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Thus, ekl 8xygen supply for the cultured cells has to be provided. Correcting
variables for enhancing the oxygen transfer into the liquid phase are, for example,
stirrer velocity and volumetric gas flow. However, these cannot be freely modified

due to the partially cell disrupting shear stress and foaming.

Thus, the technical problem underlying the present invention is to provide an
optimized method for the recombinant production of proteins in eukaryotic host cells
which overcomes the disadvantages described above, i.e. which throughout provides
an optimum content of physically dissolved CO; in the medium.

The solution of this technical problem is provided by the embodiments characterized
in the patent claims. The strategy leading to the present invention was based on the
approach of controlling the set value of pCO, with simultaneous control of dissolved
oxygen, pH value and overpressure in the reactor. This rational approach of the
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It was possible to show that the use of Na,CO; for basic pH-adjustment results in
increased viable cell density, prolonged viable culture period and, consequently, an

increased space-time yield of a monoclonal antibody fusion protein in CHO cultures.
(d) Pressure-controlled sampling

The pressure-controlied sampling system allows the treatment of fermentation
samples under bioreactor conditions (temperature, overpressure, pCO>). For the first
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e Static pCO; set value control increases process robustness.

o Set value profiles of pCO, may be used in combination with cell physiology
studies under bioprocess conditions for a rational development of
bioprocesses.

e The pCO; levels are related directly to the intracellular pH value.

e The intracellular pH value is related to cell cycle phase distribution.

e An increasing gradient between the extracellular pH value and the intracellular
pH value promotes formation and export of lactate.

e Apart from the pH control of the culture medium, a pCO; control in pH-static
bioprocesses may influence the lactate formation via the intracellular pH
value, even in glucose-limited process conditions.

e The recombinant cell line CHO-hGM-CSF-PYC2, which expresses the
cytosolic pyruvate carboxylase, exhibited a pCO,-sensitive energy
metabolism. By increasing the controlled static pCO; level, it was possible to
intensify the oxidative metabolism via an increase in the intracellular pH value
in the course of culture. Furthermore, together with an increase in the statically
controlled pCO. level, a prolonged viable culture period, efficient maintenance



Figure 6: Titration profile of the pH control to pH
7.2 with 1 M NaCH upon a set val ue surge from 5% pCQ2
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adj ust ment agent NaOH and Na2C(13 respecti veI y Vi abl e
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Figure Wk e&BnﬁSﬁéﬁ Sas conée%traf?gr% oP mssgﬁ%r&sz 398%%69 by ratio gassing

and maximized CO,-discharge due to increased gassing ratio in the 10 L stirring

vessel reactor

50 mbar overpressure, 0.15 M NaCl, 37°C, 200 rpm, pH uncontrolled.

Figure 3 : Controlled gas concentrations of dissolved pO, and pCO; by ratio gassing
and maximized CO,-discharge due to increased gassing ratio in the 10 L _stirring
vessel reactor at 750 mbar overpressure

0.15 M NaCl, 37°C, 200 rpm, pH uncontrolied.

Fiqure 4: Process scheme of the controlled overpressure system implemented in
Biostat ES

Figure 5: Dynamic set value control of the control factors concentration of dissolved
carbon dioxide pCO, (continuous line) and overpressure p (interrupted line) in the
10 L stirring vessel reactor

(Biostat ES, B. Braun International; industrial production medium, standard
fermentation parameters) by develeped PID controller in process control software
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(50 nmL, Falcon); sanpling apparatus devel oped:
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conpletely filled with nedium Figure 14: CQ2 | oss
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750 mbasevérippashfret he syringes into the support Sanple
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stop plate (6) in position. Figure 18: Top view of the
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59% R {69 apparatus with installed syringe Figure 19:
%To@#theln situ CO2 concentrations gln situ _
Biostat/ &S, ratie gassingRf Ldonpiékk warking ahemee pausews Bufiengolution with
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I'ine at 750 mbar overpressure Storage
750 mppar pREPEGSHI™®s at 37C and without agitating during the
nmeasur enent period; reaction tubes (50 nL, Fal con)

Figure %an_, JSL\% |fér e%tgf &J? W'C%Wstant 5% (viv) of CO, in the gassing
mixture and pH-adjustment agent NaOH and Na,COs;, respectively

Viable cell densities ZDL, viabilities VIA, product titre PRO (1L, CHO-MUCH1,
150 mbar overpressure, pH 7.2, 200 rpm, membrane gassing).

—

Figure 10: Fed-batch fermentation with variable CO, ratios in the gassing mixture and
pH adjustment agent NaOH and Na,COs, respectively

Viable cell densities ZDL, viabilities VIA, product titre PRO (1L, CHO-MUCA1,
150 mbar overpressure, pH 7.2, 200 rpm, membrane gassing; cf. also Fig. 11).

Figure 11: Glucose and lactate concentrations in fed-batch cultivation of cell line
CHO-MUC1 with pH-dependent variable CO,, ratios in the gassing mixture

1L, CHO-MUC1, 150 mbar overpressure, pH 7.2, 200 rpm, membrane gassing; cf.
also Fig. 10.

Figure 12: Osmolalites OSM and viable cell densities ZDL of a fed-batch
fermentation
1L, CHO-MUC1, 150 mbar overpressure, pH 7.2, 200 rpm, membrane gassing.
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FL3) and their intensity ratio (ratio), respectively
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measurenents after 25 mn isobaric incubation in the

devel oped pressure-control |l ed sanpling apparatus with

the fluorescence dye SNARE-1 (D) and after isobaric

storage (25 mn) and subsequent pressurel ess

i ncubati on (25 mn) with the fluorescence dye SNARE-1

m“—rel(—it)’—j—gﬁéﬁ fRetéfs for e er glén'(ﬂt Siftérent samplin

@M@M&.ﬁdﬁﬁ@ary intracel | ul ar al kal i zi ng ef f ect

open, %Hg@df §t%F§gﬂ% r@%?tne glﬁac}ét‘sh F@?\%lét@ltytfh%drﬁgﬁih %&%m mL, Falcon);

samplaganPaaﬁuwegs@mﬁig gaseligtNaped Llopad syange yuth@émvaﬁpressure
completely filéPwithtrhedium.at di fferent incubation tinme. For

al|” sanples, the total duration of incubation prior to

flow cytonetric evaluation of intracellular pHis
Figure dénOQ@alosei with tdiffermt atanaslingf types ralder aathosphggric pressure in

Biostag.E§' ng with air. Figure 23: Initial intracellular

lizing effect (<5 mn) upon depletion of dissolved
(0.15 daCi,r &30 tthar conerprassue)i, um sity ahd aHpeIRD, cmeaswnement YSI

ons AQUSRBRc 5By b Sra ] 8 e

depl etion by gassing the SNARF- 1-dyed cell suspension

Figurd M54 Up o sitlit TQY redlilistidrh € coRtehtightiRl | (BlothRIES) Eﬁf dlfferent

all sanpl.e the total rati on ,0f.. 1 ncubati on pri or
OVerpr e - canc t i S ubse uent to

colleciistenby caheawd hof hgashtight i eyrimde nandr aubzaguemt bstorage without

over ggéé}enQWith air. Figure 24: Biphasic pH curves at
t start pCO2 concentrations of 5% 7% and
0.15 M.dIClJ 371G, aithemise standard feranentation agnditioes in theostirring vessel.
depl etion of dissolved CO2 fromthe cul ture medi um on

the CHOI\/UCl ceII I|ne (chem”cal effect) and

referehe tdﬂﬁlepébfﬁg@hé}ﬁb@@scﬁbé@ﬁtrﬁeﬂeﬁw initial IOH oo
epl et1 on by gassing the SNARF-1-dyed cell suspension
invitrowth air at different incubation tine. For
Fiqurea|17:sj@rhmarenhesurm<m whit atti) of othe nurebsitirieeconirdlied tsampling

apparatbgvc‘ie@é %‘é%t\hhr? ﬂ'ﬁ%@l fe‘ﬁ? s%mﬁég (2302* %olt”cf?ff‘%r@hk L3mple volumes

I delitlh Ca W LU IT lllc ,I all UII Ol IICUL dl T £Zdall

and adgpief sigevie (% : yes into the support
I 1

Samp'ﬁﬁfﬁfg?‘“m@?gﬁﬂtﬁ*%"g@éétg%b&'?gz@%ﬁe8%%%%““% Raje © in
position om 5. 0% to 10% respectively WO

2009/ 112250PCT/ EP2009/ 001742 9 Fi gur e 26: Viable ceI I
Fiurem‘f' sZDLa viabilities. VIfA (53\? 150/ 25% a

unit of the elo ressure malntalnln

sampling apparatus with installed syringe

Figure 19: Comparison of the in situ CO, concentrations (in situ YSI; off-line AVL
Compact 3) in the cell-containing production medium at the end of a fermentation of
the CHO-MUCH1 cell line at 750 mbar overpressure

Storage of the samples at 37°C and without agitating during the measurement
period; reaction tubes (50 mL, Falcon) completely filled with medium.

Figure 20: Flow cytometric pH; measurements after 25 min (A.B) and 50 min (C),
respectively, of pressureless incubation with the fluorescence dye SNARF-1:




CHO- MUCL, 10 L fed batch, 750 nbar overpressure,
standard fernentation conditions. Figure 27: GOGL
wepeaiR2ftact i on of the cell cycle distributi onBCT/EP2009/001742

processes with different p@>2 set value controls
CHO- MUCL, 10 L fed batch, 750 nbar overpressure,
standard fernentation conditions. Figure 28. Turning
point in the cell cycle phase fraction GOGL,

fluoresamnces [{Bhd] R3PS theit interasity ratid (eatiel) | respectitdiyal ue in

conf g, o e > 1o BT 10 L Ted

over pressure, standard fernentation
conditions. Figure 29: GOGlL phase fraction and

Figurd 2‘1 TERG &%hﬂe;@%!g#@#ﬁ’e‘és‘&"’er‘nen% af:fér/Qg % !%%Mubéf?on in the

fliyoresegnce dye

s (O
%&Eﬁﬂi@;\, uoreﬁcencees (FL2,
FL3) ﬁﬂdth&ﬂ&nﬁefhlsﬁvyat&i dat]o)efrés;;mcﬁwew Y rel a% eg tb 0 glhut amat e

er amne GLN CHO MJC1, 10 L fe atc 750
Eprar%lgn 38?6%5%% standard fernentati on conditions.
Fi gure 32 CeI | -specific | actate formation rates gLAC

0CO, lef Iétan o fg tr@&@\lARF-V@yG wpgu;e@mw% With air at

d'fferepyw?@ﬁw Sind r&r"qfa BRP b Botalauraligh G ineytationsagier to flow
cytomMnTc‘le\}altﬁiatlo‘rOotlnftMemaibch i850emtical withether draition ,of neutralization

by gasss'i@aﬂhdai,f_er ment ati on conditions.

Figure 23: Initial intracellular alkalizing effect (< 5 min) upon depletion of dissolved
CO, from the culture medium on the CHO-MUC1 cell line cultured therein and
subsequent acidification of cytosol due to physiological effect (< 40 min)

CO2 depletion by gassing the SNARF-1-dyed cell suspension in vitro with air at
different incubation stages. For all samples, the total duration of incubation prior to
flow cytometric evaluation of intracellular pH is identical with the duration of
neutralization by gassing with air.

Figure 24: Biphasic pH; curves at different start pCO, concentrations of 5%, 7% and
10%. Initial intracellular alkalizing effect upon depletion of dissolved CO, from the
culture medium on the CHO-MUC1 cell line (chemical effect) and subsequent
supercompensation of the alkalization due to the physiological effect below initial pH;
CO2 depletion by gassing the SNARF-1-dyed cell suspension in vitro with air at
different incubation time. For all samples, the total duration of incubation prior to flow
cytometric evaluation of intracellular pH is identical with the duration of neutralization
by gassing with air.

Figure 25: Continuous pCO,-controlled process (1.0L, D = 0.8d1, pH7.0,
adjustment agent Na,CO; 1M) with pCO, surges of 2.5% to 5.0% and from 5.0% to
10%, respectively




WD 2009/ 112250PCT/ EP2009/ 001742 10 Fi gure 35:

d ucose-limted chenpstat process (1 L) of cell line
wWERHIMIZ30 Cel | -specific lactate formati on gLAZCT/EP2009/001742

i ncreased by pH control and increase in pCO2 set

val ue, respectively; specific growh rate p, flowrate

D. Figure 36: G ucose-limted chenostat process (1 L)

of cell line CHO-MJCL Curves of glucose, |actate and
Figureg26it Visblee celb nambiersiiZiDin and esadslitiesv 1A af 62C, 19°%AC28%dand 5-15%
co e vie re 37: (a) conventional netabolic pathway of

ate glucose via pyruvate to lactate; (b)
CHO-MiMHL,i P b héed r datdtor ﬁ@@umgabf owpmmsean@tanglard)gtemmentatlon
conditoRgPonat e into oxal oacetate and transfer of subsequent
malate into the tricarbonic acid cycle (TCA) by
cytosolic pyruvate carboxyl ase PYC2; nodified
Fi ureanoer!B ifadd @r%lct|6119&91he el U Ié&jlstﬁﬁdtlbﬁé GR processes with
|vat|on 0 i ne . curve o
differep u Ses (filled symbol) and pCCR
CHO-NMu@ENt1aLi det bafud) FH0mbar adgrpsésseme, oftapfer t ferdidntation
condlt@ﬂ 15% and/ or no adj ustnent of pCO2, respectively
ure 39: Viable cell densities ZDL and viabilities
VI A at uncontrolled and controlled pCO2

Fi ureC?é1 (Mt bBIME ith Oééﬁ c@ohaééﬁa ﬁér‘l‘@jd1 b&rés n ing pCO,

value wusidal (O profilg; ghI y VI abI e
5-15%C € HO- ﬁmw e10¢Q fe@&smbﬁll ey @\@ipﬁé{t@uf@tStaﬁdér)defermentatlon
inlet (1 M Na2CO3) wi th uncontrol | ed pC>2, controlled
conditigRSp 4t 50 and 15% respectively Enhanced |ye inl et
during the exponential growh phase with uncontrolled

Figure®F G081 %%'S%%rﬂéc%nté%o"nﬁ%l cERNAF Q‘-_l' \?a‘?ué’@% g825% %éﬁeg

oSliurdirt C Ul

CHO-MUC 1. actlk e fednbataty, at7/iSOrmsbanoverpressuredi stagdard  fermentation
conditidn@pr ocesses pCO2 control prevents rapid and high
actate formation. Figure 42: Cell-specific lactate
formation rates gl _AC Lactate netabolismwth

Fiqurel3T Bpdcfid eed 6E8LEAMING edriburaptisrohGeN REaRfartnb8E22&et value

fi h) can be observed; no netabolismof [actate wth
RrOM€&ontrol 1 ed pCc2 of 15%
CHO-MUC1, 10L fed batch, 750 mbar overpressure, standard fermentation

conditions.

Figure 31: Specific yield coefficients Y related to glutamate GLT per glutamine GLN
CHO-MUC1, 10L fed batch, 750 mbar overpressure, standard fermentation
conditions.

Figure 32: Cell-specific lactate formation rates qLAC for different pCO-, set value

profiles
CHO-MUC1, 10L fed batch, 750 mbar overpressure, standard fermentation

conditions.

Figure 33: Lactate formation LAC for different pCO, set value profiles
CHO-MUC1, 10L fed batch, 750 mbar overpressure, standard fermentation
conditions.

Figure 34: Product titre PRO MUC1-IgG '
10 L fed batch, 750 mbar overpressure, standard fermentation conditions.




WO 2009/ 112250PCT/ EP2009/ 001742 11 Inverse activity in
pC2-uncontrol | ed process in conparison to

wWeamAtam rol | ed processes: decrease of SPR upBGI/EP20p9/001742
into stationary growh phadg® w thout pCOQ2 control; in
contrast, high increase in SPRwth controlled pCO2 of
5% and 15% respectively. Figure 44: Absolute final
concentration of growh factor hGw CSF produced at the
end of fernentation (80%vr abi Irty of t he cuIture) for

Cell- spmrfmﬂaamer iqrexaﬁm caLn%Cuncmcedle pH eontiell and perease in pCO:

srvabtcfintog oo Shhup b Tl poc bt cul e

about 0.3 subsequent to the begi nning of feed,

Figurd 36’ GRig8séNiniidd cﬂen%‘étbitr ideBs (e ) & ol line® Tase-MBCaU e

: cycle dis ut L on
Curve & o sies Faetsis- i U B o0 B ReatosPRereirively (GLC, LAC and
GLN).intracel lul ar pH value pH, in the course of a

fed-batch culture of cell |ine CHhGW CSF-PYC2 CO
-controI led to 5% Decrease of pHr of about 0.4

pecr TTC

‘o laciite 8 'Shablh th GO of bQNMv%@ %ﬁa% q%_bgaﬁ eaftionate nfo
t

Ceff Cycte arstributl on ratr 0
oxalo nd xapsfe 5

by cyt8&blid %rw@tec‘&#bé%léée &W@zd, rhocﬂ.ﬁed %bbrer% Qf Irﬁﬁ‘i (19bbpe
p -contro to ecrease of

pH, subsequent to the begi nni ng of feed, initially
FrqureTBBDFeddIhiclh lcmlltrvaﬁrohhef péll linecCH@sbGM-CSH-PY Gt curvgeof viable

a@ﬁoﬁ: 58|u§tment of

TCA

25 2 : S0k 9. régpefctivelyat ch
processes with uncontrol | ed and/or up to 5% and 15%
pCOZ ] controlled pCOZ 1 L scale, ceII l'ine
eregll depsities ZINqand vigbiliies - and controlled

pCOZ%o@r@éﬁtré@onstﬁ%Cﬁﬁﬂ 38% Respéctl \Jéw flﬁdlbﬁéd‘-bal line CHO-

hom-EEERVER! bR }?,coH?%%qusmm:‘ions  pTSHTEo PYggcégg With hi&hly viable

CT M1t T T OUTl IIUILIUIID

cells OUR, CPR and RQ of the fed-batch process with
controlled pC0_2 of 15% CHO hGw CSF-PYC2, 1 L fed

bat ch, standard fernentation conditions. .
Figure 40: Osmolality OSM and cumulative lye inlet (1 M Na,CO3) with uncontrolled

pCO,, controlled pCO, at 5% and 15%. respectively

Enhanced lye inlet during the exponential growth phase with uncontrolled pCO; in
comparison to pCOz-controlled processes; the osmolality curve is similar in all
processes.

Figure 41: Lactate concentrations LAC in the individual bioprocesses
pCO; control prevents rapid and high lactate formation.

Figure 42: Cell-specific lactate formation rates qLAC
Lactate metabolism with uncontrolled pCO, (= 180 h) and controlled pCO, of 5%
(= 220 h) can be observed; no metabolism of lactate with controlled pCO; of 15%.

Figure 43: Cell-specific product formation rates SPR of the recombinant growth factor
hGM-CSF with different pCO, process conditions




WD 2009/ 112250PCT/ EP2009/ 001742 12 pol ypeptide in a

eukaryotic host cell nodified in the citrate cycl e,
woRpWP@1225¢ he nmet hod conprises the foll owi ng stREEEPZ089/001742

cultivating the eukaryoticlhost cell in a suitable

medi um under conditions which allow the expression of

t he pol ypeptide, wherein the content of dissolved CO2

(pCA2) in the nmediumis naintained at .a constant val ue

Inversien attivityr dmgeC 0L-uhguntrolleéd %progsss (ih) compayvisohn® tPGO,-controlled

proceie' RERIUIF® bf SRR BPabin? Iy il ST hgse without pco,
contrabr tnd contrastndegh rincrieasei in SR awithd contesligd ipGO3 0f H% and 15%,
respeétﬁ/e tion of recovery costs. Thus, the increase in the

product titre allows the production of a desired
anount of products in a small culture vol unme, which

iqurd 23UAbSoiufe Ifmwboheéﬂ%trmﬂbf RS fabhst nem@rslsobréd&%d at the

t_ﬁ@ [of'

SPR am@mtranellglar,gl;@ @ gl-mrtheetcoarsg 01 2000 Dx- um:oeh‘ettecétfed batch

culturébf cell o BRI-CEF B Y 2(1995)) I'n addition, the

an use host cells _
DecreasdiohipHi afakoi @i%%tbs(ﬁqyeaétq the beginaingheicieegy increase in pH; at

entry ,atdg@dgroq}seﬁ hagel e from sources accessible to the
lic. Furtherrmre the person skilled in the art is

aI so famliar with suitable culture conditions and
quurene@h gefl wvctd‘ldlstnﬂdtlowaﬁauonsmtaomohcél&bbéclﬁs predlictafdrmation rate

Mot A 20fld ! 303 aHRESE, W ’& 9EDfEhH e 5P Rell line CH-
hGM- 2 e tro Me a const ant content of

Decreg’sé%? g‘FF‘@ % 4t§l?o eHito ; 8&' hA Weebeﬁrdﬁ#&ﬁm pH; at
era She SN RETRRIIS, 9 fesd INCTGaTS
entry lat%tt@eﬁa§¢m grﬁw%lhw@h@%ﬁ?l owi ng Exarrpl es. The term

"constant val ue" or "st abI e val ue" as used her ei n

ale: upq,fprmatlon rate
SPR amdoqtranemnlarsm vnaleuBH in. tBe coimsre etkalf&d batdhtculture of tbk line CH-

hGM-{;gﬁgﬁygﬁgﬁ ?)I'lt?gllead geisyal ue of 10% The nethod of

e carried out using _
No degreaser efanestMmqmant te ithel begiroing of feed, isidiallymainor reduction of

f .
Pﬁé?@fé?%@%%‘ﬁt‘tt PLo B Sty B 158! BBy ncrgose wit
the SRtsertion of additi onal genes of the sane organi sm or

of anot her organlsm into the DNA or by a vector or by

J ‘ eI cti,vi 8[‘ expr eﬁééﬁ'\o? the fed-
batch branes@t&/wntbrurtnpnmmewdmh upgtondFeadancbns% mC Ok eontrdl@ pCO,

CachERRRL o RSP S B .
2009/ 112250PCT/ _EP2009/ 001742 13 residues. In a
Fi ureM@f@URe@mﬁg'ﬁ@'Hft échBafHFlt ee with&REBREI b CQ, of 5%

VENLI ONn
CHO-BENafREr P ¥R 20 A1 ek bateBestangard fermgatation candians.
’ particular cells for the efficient production of
b Stch i Bed Ot olled GO of 15%
CHO- m@m GStFele.\Z wayfemf bmbnﬂiaadarmfanmlenmtlocmmﬁilmns‘t as
CHO cell lines, e.g. CHO K1, BHK, such as BHK-21,
hybri doma, NS/ 0, other nyeloma cells and insect cells
Thus, #ie gterant finvgdiondelates taremetleodforctail recamibimantpraduction of a
produce in a growth-dependent manner is particularly
preferred.




In a further enbodi ment of the nethod of the present
i nvention, the host cell is a host cell that is
woreepfiizd® in the citrate cycle. The different PEUVERWDI/G01742

pat hways of the citrate cydte have been known for a

long tine, as have the genes involved and their

control. Thus, the person skilled in the art is able

to carry out the desired nodification(s) according to
polypeyitaiediaral eokatyotis host pelt triodifiext inytheraitrater dld)oshereét the method
compﬁ?% f‘h'eefgllb\ﬂmltghﬁe étrate cycle is a cell expressing

uvate carboxyl ase, preferably a cytosolic

(a) pﬁ}Ul'(!Nﬂitr@ (dm ukaryatic hosincgciohar suitabde roedienn singer conditions
iR a!lé@e‘ﬂﬁé’”@x&&sﬁheoget'ﬂ% ?‘Bg)g%% EQ' Swﬁétre?r?xﬂ‘lba%ﬁntent of

n sul t | e EX5YESSI on vector transtformati o

ofiserined (P2 (Pelr) B tieemediim iip BrpintaiRatat agianstant vajue in the
L@ng@tcﬂfmto%\l% 269 Ghdd24 and St ucka et al. (1991); see

®)  eeu i Beobsiaohide KRR b o or ek medieae. prco

the production of which is aI so described in US-patent

oue RnelnH 3 18 AEBEL inePyBa B Stk AGELEL ok faton
achle\pacégesmltmg]watreducmn omcpueryo@czata 'Fiiugsh tiye #nateass in the product
titre aﬂ’c%/é{ WPP 8ﬁ‘tﬁel : g&sifd o/ SRRt % c‘t@irPQ Sl @Lll(lﬂfre volume,

bod ra nments, erons, cyt oki
Wh'ChFS?%‘f"ESr'@HPWeﬁ@W@EPenWMh factors e g.

erythropoietin (EPO, hornones etc. in a reconbi nant

The pRRRECHKIIEdrERE B IS tarpfa" Wit o%neiitRe fEodists & whigh are involved
in thedsitsatel oyole @GR, itlsuswmmisaabkedtocprmmetew@irmcs hostabells which are

modified an 4he> Iﬂ? éjg%lr | ?ﬁ&j v{ll'ﬂ re(?efsfd ?%eﬁé ﬁ%tﬁﬁ o-mﬁe present

person’s he ar can
lnventhrhe:fueegj lradeetealm(ﬂ]%%h@hmeﬁaiul 3601/) Faredes et al., (1999), Bell

et al. C(QQQS)gtI Ed@%n""tﬂé“bg [ esl&ﬁ’étgﬁ'lgi éﬁo/éé ugg%ggcgﬁ’@@hlbmng

ard assays. cont ent | SSO
modificaligRs as ihe @pove Wrycb@rmlr,e@gyMa@@pg Ham seurces accessible to

the plmﬂef GTLﬁbierloPetﬂfe @l‘lﬁfh okilld®%n tthe 28%0is NIIS® fRMATE MR Ysuitable

culture aﬂ‘@e%r &l d?fgnql A; %qrmﬂl'g%c\l,@?/a%oﬁr e{ esru%Rl Xelilsn atsh%vell as with

condutmgummeewnm/tﬁezgeeeomo?eesumg thee tiesiadd yreicontbireant proteln is

expre§§efbg§ /9 hi O&figé’/ﬂeteo Ir]rZ)r(?egZ tg@%&ﬁew Sfﬁ}?&rtﬁ dorﬁtét{leolf erd CO;
in the 1gediumh dhegrersan @(ll[qqielnpt.h@s@rmca|nnpr@|fenab}y mkebgse of the control
units \ﬁﬁ&ﬁ'a?é dedEribisd ﬁQtHér\%%\NiﬁgtMﬁ lRei €s, e.g. batch,

fed-batch, chenostatic prdcess or perfu5| on culture
with the fed bat ch process being preferred. All

The tefi ‘ddnsHmtd/dlygresr ‘etablevialile? ascesed ferdib ¢8feRs t6 the FadiGhat the

conenfEgF kol G5 BB, b obUERS OB That ook 7o Y Yesired o
prograemedtsedvalue igx,ifocegbmplanyisiedhe masge vdBF 2 %dor atset value of
10%. cul tivation of eukaryotic cells can be used as culture

medi um For the cultivation of mammalian cells, it is
possi bl e to use nedia which are based on the known

The rﬁéthﬂél"é’}‘tﬂh@n%resékl?*h\%%tlbmn BVEM Bied s §S|ﬁ%€d|ﬁé‘f<’3‘i‘1t eukaryotic

0SSi ave heen zed f or
PFOdU‘EtrPé‘ rﬁeﬁs@?ﬁs ib% GR'C%O'E' h'Qt %@l‘t@t?sclfﬁie,l Pﬁ??éﬁb'bna genetic
modlflwﬂidhbfcﬁrp‘b@t effectegetarf éxarhpie! \Uydmlertmﬂbﬂraeattﬁmaﬂgeaes of the
a e ac

same &8 ST b ! o dT e R e vestonr py ennancing

or atténuatimgatheoagtostyi &l expresdioseofsarggne bytintredtising a more effective
t
promo?@rp%r@ffgérﬁb?wg‘é%r\tﬂé/ E&gé%dc{}nd;ﬁﬁﬁ c?rﬁéém tﬂe cBdh§388/n of the
gene wh@eheladdwb@ev@mtlwtwn? deletmmweddltl@nrférorpmor ameyesamino acid
are al so conceivable. The tenperature range is
preferably between 35C - 38.5C, particularly preferred
at 37C, e.g., for mammalian cells, such as CHO cells.
Hovvever ot her tenper at ure ranges are al so

- o N~ " o o o



Exanple 1 Material and nethods (A)Cell lines Al cell
l'ines used were adapted to culture in suspension in

w@ramiRsee nedia. (1) CHO MUCL The cel |l | i nePCHEPNDIRI01742
used in the present inventildn i s based on a CHO K1
cell line of ATCC (Anerican Type Culture Collection,

Rockville, USA) (CCL-61). It was transfected with the
reconbi nant plasm d MJC1-| gQ&a-pcDNA3 (Link et al.,
residu2804) in confluent culture using el ectroporation.
Apart fromresistance against the antibiotic geneticin
(418), the construct, which is under constitutive
In a prafetred|enabodiment wf tme gaetbed mgh@pwmnn\(emwn the bost cell is an

ammaVEQH aﬂr%?erf?ﬁgl gﬁﬁ%@@g fé[r}nl %grll Bpfﬁs%&emgé?&\ ﬁ%QHEPartlcular cells
for th%aﬁf&@enbﬁ@@qp@dow@wmgmebmobtp@nﬁldmre( knewnntonthe person

skllledI &) ftHéeéH( thefdﬂbmﬁéb}@ellt hé'@ahCbeaihdictfted BWME)E of example:

obul i n_of ss 2a (lg
mamiAad SRl AU he RS oElbh cellriesns o2 RO 1. BElk,csuct @g BHK-21,
hybridbmw NSO, rambruﬂyelsmaecems)an@mtmbs@uemhauhgh@mw@ The use

' / - - 9 TR
ot clf S b, P T o b PR LRy .
line exhibits genicitin resistance up to a

i g O AR e B RRGA e R s 0 o

cell thaérig pedifiedetd Bie ciiatecayeler The diderenti metapslicnpatoprys of the
citratedfdle gﬁgé“b(';et‘é:ﬁ\gﬁic(lé/%n {Jrgﬁy%n(égemlegggtﬁﬁa?eeﬁ%ebg’enes involved and their
controf e o PABBAHIEE: ol A BORR 49 ¢ TR oAk dhe desired
modifipaidrisiE-de6Rdingvhtioc stamalatréi methdue. gensartiodlariy pryeh‘m@d_!lhbst cell
moaifig o) e HAREAESE, o (B ERTSON BB SPIS Rl Brboxylase,
preferaplyree cplasohGpy asRie varbenyhageBlibmaSaceheromyce s2an8yisises(PYC2,
isoen2ypfd 20 0fhd B@Hétdb@'l rﬁé‘rcéfbgc%y%*e 4 ts[]ﬁat%ﬁ%&)?éssxon vectors for

IﬂVEﬂ?I on. e ce |ne etes e reco

the tr@s}@r@@tpq& ef euhgmcgq%hsuqar@c @gcrﬂa@@r @maRrgst others, in US-patent
No. 6,706 &4-sid Suhakal étcalf ﬁ@gq ! s El¥oGRBhnEeNt Md8)elraHl (1998); Bollati

FoaoifSaptH A GHABRES0 va nils. (5 o mavk (B Th cel

popul ation that was derived by anal ogous transfection

The c&[ Ilﬁ@%@%@%gﬁ% ébl Hé pleOd\MC iGn R as&{é‘gszc?e?scnged in US-

Ion was u renc
patentf Ne. 617@6F5232|red9fraés§ p@mcubﬂe pre:farssechforetbe pogtinodt ofdhe present
invent®h. di fferent individual clones exhibits hygromycin

resi stance up to a concentration of 250 pg nmi-1
(Bollati Fogolin, 2003). WD

The nikﬂﬁ@d deZt%QOB@'E/eEPZrWt@QHW@NSWO (IBtéml higheylgﬂﬁ af pEWpeptldes

h ? mat %3 nlce an .sel ect, th% |nd|n glrf ns,
suc %ﬁng YHOR{PEY F%°[]s%’8 Hs’aﬁaﬁl%‘id}?%taé‘ c 9'&1% sinterfero
cytokins, preferably hGM-CSF, growth factors, e.g. erythropoxetm (EPO), hormones
etc. in a recombinant manner.

An essential feature of the method of the present invention is the fact that the content
of dissolved CO; is maintained constant using suitable measures as described in the
following Examples. The person skilled in the art can - dependent on the cell line
used - determine the particularly suitable content of CO, within the range of 10% to
20% by means of standard assays. The content of dissolved CO, (pCO,), which is to
be maintained constant, is preferably in the range of 10% to 20%, more preferably in
the range of 11% to 19%, more preferably in the range of 12% to 18%, more



(1) ProCHO4-CDM The serum and protein-free nedi um
Pr OCHO4- CDM ( Bi owhi tt aker Europe) which is
weathat22dal |y avail abl e was used for the cul ti REVERWOYH01742

the CHO MJUCL cell line in d#rain nmaintenance and smal |

scale fermenter system (1 L, Applikon) for prelimnary
studies of the effect of the pHtritration agents. The

medi um has a gl ucose content of 4.30 gL-1 and contains

preferablnghe IraHBEES. 12.6%\vis 15U emaret Mfemabiy iNatHeG&ange of 13% to

7%, '&{ Irgﬁg%f?habﬁ%qm@%n%GLﬁfaIM?%Qéb? hym d| ne (tl nal 0.1

The pH val ue was adjusted to pH 7.0. (2)

The nﬂéﬁﬁeﬁbf cr?é pf s%‘ht'%r\}é?fﬂloﬂ‘éfgnuﬁé Q:gﬂ'fébeoa RG Knlofh ﬁé?r\'&dologles

area accor e Instructio

e.g. batahy faqihaécﬂnr@anaeeav@ FOOCRES prmﬁr&rﬁlcaheuktwemvgwemeded -batch
procedPbefld prétetreli r}!ﬂISest‘é\'blllslli@dll'tg)é\é?ro‘ta Aftuks vedséig, BHcH- &5 stirring

atlon

tit 0 st | e
vessel o bp it 1 theselhtoaacses, Ereacably e, Sufle System should
allow feehigh telbdemsitiess were stored for up to one nonth (4C).
The gl ucose concentration of the main fernentation
mediumis 8.0 gL-1. For the feeding nmethod, a nedium
In principie.eanyr meeiumtshitab@rfogthe:oelévaﬁnmehemlsaryotic oelts careble used as

culturd 9%3 {Jml tﬁ@stt}éﬂﬁ?tohléfr\ﬁﬁ?ﬁﬁﬁﬁ%‘ﬁ c\%ﬂs Cﬁ I%Alg%'égfﬁfé to use media

which @) kaseddomian %knphl@nfctfméll%tmsoﬁﬂpat?é BBNeA2MEM or Ham's F12,

and whtdht pé@éﬁb aﬁ/eetfééﬁtt Rdpnized asCpR rﬁétHdd Bpfhe present invention so
eria,

f
that thera g8 PG lAIoD WaR CeSRstt R Spely iop e AP EPgasgls, This can be
achiewail fa:ut@xmrhpbal by 4 \higleéd c¥RceBgatiorarofCmdividnal components. In

princifcltdy o PREHE I8 atie i GeChusBoly S5O RS REH 8! Medium i
necessaimyuti on. In order to identify dead cells, 0.2%trypan

bl ue sol ution was added to the cell suspension in a
m xture ratio of 1:1, carefully m xed and the nunber

The plrapgeds peeiesally detween b fed - Byp%agwﬂwretegmd betwgen 7 - 7.3.
HowevdH aftRs (gmé réhgeUdiel 4180 @Bﬁﬁbﬁéb@c cmteoteﬁq:etr@tut@b&wgeers preferably

petwelflchi, Oad Q0o RASIR VS RRELEr oy UOAR! 2o 1 B matian cells,

such a§1€H@$eIIIS| Howevec estheatéemperdtuce eahgesl &re alsoredniteivable, such
asegcg%&tﬁ%é‘&%&fa%ﬁ figtdrialldh 4fd! . the concentration
n-suspension 1S det ermi ned. Their
ratio with respect to the concentration of the cells

In ordef tboﬁ'f'éhnthfn s %h%tt& afssvlv%?l' bd)?F/{m e %E&l@ﬁwdo'hgtant it is

Ievvasauorrae Xl n

| preferghly p@ﬁ"ﬁ?'ﬂ@ afRNSiRet M%O@Sﬁ PPQEQbPWEPZU&QPOGﬁWed pCO:
controfigr ik 56asIOR dopfrohéts ), ifyeexdiipead degklibédin the Examples

ffected b f .t t t To thi
belowg A RPRGRAHe ELRBr 1% A5 IMEG. (e (8T SERIMANS Rl air is
increafed byhan ovengut ef thes setstalde afigdG@B; m the2nadainysibs tlé Qderatio in

the sdéﬁg% %ir WL R ggitéﬁge%c:e%{dﬁﬂge pcgofhlécget value of RCQ. in the

entrations con Ium are access

mediupt, @nd: (¢ thecaseadasl eentrollarapsesan addisopaloMirCnfor tn@@ehvery of
Na, préf)arélfly‘irh@oﬁtb'lﬁé{fo‘?\ With Beeg {tﬁ ﬂ“th@%‘i c8855dd BEthel Rt Wiye cannot

e or ar or age of e cell - ernatants 1 s
be SU%'&mﬂtsg?%nPeé%ateédﬁ 3 fletaasenal 4 &bt o \instee sypply air, is
particuladg preferet andrstvenatadydis. ons are carried out

according to the manufacturer's instructions. G ucose
In order to evaluate the content of glucose in culture
supernatants, an automatic gl ucose anal yser (EBIO
Conpact, Eppendorf, Hanmburg) was used. The neasurenent
is based on a coupled enzynmatic el ectrocheni ca

process wherein the hydrogen peroxide which, in
addition to gluconic acid, is released by the

i mmobi |i zed gl ucose oxi dase i s neasured
anperonetrically at a Pt/AgC /Ag el ectrode. The

el ectrode current resultlng frontthe OX|dat|on of the

. o o, .



Lactate Lactate is also quantified according to an
el ectro-enzymatic principle in an anal yser (Yellow
WERIAYRSQ nst runment s, OChi o, USA). By means of PCT/EP2009/001742
i mmobi |l i zed | actate oxidasdy |lactate is reacted into
pyruvate and hydrogen peroxide. The latter can be
guantified as in glucose quantification. d utam ne and
glutamate The sinmultaneous quantification of
gl ut am ne and gl ut amat e Example ted out according to
the principle descr I quantification
usi ng two i mobili z'g%%grr{é%rgg rﬁ% erent sensors.
A ut anat e oxi dase catal yses the reaction of glutanmate
(A) VEeiiggygen into a-ketoglutarate and hydrogen peroxide
vM.th elim nati on of amoni a. At the gl utam ne sensor,
Al cemm%H?%g\@r? Adaptadt ogHllIe i SHERERSITTH I serug-fresraedia.
which is then reacted in an anal ogous manner. Thus,
t ne sensor also detects free glutamate in
(1) tmﬁ&n which is factored in by the analyser. WO
The c200ipe1CRZHO0ROT ER2A0DY Dl gredeh8 inventisnl is dvdsedAor ar GHQK1 cell

line of Q\T‘&? (ﬂ%é ol ? iﬁ.\lfwé @Ie‘ggbﬁr ﬁoeﬁ@.ﬁssu%@%é‘[‘%ﬁ It was

con It on ressiron of

transfeef@ézwlﬁ“gﬂpﬁareqonmbmanis@lasmld; MU@éﬂgﬁag RePMA3dbink efialt, 2004) in
conﬂu@ﬁt LU LSRG el@BﬁoB@ﬁé‘iMhe% %n‘Pﬁé@?&@bbéyaﬁﬁélgthéhgntlblotlc

poi it osnonet er rts wWth coo
gene@mrp@?@ f#%ccoww%ryg'a'gﬁ 1S 2GR oFOnSHEteoctE Of the
cytomeghlaviras prsmolt@ku@‘}MVWaI@Baﬁédlafesatr%eéﬁbr@ém&hadf tABMUOA -1gG2a

fusion bR, S8 e Ul RAE G e, TURGHT Pesa] cencer aReoqafed mucin

glycomotene:m'lum €C- telsrnlmat)elst Iweﬂr@btermlmﬂy) toothehEc part of a murine
immu@%ﬂ@%ﬁlﬁ QBC%%:E 1258(;@%%) g1 419 ﬂférgﬁipﬁggg%lljﬁvualgg site and, thus,

5 ho aci 45 i n
it is S%gf@driamm medivgetIelartieniang subsequentsvbsionirg eguHedtin clone
CHO- Wéﬂg@ﬂﬁﬂi%qu?RLWrﬂv@g Q9BY qarﬂ@?b}esent invention (Link,

|nt yer Jo carry out the analyses
2003)fﬁ“rsy: TRt @c%'w?@ﬁ#%@@dlq oA CPBRENtRRNIN PRAAG g ML
Echi ngen) with two high pressure punps (Mdel 420),
. . (Model 460) as well as a

det€ctor (Mbdel SFM 25) and
Clones oqulIher rmntsmedt eVERUbEM O S PY QXKreatin Snes ewepd Oprovided by

courelf o 1 okl P 5 B2 A lof 4oy bgnerated by
co-trapgfection of thecresombinanigelidne Kw,‘ﬁ;%gzsﬁ gBollati Fogolin, 2001)
with (%Fstrﬁd@ IVSHEIPY G, whighi SsRBMsAAE neTeo&'ﬁbScyt@sollc pyruvate

carbowi?sﬁ ‘irrog? Sfle%é?iwemﬂe(r%@ﬁéawanmf%se a5 BV goeich codes

hygrorngciormesistdrce. Gloea SHOHGRME SF- FPYGEAM I(IbllétDFogolln 2003) was

erjvatjzati of the amno acids

used RF AL T REp el s o ArePoueNiaf LR sBE R, HHerptes the
recombgent, Bplynosyleteer , "Mg9an @ranulpeyte-Mhergphiagar ycalomyretimulating

g
factor (‘h%lﬂscgﬁ) Fgg@ tﬁ’é"g gu%gwggbt{r@%ﬁgpéi%hﬁg‘ggr&niﬁ% WRi{tBHce up to
a conggnii@ties 00 bMdoel derivatives (Figure 2.1).

Detection was carried out at an em ssion wavel ength of

§ uent to excitation with light of a

(3) 340 nm The cell-free culture

The calUpmMahmtfsat@ﬁK)d@h\)ed/\w anaiovgeds\i.matrisféd‘tloﬁfdeh@MlHGM CSF

cell |Il’rf‘é:l\ﬁlt}( érggsmlc{ eDiW? ﬁ%%stam‘%sgﬁgg <§) et Lgele[%{lgr% ev'vzgl]sS used as

referemq:g &frt’eleh\f@Z eNaEas singsclope oUkis avixed Fopplatioanef different individual
'

cIones\r/‘\giéﬁlg rg@%rﬁ}ﬁnﬁgﬁhﬁﬁﬁat | 'gétt% a cpﬁbéﬂﬁ%f?zg# oF 5t IPAL (Bollati
FOQO“Br%OQﬁ’I ution and al kal i zation with sodi um borat e

buffer (0.4 m pH 9.5), wherein, due to the

instability of the isoindol der i vatives, the

derivati zation was carried out only i medi ately before

HPLC separ atl on by automatl c addltl on of t he

o, L, o e Va o P ——— T T 1



(3) MUC1l-1 g&2a ELI SA The MJC1-1gQ&a anti body produced
by the CHO MJC1 cell line cultivated in this study is
W@200ept2s8kent ati ve of the nurine i munogl obul i NPQ@/EP29E)/001742
whose H chain is of type yland whose subclass is 2a.
It is Ntermnally |linked to MIJC1 whereby the
detection of a nolecule of this anti body al ways
i ncludes the detection of a nolecule of fused MJCL. In
order to prevent the detection of inconpletely
(B) tére@m(g_&gproduct only cell viabilities of nore than
ken into consideration. The quantitative
For steainlmainterange sucisalectzm, ithe allaverisdicatast aatibioticswwesre used in
appro’gﬁétéy\%@fgw%ﬁ%! ndreans of ELISA. The quantification of

usion protein was carried out according
to the st ud| es by Link (2003) (Parker, 1990; Link,

(1) 38eeHofe el | i munopl at es (F_96 Maxi sorp, Nunc,
The SHER S0ch R Fes BRER BTCHEHEOMP RN Elrope) whicn i
commeedially agaitaiile hoay MSIOfdmetdet@JItiMidmbf theICHe-MIC B cell line in

strain GRAINEEEe ahf el ¥efe MiMlarOL iR LyRPRIRAV 38t prgiminary
studiesfof fumeffealgef thetphntritratéior ggentshEhe mpediurdhas aidocysg dontent of
4.30 gﬁg)al’{@%ogta?qé’lé’ g%g lgtﬁoﬁE(szﬁt Was %%(Sb?\gnfé@rt&?o usél)aHC%O3 (final

3.78 ghay gimamlee (finalpkg mM)ehb@oxathme (frRal @{gBM)anshthymidine (final

o1m|hf THEPHIVAIG8 wais ddjudeGhol 2@ as wel | as a MICL-1gQRa
andard were used as determ nabl e antigens. The
. standard was pre-diluted to 1 pg m.:1 in dilution

(2) hoddstrialpproduction nsedium (RdchA. Didhaostidsabimidd)phosphat ase

his rfLERES, HRBRAT acoBRIE bt Mslstlomf B Wihfyre water (s
Millipose kand rseipplesseintedafos allasgll lires UNE mestia waracadjustedntoypl 7.0 by
tltratloﬁWtI’?Q?\ﬁ'l\fé@ﬁl SMbQécﬁ\?éntttB sié}ﬁe tf‘lﬁ?%bégy(o@ﬁgg éa‘?‘fd st[t[%ﬁle test (72 h,

was used as enzy
RT), thges Sarum-ias mgdia yeerg) %arerdq@rp%é@wea@@nth k&C). The glucose

conceﬁwbﬁcsﬁ af thePmair fé?ﬁfé?ﬁ@ﬂlorphfé‘éiltﬂhﬁt§8t(m§‘|_*3p F&F thé#8eding method, a
| Se was reacte nto
mediu fiTiestios SRARE S e e RAen BRS eteet i cal 1y,

The extinction of the resulting staining was eval uat ed
() Mrophotomtn c anal yser (405 nm Wll ac
- in Elmer Life Sciences, Bad W dbach).
VO 2009/ 112250PCT/ EP2009/ 001742 20 wel | ).

(1) %‘%%%%%QE b¥ celt Hem%saﬁﬁgb.t.ﬁ@qoogghmymsr 'anlcglbst teﬂr g} .459
The saRwlewiiigh | Wi 59%&9469pgalbvefremmﬁh%@cppmrwen%nensrqn Cultures
were d)@a‘-’m:hbﬂ&ﬁﬁ;rmddpldﬂ?hﬂoﬁ@ohtﬁ‘rﬁmhtléﬂ%éd:t@ﬁé fue). (GEIPRAmber and

abitbere, DRSS FEa S E BRREERH Snd ARy SVRCen xR
BeckmeacGoukél, Krafdldd)p I heenatioadfllive a:ledjs was deteenimédplsing th@exclusion

methob%ﬁ?%t@% % ko) tgy;{’a?n bIU)% gﬁ'{%rgplﬁgoc’ ok Hq{@ftw%feydt%]llg 0.2%

trypancilue- salg@oauwwraﬁdﬁmm ébetqellbeummdn vermaixfurestatio of 1:1,
carefufglikéd H889hé %@Qr%rgof R/ EBIsBRas BB riniRed 62 ‘ébhrﬂg? eight large

supes nat ant _was used as product-contai nj ng
squarqsur(? he? SRENYAG sChambgrt a6perdne- i | N?PB%‘“?"n @Elplﬁ i Qn1 00 mm,

haemdﬁyfcfrﬁéte\npsuﬁdﬂélf i &dlight micressepe t mtabtmmfdr@rrﬁadgam@tnon By

ultin tensitie s .and

subtrab{iid' she s g GnceRelbh Y-S EEERRS 0% 8 ganpentation of the
cells irctotal, the ooscenttdtionesfpaableteellprivduspension ésdetarmimed. Their ratio
with ré%?%tc Itt@él %‘Bﬂcéﬁ‘tr%thtﬁ\o‘ra'f EIE@S c%@s ?Vftét‘ér hséﬁiﬂﬁgda@ as viability. This
measwwgbp@n@ekeewwnwtpmataa in h\éIG@arﬁéReM((m wﬁhstrsmamplmand the

the standard (colums 1 and 2), respectively, 280 pL

per well were pipetted into row H of pre-dilution

plates (96 wells, Nunc, Wesbaden) divided into Al to

H12. Subsequently al:2 d| I ution was carrl ed out

. . Y A AN . T




Conpetitive ELI SA (Bollati Fogolin, 2002) was used to
detect the cytokine hGw CSF. 96-well i nmmunopl ates (F96
WORMPAB2H) Nunc, W esbaden) were used as adsorBCHEP2009/001742

solid phase for quantificatlfon of hGw CSF by ELI SA.

Reconbi nant, ungl ycosyl ated HGM CSF from E. coli which

is commercially available (Leucomax, active

i ngredi ent: nolgranpstim Schering-Pl ough corporation
discrirfieatibmdretiveehllive UBR) dead cetids dffectarbby imeansof Wextentrast ratio.

I S c I
To ] 35 AN GARABSEH AFAII SR boes o e
computesapsistad amalyeis. ki ndly provided by Ms. Bollati
Fogolin, was used as prinmary antibody. This antibody
is di rect ed agaj nst an hGw CSF domain which is
(2) Analysisof bhe piediandent |y of the gl ycosyl ation status

Substfite t fneetab@ﬁtel And TP It YéBhdenbaltibrs cdtitaipedy invaBe amedium are

scoesREI oY S 0B TRl MR R 30 o, cuur

using ethzey mrethiodss deschibed!| bglobi. nThet termperdrabatdraggnentthef cell-free

superrﬁ)ﬁgn%g rﬁ%‘f’ri%cggﬁxﬁéf rﬁ%{)é ﬁq{dt *?r?élléfat(eg' &Hgmsélﬁ 91%%387&7\%& and

Stra
calibrationsgteroareed ouhaceardingy/tortbe mhanufdeturerinskiugtians.was
reacted into an orange end product by horseradi sh
per oxi dase after the enzyne reaction was stopped. The
Glucoggt i nction was eval uated by photometry. The extinction

In ordef tbhevdlgstel thendortent Bf Nglu¥ese it adilture supernatants an automatlc

ect rophot i c. anal er_ (492 uri.n
aluco2DehAMREr | TERID| LoPeth, EdveidaTh dTRapUg)f dwds Tused. The
measBenemt és baaaaﬂ owa dbaplep. edzynm*td:eelet:tnocrmahlcbh prddess swhigrein the

hydrog’iefﬂ“gﬁ%?o@éy el @ &@%ﬁﬁiﬁé’%g% P 'r#;e r@é?gé’cﬂ}%hé Yhmobilized

glucossy pxi L measunedr empeasmeiliicallyeat iantR/AgCAgeelectsbde. The
electréd@c@f'réﬁtoﬁe'shfti% H‘F&H’f\%é Fb‘i‘d’ddﬂ%h' of]tﬁe %gﬂ%dé?w %QrQ)xR)le into > oxygen is

coat |${% bsequent 'osed test plat
directly,pgop QBﬁlt t@d Frhygﬁogﬁ'?‘rﬁg ide cangenteation and, Hh%tt@rthe glucose

concelBaeoH ot‘ﬁféQ;ari;plé subsequently 4C, 14 h) and after
renovi ng the residue buffer by slapping rinsed with
washi ng buffer (10 tinmes) and tapped to dry off. In

Lactaterder to determ ne the standard curve, dilutions of

Lactatégg d‘l'&%b}fégﬁﬁ’écﬁéﬁga@m ﬁ?gnsé@&g@ eﬂ?yr’ngtlé fh‘?mrcﬂﬁ@?n o analyser

e carrre
(Yellow$prings hﬁé’uﬁ'sﬁﬁi&e@hfq, d#SAh By meanseoisinpaphitizethtiactaier exidase,
Iactatealssl‘éa‘é'tédﬂrﬁg pYRGNERB AR hx drbgén! perekidat TR [BHEF Ban Qiédﬂuantmed
etted Elget her with the pPrepared standards into
as in qse PHantiieatAt ed microtitre plate (100 pL per
well). Plain dilution buffer is used as control for
)| et ng w thout conpetition of
GIUtarﬂ'&@‘r =< \,Ulu.gi%l ng standard or cul ture supernatant.
The simhatanepbs quantificgtianof pludymviEEA0d lutafate D camied out according

to the %Jeinkl, glé’;ﬂe&%EeB&{i 'f?rlallgggge gﬁranpﬁéét on"‘ﬁém@qqg)dlgﬁrﬁggh?%d enzymes
on diftgrgnt sengersi Kelutppale pridase 1caﬁ§lysw ttbe reaetion ef gtamate with
oxygeﬁ Qhtiet dxik'ét@gldta\ﬁ@t%héﬁw h&ﬁﬁ)gérﬁbérdéddé"'\nﬂ’lﬂsaln‘?i&a%ﬁ ff#rarhrhonia. At

in w th
the gltgios seBoaht §UBHIngee Sa50 SHaetE: e tosmataR i gluiamAts which is
then reactedeh Ign anblbgousvasdvingg. Theaspthat ﬁlu(a?fntﬂenwr)sor al¥d detects free

e e

solution. After 15 m nutes incubation, the reaction
Osmol4ff, Stopped by adding stop solution (50 pL per well)
———a'n% the resulting extinction is evaluated at a
Osmolgdityeiseh gieassire fobthennymber of dissofwdrpariictast prieneaguring unit of
cell analysis The correspondingly prepared sanpl es
wer e measured usi ng FACSCal i bur Calibur flow cytoneter
(Becton Dickinson, San Jose, CA, USA) and Cel |l Quest
sof tware verS| on 3 3 (both Becton Di cki nson, San Jose,

~ N 11~ AN\ o o o o a1 I T




in order to neutralize the protons in cytosol. For
this pH, control, different nmechani sns are avail abl e
wo pooanizad cel s (Madshus, 1988; Reusch, 1995)PCINER2009/001742

H. ' exchanger, Na+ dependen8 and i ndependent O /

HCO3" antiporter, Na+ / HCO3- synporter, H+

transl ocati ng ATPases (proton punps). In contrast to

the external pH (pHe) which, in animal cell cultures,
the solvent.PA¢dredingrtgethefdedin@tion, dedonisérk wabenfreezes abhHel under normal

han t c

condltf&'\% A }gﬁgﬁﬂa&éﬁ@’s&%ﬂ oft%% ﬁ‘géilngﬂblrﬂ 6i’t x;%lsfgxlftf@o%?bﬂnds to an
osmola@tyL@‘s1 ko,srrmllkg Thes mgasurement Pheoserolalityr ysine | thesfreeziag point
smorﬂéf%tr' Q@%Vﬁ?tHHclﬂ@ilﬁJgesthé”s%gfé tb0-7 g¢¢ | 'Thfej"'%l')fstalhsahon of the

unctions. Furthernore, sensitiv

I ca
subcoglghl $<%ml@ra i Idiicadi Ryniaeans of ﬁp%ﬁqdaﬁfvsﬁ%lrande e quantity of heat

produd%lﬂst easlfdd @tﬁ‘tﬁ'th@ffﬁéefzhrig @@rntt ||mgemd|tc>ﬂml¢seamer@qce to the pure
ntro occur

nct
solver {18t & iRy PeeportianabiodBE ARl RS SRR  “aci ds
and bases, such as e.g. lactate, ammoniumor CQ2, in
Amlno 8 gulture medi um Correl ati ons between pH, and cell
phases have al so been described. Thus, in
The cqmmtlonaafrfmeaamnmapm ipHthe aulfere superastantavasmdetesmined by

revers%yﬁi“?:f]sgJ s Pﬂ@ec(?t-ﬁérb SI lZﬁH?mﬁ‘aﬁ@/P s'u@é‘I | Migadet | %r@r’?@?&graphy)

respectiv
(Buntempeyeyh 14988) Al 0R9%’é¥§|°Ut1@‘§6?naWﬁ€5| At fully it emteimx LC system
D450 YRbhteos a;ﬁlsthﬂnéﬁtseranmegierf)lwnh QWthﬂQh rgressling pigmps (Model 420),

automBis SR oA AEICEL R lBlascenEbiBIb AR tipBer sPv 29
and competeriassisiéd endluation unit (KromaSystem 2000, version 1.60) was used.

Separgt@nc%ggxyc l?% 'n&ithyggﬁggu?aﬁr‘jrO)E%ﬁﬂhﬁo[@fpggﬁﬁér‘é] oDS,

ant hene- 7, 1'so
150 mn@xe‘-rﬁ st @awl@@m@umerﬁe@@ﬁmrmamﬁb wgith octadecylsilicate as

statlorﬁg ;?}?é‘\é@'atmih@s?%rtﬁér RPRB! dolGRn @S;})pe%wwé AW midx 4.6 mm,

particlg;siz¢ ao:@,%\g'f hjgbgi,rEFk%rgtg) v?vgg &'@5 ¥ ghardaqgr;gdncreasg the dwell

time. eXgort abl @@pwrétlbrilmﬁé dén@atvmuehertﬂt hhef affifo naids by ortho-

phthalGddhy ”E{o{ﬁé@z (SRS “,%_%@%f%zg TR 8! Bght r%)?enrt 1991)

occurre@lIHe, phbviazy LaramoPgmupes) of The arsinat. amdscmacéluatalbahmfnedlum
(pH > Pﬂ%ﬁfﬁ %@%a%%g@@gﬂan %i'ag‘ég@.ﬁ#ﬁgéerﬁr‘ibéﬁdepgerlvatwes
(Figuranddnt Dsteetian exas teadried @we aéeam enissiy) amavelength of 450 nm
subseqGEAOYSIRItANON ARthi light oY 8. wé\fé@erﬁg’ftHfo%&@Qﬂﬁe dye is cell
nmenbr ane dependent "and 1s hydrol ysed in the cytosol of
unspecific esterases. This free-formfl uorophor

The deﬁﬁaems;ultUré hrupeehataatyd (660 e waret mixédarwuerm tsishloroadetic acid

(100 %68 g g 1! ol i 6 R bl LAFEREHI, (D' minres
15000i gjplTiheatrtenmediaten phase HVaS/adema@red t(260¢4) bed beesdiblived (12.5 pl

NaOHWﬁ@S%fFEs %‘i’&g(e%%ﬂﬂlgﬁt 8%5 EB%@W‘B‘ %U&?&aﬁ‘gﬁglo% P s*alﬂable pre-
dilution gy alkahzatmrswﬁtbnw&vm bﬁ@atﬂmﬁemﬁﬁfc@ inl 9?@ whggeipy due to
the |n§€2ﬂﬁiit§"6fnﬁ1éjl|§dnﬁélolt Bén@étﬁlé%r ﬁthéodbrWatIzEﬁoﬁaﬁﬁé e@araeal out only

imme '?ﬁ?&ft grtgl F—@{éﬁgp%r& ?%mgF ﬁérg dthgnaierlvatlzatlon
reageMa(3Ceg 2F0%;in Joa waethagal g¢os pl \Bﬁnercaptoproplonlc acid and 9 ml
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allowed to quantify all amino acids with the exception of Cysteine and proline. Proline
as secondary amine exhibits no reaction and cysteine forms, together with OPA, a
non-fluorescent derivative.

(3) MUC1-lgG2a ELISA

The MUC1-IgG2a antibody produced by the CHO-MUC1 cell line cultivated in this
study is a representative of the murine immunoglobulin G (IgG) whose H chain is of
type y and whose subclass is 2a. It is N-terminally linked to MUC1 whereby the
detection of a molecule of this antibody always includes the detection of a molecule
of fused MUC1. In order to prevent the detection of incompletely translated product,
only cell viabilities of more than 80% were taken into consideration. The quantitative
evaluation of MUC1-IgG2a in culture supernatant was carried out by means of
ELISA.

The quantification of the MUC1-IgG fusion protein was carried out according to the
studies by Link (2003) (Parker, 1990; Link, 2003). 96-well immunoplates (F96
Maxisorp, Nunc, Wiesbaden) were used as adsorbing solid phase for MUC1-IgG
quantification by means of ELISA. The catching antibody adsorbed to the solid phase
was a commercially available goat anti-mouse IgG (M-8642, Sigma, Deisenhofen)
which was obtained by immunisation of goats against murine IgG. The supplied
antibody (1 mg) was dissolved in PBS (25 m|, final 40 ug mL™), aliquoted (1 mL) and
stored at -20°C. Prior to use, it was diluted in PBS to 3 ug mL™". The supernatants to
be quantified as to MUC1-IgG2a as well as a MUC1-lgG2a standard were used as
determinable antigens. The standard was pre-diluted to 1 pg mL" in dilution buffer
prior to use in ELISA.

The alkaline phosphatase conjugate goat anti-mouse IgG AP of the catching
antibody (A-5143, Sigma, Deisenhofen) which carries alkaline phosphatase (AP) as
substrate-reacting enzyme and specifically binds to the heavy y chain of the murine
IgG was used as enzyme-marked antibody. It was stored at 4°C. By the alkaline
phosphatase, the substrate p-nitrophenol phosphate (pNPP, N-2770, Sigma,
Deisenhofen) was reacted into yellow p-nitrophenol which was determined
photometrically. The extinction of the resulting staining was evaluated using a
spectrophotometric analyser (405 nm, Wallac Victor?, Perkin Elmer Life Sciences,
Bad Wildbach).

In order to coat the Maxisorp immunoplates with the catching antibody goat anti-
mouse IgG, this was pipetted into each of the wells of the microtitre plate (100 pL per
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well). Subsequently, the closed test plate was incubated (4°C, 14 h) and after

removing the buffer by rapidly turning the microtitre plate upside down and slapping
it, it was rinsed with washing buffer (10 times) and tapped dry. In order to block the
unspecific binding sites of the catching antibody, blocking buffer was added to each
well (200 pL per well) and the covered plate was incubated (37°C, 2 h). The plate
was then washed with washing buffer (3 times) and tapped to dry it off.

The cell-free culture samples to be analysed were first centrifuged (15000 g, 3
minutes) and the resulting supernatant was used as product-containing sample for
further analysis. A suitable pre-dilution in dilution buffer was carried out in order to
obtain comparable resulting intensities from standards and samples for the
evaluation of the colour reaction, allowing conclusions with respect to product
concentrations. BSA contained in the dilution buffer served as neutralizing agent for
unspecific binding sites. For a double-determination of the samples (columns 3-12)
and the standard (columns 1 and 2), respectively, 280 uL per well were pipetted into
row H of pre-dilution plates (96 wells, Nunc, Wiesbaden) divided into A1 to H12.
Subsequently, a 1:2 dilution was carried out step-by step by transferring 140 uL per
step into the wells of the following row which each contained 140 pL of dilution buffer.

The wells of the coated test plate are loaded each with 100 pL of the pre-diluted
samples and standards with the dilution increasing with each row in analogy to the
pre-dilution plate and the covered plate was incubated (37°C, 1 h).

To balance the spectrometer against a blank sample, two wells (bottom right) were
treated only with dilution buffer. Subsequently, after slapping it, the plate was rinsed
with washing buffer (10 times) and the plate was tapped to dry it off. In the following
step, the enzyme, labelled goat anti-mouse IgG AP antibody was first taken up into
dilution buffer in the ratio 1:1000 and, subsequently, pipetted into the wells of the test
plate (100 yL per well). Iincubation was carried out anew (37°C, 1 h) and the test
plate was then washed with washing buffer (10 times) after removing the residue
buffer by slapping. Since substrate pNPP is sensitive to light, all following steps were
carried out in quick succession in the dark. The reaction of p-nitrophenyl phosphate
into yellow product by the antibody-bound alkaline phosphatase was induced by
adding substrate to each well of the test plate (100 pL). The plate was incubated in
darkness (room temperature, 10 - 30 minutes) until an intensive yellow staining
(extinction of 0.7 - 0.8) was observed in the well with the reacted standard. The
evaluation of the intensities of the staining was carried out by spectrophotometry at
405 nm.
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(4) hGM-CSF EILSA

Competitive ELISA (Boliati Fogolin, 2002) was used to detect the cytokine hGM-CSF.
96-well immunoplates (F96 Maxisorp, Nunc, Wiesbaden) were used as adsorbing
solid phase for quantification of hGM-CSF by ELISA. Recombinant, unglycosylated
HGM-CSF from E. coli which is commercially available (Leucomax, active ingredient:
molgramostim, Schering-Plough corporation Kenilworth, NJ, USA) was used for
coating the Maxisorp plates and as concentration standard. A monoclonal mouse-
anti-GM-CSF antibody (M7E10) (Etcheverrigaray, 1998), which was kindly provided
by Ms. Bollati Fogolin, was used as primary antibody. This antibody is directed
against an hGM-CSF domain which is accessible independently of the glycosylation
status of the protein. The enzyme labelled antibody was a peroxidase conjugate
goat-anti-mouse-lgG-HRP that carries horseradish peroxidase as substrate-reacting
enzyme and specifically binds to the Fab, fragment of the murine IgG primary
antibody (Dianova 115-035-072, 0.8 mg mL™"). The substrate 1,2-phenylenediamine-
dihydrochloride (OPD, Fluka) was reacted into an orange end product by horseradish
peroxidase after the enzyme reaction was stopped. The extinction was evaluated by
photometry. The extinction of the resulting staining was read in spectrophotometric
analyser (492 nm, measuring time 1 second/well, Wallac Victor?, Perkin Elmer Life
Sciences, Bad Wildbach).

In order to coat the Maxisorp immunoplates with hGM-CSF from E. coli as competitor
to glycosylated hGM-CSF from the fermentation supernatant, the first was pipetted
into each well of the microtitre plate (per well 16.5 ng in 100 yL coating buffer).
Subsequently, the closed test plate was incubated in an atmosphere saturated with
water vapour (37°C, 1 h, subsequently 4°C, 14 h) and after removing the residue
buffer by slapping rinsed with washing buffer (10 times) and tapped to dry off. In
order to determine the standard curve, dilutions of the unglycosylated hGM-CSF
standards in the range of 200 - 0.195 ng mL™ were carried out in dilution buffer. The
samples from the culture supernatants were also diluted sequentially 1:2 in dilution
buffer and pipetted together with the prepared standards into the wells of the coated
microtitre plate (100 pL per well). Plain dilution buffer is used as control for complete
binding without competition of hGM-CSF-containing standard or culture supernatant.
Then, the primary antibody M7E10 (1:100 000 in dilution buffer, 100 pyL per well) was
added to the wells of the plate loaded with samples and standards and it was
incubated (37°C, 1h). After removing the solution and washing the plate with
washing buffer (7 times), an incubation was carried out (37°C, 1 h) with conjugate
antibody (1 :5000 in dilution buffer, 100 pL per well). After washing the plate (7 times),
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the enzyme reaction was started by adding the freshly prepared dye solution. After
15 minutes incubation, the reaction was stopped by adding stop solution (50 uL per
well) and the resulting extinction is evaluated at a wavelength of 492 nm (per 1 s).

(5) Flow cytometric cell analysis

The correspondingly prepared samples were measured using FACSCalibur Calibur
flow cytometer (Becton Dickinson, San Jose, CA, USA) and CellQuest software
version 3.3 (both Becton Dickinson, San Jose, CA, USA). Off-line analysis of the data
was carried out using CellQuest 3.3, Modfit and FCSassist 1.0 on a G4 Apple
Macintosh computer.

Cell cycle phase distribution

To determine the individual cell phases (G1, S, G2, M), the culture sample in form of
a single cell suspension was liberated from supernatant (200 g, 7 min) and washed
twice in ice-cold PBS (200 g, 7 min). The resulting pellet was resuspended dropwise
in a mixture (-20°C) of 80% (v/v) methanol (high-grade, Merck) under intensive
agitation and incubated (4°C, 2 h - 2 months). The cells were then pelieted (200 g,
7 min), subsequently, they were resuspended in a mixture of 0.1% (w/v) saponine
(Roth) in PBS and washed twice (200 g, 7 min). Resuspension of 4 x 10° cells in
1 mL dye solution (0.1% w/v saponine, 1 g mL"' RNase S (Sigma), 0.02 mg mL"
propidium iodide (Sigma)) and incubation (RT, 30 min) resulted in a pink-stained cell
peliet. First the enzymatic degradation of the RNA was stopped by storage on ice
and, then, the stained cells were subjected to flow cytometry. Measuring was carried
out according to the manufacturer's instructions and protocols of the relevant
literature regarding flow cytometry (Melamed, 1990; Givan, 1992; Shapiro, 1994; BD-
Biosciences 2000).

Intracellular pH value ,

The intracellular pH value (pH;) of animal cells is related to different cellular functions.
Modifications in cell growth, metabolism and protein production as well as in enzyme
activities, transport mechanisms, proliferation induction and maintenance energy
requirement involve variances in pH; (Madshus, 1988; Grinstein, 1989). Thus, the
control of pH; is of fundamental biological significance for the cell. The isoelectric
points of many biologically important macro-molecules in the cell are near the
physiological value of pH7 so that comparatively small modifications in proton
concentration can have major effects on the conformation and interaction of proteins
and nucleic acids. To prevent an acidification of cytosol, the H* protons are directly
removed from the cell or hydrogen carbonate ions HCO3™ are introduced into the cell
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pH neasuring el ectrode p02 neasuring el ectrode
For representative sampling from bioreactors (with pressure blanketing) and

cultivation with defined compositions of dissolved gasses, a specific sampling
(Jockwer, Gatgens et al., 2005) was developed which is the result of the present
invention. The parameters which are relevant for the pH; during the period of dye
absorption such as pCO,, pressure, pH and temperature are entered into this device
so that the cell sample is stained under reproducible reactor conditions. Thus, the pH;
measured in said manner represents the real conditions in the bioreactor better than
conventional methods. Together with the stained sample, an unstained sample of the
same population was studied as a control under identical conditions.

Solutions and buffers
HEPES buffer (N-[2-hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid] (10 mM)

2.383gL" HEPES (10 mM)
7.802gL" NaCl (133.5 mM)
0.298 g L' KCI (4 mM)
0.166 g L' NaH,PO4-H,0 (1.2 mM)
0.144 g L' MgSO, (1.2 mM)
1.981gL" a-D-glucose (11 mM)
0.294 g L™ CaCl,-2H,0 (2 mM)

pH 7.4, sterile filtration, storage at 4°C
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HDFBS
10% (v/v)  dialysed FBS in HEPES buffer

Table 1: Pseudo-zero calibration solutions (Chow, Hedley et al., 1996)

6-fold concentrate 0.5 log ((BA/TMA])  BA [pL] TMA [pL] HDFBS [mL]

BA/TMA [mM]
6/96 -0.6 60 960 8.98
6/24 -0.3 60 240 9.70
6/6 0 60 60 9.88
24 /6 0.3 . 240 60 9.70
96/6 0.6 960 60 8.98

Prior to sampling from the relevant culture system by means of the sampling
apparatus developed (Jockwer, Gatgens et al., 2005) the 6-fold concentrated
pseudo-zero calibration solutions (Table 3-1) were placed into measurement tanks of
the flow cytometer (200 uL each), the tanks were closed in a gas-tight manner and
stored in a cool place (4°C). The two calibration solutions of the highest and of the
lowest mixture ratio of acid to base were prepared twice each for the adjustment of
the measuring ranges of the flow cytometer. For the sample that was to be
determined, 3 measuring tanks were treated with HDFBS (200 uL per tank) in the
same manner. Prior to collecting the sample from the culture medium, 22 pL of the
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(6) Dissolved gases, pH value and depending parameter
The blood gas analyzer AVL Compact 3 (Roche Diagnostics GmbH) is used for direct
evaluation of the dissolved gases CO, and O, the pH value and the calculation of
the dependent concentrations of hydrogen carbonate and “total CO,” from the cell-
containing culture samples (> 585 L, 37°C) according to the manufacturer's
instructions (Roche 2003). After placement of the relevant physiological sample, the
device automatically determines the above-mentioned parameters. For this purpose,
the following miniaturised electrodes are installed in a tempered measuring chamber:

¢ pH reference electrode

e pH measuring electrode

¢ pO; measuring electrode

o pCO;measuring electrode

The direct pCO, measurement is a modification of pH measurement. Via a
membrane that is impermeable to ions, only gaseous CO; gets into the measuring
buffer the pH of which is modified by dissociated CO,, is measured and, after
amplification, is indicated as pCO; value [mmHg]. The conversion into [%] pCO:
and/or pO,, respectively, is carried out separately after the automatic measurement
of the atmospheric pressure which is carried out for each sample measurement.
Calibration gases and buffer solutions supplied to the device allow for automated
calibration and cleaning according to defined cycles.

(D)  Cultivation of animal cells
All operations were carried out in compliance with the standard operation regulations
and directives for the handling of genetically modified organisms, security level S1.

(E) Bioreactor cultivation
All tests were carried out in commercially available stirred reactors with a working
volume of 1 L (Applikon Biotek, Knuliwald) and 10 L (B. Braun Biotech International,
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2"(equation 3-8) = nunber @8 cells, total nunber of

cells or nunmber of viable cells = nunber of division

steps Solved for n and substituted into equation 3-8,

the equation for the growh rate reads: log N, -NI
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coder (SMP Interface, Siemens) and processed using the process control software
LabView (National Instruments, USA) and stored. The following process parameters
were identical in both systems throughout the cultivation period and were constantly
monitored.

standard fermentation conditions (1 L & 10 L reactors)

stirring velocity 200 rpm

temperature 37°C ,

dissolved oxygen saturation 40% (in relation to air)

pH7.0

ratio gassing (1 L reactor: 2.4 - 5.0 Lh™"; 10 L reactor: 30 - 45 Lh™ )

The mixture of high-grade gas fractions of nitrogen (N), oxygen (O2) and carbon
dioxide (CO,) for the maintenance of the controlled concentration of dissolved
oxygen pOz with constant gassing rate is referred to as “ratio mode”.

(1)  Measurement of the process parameters

Dissolved oxygen (pO,)

The in situ measurement of the concentration of dissolved oxygen in the different
aqueous solutions was carried out by means of oxygen electrodes according to Clark
(InPro 6000, Mettler Toledo, Urdorf, CH).

Dissolved carbon dioxide (pCO,)

The in situ measurement of the concentration of dissolved carbon dioxide in the
different aqueous solutions and during fermentation was carried out by means of the
commercially available probe YSI 8500, Yellow Springs Instruments (Yellow Springs,
USA) and/or, for comparison measurements in the cell-free system, by means of the
probe InPro 5000, Mettler Toledo (Urdorf, CH). Both devices were operated in
display mode [% CO3]. In this context, the indication [%] refers to the equilibrium
conditions between CO; rate [%] in the gassing mixture and aqueous culture medium
under standard fermentation conditions (37°C) which were set under calibration
conditions.

The calibration conditions used and the display values of CO, [%] allow the
calculation of the equilibrium concentrations of dissolved CO, during the process. As
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Oxygen hgnﬁoc r%r' S(?%xOfe ghzfaﬁfefrc%rt]ntonpr 0 %S%%ﬁaqueous exhaust air of both
processes is carried out using the exhaust analyzer Xentra 4900 (Servomex, Hamm).
The oxygen rate is measured paramagnetically (0 - 100% v/v), the carbon dioxide
rate is measured by infrared spectroscopy (0 - 25% v/v).

The pH value is measured using a single-rod pH measurement assembly with gel
electrolyte (Applisens, The Netherlands). In contrast to conventional pH electrodes
with liquid electrolyte, the pH electrode used exhibits, after autoclaving, an internal
pressure which considerable reduces the permeation of the glass membrane by
extraneous substances and the electrode drift associated therewith. Prior to
installation and sterilisation, the pH electrode is calibrated to two defined pH values
(pH 4.00 and pH 6.96) at 37°C according to the manufacturer’s instruction. Prior to
starting the fermentation, correct operability was ensured by external comparison
measurements with the blood gas analyzer (Chapter 3.3.4). Process overpressure is
measured by means of two pre-pressurized gel-filled electrodes installed in the cover
of the culture vessel (B. Braun International, Melsungen; Bioengineering AG, Wald,
CH). The temperature in the culture vessel is measured at all operation stages by
means of a PT 100 resistance thermometer of the reactor manufacturer installed in
the probe ring.

(F)  Mathematical methods

For cultivation and fermentation, parameters allowing the description of growth and
metabolic rates are determined by analytic methods. Cell densities are indicated in
animal cell culture in contrast to microbial systems. In general, dry biomass is not of
interest.

Viability describes the rate of viable cell density ZDL with respect to total cell density
ZDG:



It is true that: dS 1 ¢gS dt ZDL (equation 3-13) S=

specific substrate consunption rate, nol = substrate
weaweat2f@ti on, nol L-1 = tine, h ZDL = cell dJdeGEEP3p09/001742

viable, cells/nL WD 2009/ 342250PCT/ EP2009/ 001742 32

ZDL = ZDL-, - ZDLI In ZDL2 - In ZDLI (equation 3-14)
ZDL= nean of cell nunber, viable, cells n.."1
ZDL
iabilitst = VIA = —/——.100 %
Viabilitat DG 4

(equation 3-6)

All cell density dependant values determined in the present invention refer to the
viable cell number ZDL. It can be assumed that the contribution of non-viable cells to
metabolism is not substantial. Viability is a measuring value with respect to the state
of a culture. The growth rate WTR indicates the nhumber of divisions taking place in
one time interval.

n

v=WTR = .
2 —1 ]
(equation 3-7)

WTR = cell division rate, h™
n = number of division steps during period of time t; - t4
t = time, h

The cell number increase is calculated based on the number of division steps as
follows:

N, = Ny - 2" (equation 3-8)
N = number of cells, total number of cells or number of viable cells
n = number of division steps

Solved for n and substituted into equation 3-8, the equation for the growth rate readé:

log Ny —log N
log2-(t2 - ;)

WIR = (equation 3-9)

The specific growth rate p is calculated by correlating growth velocity with viable cell
density.

1 d(zpL)
ZDL i

p =
(equation 3-10)



The integration of equation 3-13 under consideration

of equation 3-14 results in: qS = ( -1 tZDL (equation
W@2009)1122Fhe speci fic product formation rate i sSPCT/EP2009/001742

cal cul at ed anal ogously to Bhe substrate consunption

rate: (equation 3-16) SPR= gqPRO = specific product

formation rate, g cell-1l. PRO= product concentration,

g L-1 Yield coefficient

u = specific growth velocity, h™
ZDL = cell density, viable, cells mL"’
t = time, h

For the increase in the number of viable cells it is true that:
ZDL, = 7DL, -e*{t2~11) (equation 3-11)

Thus, for p it is true that:

_ In ZDL2 - h’) ZDL}
(Sl 3 (equation 3-12)

Specific substrate consumption rates can easily be calculated for discontinuous
processes. For pulsed feed (bolus) in fed-batch processes, the same correlations can
be used since the duration of feeding (< 15 s in the experiments of the present
invention) and, thus, substrate consumption by the cultured cells during this period of
time decreases towards zero. It is however necessary to include any modifications in
substrates, metabolites and fermentation volumes resulting from feeding and to
adjust them mathematically. (Cell-)specific consumption and formation rates are
often the only factors allowing the comparison of different processes.

it is true that:

dS 1

=% 7D
(equation 3-13)

qS = specific substrate consumption rate, mol cell*h”’
S = substrate concentration, mol L™

t = time, h

ZDL = cell density, viable, cells/mL

The mean cell number in the period of time At (t — t1) is determined by the
logarithmic mean if the time interval between two sampling points is sufficiently long:



The correl ati on between consunption and fornmation
rates of substrates and products, respectively, is

WO pasx2éd by the yield coefficient Y. Y(A / BYCHERM09/001742
(equation 3-17) Y(NB)= yieB¥ coefficient for Ain
correlation to B gA= cell-specific rate for substance
A, nol cell-1 ? h-1 gB= cell-specific rate for
substance B, nol celrl ? h-1 WO
2009/ 112250PCT/ EP2009/ 001742 33 Chenobstat For a
conti nuous process, the volunme flowinto the reactor

—1is equal, LQDL“G volume flow fromthe reactor. In

ZDk ' ses, the cell size distribution in the
vol U 10 tacted corresponds to the cell size
distribution in the reactor. Culture volune is ion 3-14
constant. Wen calculating the rates, flowrate @CW&%IOF\ -14)
to be taken into consideration. (equation 3-18) =

— flowrate, h-1 . ]
ZDL = mean of cell number, viable, cells mL’

The integration of equation 3-13 under consideration of equation 3-14 results in:

Sp=5;) 1 .
gS= o | 700 (equation 3-15)
2-Y :

The specific product formation rate is calculated analogously to the substrate
consumption rate: '

ZDL

SPR=qPRO = {PROt—? ‘fROI J 1
27

(equation 3-16)

gPRO = specific product formation rate, g cell™*- h™
product concentration, g L™

SPR
PRO

Yield coefficient
The correlation between consumption and formation rates of substrates and
products, respectively, is indicated by the yield coefficient Y.

v(A/B) =32
gB

(equation 3-17)
Y(A/B)
gA

yield coefficient for A in correlation to B
cell-specific rate for substance A, mol cell™- h™!
cell-specific rate for substance B, mol cell™- h™!

Q0
oy
I



= flow, L VR= culture volune, L Mean retention tine of
a volune elenent in the reactor is defined as
WO 2008122600 tinme T. (equation 3-19) = retentiBEI/EPI989/001742
h Thus, flowrate is the ré&iprocal of retention tine.
Consequently, for chenpstat, it applies that, in
equilibrium growh rate is adjustable via flow rate,
it istrue that: p = D. Wth respect to substrate
consunption in continuous systens w th constant
ChemEigture volunes, it is true that: dS- =D - So - s
equation 3-20) Si= substrate concentration in the
For a comtinuasls process, theyelune flowdnto theneantards equai to theevolume flow

from th€$8actBP!Inlchbmostat processes, the cell size distribution in the volume flow
extracted corresponds to the cell size distribution in the reactor. Culture volume is
constant. When calculating the rates, flow rate D has to be taken into consideration.

D= F (equation 3-18)
VR
D = flow rate, h™
F = flow, L h”’
Vr = culture volume, L

Mean retention time of a volume element in the reactor is defined as retention time t.

Vr

T=—
F (equation 3-19)

T = retention time, h

Thus, flow rate is the reciprocal of retention time.

Consequently, for chemostat, it applies that, in equilibrium, growth rate is adjustable
via flow rate, it is true that: y =D.

With respect to substrate consumption in continuous systems with constant culture
volumes, it is true that:

ds
i D-(8j =Sq)- Qs
(equation 3-20)
S = substrate concentration in the culture, mol L™
So = substrate concentration in the feed, mol L’
Qs = volumetric consumption rate, mol L™

and consequently:



Gs= volunetric consunption rate, nol L-1 and
consequently: WO 2009/ 112250PCT/ EP2009/ 001742 34 (s =
w®2000812256 'si - s, 11 - ti j (equation 3-21)PCHEP20d¥001742
to calculate the specific s#bstrate consunption rate,
t he nunber of cells in formof the logarithmc nean is

additionally included in the calculation. _ 1(c O -
c-9gS- D(SI SO+ -) 01

wroto-(350)

(equation 3-21)

In order to calculate the specific substrate consumption rate, the number of cells in
form of the logarithmic mean is additionally included in the calculation.

gS =_1_..l:D.(Si _SO)+(§2;;SL]:]
ZDL t2 -1 (equation 3-22)
qS = specific substrate consumption rate, mol cell*- h™*

Si2 substrate consumption for t; ,, mol L™

Specific productivity is calculated analogously to the substrate consumption rate:

GPRO = ——— | D PRO +
ZDL

(PRO2 ~PRO; )
-4 J

(equation 3-23)
qPRO = specific product forming rate, g cell’*- h™

PRO; » = product concentration for ty, g L™

The instantaneous space-time yield in continuous processes is calculated as follows:

(equation 3-24)

RZA = space-timeyield , gL d™

Oxygen uptake rate OUR
Due to the relatively low growth rates of animal cell cultures, the high volume flows

used in the present invention for gassing the culture and the high control
performance of the developed PID controller for dissolved oxygen, it is possible to
assume equilibrium conditions for oxygen balancing (Frahm, Blank et al., 2002).
Thus, the oxygen uptake OUR can be equalised to the oxygen transfer rate OTR for




ZDL_12 -t1 ,,] ? (equation 3-22) qS= specific
substrate consunption rate, nol cell-1. h-1 S1,2 =
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productivity is cal cul at ed3anal ogously to the

substrate consunption rate: qPRO- 1 ZDL D PRO + Pi

RO2 -PRO -11 (equation 3-23) qPRO= specific product

formng rate, g celr h-1 PROL, 2= product concentration
transfémofromnithe,gag phakeTihto thedsicauid phase andpeselts from gqudtidn 3-25,

conti nuous processes is calculated as follows: PRO .D

RZA =
- 1. 02, .1.02 _.02 .
OUR =OTR =k 22 (Cin -6 7) (equation 3-25)
kLoza = volume-related oxygen transfer coefficient, h™
cﬁz = oxygen concentration in the gassing mixture, mol - L™
cloz = controlled concentration of dissolved oxygen, mol - L™

The concentration ot dissolved oxygen and dissolved carbon dioxide and the oxygen
and carbon dioxide concentrations of the gassing mixture are control and correcting
variables, respectively, and are registered by the process control system. The
volume-related oxygen transfer coefficient was determined earlier for the relevant
process conditions by experiment.

Carbon dioxide evolution rate CER

Due to the controlled pCO, values and simultaneous pH control in the culture
medium, CO, is not accumulated in the culture medium. Thus, the balance can be
established analogously to dissolved oxygen balance (Frahm, Blank et al., 2002).

CER = CTR =0.89 -k, a®2 -(c +C03 —cfoz)

(equation 3-26)

with

k;at92=0.89 -kLaOZ volume-related carbon dioxide transfer coefficient, Bt

< +CO2 , = saturation concentration of carbon dioxide in the
medium, mol - L™
(calculated on the basis of the
carbon dioxide concentration of exhaust air)

L0 = controlled dissolved carbon dioxide concentration,
mol - L
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Oxygen uptake rate OQUR Due to the relatively | ow
w@rwMirR2fat es of animal cell cultures, the hi ghCT/BP29AE001742
flows used in the present Bfivention for gassing the
culture and the high control performance of the
devel oped PID controller for dissolved oxygen, it is
possi bl e to assune equilibriumconditions for oxygen
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vol unme-rel at ed oxygen transfer coefficient, h-1 =
oxygen concentration in the gassing m xture, nol L-1
= control l ed concentration of dissolved oxygen, nol

RQ L- gCER
~ gOUR (equation 3-27)
RQ = respiratory quotient
qCER = cell-specific carbon dioxide evolution rate, mol cell'h™’
qOUR = cell-specific oxygen uptake rate, mol cell'h™

Example 2

Optimization of pCO,-associated process parameter

In industrial cell fermentation facilities there are hydrostatic pressures up to 350 mbar
in the bottom region (filling point/level 3.5 m) due to the different reactor heights of
stirred reactor. Due to reasons of sterility, the fermenters are additionally subjected to
pressure blanketing involving overpressures of up to 300 mbar so that in production
fermenters of 10 m® working volume total overpressures of up to 650 mbar could
occur in the bottom region. With this overpressure, the CO; which is produced by the
cells accumulates in the medium and can reach inhibiting levels with high density
fermentations if the dissolved carbon dioxide discharge has not been optimized via
gassing.

For the simulation of the production scale and for the unéoupled analysis of the
involved parameters pressure and content of the dissolved carbon dioxide —
synonymously referred to as pCO, — with bioprocesses involving animal cells, a
controller system has been established in analogy to the concentration of dissolved
oxygen pOs. In this context, the control of the content of the dissolved carbon dioxide
in the medium should be possible under different pressure conditions, the correcting
variable of the pCO; control system being transferable to bioreactors. Thus, gassing
rates, stirring velocities and culture medium were based on industrial parameters.
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only with the 10 L stirred reactor an N; mass flow controller (Brooks 5850 TR N, 0 —
15 L-h™") was installed in the gassing section so that the gassing volume flow rate for
pCO, saturation can be increased from 30 L-h™ to a maximum of 45 L-h". The
measurement of the control variable pCO, in the medium was carried out by means
of an in situ pCO; probe YSI 8500 (Yellow Springs Instruments) every 15 seconds
discontinuously (chapter 3.5.3.2).

The PID controllers implemented for the control variable in the process control
system (LabView, National Instruments, USA) pCO, work in a cascaded manner
(Figure 1). In the case of a positive deviation from the pCO, set value, the CO,
content in the ratio gassing is reduced correspondingly by the controller PID 1
(Figure 1). If, despite the completely closed CO, MFC, the controller PID 1 does not
successfully control the pCO; set value in the case of a positive deviation (e.g. by
produced CO, of the cells), the cascaded controller PID 2 actuates an additional N;
mass flow controller and appropriately increases the total volume flow rate of the
gassing by 15 L-h™ at the most (Figure 1).

Thus, the pCO; controller described herein is suitable for control of a set value for the
concentration of dissolved carbon dioxide. By means of this pCO; controller it is now
possible to adjust defined pCO; values during the whole culture process and to
analyse their effect on the cultivated cells. According to Henry’s Law, the solubility of
a gas in liquid is proportional to its partial pressure in the gas phase above. Due to
the controller, accumulation of CO, in the medium is possible by increasing the CO;
ratio in the supply air. With the cultivation period progressing and the cell density in
the reactor increasing, the ratio of CO, produced by the cells increases in the
medium. Consequently, the controller reacts by reducing the CO; ratio in the supply
air by the controller. If the volumetric carbon dioxide evolution rate (CER) of the
cultivated cells is so high that by a complete reduction of the CO; ratio in the supply
air down to naught the control variable of pCO, can no longer be reached, the
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i nvol ved paraneters pressure and content of the
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Table@®'Reddmhtended controller parameters according to Ziegler and Nichols
at stability margin

PID ratio setting value
P XP ~1.7 XP, crit
I TN ] 05 Tcrit
D TV 7 012 Tcrit

By means of an appropriate control of the set values (Table 2) of both control
systems, the quality of control for the use in fermentations of animal cells was
optimized. Both control systems work independently from one another with minimal
initial oscillating time and control deviation. It was possible to minimise the effect of
the increased volume flow on the control of the dissolved oxygen with increased CO;
discharge (Figure 4-2 and Figure 4-3).
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If, despite the conpletely closed CO2 MFC, the ‘
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pCO2 set value in the case of a positive deviation
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using different titration agents is described bel ow.
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at stability margin PID ratiosetting value X p '&1.7
Xpllt TN 0.5 Tcrit Tv 0.12 Tcrit By neans of an
wapppops@t e control of the set val ues (Tabl e B)T/BP2009/001742

both control systens, the dquality of control for the
use in fermentations of aninmal cells was optim zed.
Both control systens work independently from one
another with mnimal initial oscillating tinme and

(B) cOverpresskanei aintaoller |t was possible to minimse the

Thereﬁg eé:ttré’rﬁ t gvd(ggg r E\?&g‘%tcé% #JTS étfb‘é“ g%ﬁﬁlgg %Igé m é’eral cell
ferme(lt}aﬁlgmse) ﬂIJanQIrﬂje Falrgulaélom afthe different hydrostatic pressure conditions

from %\%f% r:ﬂ § QE()#P%%}@% 091@49%33% TR 3%[ysf@% \ﬁg' t 1000 mbar

i cation of contro
overprgﬁaumq @’@lsed%V%l@ﬁ’eq”i@"uﬁﬁ ﬁﬁ"ﬁ@anFtPO]VﬂU'Qa[ SXFFh}'eS%ﬁlOJSGd in the
presedtiiledtSd (1030working volume, B. Braun, chapter 3.5.2). This reactor was
meant to control defined set values independently from the controllers for pCO,, pO-

and pH value.

(1)  Set-up and functionality

At the non-sterile side of the exhaust air line of the fermenter a pressure control valve
(Brooks pressure controller, Model 5866 Series, 0 — 68 L-h™') was installed. The
opening width was the actuating variable for the developed PID pressure controller in
the process control system (LabView). The control variable was measured on the
inside of the reactor lid by means of a gel filled pressure sensor and transferred to
the process control system. Due to the rapid decrease in pressure even with small
opening widths of the pressure control valve in contrast to the slow increase in
pressure due to the low gassing rate with closed pressure control valve, it was not
possible to control the control process within the required tolerance. Thus, in
addition, a membrane valve was installed further down the exhaust air line in the
direction of the exhaust analyser, whose valve position could be preset manually
(Figure 4). |

The set-up developed in said manner, i.e. with an additional membrane valve, has
the folliowing advantages:

o safety margin: Maintenance of an adjustable minimum pressure in case of
failure of the pressure control valve during operation
o sufficient inertia of the control process despite sub-optimum flow rate of the
pressure control valve (maximum possible valve throughput 68 L-h™,
maximum gassing rate 45 L-h™")
Due to the variable gassing rates necessary for pCO, control, mstallatlon and manual
adjustment of the pressure by means of the membrane valve alone was not possible.

(2)  Quality control of overpressure control

Control optimization was carried out according to Ziegler and Nichols (Rake, 1993).
The operation capability of the overpressure control of a static set value with
simultaneous control of pCO; set value profiles was furthermore complemented by an
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(2) ect pH ag t agents at ‘ of 8 CHELK] cell line at

negati ve effect on the cell culture by potentl aIIy
different osnotic effects due to use of the bases
descri bed can be excluded with pCO2 control. Since the
flnal COﬂdItIOﬂS of both t|trat|on systerrs are

N T " .



44 the 1 L scale The above observations of effects of
NaOH and Na2CO3 shoul d be evaluated in fed-batch
waeeiovityast ons of the cell line CHO MJCL in snaPCFEBRRDE001742
fermenter systens (1 L Appl#kon). The snmall fernenter
descri bed was operated in the Fed Batch Modus with
menbr ane gassi ng and overpressure to sinulate the
hydrostatic pressure effects of bigger reactors. The
nheSSluscaler unit (provided by Bi oengi neering) worked

The afile BBERatEng B efeR AR EA RN BRO SRR Bttt in fea-

batch Thlivptiess of ¢hereal Uinen€HO-MIIR 1 ph _asmalbacalae‘eanenielresystems (1L
Appllkﬁh)jel'ﬁ’é %rﬂaﬁ@e%ﬂ%ﬁﬁe@bﬁ&é‘d rﬁl%eec&ie% HG[ﬁéqupBQYch Modus with

| ezosensitive
membparase Séﬁﬂﬁﬁt%ﬂd @Mer@rre$wed@|3|@ula’eetth@ hydmtat«c paessure effects of

bnggerOVr‘éraEfcﬁ§SUTﬁe0f réSsURr iR rfrfd\hé’éd‘eﬁe/lt (B|§égg'||nébﬁng) worked

auton%POHa'wtawﬁﬁr@%%@;%\{ggggsiJ%g eI DYBFaRs Of a retention valve

behind tee exBanst filtee. ThessressuicombaBurdraenttubkusiaceforiti@isterile side

wit o SAILE R Bl ST o BEURL e MR Bt pressure

sensogl Duosg preifeonentationi oft theneelllalirmﬂee YelcigrLad evedptdssure of 60
t d~d.

mbar QLéé ﬁ@lrfé'bt g ﬁﬁﬂi’f‘ﬁge %&@ﬁi‘lt eg# i &%\Frllr%lbf){dd?agatlon By

mean%cqmw@al |h|anter$émgogf dlee d‘ermﬁete@rmi@@@ dpereasings theatpsgssure to

150 mbartd?f@ bkgusfes ﬁlaﬁﬂ%rlr@eﬁtﬁfloﬁ'rﬁéﬁfuﬁmth@qgnaﬁﬁ Oéﬁobﬁétléﬁ process

assin r re trate
(100 1§ "o Sradit B Fieans i terding ameshum: 406 (Ghggsesiio was
maintdined Bbogads0 gd. haxd theglutamirmsratial batweent.8 ol L AtngH.0 g L.
7.2, however, the CO2 ratio in the gassing m xture was
successively reduced for the fernentation illustrated
In the|fplI<§w'(1;1gr ¢ha diveFemll densiti€Oangaviabilitie srabisveld g\hthe course of the
proceé@ %}él lﬁu%?étled ‘W’?Q?écﬁgeiﬁes B LIRS &Hujartén‘t()@(bgo ro‘ﬁfe@ g gassing

concentrations can be dac
mlxturgsuThg rR@Q'&ﬂ'UﬁH@teébm boura@Hwvers erplisedovith@ qcer)starm@atlo of 5%

(viv) d@ﬂh&h@ FERRAR LI rFsorsthM\(J? rﬂ@%bhﬂf@péﬁpl"l CP ERgWe®€the CO,
rocess for

ratio I%H&gg%lé@%ﬁl%‘?g m?%s lﬁces?fy&l)éfeéf@ela fﬁét tq;mqr}ﬁ@tlon illustrated
in Figurel10-specific lactate formation rates are hi gher when

NaOH i s used as base than when Na2CO3 i s used

(cal cul ated data not shown). Wen NaOH is used as
For bell G£2amgassiagenodess ighen viakds aslledensities hpesihoged ofuitivation
penodéC’é’ncﬂ“ﬁ’?{i’?\ﬁ/’é1 E%@%&r@eﬁfrﬁtl%é Reaf BEO%MﬁVé@\WhéH Usfd Na.CO;

I's used, however

msteag cﬂitNm@é (tFéglg’%v@ argoHdntThsi lngtate ceﬁt:@mtr@tm%m\waqa@@tlnuous
mcreaQéCtWié? theagRor! cautsd oF gretéss ifer bote pHidjlitmbal -agents used
E qF osmol ar processes, as described in the literature
( |gur%§ ‘0 increase in productivity (Kim Kimet al.

2002), can be further optim zed by use of Na2C(13

TherefoP'i8%e00tiNG S ApeRIAAdL 3L f&rﬁiﬂ@ﬂ%@ AR RLAEP AR NaOH is

used ag base Hmrpwbzncr&m@@h li®used\(edloplated gatacnetsown). Viimen NaOH
is use@%’aﬁ%@ﬁ@ggﬁgo%gﬁﬁr egaé%rtﬂﬁ%t tr{f%%lﬂgcg PO®RaB5Mol kg™

oved to ce net ol I Sm
correlatg| withy i,k owwoa\fmo hicsH rowtdyr yaen dNaz(eas ﬂ%é‘SSQsP@W@Nef the

cells doh€ifge ﬂ@fgibhﬁexwmﬂy\@é arigdtx etativhup) YravgthPphase at a later

point i X G, £AX Fish Seminiat 6loseBres i detihern g iterature as to

mcreasampIpro@dtmtyf(é(nmenfﬂmt ebal. a2C02ip mapi ng furtleeruoptiairzedoby use of

NazC(%e’nlsfé%B/ ?If ?){]nagﬁg?éaéa ﬁ rﬁ%ﬁt i@e&r %%ﬁgfoff%é t@%%tr'ggglts shown
heremab’@vtacularmlmsccamblna‘t@nnmhm e @lﬁ-‘@zacomllmweyeldrmdarpmcesses of
carried out on a |large scale where, according to
Henry's Law, hydrostatic pressure, in conbination with

sterilisation-rel ated overpressure, causes increased
solublllty of gases contalned in the culture nedlum

o o - o



In general, cell-containing sanples are collected in
defined intervals fromthe culture for fernentation
waewonpanyi ng anal ysis. According to the stat ePOf/EP1969/001742

art, conventional sanpling4dethods fromfernentations
wi th pressure bl anketing, envisage opening a valve
installed in the bottomregion and rel easi ng, due to
the overpressure in the culture vessel, a defined

that kirad wem pfobatlly -beofiidhen gpraveal with tégart for eell umetabdlism, cell

. [ _1he~elat - ' frod I
physidlody shBHrBal e Rtnatcl” b BaR i TNEbE a8 s, MadRs yps used
exclusivaly ssqitadjustmenhagenttfonfurthen cellivations imsthef préisesbinvedtion.

gas in the corresponding fermenters may, consequently,

be represented only insufficiently by the bl ood gas
anal yzers according to EXamRleidnal sanpling (see

Presé@ﬁé%@ntr&“‘éﬂ EQH I/M QfoE*éWﬁéﬁﬁtﬂiﬁ/Scééﬁiﬂa‘rﬁl n%élﬂjréﬁnent of

Lb J‘T)E i n addition e.extracel | y] ar
Gellsphyst °9'ﬁé' ngamﬁ]teqselgtme@sgﬁe %“ ¢ting fegnentations
sanpl i ng nmet hod on t heofi aniihdaladells! ar pH val ue of the
cells contained in the nedium The devel opnent of an
apparatus for pressure-controlled sanpling and the
As alraadysisisciibed abppey industrial Heanamtyaﬁoesm‘f artraal cells are carried out
on a'l%?%élc&l,élé” Wherﬁ" REHRR HEhry &S s \é‘GHF&statlc pressure, in

ani es cultivation ar e-Sscal e f ment
combiaatp it rStelistiPBrelates %@@%w GAUSES chreawcd ‘Solubilty of

gasesm&ﬁ@aﬁbédn th@@uﬁ@@hﬂé&@rﬁo WEB&@Q%H@%I@%M@ of carbon dioxide

produ{ﬁ%gg/ tru gaql ﬁ*g agg\ég}w?cﬁy%ﬁﬁgﬁgyagnedlum is approximately 25
times d’llgr@tathahltbat oboxpgen ruraldr simildr ebhditions (Ba@M8y and Ollis, 1986).

The refRPUEITBALS 10 hets Uik chdngé 2T e Bl i ihe e, edium can
be minimizes by tstpgssuitablerbuffedsystemsaancbpdi adjustnarit@genta. Since CO;
is a 3@5 Uﬁ?oﬁértmél'é@ul‘és'ltnlg %b@&?@iﬁé?at@%@' PRRbrz ane of f animal cells

ent concentratio carbon a
and, thify ifluaneedie Infracalivias Phiwakieddhomeas, 189D L reactor

Biostat ES to sinmulate the different conditions in

i el S Bl A S0 A S TRBLE0 e AL B e cuure

for fedinertadionr aidcompamyire gealgsisg Acedrding unddhe sstatdanfl the art,

conveb BTG hoC HENELET Yk PSR iy bt Do

enwsa@ﬁaﬁmr@ng(E)valwemrlstﬁlledcwhth_e(bottonermn@n@braiaesmgt due to the
overpr@@!sml,l‘ﬁ‘et &gl thy Efeuradgbsdan PidedinBasGoluf dfhsell- c%ntalr]qng sample

surenents, the CO2 concentration | ncreased

withou! pEesiice rhrgtot%ﬁantam@é@ssa?b The relRteraamans RR<oT the cell suspension
involvegluid i hl‘rieudfé srident h&iég%‘sﬁwaﬁﬁloﬁha@fe {exhauspertieh ySsThe actual

0, Servone . the, paraneters
concet 55 AP e 588 SER o R sy N, Srisequenty,
be repfesﬂmteukrenl@ranmswﬂmently Eﬁyeth&aabloodmgass arfalydees according to
Sﬁé?l ide ratio were carried out using
convel% s\éﬂ%&@ (QQ%E)%\SCRY)YM | ow Springs Instrunents, USA)
and/or subsequent to sanpling, off-line using a bl ood

The fogéﬁnr@“Eké{r%Bfes(ﬁVé rEQIRAGH stﬁdleBQﬁhﬁuM@?%Hléﬁ mtlon to the

ure i ndi'cat es exe Iar results for 15 M

extfacaﬁtﬂaaawtaﬁwctharmewmn femilied opribe atiest pf/meysamehm aseéhod on
the mtﬁéceﬂlumcﬂw@dh@@f et w@cbrﬁtamddlmm?@smléﬁmﬂtTH@|deQ§Iopment of

and.co ventlona nmet hods mes cl ear
an apPRiaude 106 oS elin st LR pd P BRURGBnd B PRt SR 1 apply it with
analysiseaf the intracelfdan sH tvaluseobanimdh websl, wipich reccompanies ¢ditivation in
f ' I
arge-4 RHE e RAR A rPAndio oMM o R B S A Rl b ket
with the syringe is carried out by neans of a sterlle
adapt er which could be connected directly to the
sanpling valve of the reactor (Fig. 16). The interna
pressure of the reactor noved the plunger installed in
a gastlght manner |n the syrlnge flxed in a support



At this stage of the devel opnent, due to the sterile
construction, it was possible to use and qualify the
wG@pmeiiizsal | y devel oped DPN for sanpling in  PCI/EP2009/001742
pressure- bl anketed fernentdéi ons of animal cells. The
sterile couplings (Staubli, Switzerland) in
conbination with the steamsterilisable sanpling val ve
of the bioreactor, the sterile node of operation of
(A)  tCensitiction repdvdssstdpment ofod pressiuredohtrokeéd sammlingrapparatus
not shown). Figure 19 shows in an exenplary nanner,
the c2 concentratl on measured of f-1ine according to
ring s g8 with the

In ordé’rr ﬁ)sékgrﬁln%othbréﬁéc‘?%f %ﬁ@?&h{ﬁarﬂﬁﬁﬁig@ﬁ?ﬁ%%ﬁeQ:Ioncentratlons of

natlo pressure-
dlssol@ﬂ tga$atn dhe dﬂetihlé“ cHecsRIding: 40 | thei slate mfethe @5l @Rdt Heing the

appar&tussakyaep éé\beﬂ‘f@teﬁt('diﬁucéﬁfiﬁﬁéﬁs" i e@,@oﬁedneérbon dioxide and
in

nifi cantl di ffer
diftereh PReRSuEF et St I8ARBI 10hb Teror BiRtlehEata simlte the different
conditidnssin et TR Iawgetgeammymnteml For siisppurposeetthedsppropriate

e N S e i e e

standardr é@rm@eatlaml venditiassir Gatiat gassidgs 86l lvbd, C&P°G,n 200 rpm) and
othemft?é 'tﬁ%tp%tréﬁt‘%?eﬁé" ihBi g%?@é?ﬁ”&a%@@kﬁtﬁ Ngh 'ttﬁsoc?HrXext the pH value

neasurene
was rtsat @@ug@si Mafie addition afsa base. hEosatﬁ@ Megpsspgaeatsusthe COz

concefARNRbPNREreavBd ! Byftﬂenh@'réésﬂ@g ft@f&ﬂ@r@s@ﬁ@%‘rtﬁeaﬁﬁdlum was in
nper at ur e adv nt

a a
equilbgiGt i, BB AR RapSe JexBaantoanalsha KaRSE 490D, Servomex).
Fig. 13 shoest that paraneéters ﬂs@lcmatblr%muéwl"ﬁclﬂed 89 eh® 30 efperiments

. 0 Figure 19). In this context, the
which %h%gg{&a(tj{)%{] of dissol ved oxygen was not WO

2009/ 112250PCT/ EP2009/ 001742 48 liniting at any tine

RRENts28P e d@é%l\/fe% %é”r%bntchaiidfehr%tiﬁr\ﬁéfél%rrﬂ%)dout using in
concentrations o tor are nual ntail ne j

situ Pngz Biqhes; (Yellpwa2ridngs instruprands Uy 2A aReias| suhsesiuept tqgampling,

off-line2 RIBRgABUBI08E V @Fa@ﬂil)ﬁdelr L”Eﬁ:lnmdte?s ”R%@H@'llagnostlcs GmbH).

Figurey 1 IhdEpLEs Srepp RN SEL85! 3ty egpm. From

this, thes ralativedd High dosspf idinsolveainGE), Hetiveieheint S/etamEHﬁurerfnent values

, i ni f
and ociFeRSAA Y TR Mhcdnds belRIRPBREOUE The
intracel lul ar pH val ue. The fundanental correl ations

The erlSFIeWQSQ bh@@% 'ugF‘?Jf the ségl%d\%#hhﬁé?s fﬂagf, lé'ﬁrrﬁﬂtj%& Rimarily, to

|ntrace ue are sho

the lowe%etpsgeeop m@cwﬁhrmzéaeq ém%%ta@lrdvhlelbtlaew@p'w%grs with
convetititha %ﬁ”ﬁtpllﬁg Sﬁﬁﬂﬂmbuﬁltt@méigwgé)%dcd?ﬁécldmt @lyeméaﬁﬁ’fbf a sterile

adapter QwRIchs CoAcY PR SRYAeIRR 1 il SaS SiprERIg vave of the reactor

(Flg 16hyEhelntgined pressirefofcaei reastoofmoved thd phmegetr isstapéd g a gas-

wont AR BESHRFERCTAED i oA M bRt SRpBYeERT Brlliyye to the
preset@éﬁ@u(ﬂgoﬁg ankBpr@omparatiye resulie of thispuetaired sampling method
with diffBREr 'i‘éa@t%l“ e08igratd nas & sﬂb%qh\mgweaﬁ RUERSTHE8Y IS of CO,

considered only to sone extent ow cytonetric
loss wag PEFSHESRY Biedficating qfﬁhlﬁaﬁ@@n'wsamequm ue using

conventl onal protocols according to the state of the

Litt on . was
The ugdf i, SVitasibhF e Lerabh SalRlte ipchulidlie kendh anfly o rainimize
the losasxf alissativeeti gasg) asndertedtiomn ApIC @) érame 30et@B0%. hei r
effect on the physiology of the cells contained in the
anmple. Fromthe follow ng Exanples, it becones clear
The manmenaeeerpftﬁmghetmeswm pravallingain ke genciesnat sampisg time
pH and CO2 show no detectable changes in the nmedi um
after sanpling, the cells suspended in the nedium can
already differ significantly with respect to the
phyS| ol og| cal condl t| ons | n the b| oreact or. By u3| ng

e .




In order to determne the pHi value of a CHO cell
popul ation in the pressure-bl anketed fernenter
wouon2ay to the state of the art, first, a SBOTER200RE01742
collected in a sterile nmandér under deconpression to
at nospheric pressure and then incubated with the
fluorescence dye SNARE-1 for 25 m nutes as descri bed
above. The subsequent neasurenent in the flow
should furthvert minisiimavite 1des 6f dizsseledngas.i Fvrecsntinuowst measurement of

e S3REH 1861 807 el Bk BB AL gt o e

samplmgdmeaamd)ngnmmtaddOfafd;géaitdlﬂﬂayn(E@céﬁbe intensities
(Fig. 20 A2 and A3). Despite the selection of suitable

boundari es for the individual Beaks (Fig. 20 B, upper
Thus, Mﬁ%ﬁtﬁﬁl@ﬁé?urein't\eﬁtswﬁ%ta‘%@%é' le agey Qﬂﬁ?@PHWQa*'}%&ﬁg‘P"ng unit

from ﬂh@emad&cactdmtrél%ﬁ fife Isralrﬁplé @Eburevmdﬂ@at@& érh&eactor level and,
on ob ervatlon of

t t
conseBGRING b8 isoBptie, clRSEPR oo BIe SatHevas rigd Sulsmanually by
slowlyGeledsirgy fHeu@etigsespensidn frioen tied prgssprd-bianketddhfermenter into the

sampl I%Eﬁbgt gé}rﬁ](es%éé ttﬁgrquu&'é@ gﬁg?gﬁg li{ﬂlgrlr%ggg%glgse'lﬁytaﬂed allowed

flne-tummgscnfshhe)saraplecpres&ge Q{bseq)lenmm wnasiupdng tie aikit from the reactor
(Fig. T@%Esﬂ?‘% ?r&%r@'é&‘itrcﬁl&&tﬁarﬁ llrf’q %Eﬁﬁrﬁﬁé’qmﬁﬁf dEVEIBEEd in this

t
way maifigiias tha/{i%;g@gabﬁ%es 5@pg¢rgfatm8clar¢hsec%bf§%¢ \%@nRjg on reactor

level 6VEME peéridd GirsevéPalAhodrdl G(Iﬁﬁg%lﬂn'QDOtQP F\i@&aés) 1tfeand 18 show a
e-contro e S
photOQraPvafﬁe Pecvupiarh Aniiior Rl Safole, voluries iR e obtained

using eptirgesednd radapterssibaves andreantop-viewt of theesippart esitentreinstalled
SyerEye SNARF-1. If the partial populations with high
l uorescence intensity (scatter diagranms in Fig. 20
A2, A3) and the position of the corresponding ratio

At th|s°§§§§u&1’: tHe dg@elﬂo ftt@u 'té RS sheSrile HOMRBUESHON | if kaepossmle to

re-contro &4 aF%gar atus are COIT'p
use awi vajifothe ﬁP%@H'WB/u%YEF'%e QiR Jer ﬁa@waeemara@@ﬁaﬁelanketed
fermentaticasventaminall ceng! mhe (sieabt Q:budhr?@” a(rStaablFl Switerland) in

and, rati
combifai L WIRCUE StsaiatsSariperateli 2y ooTeBipsSevian the sterie
mode wf bperatiopraftseistrriracvessai wastrot fihetesit (gualifidatiohs ret shown).
even after 25 minutes of incubation, a honbgenous
fluorescent cell population (Fig. 21 D2 and D3) and a
Figurec $9 rsbopisniai a1y exprplaryrmanoeh dag Q@z goncantmatjorc measared off-line
accord?ﬁ§efd’%nvbf1tlér'i‘£ %Q%Ilﬁ@”ﬁéhbé Imcdéﬁ?éaﬁ‘%ofnorwﬁﬁirthBebressure-

m nut es 0 rpressure, the whole fluor
Controﬁ%‘i’ |Sa;&"(‘)‘i?Jlﬁlgaf‘1‘?<§'ﬂ°$J §eé’ﬁ qresqab IRITHRRNAN PF o PIFRSUSR E?arﬁ(eted fed-

batch vdultheitionpoe sise! rGHOCMUCA g:ell2[ln£2E&éﬁ| thaughi the Eibs@l&/ed carbon
eaks  are

dioxid?&gﬂgg%g?gc?% Ijbrl-lqaold @ih@n ‘a%fﬁf ﬁ}% l & l? ¥%§seés immediately
after sgmmplaw, ofhesBontenttaton bﬁtduﬁs&tﬂyed:lcﬁ@ptmrtérbl ecnvertonataampling
metho@?’de%fr?égﬁh@??R%DQBHJ@I‘ I#éjﬂﬁtj i ZtHﬁ}uﬁ]ﬁ%ﬁg %Tmlf% if (fonventlonal
samplmget§§hn@ueﬁceée a@pdiadsadﬁpraﬁéntatw@ﬁueawr@ﬁserftrczfrﬁl@mved COzin

fermerﬁt%ﬁéﬁ@Wlt%r&e‘éé'@deeﬁlbﬁﬂeﬁr?g & dhiPpodsRRNA/RtimPhEdiatd ARG8urement
whi e nmeasyured by neanS of the inhonobgeneous

by megﬂ§p?agﬁoqu19a§ anhg Vé@&ence WO
2009/ 112250PCT/ EP2009/ 001742 50 popul ati ons and the

[ apsh.en .| 0 _doubl.e-peak., These in L1.ul ar
The ulk b8 SahBliad AERdriEs "EReion e Mihle bidliBuing Thaser gressure
and reactor atemperatutep Ge2 anagssentsad  adgantbge anthe hsamgplingfapparatus
maintdifi§ tﬁ@ﬂ'ﬁﬁélerré%?for‘@n‘égﬁtrﬁﬁgn of Ia‘r’s%ol Cb:él &%ryz-% %&ﬁa%? period of
measur enent o acel l'ular I
one heyp(figireot9) M mlémﬁ@dbtwm@mtrﬁépmﬁ@wlved oxygen was not
consi derably. Al -Rubeai (Wl sh and Al - Rubeai, 1996)
attributed the time-dependent sub-peak (Fig. 20 Al,
| eft peak) occurring due to (intracellular)
dega3|f|cat|on to the non- V|able ceII populatlon
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51 EXAMPLE 4 Effects of the content of the dissolved
carbon dioxide on the intracellular pH value of aninal
W@200pg12280 a snal | unpol ar nol ecul e, physi cal | yPCT/EP2009/001742

di ssol ved CO2, a product of8netabolismof cultivated

cells, can perneate the cell nenbrane relatively

unhi ndered w thout requiring specific transporters

(Thomas, 1995). However, within the cell and in the
limitingxat a0 tmiear(ngemlm)O&)dl \Dae itd fa%:tlthaeque| pl‘Hslsure and pCO,

concalaili 47 SRERETARS e bl Lo RSP e pressure

controfied7$ampling , apparbtusyaevelaped atlowenmeettumftenﬁ samaptsa‘ treatment
(<1 hi Eﬁdépﬁﬁté&téﬂ YRYfitiGRUses a correspondi ng change of
e ot her species 1 nvolved in the equilibrium and,
consequently, a change of the pH value. If changes in .
In parﬁ&lﬂaﬁQﬁé%hbatdf‘?%é%nglﬁéehﬂ @%@B@%dhﬁ‘%"&&tﬂnum manner

rbonate .occur in the cultu iumof th I
for the; RGOl GRIFONA RIGRATBRIRNEN Br I PRCeNFa s 85, for example, i

is requiredafe! thel ategsidrerakne dfptHe) lrmfactehelaeed)H-l Svalle The fundamental

correl i GERKR e, pEDLEYR! LA E b stsg i, bt il Bftr o

value aegjshawinon oXample @H;hebn;esuﬁs o pGQ@nasputroleads farmentation obtained

osivg 98 Lo Bt B8 B0 DRI R SEBIPHER s 1 7.

foll owi ng, the correl ation between the pCO2 content of

In thet fdﬁloﬁhﬂd Ué)érﬁslgtylﬁ%élﬂﬂs b ot htéth@ $t8lis &hldelr st siological

I|n was

ualiiEaTs Bah T aaT SemiIea Taibbos 316 pe3eR b - sact o

system (chenostat, 1 L), a sanple was collected under
] for the

Malntapﬁmemmmeaetdrl Qonemoeaceemperatuu&)rﬁi-hg/aluetbemponents of the

medlu?ﬁ( p@iﬁdﬁ%tnf}ﬁs %f@&%@?%crt Hb%?@%ﬁ.ﬂ’fa %ésogémstéotébe oﬁgfo some

extentahtt thee ﬂIOMV( At eliiica defarmjnatian \ﬁésth%dﬁtﬁcéiﬂulﬂf ﬁ’daMQ'UG using

conve;ﬁli_t;1 %rﬁéli'%vltbﬁo%’fﬁg?drgg(gﬁgd :El?]éé stdte d?fthécérﬁ lgftlepéﬁgntftfh st paid, in
. i

particylif ¢ 7 SAMRIN IR AP ISP BRGS0 SAPTALORS and dae Sssociated
degasifiehtions wé ean sieatiumi drid tieir €ffadt dﬁ)thtaqﬂtys’&)logmmeiteﬂs/contamed

e S5l LR e KRG BINBEL £ ocBlles BESV IRl Hifion e
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WO 2009/ 112250PCT/ EP2009/ 001742 53 (B)In situ effects
of pCQ2 on pH, The observed in vitro effects of the

W peseAtRRpendent cell response on CO2 depl et i onPCHEP}989/001742
culture nmedium (Fig. 23 and%24) were to be sinulated
in situin the controlled small-scale fernentation
system (Applikon 1 L). For this purpose, the set val ue
profile of pCO2 was raised gradually during a
conti nuous chenDst at cultivation. In Fig. 25, the

In ordrg?stgl bé@rrm% tK lqs vg [ue %#Oét@ﬁd 2Bl A@&ptﬁéﬁtgrl. eincﬁ'\le pressure-

yinre Ia pr ocess
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a sterﬁé”?n tuﬁde?‘ae?bhﬁﬂrééﬁbh% &t sEHSnl: Ssshlrgeand]c thehn incubated

I catlon ecrease
with tb@oﬁwrﬁ@en% dse SNARK & ﬂ%d?@lnﬁ%@@so@%lﬁeﬁ%'b@ﬂt gbove. The:

subselﬁbér"il Merésﬁg&iﬁéﬁtsh ;cl'ﬁ;nﬂ@ﬁﬁ ahfAe£BhbWBHEAE ﬂlforbb@ence intensity
i u e_s
ratios SHAVEI FGGFE B ANTE: EnbBETS P bl Bprbleaigal ampe observed

which li®bgséd wa talokedli papulationsiwithedifibreit fledresceneadnieosiiesf(Fig. 20

A2 anl 0 Bebol Y EoEGaL 3 S CPBRgRLs i ng T fRFpeal P
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initial pﬂ@%l ?‘bgﬁwéﬁﬂﬁﬂah&lﬂﬁ{ théAlgaetdrFi 9. 25) remain at th'S

ot

|oer surge from2. 5%to 5 _0%a
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nomodaTiaily & s PRl el b SopEeRiBrEs. Muatescefice Dl 14tb (Fig. 20
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h il nf t f
fluoreqedt¥, oo Pobulation foP JUTER: tbinbolatit o bR Abiilorican be
obserysid,/ 8¢ Sh@‘gy imfriguret2dbBl i sm via the pCO2 concentration
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ratio p%'a?é éf%“%b%@ne éralmgbéﬁc ?r?&ﬁqblé%hgﬁrlpgl egﬁ{{g‘;&d\p‘?@lled sampling
apparatyg arekedrnpatedbwithf those ﬁfgmo@@u aliem vath@ént drassecaggording to
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and CBv Tﬁ@flﬁa%wﬂl&& 8Hhd sin et B@ai@é"éf&%n%élcd&f rige24 €1 and Fig.

growt h and cel.l has but| on,
20 C1Eager o B OomWRLERG Pt TSV fip I <EliRg (oot ieal i of the cel
populdtidraintthereadtdr. WO 2009/ 11225OPCT/ EP2009/ 001742 54
associ ated size selection. In the early 1990s, W et
al . already began to work on single-cell- based
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l.! |
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WO 2009/ 112250PCT/ EP2009/ 001742 55 set value profile
of 5-15% pCO2 was intended to sinmulate CO2 enrichnent
WO poobhe26ul t ure nmedi um duri ng the fernmentati onPEI/BEBEF001742

in industrial production psécesses. According to the

relevant literature, 25% pCO2 should have a

del eterious CO2 effect on the cultivated cells (Kinura

and MIler, 1996; Pattison, Swany et al., 2000; de
populatiomgoand the fafgient ratialdouble-peatat Traase, intfaeellular changes can be

Cc ti § e [ str at
measiB- BIE" SSIReRyiph RAANSIet (IS e 7 BauBEDS My, cause
significart ahanges of 11t gmieasureresmicctdlves yandy thus) ympyl $aidify the
tS t e n S r r ted
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blankejed femmentesetIWidTAPI or der not to detect erroneously
the inconpletely transl at ed fusion protein or fusion
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the ragoemf/ mm—maba‘qmoelly and teweell popRilatainsewhich afreesepresented by an
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e
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Thus, no toxic effect is observed at 25% pCO2
suspeﬁgpn a further increase in pOC2 was not possible due
"to technical factors. Viability curves and death rates

In factabetl'?é g}é%s%'ht [r@{en@é Faﬁﬂ)t @%l!lglgg) %gﬁé t%@%ﬁ\éﬂ%e%eﬁ/ﬁh the use
of thef@naseumagcpntrcbﬂedceampdiwl @pmﬂJaues kot cpmi;é IObe phdsef (fed-)batch
cultlvaflﬁﬁﬁt\}vﬂé‘ﬁ AEaSitably éHe!c:‘i’ o?/g ’iﬁ‘ Vit [}?r @f‘ t%’%% %?éred (data not

[es are cont
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fivation.is thus reflects a

cell cyfRanalis Parioep AR Ag e o

2009/ 112250PCT/ EP2009/ 001742 56 5% Thus, this curve

s SiJn b.ar % T t.r
s, BeSIeAE" sk o B Sl 4 BEREsry By oS Sing i
pressurafbhamigptp@ufamrnemtaapma mpndnrewycormtly determinecthedatracellular pH

f [ kRg. This correlates with a pCO2 val ue
vaMesgﬁQﬁgég %?S?5§g§baﬁ'further increase in the pC®2 val ue

to 15% and its fixation at this | evel does not result

in a further increase in the GOGL phase fraction (Fig.

28). However, in the process which is adjusted to

constant 15% pCO2 since cultivation start, the GOGL

phase fraction further increases until the end of the

process (Fig. 27). (1)Consequences for prbcess

devel opnent



It remains to be exam ned whether, in this case, a

hi gher GOGL phase fraction could be achieved by neans
w@boostie2sc control of the set value at 13% (t uPCi/RB2009/001742

poi nt GOGL phase fraction) Swith the start of

cultivation. Thus, a dynam c pCO2 set value profile -

as applied herein or simlar - is useful for cell

(line)-specific pCO2 optim zation, e.g. by applying

t he turning point methdEXAMPILEWN herein to the curve
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the cell is exposed to a constant pCO2 value inits

envi ronment throughout the whole cultivation process.
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mani fest at 25% pCO2 (Fig. 30). Simlar starting

curves for specific glutam ne uptake rates can be

observed for 5% pCO2 and 5-15% pCO2 as al ready

observed with the GOGL phase fraction (Fig. 27). Based

on t he y| eI d coeffl ci ents for gI utamate versus
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58 (E) Lactate netabolism The cell-specific |actate
formation rates show the characteristics as depicted
WO POORF1ER25B2 resulting in cunulative |actate  PCI/EP2009/001742

concentration curves as deptcted in Fig. 33. In this
context, the cell-specific curve at 25% pCO2 has to be
noti ced which shows an increase in the exponenti al
growt h phase (70 h - 120 h) and again at the end of

The obsénvedgphenonieradld of the Shertdeherintraceliarakalization with depletion

of dlsﬁ\?é‘ﬂ &%fz in'tAe %ﬁﬂ&fq@é&dﬁﬂﬁ‘%ﬂ e &ﬁ&igd%ﬁﬁe %ﬁﬁto&ci s &Quilibrium.
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rat i T st | .
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SI gnl ficant. (G Consequences for process devel opment
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pCO, ¥8I0es lE@ZQQPG)W\&BﬂOﬂﬂi 60@%@35%nl‘ betweerltHe Witk edntetration in

the cufifREedimihe TR VB prbaPd SRR Bhisrhines 1 tegree of

the intpacetlales alkadization viapthep'cbemicpd effety (figs 2darri ed out by
means of an L-shaped gassing tube (Applikon) which
i ntroduced the gassing m xture with constant vol une
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In the glucose-limted chenostat process, the
cell-specific lactate formation rates decreased during

WO pwIpt236kss. However, the growt h rate remai neRCEER2D9/001742
to the flowrate (Fig. 35)3If there is a set val ue
surge fromcontrolled 10% pCO2 to 20% pCO2 (420 h) in
this flow equilibrium the cell-specific lactate
formation rate triples during the follow ng 150 h and
t he gl utam ne uptake decreases (Fig. 36). At this

[ dignts between internal and
(8) %Sg’tbe(?%c;? t feviels} he basis of the findings of the

The omeﬁedtm viinceeffeass of the timepdepsnsiant cellirespansecen O gepletion in
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the regulib 8 BTied pes Biottach 5 SREuAbS RibAeRgRY Bbrfafion to process
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ore he experl
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intracalllali PHVESIE $98mS Ay oe| Gectgorreelatast Wih e Qs fais! of the
cuItur@'thdillﬁﬁﬂt sipte! Ié@aﬁBtOIﬂl’foh@'thﬁst patfeERS, ltlﬁ‘etcflﬂtnfaﬂfdﬁeﬁbﬁﬂltlons are

constat b SRt ritebs TS bRl e R tarifrihs® the o
of the etiguwith ther debcrbext ndyseduencparagatding physibeogyngtd metabolism,
via thd gééz c%'n%&hfr{}o&( irde é’t{ﬁﬁj{%ﬁ%é’cﬁﬁﬁd for pC®2 control and

r wever, | es

I“at irfer interferes also
W|th the control cascade for p02 and pCO2, the effect
To daftf, AETHEoMP léfés&%ﬁléhaénttﬁlsbﬁxb?éé{dﬂn%ﬁer Ragd pHe ﬁS%Hbed in the

oach according to the expérinmental set-up

iterat 1By Thase eqasvin] Bdrud RIORPRYES 1agardingdbadpTence of pco; on
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19@& gﬁ%llls%rg anelt AYRUbeaf f ‘1’3996 ngnabérﬁbtdé?oﬁeﬂlftf\aihe pCO, controller
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WD 2009/ 112250PCT/ EP2009/ 001742 61 in this context.
Consequently, a dependency on pCOQ2 concentration and a
wekioodepsndency of this nmetabolic pathway causedr/Bp2009/001742
said concentration dependedty were to be studied. This
approach was consi dered purposeful since the hydrogen
carbonate concentration is an inportant paraneter for
the reaction of cytosolic pyruvate into oxal acetate
assocemted sizeselectionor ding to the results obtai ned herein,
it should be possible to influence hydrogen carbonate
concentration via the (controlled) pCO2 level in the
In theceariyui 890 dMunel ahdlreadysbegars to work lom sipglesoel)-based icomputer

,smulaﬁfoﬁoof:Qﬁ‘é‘%hffﬁﬁélﬁjlépﬁwfc:'oH?rBF‘?ntdf‘ﬁ %]Mlé/ (WA,T 98982 YThe “regular
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valuesMurcdtated §De GifiBfiGinnand Qalﬁé]ifhef @éplbilénéShO‘MHdJQféﬁbﬁn & 3Atisfying

mann%fhéw%%ﬁ&@ﬁo%%wﬂ?n RS nadiidasiens yuit Hspes! 19 ThengH after
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postulatﬂdt Wgﬁl hisy @&%@'%@ﬁhe%ﬁtu& dypemic sityatign mpdeds gk animal
cells shBORT e EohSileeRinatitagSYppetmanpepect i vel y. A
cultivation with uncontroll ed pCO2 concentration was
run as reference (Fig. 38). Here, pH set val ue
defl ections of the cult Exanysdisim wer e count eracted by

' f
pOSEEHECEH I ke S Bdh o R CHO MO Iy Rl Lscate
(1 M. Wth this CO2-based pH control, the increased
The f.harn@at bBfairdd %Itﬁb%ﬁ@&@@ldﬁ]ﬁl&s(sn Ghe! §§§|§t@f) tHBf”éﬁﬁ;%t of the

tivation RTOCGSS results reducti on

dlﬁere@&H aéijlrl%tr’qqp tagents, the yeagtions gf thQ mapegglgggl-lavaluetto the pCO2
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pCO: B HyBramsS e, SIL B ATt e el folida.c RO HHs Mlipose. the
10 L horesictay BastataESuwed bszaiwith Eeg. m8@y! eeltl line QHAMUG1 under
mdustﬁé’lr tcBﬁﬂltloﬂgr?%ghéé%FbSégf(?;nsér\s s CheARM | Seg%hsmg mode).
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nsit and via e ce t1res an
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entry into t hace W t'h CORE
constagt 59594 dley 2680 eadixd o |ﬁéJf| it 6Pap P2 oemeomvaim Miheydynamic
of the culture subsequent to inoculation of the :
stirring vessel. Possibly, the transition of the cells
fromthe pre-cultivation at 5% CQ2 into the culture
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WD 2009/ 112250PCT/ EP2009/ 001742 63 start of the
process al ready and achi eves, conpared to the other
WQer@weasRss, a hi gher concentration maxi mum PCT/EP2009/001742
Subsequently, there is theSgontrolled 5% pCOQ2 process
i nvol vi ng decreasing |actate accunul ati on, followed by
the controlled 15% pCO2 process. |ndependently from
the controll ed glucose and gl utam ne concentrati ons,
set valus pecfilevefl §-158i pOOyewas dtendad toasinedateeCBeenrcHinémt in the

culturleT]TQecﬁg ggﬁ@% Ig% f%ﬁg%%tgg%gpipgéﬁsgﬁxeﬁ%ﬁﬂjaﬁ’Rrﬁﬁﬁ{‘it'éém%rocesses.
Accorqjingdestbesrelavant litecature, 0225 %P GOpBhantt havé acieletesiols CO; effect
9 linsat 4 ' t .
on tne HRGER b (R EPRABUIER, 1605 o0 B 4 2000: e
Zingotita, 2@@Yect i vel y, Fig. 42). This diauxy behaviour is
not very distinct in the controlled 15% pCo2 process
el l ecifi clactat or nma n
in ail qyifyetops. PG seiatons G b conkohubtites Sudhsk anshalutamine
was mdfhtginelin, theoaegerof bdteebac2 abe.” hanurms atli.®g li'h rebpsctively, by

daily p[ﬂ{lsfoecoemfe%g B 29#“5# %'%ﬁ%(,\%ﬁé %ég'ﬂnéﬁ% \I@Fe ﬁhe%géc!tamﬁ g%ort criterion

for ther tedmieatatiorpwae ex viabilite beloiw 8DPmin ardermattceetett@rarsmiisly the
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Fig. 28 SBILBHIIPHIE & Cﬁ?esgp‘d‘zevaﬁﬁg%ff BELRUEH) to 15% (190 h

es are stron Increase
and m@tﬁ)tanmmﬁsrqlaf@drgrowtm @ar\@ogzoetweentthe Otblo\rﬁsr of tentrallesh constant

5% am%%wzs?lﬁ"% r &€l 259, EQ‘DCQHU itufe! sﬁ%ﬂn@%wer groph, but

aver ag Thus, cont
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r.ogc n result i m, sat i on

to tecRpubcietors, Hiabilty Fitves, SI8GUETH BiES ea SigHiat i ol gontrolled

constanit p€ CCHAIbEMIRIGF28)YC2 used (Fig. 44). WO

2009/ 112250PCT/ EP2009/ 001742 64 El s_13. cell cycle
phase distribution and specific productivity In the

(B) Gelleyslenphasendistribigionof t he i ncreased productivity
In the YBIFOWI‘\Q?‘QH@Q:%?%X%@&U@EE% tlﬁ’@@OGﬁgﬁ‘égé rf@c'h?fﬁ o‘f\’@ﬁltﬁlgtlons with
hi s purpose, I ntrace

differepl,pbos %ip\eadve.péo P8 1L SHURILE BN dn deEepTiext he relatively
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effects pCO2 has on pH . Thus, pCQ>2 Jurrps in the
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specific productivities and the ratios of the
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Wth the 5% controlled pCO2 culture (Fig. 46), the pHi
decreases, independently fromthe entry into the
waee@biianary grow h phase, due to the first feePdTgP1999/001742

approximately 0.3 units. THhe entry into the stationary
growm h phase coincides with an increase in the pHi by

0.5 units. The SPR al so strongly increases in the
stationary growh phase. In total, the pHi is on a

5%. Thugttbrs d¢urvelis sinaitarwo tthe icheveufoc iS4 plCGd T dustrial p€ O, profile

o Syt s AR g 55 Sl 1 i
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fracﬂoné&%@a maa)ﬁewgt% ] iacess (FKe 224 at | onary
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(1) ‘ ith controlled 15%
Ffrs— cuttHvat T o SHoOWs e | owest vari ations of
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processes Wt erent Ti ES In
providgg &yt thengels tharaselues. oW?f@qués {6 Hassible dhat,fraerisseanding pH

profilef @éntbﬁ!fedeéafdraﬁr@l;f efrﬁ%ﬂtrﬂfgh@@sd\ﬂ bé Qmélgsé@nénaﬂé@usw if the

pressii GantPlad Rrgialio Snaral sy aignga i 5o Arer S BGEbaR S used.

phase fraction of cultivated cells. An increased GOGL

1 orrelates with an increase in the
©) ! @elf i %ductlw ty. The higher the controlled

Since jedas deenashewduhahdhe heHicyalusecan hendnfirancedsby tarplying the
stratedy gvfwfozscéﬂtﬁalp %hﬁﬁﬂcélserh%ellrbgt:'%e?ﬁé% W tion. Figure

I ncrease in
29 shcgn/s) agt)prhs( and phli valvestfor the grqqessw@tr@p@iolled constant

25% pmj@zSQs lascstaparnsdredAn acidifcadtiohgiratesLin thet dytesolfindbe observed

which ecogmr ?ﬁ%ﬁgiﬁ%f" roductl on. fﬁ}mﬂ rate s observed200 h).
Thus, timirge pbmtslum ithe [II'I]ECLEEX@GDﬁE!hEIShtIJdIgddQ\Hﬁ) KHMI livea €oincide with

. into a long stationar
turnm%‘ﬁé@é&_ %g%r\é%gﬁgesﬁ gﬁ%@%w controlg as pursued
her ei n results for CHO hGWt CSFPYC2 in a product
In thlsceﬁﬁ@}t rﬁté @811 i8I Slpdsedlfy faobgnstbﬁt"'?bdzaklaﬁ@“trf As! &8vironment

than with the str on tenperature
througﬁggt @‘&s‘@! %'? qedtivation Rrpcess. ﬁﬁd%l"la‘tq U?U!ji’i??ﬂes qmteyuously until it
reachécao/allign @f 785 BAdf anmenﬂﬁnmlgtmmedf tHee GOIGH [Zhbsearadﬂ@n curve,

continf3 TSRSl f ThrdiBs' A0 AAFRAE B bt aBh S to the

decreasengfeviabilityea ik tarmirsaticamaf, cultivationnaan aiaaé)epd)meededa rol e
in the increased productivity via an extended process
duration and an extended GO Gl phase. Simlar effects -

In genguadl, tab a pRYSer af this higk rlewele then=0G1 eagtipnbisesimilarly high at the
descri bed (Bl oenkol k, 1992; Moore, 1997; Kaufmann,
1999). Even tough, contrary to the batch nmethod, in
the fed-batch nethod used, limtations of the
substrate can of course be av0|ded and an extended




As described in Exanple 1, the oxygen transfer rate
OTR can be cal cul ated based on the kLa value. This
W@ 2000812285 det ermi ned cell -free under standar dP@F/EB2909/€01742

in culture nediumusing thé’reconcentrati on net hod

under standard fernentation conditions in both

reactors. For the 1 L reactor used under atnospheric

pressure, kLa02 = 3.55 h-1. Using the diffusivities of
beginnihg afacdtvationgéfiga2d) aetiiblors dieflected by ahé hedow growth behaviour.

ThrouBh3PiHe MRS iRtrh@aRbnbrestt BRTI0% T HheSe_Raction is within a
small range (BReSQOFE0&Y fradtion).at ed using the flow vol ume of
oxygen in the supply air. The partial pressure of
%/ gen in the reactor was neasured online by neans of
Since Jpiraggiidar e8AYHE. agidlies @isa ﬁeowopwaeaend@h@es Influencmg the

.ntracamnmepw By means @rquen QhéstﬁbVéélrré%ﬁorfoﬁh § WontiAl éﬂl%té@,/ is an
I—lenr%§]const ant

mpor@@&gcg Raemester, (?_]r ?% enggltopfp’ iqyized. ﬁéesnahan and Dittmer
correlatedprfet |exafnp‘:£e,t inctased gpeciict aatibady (p"i'od‘mmvmes with increased

mracRhEH G b, K0P e sl e, AGRERD° TR BiE gy phase
(BresrmmrcTBzoidggbqahlaltmm Dittrape carid dllgcarski, atRA7)gyTheo controller
devel irCHHs ‘F%rﬁi%nc%rc eafn%@ tithle, tJﬂ W RS %t&g/ fHéedg%o%;ﬁm\% of the

asurenent of aust al r ures 4
pCO: {avel thom themrt é(ﬁ emj %myétyre meddwf@ msre@hhtym | ed

processes. After reach| ng a maxi mum val ue, the RQ

val sh a su a no i d decr se at 5%
The ofjfelsfiofia, parwSeR onpith Ganiral s69 seapoglsDaud SaeRamingd in the
followipgocess tine of 300 h the RQ val ue of the process at

5% pCR is nerely a third of the RQ val ue at 15% pCQ2.

The met abol i sm of this conparatively nore productive
(D) (3l ptel MeRbIISEIMHCCO2 i s nore oxi dative

With lhﬁg%oﬁéotzhé"g@té‘mmeoﬁﬁéﬁe%f@fé 8l rftfg/atHgFéb%ng this becomes

t abol’i sm of €SS cont ro

particylgrly H@aewaafat%%mﬁ b g igrasO¥ o PiRtar ﬁEﬂ,{BngtMW%v&OT specific
glutantigé luptaKes vares i czim B@%H@éﬂﬁb&fdr%\% Btes a@ld 8w 5% pCO, as already

obseral BURPa UL RSB REIOR (o8 2lhavst air. 10 this

respect, the RQ cal cul ati ons present ed herein have

Base 3T | BRYARERRR o SRERRHG YA AAALBHBIA88 n o o1,
is pospi)le dpcassimeibatieifopErgesses twith guglervalugs of cpmezant controlled
pCO,,3ABlihEeaked %tﬁfﬂﬁwé‘%pﬁ% Eé‘rﬁtﬁﬂﬁfe%r oFi@e' ﬁrr‘hﬁﬁbn tdf@'l?utamate to a

tivation

r ns al so 1 n ani rra
lower g%&?@si@%ﬁ@ oogmfa"gq'%ﬁ,t %ﬁmrbpe%eeéu pEdegytamate
GLT wi B@Qﬁjrﬂuéawaﬁﬁhé@_mgiréoéﬁ@/eﬁig@OIBWe(B'w'thWthe constant pCO,

strial C ensi t s via
control JAHE: IRsfeagnd rit: JurbEDiets Dok, SrREaet bodiFesin timves. With
progrelsbmgabrmesmtomﬁrmxbmphcmasatofdhe yielé woefflcient Hi@ high level can

be onﬁEr‘?/@ECét Eor '5@(522% %lé a?%)aﬁﬁp@%)& obﬁleﬁha r%%?r@ggé can be
obseryadcat atsuallwlsglwv lgve! t%ﬁ%@@@zot ecRlqCesE shawsi agnone constant
yield éo@ﬁ?clmaﬁﬁ’h al Sttt téﬁ@eﬁﬁﬂf@ﬂe&ﬂe@@é'thF&Jqﬂ out $hé Prédes’. With an

contro ["ed hat cel renmaj n
'”CreaF'ng%‘f’ e $et Hé Caé'%égpv{a)t Oa’ﬁvﬁhéhéa%tweme cofesponding
yield duefficiont & urtégmaus Bheldoml naginheh of m@hﬁéldcm&ﬁaehﬁdt 170 h

comcu@eﬁ t\/\dk tﬁehgua}é n|9hz§’ plg%%gﬁe@t Bef effggtr&h%ﬂ 6651 phase fraction

(compateFigct3drarst Fig. @8).al | cul ti vati ons descri bed above,
which is clear fromFig. 45 to 47. It is highly
probably that, in all cultivations, the last turning
poi nt of the pH, curve marks the begi nni ng apoptosis.
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(E) Lactate metabolism

The cell-specific lactate formation rates show the characteristics as depicted in
Fig. 32 resulting in cumulative lactate concentration curves as depicted in Fig. 33. In
this context, the cell-specific curve at 25% pCO; has to be noticed which shows an
increase in the exponential growth phase (70 h - 120 h) and again at the end of
cultivation (> 200 h). The other fermentations examined, in general, show a decrease
with respect to the cell-specific lactate formation rate with progressing cultivation.
The fermentation at 15% pCO; shows the highest specific lactate formation in the
stationary growth phase.

(F)  Product formation

The product formations for the processes which are regulated to controlled constant
pCO; values of 5% and 25% pCO, do not show any differences in their progression
except with respect to the final antibody concentration MUC1-IgG, which is caused
by the varying process durations. The substantially higher productivity of the process
which was regulated to an increasing pCO; set value profile (Fig. 34), is significant.

(G)  Consequences for process development

Thus, in general, with pCO, adjustment to controlled constant pCO; levels, it is
possible to enhance process robustness under the conditions as shown herein.
According to the results as shown herein, the adjusted pCO; .set value profiles, in
particular, have potential for cell line specific optimization. Thus, it was possible to
increase productivity, under as constant conditions as possible, (e.g. energy transfer,
overpressure, temperature, pH value) by increasing the pCO; profile. With regard to
different industry-related issues, the pCO; control as well as the overpressure contro!
developed were simultaneously and successfully used in the 10 L bioreactor in fed-
batch processes. The results obtained by pCO; control show high potential for the
optimization of industrial cell cultivation processes by controlling the following
parameters: intracellular pH value, cell cycle distribution, central metabolism (e.g.
glucose, lactate, glutamine, glutamate), apoptosis/duration of cultivation.

Example 6
Chemostat culture of cell line CHO-MUC1-lgG: pCO; set value control with
glucose limitation and “metabolic shift”

The differences recognized in the central carbon metabolism caused by the different
pCO; set value profiles were studied in greater detail in the chemostat process (1 L).
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In the 1 L bioreactor described in Example 1(E), the recombinant CHO-K1 cell line
CHO-MUC1-IgG was cultivated in the chemostat process. For this purpose, gassing
was carried out by means of an L-shaped gassing tube (Applikon) which introduced
the gassing mixture with constant volume flow into the medium below the propeller
stirrer (2.4 Lh™"). In this context, the cell suspension was removed from the near
bottom region by means of an immersion nozzle in order to continuously add fresh
medium via the head region so that the reactor volume was maintained constant. The
corresponding flow rates D and growth rates p are shown in Fig. 35, viable cell
density was within flow equilibrium at 7.5 (+1) x 10° mL™.

In the batch phase (< 120 h) the substrate glucose is consumed and the culture is
delivered to the metabolic switch in order to initiate lactate remetabolisation. In this
phase, glutamine is sufficiently available as an alternative carbon source, there were
no amino acid limitations. Subsequent to a gradual increase in flow rate D with an
increasing number of viable cells, pH control was started at 230 h (from pH 6.6 to
pH 7.0 using 1M NaCO3). Thus, the lactate remetabolisation prevailing up to then
was stopped and an increased lactate formation occurred.

In the glucose-limited chemostat process, the cell-specific lactate formation rates
decreased during the process. However, the growth rate remained equal to the flow
rate (Fig. 35). If there is a set value surge from controlled 10% pCO- to 20% pCO;
(420 h) in this flow equilibrium, the cell-specific lactate formation rate triples during
the following 150 h and the glutamine uptake decreases (Fig. 36). At this position of
the gradients between internal and external pH value, on the basis of the findings of
the present invention, it is possible to influence the pH; and, thus, directly influence
lactate transport and metabolism via an optimized pCO, control (also in combination
with pH set value control in the culture medium).

Example 7
pCO:. controlled fed-batch cultivations of cell line CHO-hGM-CSF-PYC2
on a1 L-scale

As proven in the present invention so far, apart from the pH value of the culture
medium, also pCO; and pCO; set value control affect the central metabolism
significantly, even under glucose-limited conditions. Furthermore, exact knowledge of
the intracellular pH value is essential for a metabolically and energetically optimized
cell culture process. Since in particular the metabolic switch for lactate
remetabolisation may enable efficient metabolic pathways with an associated
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increase in productivity in recombinant cell lines, high process robustness desirable
for industrial processes. Therefore, in the experiments described herein, the
combination of the pCO, process engineering developed herein should be carried out
using a CHO cell line which is optimized via metabolic engineering and pCO,-
sensitive at the same time. Consequently, a sensitive alignment of the control
strategies in the fermenter with the desired cell metabolism is required. In this
context, the energy transfer must also be taken into account. In this study, the
parameter of the empty tube velocity of gas was selected for pCO;, control and
regulation. However, if the stirrer interferes also with the control cascade for pO, and
pCO,, the effect of energy transfer has to be studied in an analogous approach
according to the experimental set-up shown herein. In studies of this kind, the
procedural parameter always have to be considered separately from the effect of the
composition of the culture media. :

Since direct effects of pCO, control on lactate metabolism could be identified, a cell
line optimized with regard to lactate metabolism by means of metabolic engineering
is used herein. The cell line CHO-hGM-CSF-PYC2 has a pyruvate carboxilase with
cytosolic activity affecting also the central metabolism (Wagner, 1998; Irani, 1999;
Bollati Fogolin, 2001; Bollati Fogolin, 2003) (Fig. 37). pCO2 control should allow, for.
the first time, to purposefully change the hydrogen carbonate concentration in the cell
and, thus, the concentration of a substrate of pyruvate carboxylase via the pCO; level
in the medium and thus influence the central metabolism.

Subsequently, the effect of different controlled pCO, concentrations on parameters
~such as cell physiology and cell metabolism as well as on intracellular pH and
productivity was to be studied on a 1 L-scale using the fed-batch fermentation of cell
line CHO-hGM-CSF-PYC2 which secretes the growth factor hGM-CSF into the
medium. Constant cultivation conditions which are analogous to the 10 L-scale allow
to compare the results with the resuits obtained for the antibody producing cell line
CHO-MUC1. The pyruvate carboxylase from S. cerevisiae which exhibits cytosolic
activity in this recombinant cell line and which catalyses the anaplerotic reaction of
pyruvate with hydrogen carbonate into oxalacetate allows the metabolic exploitation
of hydrogen carbonate, which is present in the cytosol, by the cell via the citric acid
cycle (Fig. 37b).

According to the analysis of the metabolic flows in BHK-PYC cells expressing the
recombinant cytosolic pyruvate carboxilase (Paul, 2006), the flow of the recombinant
cytolsolic pyruvate carboxylase was very low under the process conditions examined
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in this context. Consequently, a dependency on pCO; concentration and a pH;
dependency of this metabolic pathway caused by said concentration dependency
were to be studied. This approach was considered purposeful since the hydrogen
carbonate concentration is an important parameter for the reaction of cytosolic
pyruvate into oxalacetate and since, according to the results obtained herein, it
should be possible to influence hydrogen carbonate concentration via the (controlled)
pCO; level in the culture medium (and, thus, also in the cytosol). It is also
conceivable to influence the newly introduced metabolic pathway in the model cell
line CHO-hGM-CSF-PYC2 via the secondary parameter pH; - which, also according
to the results shown herein, can be influenced by the pCO; level -, for example, via
the pH dependency of pyruvate carboxylase activity and lactate dehydrogenase
activity.

(A)  Process conditions

Dependency of the cellular parameters on the controlled pCO, level was studied. The
inoculum was cultivated at 5% CO in the incubator as described above. All inoculum
cultures used had viabilities higher than 95%. In the 1 L stirred reactor, standard
fermentation conditions were used (Example 1(E)). Glucose concentration was
maintained in the range of 2-5 gL by adding a sterile bolus (maximum 5% v/v;
1-2d™") of a concentrated feed solution. This allowed to prevent both, glucose
limitation and the Crabtree effect (also: negative Pasteur effect) which occurs with a
glucose concentration of approximately 10gL™ and higher. Accordingly, the
glutamine concentration was maintained between 0.5-1.0gL" and amino acid
limitations were avoided. Throughout the entire cultivation process, pCO, values
were controlled to be constant 5% pCO, and 15% pCO,, respectively. A cultivation
with uncontrolled pCO, concentration was run as reference (Fig. 38). Here, pH set
value deflections of the culture medium were counteracted by adjusted admixture of
CO; in the gassing air as well as by controlled addition of sodium carbonate solution
(1 M). With this COj-based pH control, the increased formation of acidic metabolites
(e.g. lactate) during the cultivation process results in a reduction of the CO, ratio in
the supply air but it may cause a decrease of the pCO; concentration in the medium
below physiological concentrations (< 5%). This reduction can already be observed
with the set-up with constant gassing rate as used herein (Fig. 38) and is probably
further increased upon successive increase in the gassing rate which is used in order
to increase the oxygen transfer into the culture medium.
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(B) Viable cell densities and viability

Viable cell densities and viabilities are shown in Fig. 39. In this context, the following
tendencies can be observed. All cultures reach the stationary growth phase after
approximately the same time span (170 h; 7 days). For the different pCO, profiles,
the maximum viable cell densities do not differ significantly (9 - 11 x 10 mL™). The
later entry into the stationary phase with controlled pCO; of 15% may be caused by
the initially lower viability of the culture subsequent to inoculation of the stirring
vessel. Possibly, the transition of the cells from the pre-cultivation at 5% CO, into the
culture medium equilibrated at 15% CO; in the reactor first has a negative effect on
the viability. Effects of these pCO; surges on the cells were studied in Example 4. It
proved that, in comparison with the process according to the state of the art in which
pCO; is not controlled, the control of pCO, concentrations throughout the whole
fermentation process has a positive effect on the viability of the cultures and allows
an extended stationary phase of high cell density. The higher the controlled pCO;
value, the longer the culture is viable. The optimum for the recombinant CHO-K1 cell
line studied is closer to 15% pCO; than to 5% pCO..

(C)  Addition of base and osmolalities

The adjustment of the initial controlled pCO, value upon inoculation was carried out
with simultaneous control of the pH value. Thus, the pH value decrease due to the
CO, added for high pCO, values was counteracted by the addition of sodium
carbonate solution. This caused a higher initial addition of base into the fermenter at
15% pCO; as can be seen in Fig. 40. However, the process without pCO, control
initially does not require any base since the acidification of the medium can first be’
counteracted by a reduction of the CO; ratio in the supply air (Fig. 40). Whereas the
addition of base at controlled 5% pCO; and controlled 15% pCO; is identical for the
intervals of the process time 80 - 180 h (parallel curves), the addition of base in
processes with uncontrolled pCO; is greatly increased during this time. Thus, only
the process at 15% pCO; requires a base until the process is terminated (Fig. 40),
implying that the metabolism of the cultivated cells is still active. The final osmolalities
of all described processes are, however, identical and show an analogous curve
throughout the process period (Fig. 40). The extended process duration due to higher
viabilities is, thus, not coupled to osmolality, but has to be primarily attributed to the
controlled pCO; level.

(D) Lactate metabolism
Also with the lactate formation of the different processes, graduation can be
observed (Fig. 41). The non-controlled pCO, process forms more lactate from the
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start of the process already and achieves, compared to the other processes, a higher
concentration maximum. Subsequently, there is the controlled 5% pCO, process
involving decreasing lactate accumulation, followed by the controlled 15% pCO:
process.

Independently from the controlled glucose and glutamine concentrations,
respectively, which were all maintained between 2.0 to 5.0 gL'1 and 0.5to 1.0 gL'1,
respectively, over the entire fed-batch process (data not shown), in the processes
with uncontrolled pCO;, and with controlled 5% pCO; a lactate metabolisation with
entry into the stationary phase can be observed (from 180 h and 220 h, respectively,
Fig. 42). This diauxy behaviour is not very distinct in the controlled 15% pCO;
process. Its cell-specific lactate formation rate is in the positive range over the entire
course of cultivation (Fig. 42), however, the lactate accumulation in this process is
the lowest (Fig. 41).

These observations allow for the following conclusions: In the studied fed-batch
process, the cell line CHO-hGM-CSF-PYC2 used showed lower maximum lactate
concentrations with controlled pCO, values (reduction by 30% with 15% pCO;
compared to non-controlled pCO; process). The remetabolisation of lactate observed
with entry into the stationary phase is more distinct with higher lactate
concentrations. This change in metabolism is not coupled to a limitation of glucose or
glutamine. The central metabolism, in this case lactate formation serves as an
example, can thus be influenced by control of pCO; . In this recombinant cell system
with cytosolic pyruvate carboxylase, an increase in metabolic efficiency can be
achieved by increase in pCO, in the culture medium (preferably carried out by an
appropriate control and regulation, as shown herein).

(E) Product formation

The specific product formation rate differs with different, controlled pCO, values
significantly (Fig. 43). In comparison with the uncontrolled pCO, process, the specific
product formation rates are strongly increased with continuously controlled pCO.: for
the controlled 15% pCO; process compared to the controlled 5% pCO, process by 15
" % on average (Fig. 43). Thus, by control of pCO, up to constant 15% pCO,, the
increased specific product formation rate and the extended process duration result in
a maximisation of the hGM-CSF product titre by 100% in the case of the cell line
CHO-hGM-CSF-PYC2 used (Fig. 44).
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(F) pH; cell cycle phase distribution and specific productivity

In the following, the cause of the increased productivity with increased controlled
pCO, concentrations was to be analysed. For this purpose, the intracellular pH
curves, specific productivities and selected cell cycle phase distributions of the
individual fermentations with different pCO; profiles were contrasted.

In Example 4 it was clearly shown which effects pCO; has on pH;. Thus, pCO; jumps
in the culture medium of the processes always cause a biphasic change of the
intracellular pH value. In the following figures (Fig. 45-47), the curves of the
intracellular pH value (before pulsed feed), the specific productivities and the ratios of
the percentages of cells in the S-phase and cells in the GOG1 phase (S/G0G1) are
shown.

In the fed-batch cultivation with uncontrolled pCO, (Fig. 45), the first feeding
coincides with the decrease of the pH; by 0.3 units. With entry into the stationary
growth phase, the pH; increases again. In comparison with the controlled pCO-
processes, the SPR remains extremely low. The pH; also remains on an extremely
low level (pH; < 7.1) during the entire cultivation.

With the 5% controlled pCO; culture (Fig. 46), the pH; decreases, independently from
the entry into the stationary growth phase, due to the first feeding by approximately
0.3 units. The entry into the stationary growth phase coincides with an increase in the
pHi by 0.5 units. The SPR also strongly increases in the stationary growth phase. In
total, the pH; is on a higher level than with the uncontrolied pCO; culture (Fig. 45),
however, it fluctuates more than with the 15% controlled pCO, process (Fig. 47).
Furthermore, the increase in the S/(G0G1) ratio at the end of the stationary growth
phase shows an incomplete arrestation of the cell cycle.

With the controlled 15% pCO; culture (Fig. 47), after the first feeding, the pH; does
not decrease — contrary to the cultivations with uncontrolled and controlled 5% pCOs,,
respectively. Even after entry into the stationary growth phase, the pH; only
decreases slightly and for a short period. On the whole, with controlled 15% pCO.,
this cultivation shows the lowest variations of the pH; values and, moreover, the
highest pH; level in the course of cultivation. Furthermore, in this context, a constant
low cell cycle phase fraction S/(G0G1) can be observed from approximately 200 h,
which corresponds to a successful arrestation of the cell cycle (Fig. 47). The thus
extended viable culture period in combination with the increasing SPR during the
stationary growth phase results in the highest end product titre in this cultivation
series (Fig. 44).
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In summary, the cell-specific productivities with the cell cycle phase fractions of the
cells in the GOG1 phase are shown for the processes with different pCO, profiles in
Fig. 48.

Accordingly, the following results can be summarised for the described fermentations
with different pCO, profiles for the cell line CHO-hGM-CSF-PYC2 analysed: An
increasing pH; correlates with the increased GOG1 phase fraction of cultivated cells.
An increased GOG1 phase fraction correlates with an increase in the cell-specific
productivity. The higher the controlled pCO; set value during the course of the
process, the higher is the phase fraction GOG1 in the stationary growth phase.

The increase in the specific productivity by arrestation of cells in the G0/G1 phase is
described in the literature. A three-fold higher specific production formation rate was
observed e.g. with use of AMP (adenosine monophosphate), since the cells during
the exponential growth phase were arrested and, thus, transferred into a long
stationary phase.

The process strategy of pCO, control as pursued herein results for CHO-hGM-CSF-
PYC2 in a product concentration which is 10-fold higher (at controlled 15% pCO,)
than with the strategy based on temperature decrease by Bollati et al. (Bollati
Fogolin, 2003). According to the findings obtained therein, it can be assumed that
also in the latter case solubility of CO; in the culture medium was increased due to
the temperature decrease and, thus, may have played a role in the increased
productivity via an extended process duration and an extended G0/G1 phase. Similar
effects due to temperature decrease have already been described (Bloemkolk, 1992;
Moore, 1997; Kaufmann, 1999). Even tough, contrary to the batch method, in the fed-
batch method used, limitations of the substrate can of course be avoided and an
extended process duration can be achieved, increased, controlled pCO; is a basic
factor for higher specific product formation rates. This increase is probably related to
the increased solubility of CO; in the culture medium.

(G) Cell respiration

In combination with pH control, measurement and control of pCO; in the culture
medium developed in the present invention an enrichment of CO; in the liquid phase
was counteracted (Example 2). Thus, it became possible to balance CO, by means
of supply and exhaust air. The correlation of the oxygen uptake rate (OUR) with the
carbon dioxide evolution rate (CER) results in the respiratory quotient (RQ). A
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complete respiration of glucose into CO, would result in RQ = 1. An RQ value > 1
would only occur with fermentation, lipid or protein anabolism, whereas an RQ value
<1 is an indicator for incomplete oxidation of amino acids and for protein and lipid

catabolism (Hauser and Wagner, 1997; Alberts, 2002).

As described in Example 1, the oxygen transfer rate OTR can be calculated based
on the k.a value. This value was determined cell-free under standard pressure in
culture medium using the reconcentration method under standard fermentation
conditions in both reactors. For the 1 L reactor used under atmospheric pressure,
kiao2 = 3.55 h™'. Using the diffusivities of the gases oxygen and carbon dioxide via
the proportionality factor 0.89 (Frahm, Blank et al., 2002), the value for this reactor is
kiacoz = 3.16 h™.

The OUR was calculated using the flow volume of oxygen in the supply air. The
partial pressure of oxygen in the reactor was measured online by means of an
oxygen sensor. Based on the pO, value, the concentration of oxygen dissolved was
calculated using the Henry constant for oxygen at 37°C. Based on the oxygen
concentration in the supply air, the theoretical saturation concentration c* was
calculated. This allowed to calculate the OTR value. In a stationary controlled state,
OTR is equal to OUR and CTR is equal to CER, respectively.

In analogy to OUR, CER can be caiculated on the basis of the measurement of the
exhaust air. Figures 49 and 50 show the OUR, CER and RQ values for the pCO,
controlled processes. After reaching a maximum value, the RQ value shows a
substantially more rapid decrease at 5% pCO; than in the controlled 15% pCO;
process. After a process time of 300 h, the RQ value of the process at 5% pCO; is
merely a third of the RQ value at 15% pCO,. The metabolism of this comparatively
more productive process with controlled 15% pCO, is more oxidative throughout the
whole process duration than the metabolism of the process with controlled 5% pCO,.

Due to the comparatively high gas volume flows, the low cell consumption and
production rates allow no balancing with respect to the differences in concentrations
in supply and exhaust air. In this respect, the RQ calculations presented herein have
some disadvantages in comparison with calculations described for microbial
cultivations. Nonetheless, the RQ calculations demonstrate the potential of pCO;
control to determine the parameter RQ in real time during fermentations also in
animal cell cultivation processes. This would allow RQ parameter based process
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The higher the controlled pCO,, the higher is the number of cells remaining in this

phase. Thus, the higher viability of cells at a higher controlled pCO; implies that cells

remain longer in the GOG1 phase with an increased pCO..

(H) Apoptosis

It was studied whether a higher controlled pCO; level has an anti-apoptotic effect on
the cell culture. The 5-phase pH; curve is a common characteristic of all cultivations
described above, which is clear from Fig. 45 to 47. It is highly probably that, in all
cultivations, the last turning point of the pH; curve marks the beginning apoptosis. In
this context, the cell alkalinizes intracellularly before viabilities decrease below 80%,
which was the criterion for stopping all cultivations. In the flow cytometric
measurements of cell cycle which accompanied cultivation, a higher number of DNA
fragments was also detected as sub-G1-peak after this late pH; turning point (data
not shown) which in general can be observed in late phases of apoptosis (budding).

Q) Consequences for process development

With uncontrolled pCO, or pCO; controlled at a low level (5%), pulsed feeds can
have unfavourable effects on the intracellular pH value (Fig. 45-47). Apart from this
feed technique, the pharmaceutical industry uses continuous feed throughout the
whole fed-batch process in analogous processes. If pCO, is not controlled to
maintain a relatively constant and/or high level, respectively (see above), this is a
possibility not to provoke uncontrolied pH; oscillations based on the results shown
herein to begin with. It would, however, be possible to purposefully achieve the same
effect on the pHi of cells and, thus, on their physiology and metabolism by combining
pulsed and continuous feed, which would have to optimized, preferably in
combination with pCOz-controlled cultivation. A strategy adapted to the process
phases of growth and production might be rationally optimized on the basis of the
findings of the present invention. Due to the high intracellular buffer ‘capacity by
HCO3", a high (controlled) pCO, content in the medium causes lower environment-
dependent pH; oscillations.
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CLAIMS

A method for the recombinant production of a polypeptide in a eukaryotic host

cell modified in the citrate cycle, the method comprising the following steps:

(a) cultivating the eukaryotic host cell in a suitable medium under
conditions which allow the expression of the polypeptide, wherein the
content of dissolved CO,; (pCOz) in the medium is maintained at a
constant value in the range of 10% to 20%; and

(b)  recovering the polypeptide from the cell or from the medium.

The method of claim 1, wherein the host cell is an animal cell or an insect cell.
The method of claim 2, wherein the animal cell is a mammalian cell.

The method of claim 3, wherein the mammalian cell is a CHO, BHK,
hybridoma or myeloma cell.

The method of any one of claims 1 to 4, wherein the host cell modified in the
citrate cycle is a cell which expresses a cytosolic pyruvate carboxylase.

The method of claim 5, wherein the cell is CHO-hGM-CSF-PYC2.

The method of any one of claims 1 to 6, wherein the polypeptide is a fusion
protein, an antibody or a fragment thereof, an interferon, cytokine or growth
factor.

The method of claim 1, wherein the content of dissolved CO; (pCQ,) in the
medium is maintained at a constant value in the range of 12.5% to 17.5%.

The method of any one of claims 1 to 8, characterized in that it is carried out
as fed-batch method.

The method of any one of claims 1 to 9, wherein the content of dissolved CO;
(pCO3) in the medium is maintained constant by means of a control system

with a cascaded pCO,-controller via mass flow controllers (MFC).

The method of claim 10, wherein the CO; ratio in the supply air is increased by
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an overcut of the set value of pCO; in the medium, and the CO; ratio in the
supply air is decreased by an exceedance of the set value of pCO; in the
medium, and the cascaded controller opens an additional MFC for the delivery
of Nz if the set value exceedance cannot be sufficiently compensated by a
decrease of the CO; ratio in the supply air.



