plates. -

30



b. Culturing the cells for at |east one day, c. Renoving an aliquot of the
culture fromeach container before the cells are passaged the first tineg,
d. Measuring the amobunt of the protein of interest in each aliquot, 10e.
Sel ecting clones according to the agpunt of protein neasured in the
respective aliquot. 2. A nethod accdording to claim1l wherein the

t hroughput is at |east 250 neasurenents within 12 hours, preferably 500
measurenents within 12 15hours, nore preferably 2000 neasurenments wthin
12 hours, nost preferably at |east 4000 neasurenents in 12 hours. 3. A

net hod accor gdi ngridhéd at&drdhglto daihenad Wheka® stp by isPgéfietigdini 96-avell
sterile environnment with class A particle |oad of |less than 100 particles

per 20nB. 4. Apwiesend stemodismgrioomed i F84-wed pi#fései n at | east one step is
performed in multi-well plates. 255. A nmethod according to clains 4
wherein at |least step d) is perfornmed in nmulti-well plates. 6. A method
accor di ng t ogcliimethot offseheotimgroziltidries omarddtenwdd bythetfobowing s8tps: wel |

PLates or 304 el | BhBbSia R colh bbb bR idelin MIFHAC g
step d) is performedoh@in®ding!cel BLRIr@nedium, |

b. passaging the derived cell cultures up to 10 times

c. transferring said multi-well containers to an incubator, _

d. sequentially transferring said multi-well containers from the incubator

10 via an airlock into a sterile environment having class A particle load
of less than 100 particles per m3,

e. removing an aliquot of the culture from each container,
diluting the samples by a pipetting unit while the cells are transferred
back to the incubator,

15 g. Mixing the diluted samples and the assay reagents-into another
multi-well container, '

h. transferring the multi-well containers of step g) to the storage hotel
for incubation,

i. Moving the multi-well plates of step h) to a reader,

20 j.r measﬁring ihe amoun.t of the protein of interest in each container ,

k. whereby the throughput is at ieast 250 measurements within 12
hours, preferably 500 measurements within 12 hours, more
preferably 2000 measurements within 12 hours, most preferably at
least 4000 measurements in 12 hours.

25 )
9. A method according to claim 8 wherein sample tracking is ensured by
barcoded plates and barcode readers.

10..A method according to claim 8 or 9 wherein the number of passages in step
30 b) is 0 and step e) is performed before the cells are passaged the first time.



8. A nethod of selecting cell clones characterized by the follow ng steps:
5a. depositing single cells expressing a protein of interest in nulti-well
containers in a cell culture medium b. passagi ng the derived cel
cultures up to 10 tinmes c. transferg ng said multi-well containers to an

I ncubat or, d. sequentially traﬁsferring said multi-well containers
fromthe incubator 10via an airlock into a sterile environnent having
class A particle load of |ess than 100 particles per nB, e. renoving
an aliquot of the culture fromeach container, f. diluting the sanples by

a pipetting 4AiA méhbe abb@rdqlﬁj tSclains Brand wherth BRCHUIOWENBIdES HRABA! .

15g. Mxing the diluted sanpl’'es and the assay reagents i nto anot her

mul ti-wel | contwelheletesror 384awel plates prefiecabiy B84-wediplatesnt ai ners of step g)
to the storage hotel for incubation, i. Mwving the nmulti-well plates of
step h) to a reader, 20j. neasuring the anount of the protein of interest
i n each cont dRnemetkod wbesreng tohdaitty ®tghpuwhareinadtepeapto @pbrenparsomnent s

within 12 hours referably 500 neasurenents wthin hours, nore
o ef er dbl y 20001 SBASH BRI AT ERs &) Kol HoRPeToRH Mo SphBRJenr | cast

4000 nmeasurenments in 12 hours. 25

13.A method according to claims 1 to 12 wherein the cells of step a) have been
transfected with an expression lvectdr containing a gene of interest in order
' fo express a protein of interest.
10
14.A method according to claim 1 to 13 wherein the single cells have been
generated by using fluorescence activated cell sorting (FACS) or by limited
dilution.

15 15.A method according to claims 1 to 14 wherein the culturing time in step b)
of claim 1 and the time between one passage and another in s’tep b} of
claim 9 is between 1-60 days or 1-30 days or 5-60 days or 5-30 days or 10-
60 days or 10-30 days or 5-30 days or 5-25 days or preferably 14-25 days.

20 16.A method according to claim 1 to 15 wherein the aliquot in step ¢) of ciaim 1
and the aliquot of step e) of claim 9 is from the cell culture supernatant.

17.A method according to claim 16 wherein the aliquot has a volume of < 204,
<10ul, <5yl, preferably in the range of 0.2 - 5 yl, most preferably 0.5 — 2 yl.
25 _
18.A method according to claim 16 wherein the aliquot is < 2.5% (v/v) of the
cell cufture volume and wherein the detection sensitivity of the protein

measurement is at least Tmg/l.

30 19.Methed according to claims 1 to 18 wherein the cell culture medium in step
a) has a volume of 500ul, 300ul or preferably 200ul.



9. A nethod according to claim8 wherein sanple tracking is ensured by
barcoded pl ates and barcode readers. 38 11. A nethod according to clains 8
to 10 wherein the multi-well plates are 96- well plates or 384-well

pl ates, preferably 384-well plates. 12. A nethod according to clains 8 to
11 wherein steps a) to e) are perfo?%ed in 96-well plates and steps g) to
j) are perforned in 384-well plates. 13. A nethod according to clains 1 to
12 wherein the cells of step a) have been transfected with an expression
vector containing a gene of interest in order to express a protein of
interest. 10 14. A nethod according to claiml1l to 13 wherein the single
cell s have been generated by using fluorescence activated cell sorting
(FAGS) or by20iAvmetodiidogbrdimg td 5dAmATniet h8dwheredy engnaasurgragmisstept s 14

wherein the culturing,tinme in step b). pf . claim1 and th i en one
passage and an&?ﬁéFmgﬂ bYeﬁmb)e”EY'%ce,l QPE@% |n%mB@?'®8g)r?ni- géagg'jg?ﬁ&fcgb

days or 5-60 daysferibip-aP HmiGgeeol 8- tii-regyised@ riiubbestiéndeysssaly BHBRFYlays
or 5-25 days or preferably 14-25 days. 2316. A nethod according to claim1l

to 15 wherei n PRefeEbhyEYH TR step ¢) of claim 1 and the aliquot of step e)
of claim9 is fromthe cell culture supernatant. 17.A nethod according to
claim 16 wherein the aliquot has a volune of < 20pl, <10pl, <5p1,
preferably i1 #hensthogeacdorGing to Zigin, 1dowhemirfibeabMRF0 a5say Tophprises 18. A

met hod accor di ta clai.n 16 wherein the aliquot is < 2.5% (v/v) of the
cell culture vgg[ﬁéo_aﬁ@%'%épﬁm{ef:ﬁgqaet ection sensitivity of the protein
measurenent is atyl| grskc pER/df IgG3gbe antibodies and to

10 b. a light chain of igG type antibodies

22.A method according to clain'i 21 wherein the detection antibodies are anti h
IgG (Fc) conjugated to Europium cryptate doner and anti h kappa light
chain conjugated to a D2 acceptor. '
15
23.A method according to claim 1-22 wherein the culture medium is serum-free
and /or animal component-free and / or protein free and for chemically
defined. '

20 24.A method according to ciaim 1 to 23 wherein the ceil is grown in suspension

culture.

25.A method according to claim 1 to 24 wherein the selected clones represent
the top 30%, preferably the top 20% and most preferably the top 10% of
25 cells measured to express high amounts of the protein of interest.

26.A method according to claims 1-25 wherein the method is further

characterized by the use of autologous feeder cells.

30 27.A method according fo claim 26 wherein the feeder cells used are hamster
cells when the deposited cells are CH- or BHK- cells and wherein maus-



20. A met hod according to claim1 to 19 wherein the neasurenent step is
performed by an enzyne |inked inmuno-sorbent assay (ELISA) or preferably
an honogeneous time-resol ved fluorescence assay (HTRF), Spreferably by
HTRF. 21. A nethod according to claim17 wherein the HTRF assay conpri ses
detection antibodies directed to a. #he Fc part of 1gG type antibodi es and
to 10b. a light chain of 1gG type anti bodies 22. A nethod according to
claim 21 wherein the detection antibodies are anti h 1gG (Fc) conjugated
to Europiumcryptate donor and anti h kappa |ight chain conjugated to a D2

acceptor 15 24nfbBRLNas U, 1ol BLfR dngf MEBRRI BB ESE |

medi umis serum for ani ma conponent-tTree an €i n

and for chenm cadlly. defl ned. 2024. A nethod according to claim1l to 23
wherein the cell is grown in suspension culture. 25. A net hod accordi ng
toclaiml to 24 wherein the selected clones represent the top 30%

preferably the A ¢netRBd0 RRArdIBE ttoPEIBie AP bY AheHerdin 1R fpodhsd! dedisnBasur ed
to express high anbunts of the protein of interest. 26.A nethod according

to claisns 1- 25 GRAWALT wetmrésmmﬁwcétorzm PP feadsr-selseper el msdigme use of
aut ol ogous feeder cells. 40 nyeloma cells are used as feeder cells when
the deposited cells are NSO cells. 28. A net hod according to claim
26 or 27 wheP®8iA metbod ey ataitresd 128 vbeegie thgrpoiein of titergst és entterapedR0 t o
200. 000 feeder-cells per nL nmedium 29.A nethod of clains 1-28 wherein the
protein of int&8&Vis a therapeutic protein.

10 30.A method according to claims 1-29 wherein the protein is an antibody,
especially a therapeutic antibody.

31.A method according to claim 1-30 wherein the deposited cell is a hamster
 cell, e.g. CHO or BHK cell.
15 _
32.A method according to claim 1-30 wherein the deposited cell is a mouse
myeloma cell, e.g. NSO cell. |

33.Method of increasing throughput in cell line development by using a method

20 according to claims 1-32.

34.A method of producing a protein in a eukaryotic céll, e.g. a mammalian cell,
under serum-free cuituring conditions characterized by the following steps:
a. Generating a eukaryotic cell which contains a gene of interest
25 encoding a protein of interest,
b. Cultivating the cell under serum-free conditions, which allow the
proliferation of the cell,
c. Deposition of single cells in a muiti-well coptainer,- such as a 96-well
plate ,
30 d. Cultivation of said single celis optionally in the presence of

autologous feeder cells,



1030. A net hod according to clains 1-29 wherein the protein is an anti body,
especially a therapeutic antibody. 31. A nethod according to claim1-30
wherein the deposited cell is a hanster cell, e.g. CHO or BHK cell. 15
32. A nmethod according to claim1-30 wherein the deposited cell is a nouse
myel oma cell, e.g. NSO cell. 4133, Met hod of increasing throughput
in cell line devel opnment by using a nmethod 20according to clainms 1-32.
34. A nethod of producing a protein in a eukaryotic cell, e.g. a mammal i an
cell, under serumfree culturing conditions characterized by the follow ng

st eps: nerating a _eukaryotic. cell which contains a gene
of interest _25enc8di§1cge%r9§9§b§i%°%] qeﬁ%qugéf Ing, 10" Ny (QnEapt K Fﬁg“%% pf
under serumfree corgHitisong3, which allow the proliferation of the cell, c.
Deposition of single cells in a multi-well container, such as a 96-wel |

plate, d. Cultivati &rilibfating;thedom§odo. quelesalfpthainn 29%i and meshpeafeisbly of
any one of the et hats 5t 1876, Br soRLRATEN hoR RepRTex Gt hidf RBIERRSaGs,
preferagbly the top Xspeniginmddintepaséf erably the top 10% of selected cells
measured to expr eas ngggst%'équtp?ot%];n 05ft igteergsftcét.ge .i bryl,{ soefpairs?’&negr t%%tc’ells from the
supernatant and '
h. Purifying the protein of interest.

10 35.A method acco'rding to claim 34 wherein the protein of interest is a

recombinant protein.

36.A method according to claim 34 or 35 wherein the protain of interest is a
therapeutic protein.
15
37.A method according to claim 34 to 36 wherein the protein of interest is an
antibody. | | '

38.A protein product produced by any one of the methods described in claims
20 34-37.

39.A method of selecting a producer host cell line by using any one of the
methods of claims 1-32.

25 40.A producer host cell line selected by the method of claim 39.

41_A producer host cell line according to claim 40 wherein the host cell is a

eukaryotic cell, especially a mammalian cell.



g. Harvesting the protein of interest e.g. by separating the cells from
the supernatant and h. Purifying the protein of interest. 1035. A nethod
according to claim 34 wherein the protein of interest is a reconbi nant
protein. 36.A nethod according to claim34 or 35 wherein the protein of
interest is a therapeutic protein. 1% 37. A nmethod according to claim34 to

36 wherein the protein of interest is an anti body. 38. A protein
product produced by any one of the nmethods described in clains 2034-37.
39. A nmet hod of selecting a producer host cell |ine by using any one of the

met hods of cla Dr.o, . hast cell . line sel ected by the
nmet hod of cl é?m%aa‘i%rﬁ %?%8@&%? %%?fé‘EEﬁ (ikf"ﬂje4$é'@}ﬁrﬂ'innt89trﬂ)osgl9§?{lrﬂ§4%
wherei n the hosharostet of & neoumekaygin£csildspeciamesicHdyorB AR drannee | -

42 42. A producer host cell line according to claim4l wherein the host
cell is a hanst¥ef-or a nouse-nyeloma cell, especially a CHO or BHK-cell
or a NSO cell. 543. Use of a producer host cell line according to claim

40- 42 for biopharnmaceutical protein nmanufacturing.
5 43.Use of a producer host cell line according to claim 40-42 for

biopharmaceutical protein manufacturing.



