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Met hod for Produci ng Reconbi nant Proteins with a

Constant Content of pCO2 in the Medium The present
WO nooefdicen rel ates to a nethod for the reconbi PEmEP2009/050154

producti on of a pol ypeptidelin a eukaryotic host cel

nodified in the citrate cycle, wherein the cell is

cultured in a nediumwi th a content of dissolved CO2

(pCQA2) which is maintained at a constant value in the

range of 10%to 20% The ton-scal e production of

therapeutic proteins for specific therapies inplies

new requi renments regardi ng expression and production

systens. The main expression systens used are, anongst

ot her sCapgul@l with | irciddnateds witawi crébealappbtétty of

animal celTs to correctlTy Told and

post-translationally nodify proteins is, above all, a

requi renent for clinical application in hunans. At

present, alnost 70% of all reconbi nant proteins are

produced in animal cells in the pharmaceutica

dust S h n S n r

oty R Wi 2000 TR bapar o {guDs TLELE! fox
humacr dlrealsogméak sysbedsr hompvev;danremwlm&ﬂInunﬂﬁanUs to

ses are characterized by |on ener, |on tinme
it 38 Sower PERAFodellCdenerty TR Perhbel | Ol miAscd on
co @AUGhyt inines aandmspape- p'tael&da@l ds @i@féw fdady ishich
m cr obi ol ogi cal processes. §pos&blllty to
aScERpefisare FRPSCHFSAvant el d s*Grdt-abol i ¢ engi neeri ng

i.e. controlling cell growth and m nim zing apoptosis,

programmed cel | death, by genetic nodification of the
Eaghoddcithg celfifsrenn Sddisi on Yol glenet fan tapproacleess may be
re t t eq| t l.e
pr%lilzlltd%dzahtca%gn{}géppfog egdt@ n95 tgght ?8? l?ﬂl'gm%% although
th@fu@ﬁaumdébeauﬂaapedV1ded|sm aopowdﬁmqﬁmxnlﬁa35|dﬂmelaxlve

efficiently i | ycosyl ati on
66 rheredt (TG SHeF ST PP GRAT by ClSFRGE i° time
comrs@@aelgnals e tokl R tand wert rr stdatregiiesitasnweldst be
as the conposition of culture nedia._ Thus, procedural

ba @I&ﬁméﬁ%%ﬂQﬁQ-ﬁHt d ot yPud t He B%Q%IEBﬁﬁnPOBFed into a

staetiabakizcaldiv Rl iZadceldndd Nes Putnal §8wakr MaXI MiPer
exploitation of the potential of an existing cell line

tohprepeirgum Kedivinteondid | bl ighdirdptnitmimrpiiegess
control. Apart from process paraneters easily
control | abl e such as oxygen content and tenperature,

I fropeerwomge] exnd nfclonenwedf dct orlsi sunhnasrt heowortredt igffant
dIS oIved carbon d|o§|de re %ak n |nﬁg conS|der t%g ‘
Forgp 8rso<?ersoéflg§nta}‘o?a TnohRi MEIT TP Ar Y urle OB otdsded " te

foeOaeeinehr-akesmas kf i nal ph@du@itu@tpﬁw§|c&ééqmihéﬁuﬂahawe.

formand chem cally dissociated as hydrogencarbonate
Ho"g vagdueblis PUPEEFE ﬁﬁ%ﬁ% ETodayr Rt Hevel Ophentne @ feed
idt omegdsdi gh cel | ndensichy iprogrssesesichg ranin®d  &ell siot

in fed batch processes results, in conjunction with
alisdigstrs aFPyveredt argd. vélsune FepfAeArergeangany parents

t L8SW es, P her el [ ]ggg
an%)é?{&%trapége%%res oféasgggoglrﬁ%grg \ME}% rforlmuqas rb rly
aﬁdoﬁg@qweﬁmmpseaﬁéefuméammnEQ Wh@heHS&haﬁ uméanﬂuon For
|oI i_cal values of 3 anple

X%ﬁéﬁ 03%S|on of poI pept%ﬁ%s €Cygg§ﬂﬁ§§)%pro ucé& Wthh
camecommyn@ﬁtthEhsehhs tksail draceld samer €caultd vahed Eﬁfant.

37C and 5% CO2 (36 mm Hg pCQ2) in order to express the

reconbi nant cytoki nes (US 6406888B1). Fogolin et al.

Jour nal of Biotechnol ogy, 2004, 109, 179-191 shows

that the genetic nodified cell |ine CHO K1-hGw CSF

expresses a reconbi nant yeast pyruvate carboxyl ase

(PYC2) at 37C and 5% CQ2. The results of this study

reveal ed that the expression of PYC2 and a reduced

culture tenperature have an additive effect on the

cell speC|f|c product|V|ty of the genetlc nDdlfled
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pH val ue pronotes formati on and export of |actate.

Apart fromthe pH control of the culture nedium a
w@aidgdoewed rol in pHstatic bioprocesses nay i NPCT/EPZNGY/050154

the lactate formation via the intracellular pH val ue,

even in glucose-limted process conditions. The

recombi nant cell |ine CHO hGW CSF- PYC2, which

expresses the cytosolic pyruvate carboxyl ase,

exhi bited a pCO2-sensitive energy netabolism By
Usiurdrlgasiangrt heueoasr ohl edvsiaped @&Ihﬁki&ﬂuﬁ:eiﬁeammmably

ossigle tqzlnten5|f t he OXIdatl$§ met abol i sm vi a
Sailfer eR8k i n“the i AfracelPll ar"HH VAfue FﬁS?heecﬁﬂﬁg’ere
alekredktteey, Fupbhenaer eport ogathernndiabhil afdrigneaseaiyn be

the statically controlled pCO2 | evel, a prol onged ,
PLEPaBEE @@@tﬁh??xﬁ??ﬁ?de???%teﬂ?eﬁ%@nte éﬁ@é&ﬁnﬁﬁélyr 1L
anGelate¥eke hAst BenGud s ph@sene | AGHRASE f%”ﬂhéﬂxﬁéé'ﬂime

productivity and an increase in the space-tinme yield
tohyepdd%fas observed. In statically controlled pCO2

bi oprocesses, a prolonged culture period has to be

attributed, primarily, to the increased pCQ®2 | evel,
InnofutthasnokakilbpmenThe iogiaintunt priockess val ussadworto-feed

. troll ed | | f d o P
SENE GG PO ST Shis. PERD SRREBFEFER OFifhe brercone

thaCcuwrvhatheeneé CSE2tha phepaguenits sedien offant formula.
bi oprocesses allows, also in HCO3 ' -buffered nedia, a
HoW@W?ébléhﬁﬁﬁ/ﬁ@aﬁetépnﬁﬁﬁﬁlBﬁoéFCFﬁeaFésﬁpFﬁtéﬁﬁtly than
1nQUekl efrnidQalsn G@ldeqCuUld UhHEL IPT OCeSERS M £ exhaushedadRed
anal ysis. Description of the Figures Figure 1:
toSctrarmtiiec Wt formi bopliohed hetehs cafedr pcoenipat ol lagoid
evel.gp of PCO2: PID 1
e YILRneE, ggg‘g@%{l%g{%g R e A (0 - 5 L-h
1) installed in ratio-node until the set value i's
reached Ex 8 dance of t he set val %F 5 g%
Theni ARG Toses Cop “fFc ahd! %péﬂlcoﬁPPH uS hodi T vere
getieviballiyonnof thel iset deaklepeopensd an addiat | onahliN2- MHGse
(0O- 15 L-h 1) via PID 2 (controller cascade). Figure .
PoPU-LaERAPFolATEd JHST Loty at f oHs Bt i §Sobred Forard tal
arRCQP: by1 T ah kB gasst Ng rand dmbxidiliezed: CQ7- dhschar gg-dHe to
to increased gassing ratio in the 10 L stirring vesse
infeg&tonss50 Mbakr oves pressuréhede 15h/ Na@une37gystzgo of a
healTh D%Wnkggttlieqfesplsg:ur?ng’ect:&?fm 9' ltﬁrgeygaﬁay suffer
concentrations of dissolved pOtand by rat
mog@s ssegi @amnd raxkbatzedcSO? adi s&:haregsellduemt omrﬁer:eaeed than

S AGLE1 18, Dethe 100 St vemsel agel oL . 1.

po@noenhbabladerErguee14mm8eoo®e$e&chenExo@rbneSed such as
controll ed overpressure S tenrlnﬁlenented in Biosta

thes Fidgtire -5: 11y ricth T B al Ue cont r o Shathdetoferol-nat

pr%@%tr@r Siancanrtat | s idiissel vigdh ear Bes dicexide1pCQare
(continuous line) and overpressure p (interrupted

oL nkga Y héBOTE StaYrPR§ VeBsePlredect oPTPBIBSt AT S CLS
wifcnBr AUD: | LRI natioaabeql Nl alsterg HELI 0P FRLUN o
standard fernentation paraneters evel oped " PI D
pr@@n@toller iore pcoce@@e@onnrobuemécneré@abvoemﬂmmmgwwe or
ca 'OTltrgtE%Hu roflle of the pHcontrol to pH 7.2 with
Fpﬁ NaoH upon a Sset® vd?ue surge from5% PCO? to 15%
PCO? Biostat ES, ratio gassing 30 L-h 1, 10 L working
vol une, aqueous buffer solution with NaHCCB /' NaH2PO4
/ Na2HPO4 anal ogous to industrial production nedi um
370C, 750 nbar overpressure. Figure 7 : Titration
profile of the pH control to pH 7.2 with 1 M Na?CO
upon a set value surge from 5% pCO?to 15% pCO? Bi ost at
ES, ratio gassing 30 L-h 1, 10 L working vol une,
aqueous buffer solution with NaHCO / NaH2PO4 / Na2HPO4
anal ogous to industrial production medium 37C, 750
nbar over pressure. Frgure 8 CUnuIatrve entry of the 1

o r e . o
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subsequent acidification of cvtosol due to

physi ol ogi cal effect (< 40 mn) CO2 depletion by
w@2msivag24 he SNARF-1 -dyed cell suspension in RCT/EP2009/050154

with air at different incubation stages. For all

sanples, the total duration of incubation prior to

flow cytonetric evaluation of intracellular pHis

identical with the duration of neutralization by

gassing with air. Figure 24: Biphasic phi curves at
Thetirkfferent tstearet pOA cmmﬂenfcbat bonge t0fodb % r 7%nandEd%tus

I.n |aI tracel | ul ar aIk i zi ef fect upon de letio
i Sap Pt G5 TAGATE hEC el 1 od asi unt B RGEon © Fox
i nGHEnMICL @ﬁ”iﬂlféﬂr@t(CﬂlﬁrﬂﬂLﬂ%J ehf eat)candexsu@raegteam safe

superconpensati on of the al kalization due to the
Maghy<si-ol ogi cal effect belowinitial pH, CO2 depletion

by gassing the SNARF-1 -dyed cell suspension in vitro

with air at different incubation tine. For al
WOLAMS)/ €37 2P Ae distcalosdr adi dretdfod nEabatirsmpagriingr # o single

W CYto [ t Ny a -
e B ks ab i S R R A Yl Froducing
llgassll nguadi t hsaiwatel gureo 25: CGOﬂ’ttIijmig@uscontalnlng a unit

roIIed Jfracess ( 1. D=0.8d 1 _.pHT.0.
A i, BN B0 LM R a5 S gl e e
wae0% ard fcff@ﬁtédoo/@ki)oﬂ‘.oo/Qor espect ivietydhigird 26:nto  the
Vi able cell nunbers ZDL and viabilities VIA at 5%
CafW&dQSfV&anﬂr@eiSWp@ﬁov? eBpeRe It yE O MCI"atero |This
trfe%@mgﬁitcﬁay7§g rhar 1QYBEREESS UL Fo - @Mﬁj’d a filtering or
fermentation conditions. Figure 27: G)GL phase
anf figepdontobnt hé tlet | eyl evidilstulitygtivérd eitn LpebEesses
with different pCO? set value controls CHOMJUCL , 10 L
fed batch, 750 nbar overpressure, standard
Afdﬁvnnﬁzﬂhinhciwmhhé&nsheFPQMneiQBE $ﬁrmkngtpognwatnr by
cycl e phase. fracti resp
me RS it bt TS erFef af Cphi R g AE TR ST e, Pt Tt 2ona
copfo?2 iprohkl @n5-a1584 s ka3 MICIrom 10abst eds batscmlszﬁased in
nbar Qverpressure, standard fernentation condition

COFPGiFengo: U@@ﬁ%hﬁ%ﬂ?a@?%%%%ﬁ M3 -adet &4t - Priled
ospHyal ye plosat 290 PEX Cros MIClser 10rdred Patghrid0 a
nbar overpressure, standard fernmentation conditions.
nugirgiiensd: copeesirecr’at es of gl utam ne consunption
gGLN for different pCO? set value profiles CHO MJC1
10 L fed batch, 750 nbar overpressure, standard
Fufrehrrent atd lorhacomdi t¢owsy Fbgmee 3sl: Speeificoyi elichimize

eff.icients Y rel at anmmat er gluta
RO R 7 16 P R Dart < TR0t et Beer Bt ol red
bastamdar, d ﬁernentadiﬁnndnmndrtbonansﬁmgurEhéz injection of
Cell-specific lactate fornation rates gLAC for ,
StEFfEr entIPED setd val B prof | PE@rCH@}nI\Uéi CAPSELF eg? an
calkdt CRna75Q rABAL caver PLESSUFSy siaa@ar&ferlrﬁemlail@an be
conditions. Figure 33: Lactate formation LAC for
st@irfifléeefdt PCor septvapuersrefiPes ICHGNMICICV1d® EUFe&hlS
rRRLGhs 150obanqOUBLALeESUL eoost ADMALY (&I L0 ,
conditions. Figure 3 Product titre PRO G O (i
arbeldldbaiihdeqiffoesrmafonveﬁprfesgurt@ tSteanckard- Thereby the
prfe%%”engg%' gc:]oggg‘ljlst 'e%r%ﬁ)nﬁ' g“ggﬁq%%ﬁl%a“%%g ] mch liquid
mw@MIbespamnﬁﬂuzbachaﬁemﬁQWMEilamequGrenmhaaseddbyapHevel
control and increase in pCO2 set val ue, respectively;
specific growmh rate m flowrate D. Figure 36:
A ucose-limted chenostat process ( 1 L) of cell line
CHO MUC1 Curves of glucose, lactate and gl utam ne
concentration, respectively (GC, LAC and G.N). Figure
37: (a) conventional netabolic pathway of the
substrate glucose via pyruvate to |actate; (b)
enabling the transformati on of pyruvate and hydrogen
carbonate into oxanacetate and transfer of subseguent

o, Y o — A\
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invention (cf., e.g., lrani et al., (1999), Chen et
al ., (2001); Paredes et al., (1999), Bell et al.
W@ 139569229 | n addition, the person skilled in tPer/ar1009/050154
can use host cells exhibitisg nodifications as the
above which are already obtainable from sources
accessible to the public. Furthernore, the person
skilled in the art is also famliar with suitable
culture conditions and nedia for the cultivation of
ofsucdmigled® it yasame| bddstwbhhl candittrodns tundehie wiechcthe The

uoBpPlestl tb-4Thi g ddgFee “TACEr Bl Sbo S cvemp eIty

co&@ﬂ%ﬂ@nbndoﬁé@ﬂr@i ﬂé@@mwe@ﬁ@z@da@lc@he medi um the
person skilled in the art can preferably make use of
the control units which are described in the follow ng
ruEtaERheSe, Thecter M, " CORsE 8nt o VAl uefoafy1-5t abl g valdieyide
as used herein refers to the fact that the content of
sufissselceed COZ ddes teatl adevigt@ tior e Tivare f20% f r gmaliseged
e r I
P e R ST B bostbe b At VAl UaTor 1o e
m;@@thodcoéashetpeesmﬂmntny@dkuﬁnnuanpbeseamrled out
using different eukaryotic production cell lines. The
nodi fication in the citrate cycle, preferably a
Gegenellily npgli filscation, keamnberef fget edilfer exanpl esadayile
insertion of additional genes of the sane organlsn1or
CO&FaéﬁéﬁﬁeFogﬁﬁgnF%ﬁ??ﬁ%%n¥%ef?%v¢%ﬁtQﬁf%9\ﬁe GRigy qpffee
ex%&%%@ch%@.%b;%k%%ﬂqﬁb'%%fkgé achiivkt ¥ o Hexpigssien of .
ene by introducing a nore effective pronoter, e.g.
EP|0r5 MICRL orrebyptesr r éspordi ngrmagtrattivens aingl th?@péaldueng for
p]:r gglrQH Of tl %{é} %l”%f’éﬂ'&u%*% | %%d trpcetﬁ%lsuplsfﬂetﬂtﬂgo%embrane
el 8n “or “addi tion of one or nore
isa@ﬂ@me@|dme$hd|quqmmﬁqﬁr&ht(ﬂﬁﬂﬂhuﬁgﬁ ﬁﬁrtﬂﬁiammum@dthe
f. the pres |nvent|on t cel S. an ani
Sogéld1 pﬁrrgflgﬁ‘gﬁl y ‘& mairal i “or anr?lsecfi celﬁfre\’?ucthlng
cl@@ﬁgllﬁg Idf pad | eubar ceehhsl$ Oprbh&d@ﬁf hei emle perforating
production of reconbi nant pol ypeptides are known to
MeRETSer son skilled in the art. The fol | owing cel
lines can be indicated by way of exanple: manmalian
cells such as CHO cell lines, e.g. CHO- Kl , BHK, such
SygseBrK-21d | naybedgomer N iottter fhyel okeMeelrislapd from
[ el t her -hi ce T 0 el
b ASSELqtel Lo of ohler b guetacells e use ofceeld g
knpamnt ifcomaEPyApb €f €70 etcountexrfantt ler UenbodiOaend 7df t he
net hod of the present invention, the host cell is a
host cell that is nodified in the citrate cycle. The
Hotlief/eer, entsudt alrallice rpat hway sa@fsutllke cifiorat eyreyelde havfFee
been _known for. a |OY% time, as have the genes invol ved
u

PaZivd R riEohtrol 1 & PRESET'SST sRi| MEdS nthhe aripm
whii®halb&rd 0s€aEr Y OUfadhe-desbr adogificat i @fi8hsions of
according to standard nethods. A particularly
CopteredredRgs B rde M igbdi flicg@e) nPoke Siltzeat @ rey dihevigdta to
oL EldoLAPIESSING, £Y0S0L T GuBVELVAL eoCaLboXYase: flou rate
preferably a cytosolic pyruvate carboxy ase from
ofSatbharlerycesicer éViusi aet(PYE€2, L i soarzymee2) noThealgene to
[ thls carbox | ase an U|tabl ress .
R R R T oy Bt oh e E T & Bred oge 10
descrlbed, anDngst others, in US-patent No. 6, 706,524
and Stucka et al. (1991); see also Wagner (1998);
lrani ( 1999); Bollati Fogolin (2003); WO 00/46378.

The cell line CHO hGwW CSF- PYC2, the production of
which is also described in USpatent No. 6,706,524 in
detail, is particularly preferred for the nmethod of

the present invention. The nethod of the present
invention allows to obtain high yields of

pol ypepti des, such as gl ycoproteins, fusion proteins,
antlbodles and their fragnents |nterferons cyt oki ns,

Y NR A NS .
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(1) ProCHO4- CDM The serum and protein-free nmedi um
ProCHO4- CDM ( Bi owhi tt aker Europe) which is
waeeommyweal |y avail abl e was used for the cul tiRPet/EP00D650154
the CHO- MJC1 cell line in strain maintenance and snal
scale fernmenter system ( 1 L, Applikon) for
prelimnary studies of the effect of the pHtritration
agents. The nedi um has a gl ucose content of 4.30 gL 1
and contains 5.00 gl _ 1 HEPES. It was suppl enent ed
thel t hrMakHCORE (fdavalrald. 78mgL(Mjcteglait amirneeénnahudh 1 less
, _hypoxanthine (final 0.1 mM and thymdine (fina
(Vgg%sﬁﬁif The pH val ue was adjusted to pH 7.0. (2)

I ndustrial production nedium (Roche Di agnostics GrbH)
Thi s medi um was prepared. according to the instructions
USRicCH 4GPt r aptreeatter esqimtidi porernard stiphpl ehsmeeding
stherial I 1¢ghlqd i nes, r%shngfﬁha el adiusted t 9 pH {5 0 the

by titration with f M NaOH. Subsequent to sterile
stieirlitleatlilgn 100. 2 myzzdvd estserolly e ter2 oy, tRE) caHesger
erum:.f ' e_st f u e t -
TR B bR LT oRSetrrar i e ot Ry - bruzalicy
off ertsembati opahedi unthsm8t &1 ylc Imatdoral hes feediangnetal or
met hod, .a medi um concentrate wth high gl ucose :
relBoeRt AF1 ont wal bed Ay OFPEFi nbo ATy S B qayetic oF
baAssessient . ofugele munbesn Weabibi iy andrstienbbsty dERE ce
sanpl e which were collected daily fromthe appropriate
angyspensFondeef t dPes Mdtse teLani TRstE i cF oS c6pPEarPy Tsces
miCeRbani nalirenchbagter i avgddngi-knrCabhrnugber @rd filter.
viability were assessed nmanually (light m croscopy)
Fughdeauronat Pegltey icVREe| maXrr iBeekman "eglltee, origin are
ref el e i fliv I t erdi ned j
R SRS St o “Hathod with 3 0 ST e) TryRan B G o
insolmtbohrol hedr dewarnol tiident | ffyprddadmoekl s, tide 2% tquighn is

bl ue sal utign s added to_the cell. syspension_in a
PR BT e oo op b GG T RLe. A ¢ REC RGN BY
ma@fuadyedueekli sgwas et erdsh heichdyy. counting ei ght | arge

squares of a counting chanber according to Neubauer

(depth 0.1 00 mm haemacytoneter) under a |ight
1t g osgepe rwirth 100- behdcoragni figat i By suhtEaetdng to

the resulting concentration of dead cells fromthe
prepreent Pat it6ANBfEdtRe EeF| siPpreviad, Ehe doneemiddoral

sa%%t&'agke ﬁﬁ%ﬂf%ﬂ&%aﬁusﬁﬁgﬁigg ' é&ﬂé@@ﬂ @?gm Ti { dients
ratio wmth respect to t concéntration of the cells

canratioedl insar efiepiedute aspwiabi |ity. Thiseamsasura ngquid

in%%in%iple vas automated in ViCell XR Mxing with

Py paR 6FGEY4Rd t hedi scrimination between |ive and

dead cell is effected by neans of the contrast ratio.

To this aim_ an integrated canera suppl.ies the .
Thd6r rés fortfi g Gadey flﬁlpotrﬁénéoﬁﬁﬁﬁég- adsi§to&d the 1iquid
indRalysks. i02)tHnalysd s of rthenirdha SuRst rrdke,ingredients

met abol ite and product concentrations contained in the
angeg@runt a? e Nac&dssrpRe frusmaHerndal| - svele wedi any- 1nfant
fo%ra%naﬁaakéd_ﬁ%&én N.in 2090) Qbsthe culturg usingdhe

met hods déscri bed bel'ow. The tenporary storage of the
steelillef.ree supernatants is carried out at -800C. If not

i ndi cated otherw se, all neasurenents and calibrations

are carried out according to the manufacturer's

instructions. dJucose In order to evaluate the content

of glucose in culture supernatants, an automatic

gl ucose anal yser (EBI O Conpact, Eppendorf, Hanburg)

was used. The neasurenent is based on a coupl ed

enzymati c el ectrochem cal process wherein the hydrogen

per oxi de which, in addition to gluconic acid, is

rel eased by the i mmobilized glucose oxidase is

nmeasured anperonetrically at a Pt/ AgCl/Ag el ectrode.

The el ectrode current resulting fromthe oxidation of

t he hydrogen peroxide into oxygen is directly

N a oy
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be quantified as to MIJC1l-1gQ&a as well as a MJCLl-| gQRa
standard were used as determ nabl e anti gens. The
WG t@ndgaseh was pre-diluted to 1 ng nL 1 in di | uP€DRP2009/050154
buffer prior to use in ELISA. The al kal i ne phosphat ase
conj ugate goat anti-nouse 1gG AP of the catching
anti body (A-5143, Sigma, Dei senhofen) which carries
al kal i ne phosphat ase (AP) as substrate-reacting enzyne
and specifically binds to the heavy y chain of the
Thrigr i sle) dgG Was avhedvas énzym@aM$rbédtﬂﬂiifﬁﬁbﬂrdd was the

in?%%%ﬁ%g%% ggﬁPE%bLR alk Ine phos%gataseﬁfﬁ§$6p further

thel gentrbei seehotenﬁhd\@srém echgmtta oyel | ow
p- ni trophenol which was determ ned photonetrically.
The extinction of the resulting staining was eval uated
A USiNg &y r gphehemel fids, anal ViseradA0S. hmy Vabkage ror
Victor2, Perkin Elmer Life Sciences, Bad Wl dbach). In
sigider 4%¢ coéat a heenaxigor mriqﬁwrtephat@fsvwet h tThe capsule
i,ng ti baody tgntid t
Cog%%%?tedcﬁﬁtoQgecﬁgggat%' F%%Ee %:%ro ﬁfnglng @
bewb&ﬁge(b@Olmﬁupérmehé$tﬂ$hbgﬁquendIyqqdfﬁiIﬂ(ﬁﬁ&iﬂﬁﬂd the

|ncubat (4C, 14 h) . and after renDV| ng the .
R STrEr "DET agt B s gt HELH T SREE c2pl dEbr pas g 1o
fidewr andcsdappirbgsi thei Elw@spatmset twhd hl washd Nraversing
buffer (10 tinmes) and tapped dr¥. In order to bl ock
the heC%E§%€%1fF@emiﬂﬂtﬁf%ﬁQQ%é%ﬁ thEeEaﬂéhlﬁ@réhttbé&fced
peheek ng buffer was added E@ee@§91$@lka&gogf”%h%e%apsule
wel ) and the covered plate was incubated (37C, h).
anfhe praferyakyt hel wasived tailth wasiht g doufteace( 3from the
jires d pped 0 [ e | ture .
sgﬁg %§§$o %g gﬁa %gégEaeH%:ft%sfxggﬁgﬁuﬂﬂ&gg Eﬁ%56%éﬁld
1ng;o@unedunesﬁhandf@h@leeswlUuﬁguswhéwnaﬁam@dmasmawgﬁ the

produ contalnln l e for further analysis. A.
£1 RO TBFe. At titon i B U] G buFT e T ear i i med
1nOUﬁhéIWCGpéﬁﬁet()T%QIadIEKHHH&arabbﬁ resul imgr filter also

intensities fromstandards and sanples for the

eT&ydFdat i'if of the collGhr r¥act FORAJATT owpfigiacentally  or

voq%&%b¥§H9n%H@tfhf@épe§&cﬂOan@%ﬂﬂpéﬁm&ﬁn$faﬁh@n$ace of
BSA contained in the dilution buffer served as

thee ftaravile ngihddents fiorl issiieti 39 & biadilAg $PEesaPrrgrlea in
oub rmi,na sa col an
th%he%§?§%§ dq%cokbggsa%r%QFYZ ?pégéﬁgctlve:yfﬁg%%%HL the
figeerwei$ werse pppeteed imteadlow #istapr e-fdidwut tha outlet
£ plates (96 wells, Nunc, Wesbaden) divided into A1l to
£2. Subsequently, a 1:2 dilution was carried out
step-by step by transferring 140 nL per step into the
wel | s of the followi.ng row. which each contai ned 140

Inofd diPEEi o™ Bufafﬂéﬁml &5t sfldftetrhel%oﬁtéae?eQFtBFEFe an
oudnetl oaded eaeh whth d90silcof afhie prerdildiied samples to
and standards with the dilution increasing with each
bacswriinlafaregyiratime- pre-dilution plate and the
covered plate was incubated (37C, 1 h). To bal ance the
spectroneter agai nst a blank sanple, two wells (bottom
Imﬂqﬂﬂ@hewem@dﬁneaﬂeﬂ<%ﬂﬂ%mhmrphidﬂl@ﬂﬂ@ﬁrbuﬁf@daced in the
Sub eqye fter slapping it, .the pI rinsed
4 S#ﬁ mésﬁlnéhbﬁ??er %ﬁ% ﬁ?ﬁ%é?“%ﬁﬁlthgnggﬁe aas
tapped to dry it off. In the follow ng step, the
enzyme, |abelled goat anti-nouse |1gG AP anti body was
first taken up into dilution buffer in the ratio
1: 1000 and, subsequently, pipetted into the wells of
the test plate (100 nL per well). Incubation was
carried out anew (37C, 1 h) and the test plate was
t hen washed with washing buffer (10 tines) after
renmovi ng the residue buffer by slapping. Since
substrate pNPP is sensitive to light, all follow ng
steps vere carrled out |n qulck succeSS|on in the

oy 1 . o
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removed fromthe cell or hydrogen carbonate i ons HCO3

are introduced into the cellin order to neutralize the
w@e@boys29 n cytosol. For this pH control, difPer/Eri009/050154

mechani sns are avail able in7 ani mal cells (Madshus,

1988; Reusch, 1995): Na+ / H+ exchanger, Na+ dependent

and i ndependent C / HCO3 " antiporter, Na+ / HCC3 "

synporter, H+ translocating ATPases (proton punps). In

contrast to the external pH (pHe) which, in aninm
Theelflilcelkt trespresenn & heomamge @fréd.Hize 0A,1 tihe or less,

above- nenti gned_nechanj sns allgw th th el,l can
MC3G PUBT KaRne ar WCi o er et/ P /sl tues SHAah CaduTiat o

fromthe external values by 0.1 - 0.5 pH units. The

cell, organelles have distinctive pH.values in order to
They| NI HeReierR M1 oPEGRCal FUnctd TR+ Rur t4RsTipri@ation  may
con@Rsisti vehyigontgalbed pHgradi entgnate i mpestant dmyia
posttransl ati onal protein sorting and processing.
coppsfigncti-ons of this intracellular control may occur
in cell cultures due to accunul ati on of organic acids
and bases, such as e.g. lactate, amoniumor CO2, in
Thicheastlihuceokredl uhilCenr ehayi dns ketrwegrdpHinangh celdtlet
Cé@|e E?agﬁs have ﬁlso been described. Thus, in
°P§enéral; &"fofFe arkali ne pH value is measured in the
cytosol if the cell is in a nmetabolically active phase
of the cell cycle (S and/or & phase, respectively)
ThenePB R BREr ML Rubdil,FeF9965 " THE G MtTacél | BPRrUpH Polymer
me¥@dlrd@ecannlbe rdeternmmned f l.ow euhenehei cahl peUsifGed from
pH sensitive fluorescence dye that is stinmulated in
thehel et | ofThePES udbedventerdyeriyses) i ncehéuppesemcetate,

i 1.on: 5! d , . :
o b L0t PRk T e s TR SRy Fof JFBeRZo
c] xant hene-7,1' (3' H) -i sobenzofuran] -3 one, often

referred.to as carbox em napht.or hodaf | uor : :
R R Re et hy Preaf brobbo S PTG caibory” SARER il (5 ter
corhe ikekl awbagerefeyeed to as SNARF-1) is a weak acid
with a pKa value of 7.3 - 7.4 at 37C and, upon
excitation with [ight of a wavel ength of 488 nm
In@prRiabehiBg tum fbé0f§§§§H%§dS|B@@&e@@XI€EbCﬁaﬂhfﬂfﬂfﬂﬂial
wavel ength (FL2: 580 nm FL3: 640 nm Figure 3 - 7)
filgeriang, thbl eeblaf Probexl) tiEhearsivdei-ve correl ation
of these em ssion maxi ma shows a pH dependent shift
and, thus, allows to nmeasure pH independently of the
Alarount 1ok ldyetexcatethnicreiien lcdlillteBeicag &r arranged
cet ox th erivative, .the fluor.escence dye is cel
o P e et et T s S YRR TR t he 2yt 0501 of
unspecific esterases. This free-formfl uorophor
remains in the cell and can be exited for em ssion in
Then S et eGP 16T der - 1 'E Tdet @t nPfie THED nitT abBFI GraFpl- ©Ff
théalkd@sudecal i bration curve nust be established by
i nplication of known pH values. It nust be based on
the sane cell population fromwhich the sanple to be
ThERag U fd kSpdef i ved - { Onely, JO9, 5, Mer LGanango.et gle
1992). In this context, the malntenance of the reactor
bagéndiot vend doefngay hee wlepardtddm et fbesdnplkes . afide
the selection of the. calilrati.qn t.haod a of _equa
ool HESB Hhes LondrTer s B ok et T T 11800, "Bond End D
waVar keynur200bhadockaer | 1 €t genrsetncal bre2@Q5peirfiooades or
to obtain representative pH, values. In the present
i nvention, the pseudo zero-point calibration nethod
which is based on the deflection of the stationary pH,
by addi ng weak aci ds and bases in known m xture ratios
to the cells was used to calibrate the intracellular
pH val ue. According to this, the resulting
fluorescence ratio reflects the new pH,. If the nolar
concentration of the m xture of a weak acid and base
was sufficiently high, a further addition of the sane

L, I I M Y O o o, .
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flow cytonetric nmeasurenent of this sanple. The tine

el apsi ng between the openi ng of the sanpling apparatus
waeandes29i ssol ved gas anal ysis of stai ned andPCT/EP2009/050154

unstained cells is less thah 5 seconds, the tine

el apsing until the flow cytonetric neasurenent is

termnated is |l ess than 90 seconds. Between the

term nation of the fluorescence analysis and the

determi nation of the external pH value, 15 seconds
da@b@pdeotmhkelpeoued@retheleﬁﬁdﬁunnﬁ(Mh@Mlﬁduﬁheunder the

t t L1 t
< BBe SRR RE AR hEhr bl eh P P T Sutie( SedsiPls BRshRer 2-
104 ba)) (Qh@%brFBQ|@Neeie@Jcreéégﬁﬂby Measureneat stheahl ow

cytonmetric nmeasurenent oft fluorescence to _determ ne
enﬁﬁélﬁﬁ,tba|aeesvéec%?@¢%dibﬂt aﬁédﬂdﬁngAFhéeaSt one

ba%%ﬁ%%a%EHBQE §s|ﬁ§55é@ta&H§bJ§HeﬁﬂﬁcQﬁ%%%@eam of the
(FA I'i bur, Becton Dickinson), the dye
fl(l@aﬁbo%yssmmilba\%l%lre@mea? Prrothes pliesedenpsTheam and
I according to the relevant literature

ad?%%%%E %gg é?EQr 1997). The basic settings which nust

be optim zed for each sanple are |isted bel ow

neasu rrement. wi nd 1: SSC / FSC (scatter. diagra
e T W R e R R TR R Rtk
pareasicesent matadow 2 : counts (linear) / FL2 (log.)

(hi stogram) neasurenent wi ndow 3: counts (linear) /

FL3 (I og. ) (hi stogram) neasurenent wi ndow 4 : counts
Thel 1neards /chdugnesaensenraii ei(Fl2 hafl3krDeadieel I85ainst

aggl onerations and insufficiently stained cells were
thex ebddedff Ebm eheswbasurenment by suitable limting

values. Since it is not possible to inplenent

nmeasurenent window 4 in real tine with the neasuring
Whetevitte asedmithebiahofEE@endesmdﬁk@dibeaabeulahedbottom

u t he m JFCSassi n D _cki.nson
o B L O S S e AR e e o
fltlht%re\éahuatel Olﬂstcﬁ’h@édﬂ fugprt hen ' rﬁbaj’tofrd Wwdr eseengpsule.
intensity ratio" (M), against each induced pH _val ue

AlEECorditNg Yo Eﬁ%a@%ﬁ“%c%‘)kﬂeas]uljtlslﬁeﬁ RE &l ?Er aEfdh
paGirive 1yhighcahtows  orical cdlaie dnhe spHheotabbeisanphe.
(6) Dissolved gases, pH val ue and dependi ng parameter
antn@lelr@edaéa@ghatyczerp PO Cenpdctl e sCReenelally sealed
Di.agn [ sed. for direct evaluation of the
&9 Fggo? Eggagggt%%ﬁéggd 2, the pH val ue and the
cal cul ation of the dependent concentrations of
h en _carbonate and "t otal
P R ORUAF ARG, ob e "Shpired (2158 m 2g7cjed o the
ca@eddedenghtasthe e U Gt o eFf S Hensiapuetlicons GRoehe top
2003 After placenent of the rel evant physiol ogica
aﬁﬁléapﬁﬁeedeV|ce automatically determ nes the
above-nenti oned paraneters. For this purpose, the
following mniaturised electrodes are installed in a
TheeppéradCcrensati hgl ehantdien AT diterende éréetrédee of
enRHCIBASHL N0a 6! EGHE 0081 Pt JIRASUING vl €6EE 008, POLRor
nmeasuri ng el ectrode e direct pCO2 neasurenent Is
ofmbdief iceatiida. of pH neasurenent V'a a nmenbrane that |s
i npernmeable to ions, only gaseous CO gets into the
nmeasuri ng buffer the pH of which is nodified by
di ssoci ated CO2, is neasured and, after anplification,
is indicated as pCO2 value [mmHg]. The conversion into
[ pCO2 and/or pQ2, respectively, is carried out
separately after the autonmatic nmeasurenent of the
at nospheric pressure which is carried out for each
sanpl e nmeasurenent. Calibration gases and buffer
sol utions supplied to the device all ow for autonated
calibration and cl eaning according to defined cycl es.
(D) Cultivation of animal cells Al operations were
carrled out |n conpllance wi th the standard operatlon

o, . L r
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(equation 3-6) Al cell density dependant val ues

determned in the present invention refer to the
wo@blgeeel | nunmber ZDL. It can be assuned t hapCT/BR2009/050154

contribution of non-viable ells to netabolismis not

substantial. Viability is a nmeasuring value with

respect to the state of a culture. The growh rate WIR

i ndi cates the nunber of divisions taking place in one

time interval. v =WR =1t 2 -t i (equation 3-7) WIR =
Theel dndinvi st@dnialat €i1hed may nemberd,of wilewi sieem sfeps the
. duri eriod of tine e cell  nunb
s GBI CHl P AP EH B RBl B PP RE  ARTOrVEE. T et e
inglepsrastf ehkowspsiNEe = N1 2n (equation 3-8) N = nunber

of cells, total nunber of cells or nunber of viable

cells n = nunber of division steps Solved for n and
nSLg)mﬁstélhgge' Hlbgeeq%té %&r&cﬂdﬂﬁa@quﬁ QY fREytheso pe

h rate reads: log N2 - log N (equation

arga@)zeslogz an(puplet toyermhey spedife @a@rsel\ﬂqteh rate mis

cal cul ated by correlating growh velocity with viable

cell density. 1 d(zZDL) m~ ZDL dt (equation 3-10)m =
Whepedihfel angriovitclrobekbaciftiy feh lsZ@uacedebbtWeasitye top of

vi abl e, cells 1.t =tinme, h E incre
S ARHOE B VDI SPEEPPATTEST s PRGN HIEC Ao Filter
cadDL tk em s tdrjcd®equatdon Srd 1}odhuss f@hem idapissi1kr.ue In

that: InZDLo -InZDL m= 1 - (equation 3-12) Specific
Pag(BStrafe éoﬁ§ﬁﬁﬁ%Poﬁl?5f%%ecaﬁu%%s??ﬁjﬁ% al hatdglles
tJ‘%réU§£9n£'@U@@%c@égge%%ﬁsfd?”1£%%§%¥h§e§Q &%@'%%bsule

f ed- bat ch processes, e same correl ations can
ingsed ishncecdhe dindti 6f ofief@bdli ng (1<dEs sand tiee llke,
[ s . of . ion) and, thus,
%%§%rg?g&cggs%%%%?gﬁfééﬂ%ﬁ%mg%ﬂiured cells during
this period of tine decreases towards zero. It is

r neces ary_to i de_a dlflcatlons
T e ot b b G TS BhdoFerbenEar s Rie ol meric
thﬁasubmbmgnéton1feed|ng and to adjust them
mat hematically. (Cell-)specific consunption and
formation rates are often the only factors allow ng
Th%h%ﬁ%g&ﬁ%&b%QﬁloE1dkEEeh§9thB&@C%S%%ﬁckh%sbSoEfQ%ss than
that: ¢ S 1 dt ZDL (equation 3-1 3) S = specific
509uBst pacéccohsunpesonthar 30Git- cell V 1 S = substrate
concentration, nmol L 1t =time, h ZDL = cell density,
vi abl e, ceIIs/nL The nean cell nunber in the period of
Anpitire rDt agXect Uodl s tdet einvardidy tivddtegar Fbhnd c bwe@rage

e tine interval between two s lin int
o2 e B T ongt ot o s e e S SR Sy of
theeguatiednnd- 43 1Pl sndreanofeceld prdrheriovi abbﬁ;me.
cells nL' 1 The integration of equation 3-1 3 under
consi deration of equation 3-14 results in: (equation
Thd- ¥8rnThe speChHEi grHfpsluct, frar mation rate is
cal cul ated anal ogously to the substrate consunption
rat €hagprE PROSPROG Z:opising] apdR suprzpltifgqudrs srrpsule,
3-16),4SPR = qPRO = specific product formation rate, ¢
cel | & 1- h 1 PRO = product concentration, g L 1 Yield
coefitposentoTheseew ¥ elrat | en Between CQnsUh@tiQﬂPSﬂﬂf and
forna L.on F§tes of su bstrates and éggqy 1S, nltro en), to
respg frve nd|ca%ed %y the yléTd coéff %
Y@AmblB}.e“:‘y empt};B frequadpanad- 17) Y(A/ B) = vyi eI d
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, nmol cell 1 -
h 1Chenostat For a continuous process, the volune flow
into the reactor is equal to the volunme flow fromthe
reactor. In chenostat processes, the cell size
distribution in the volume flow extracted corresponds
to the cell size distribution in the reactor. Culture
volune IS constant. Vhen calculatlng the rates, fl ow

o, -~ . a T . S N1 o,
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Due to the relatively low growth rates of animal cel
cultures, the high volune flows used in the present

wo ewenvieon for gassing the culture and the hi ghcBPLINDO50154
performance of the devel opa@l PID controller for
di ssol ved oxygen, it is possible to assunme equilibrium
condi tions for oxygen bal ancing (Frahm Blank et al.
2002). Thus, the oxygen uptake OUR can be equalised to
t he oxygen transfer rate OIR fortransfer fromthe gas
phase into the quuid phase and results fron1equation

Th§ éﬁvﬂa apro%ﬁ”‘tifr%“ r%f‘%]?ér&leoﬁ?%erﬁr)t&% 8Fe Comprise:

- aeeffd cient opbnidgCad IrQxygedionsentrat capsuibet Bach as
gassing mxture, nmol L 1 c¢?2 = controlled
PiEEREAt FaEFSNn of di ssol ved oxygen, nol L 1 The
concentration ot dissolved oxygen and di ssol ved carbon
di oxi de and the oxygen and carbon di oxi de
Theoritaitiegtsl ansoBictilve gesdiiig ndxt ube dreligpatr elchndhat
or. t e c I | r
e S SR BRI o] SRFcheiGple BRH BEP FERLRR Hon
th@xygmsulreawsxftéfowoeﬁ}fe chentrawps detexratived @aphrer offorthe
b t he rel evant g{ocess caonditio by .experi nent.. Carbon
eér.e&%gae BUGHUT T O r 41% ‘Dué °Fo tAEEBRTT ol T PG e
conplriessand shpyhianaelsepHweaRtighngn 4 heowat t upenlng of
medium CO2 is not accunulated in the culture nedi
la?ﬁ&senpﬁghb§@§ﬁ&€nc§ﬁ ﬁ@tégﬁéﬁlP§ﬁ€&eéngpﬁg6ﬁ§ﬁ§tt8f the
%gglved oxygen bal ance (Frahm Blank et al., 2002).
= CTR 0. 89 k La(c*C2-cf 2) (equation 3-26)
mnth kL ac = 0.89 k La 2 = vol unme-rel ated carbon
A cgtq)illd%Jrrt%%g %fsp%%%f f&fc S%(R-t’ 1nv%% liro%t 'r% ates to
concentration of “carbon IOXI e In the nedium no
mﬁﬂhndzﬁqxixﬁdm¢mn®a5hs mtcthbl@hrboadduoxwdemtrltlonal
1iéonce raglog gf exhaust air) ¢ = controlled
di's: oP 5d*8ar'boH di oxi de concentration, nol L-
hﬁ&&ﬂnﬁﬁt@rﬁlqudﬁlanﬁxREbTﬁagﬁéﬂﬁéhatb@ﬁt@ﬁnlng capsule,
cell -specific carbon di oxide evol ution rate gCER with

" AP Aoy eI uptEIE Fa e JOUR i ef éPriéd thc?reln
th@S T ESPINAlOr Ynguol i e RQ 19QWUR (equat i om @sd) RQ= o

respirator uotient qCER = cell-specific carbon
angiigiicgebew |gf-ﬂéﬁrrwtlechrrb$ Rart ah fhg@y@siile and which
1sCell-aspeal  hey éyglenfgpg@l&%&al Bl pgeiyBrampl e 2

Optim zation o CO2- assocl ated process paraneter In

i ndustrial cell fernentatlon facilities .there are

h rost pressures to 350, nb
r e BT porNeP I B06r 378 nyPute to thethe "Bresent
1n@@hﬁ@bantwneactbéchﬁeghéslﬁénst|mm@m reaictr .tHueidno  the

reasons of sterility, the fernmenters are additiaqgnally

Fodubi éEfJedietté‘l&reés%rgérBPéﬁREt Phg RIS 6IVS Hg embodiments of
thRVerpeessyres of up to 300 nbar so that in production

fermenters of 10 nB working volunme total overpressures

of up to 650 nbar could occur in the bottomregion.

W EhobbL S 1 OVRIRICSIT Exalife OB whiclhds Pradused by

the cells accunul ates in the nedium and can reach

i nhi Bia ithg Peeskstwithieht ghndensity fermentations if

t he di ssol ved carbon di oxi de di scharge has not been

optim zed via gassing. For the simulation of the

production scale and for the uncoupled analysis of the

i nvol ved paraneters pressure and content of the

di ssol ved carbon di oxi de - synonynously referred to as

pCO2 - with bioprocesses involving animal cells, a

controller system has been established in analogy to

the concentration of dissolved oxygen pg 2. In this

context, the control of the content of the dissolved

carbon di oxide in the nmedi um shoul d be possi bl e under

different pressure conditions, the correcting variable

of the pCU2 control systen1be|ng transferable to

ey s o T e e



10

15

20

25

30

5 40 The absol ute control deviation for dissolved

oxygen in the case of set value variances (which do
woednewey i n that manner under cultivation copdi/EPINE)S0154

in processes with | ow overptessure (50 nmbar) is |ess

than 2% Anal ogously, the control deviation for the

di ssol ved carbon dioxide ratio is < 1% (absolute) wth

set val ue variances of absolute 5-10% which are

unusual in fernentation processes (Figure 2). Also in

t heigase @f:amne30$@MemammdamHK)@reaﬁsneebhawkeg

(750 .the_s lation of hjgh fillin v

ot AT AP OaGet FBh Fhort | PY b P S s

increﬁﬁgﬁlgolghulltles of CO2 and @2 in the liquid

phase, the quality of the inplenented control is

sufficient for animal cell culture processes (Figure

3) Flg\ﬁ@ Bhes1R8ls val e, sontdoly per ng)gﬁge a¢GQndiyng,f o

e 3, the dissolved oxygen value al one tenporarily

exce@dvé@mlhé0§éﬁlvaﬁ4ﬂetqk4%awm ut@ini nchespoealof

vol u o) i ncreased for discharge of the

di sso veé:%%g FFlgure 3). The control of pCO2 with

devi ations of < 1% absolute was very exact. Due to a

ti endi ng .control._ of the set value o

wnb SHBEE B S eRr i e e | REBCRFST PReaTer dii

pr odugtdian cfrebrant efisl it 0ia Il I mstal enchBstihe of

followi ng the pCO2 and pQ2 control |l ers _descri bed

hereﬁﬁEMeFép§B5?n1Q%HW?%H tHe dé@&ﬁﬁlegaﬁ%nt?%ﬁ i e

combiinatlen swrth the inplemented overpressure

controller in order to be able to reproduce

| arge-scale fermenters with regard to these process

er r r e

R Y ovarts T o o saa o ot oquSr S Faei 11 11 65°arass
amtnmanmmhhaéefhlternEmt@Iamnuﬂgrdduﬁntf@Dnthensngubaps@he

of the different hydrostatic pressure conditions from

i ndustrial production scales a pressure control system
Thep el 00 tibalc rovespr ess ke "Wak sdevielkeped ffar tdie which,

stirred reactor with a steal vessel used in the
thﬁPéQ@n? Wﬁ€€ﬁ?ﬁ€ﬁl(ielEeﬁb?%l?@F%QﬂLﬁﬁQuQ§s Brigufumper of
miCRaRkehn3shs2) .sulblh Sa& eachor was Jmant 40 €t r@lynstream
defi ned set val ues independently fromthe controllers
sifdgr opcpe poptand pH value. (1) Set-up and
functionality At the non-sterile side of the exhaust
air line of the fernmenter a pressure control valve
ThieBriookes: tproes surres 0ty otda.’eart;esr\/bdel cB866 L1 Ser iwdg chQ corg@in
be%era 1) Vas ¢ L0 t%h_ed 1Th§ open MAdEhlmaﬁarT adapted
JECGEE iy vAPPAbIE FSHLERES dev e op%dpﬁlﬁ pressure 9P
fogondaahllers Idbri‘d‘eh&nﬁh@c €35 aeanticaimus ystiemrikabYicewsuch as
The cantrol variabl e was neasured on_the inside of the
€ -Feadtior T9°F By HEEITS -of T& [GEIPPi Y] 158 prd Rt € Ss éifssrrding
toanchd r ppsEeft ednt/ont henprecesscont rot syshreucuent &ite
the rapid decrease in pressure even with small opening
aﬁmedtﬁ§ﬂﬁﬁxih@r%?%%%®#% eBARr dllupakde 4vh @oREPasctive Jas
suldie 8! OWcLBOERAS &n s PLESSLY &g Yl o?ﬁgg,e 10 988 B acea
rate wth closed pressure control It was no
inpossi beeotdatentacylerele d@htﬂ@hupdoceggshhbhenIlmﬁﬁuctlon
uire ler Thus n_ad |t|on
ma&’ﬁ&% m%ée?ns?gpi/eah?ur?% "Yown tHe @ Sauﬁs i Aetagone
mainfiatlhe, di bect | oy Ob.tﬁ&uﬁxhaﬂst1ﬂﬂﬁ|y§$ﬂchduﬁﬁa\hﬁﬁﬂiage
position could be preset manually (Figure 4). The
set-up developed in said manner, i.e. with an
addi ti onal nenbrane val ve, has t he fol |l owi ng
advant ages: safety margi n: Mintenance of an
adj ustabl e m ni mrum pressure in case of failure of the
pressure control valve during operation sufficient
inertia of the control process despite sub-optinmm
flow rate of the pressure control valve (nmaxinum
p033|ble val ve throughput 68 L h 1, naX|nun1gaSS|ng
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For pH control using NaCH, 2.6 h and 26 dosages were
necessary for the change of the pCO2 set value (Figure
W®2009/092629 esul ti ng dosage frequency is 10 h 1 PCHBP20091€50154

pH control using Na2CO3, th2 pCO2 setting tinme was

reduced by 60%to 1.6 h (Figure 7). The CO2

additionally entered by the Na2CO3 causes

reconcentration of the dissolvedCO2 parallel to the

PCO2 controller. In conparison to the NaOHl t he dosage
priodequency (8chidg issid/educed. ﬂﬂﬁeﬁnaddemeyhahlseducedtjma

b t th t d of
capaet M b oy re S i s P ue e rirar 1 & 2

cdnftahiiguEec8. o Forné hemp&@o]seif \/cafeuea@e@rl@e descri bed,
t he double ambunt of 1 M NaOH is required for pH
control. In total, 220 g 1 MNaOH (0.21 nol) in
Tﬁgnﬁiﬁgﬁhgowﬂﬂp Bel MNa2EE8 {0r L 1M} JoMer g %ﬂt%ﬁﬁ%mated
into the reactor (Figure 8). Thus, the entry of sodi um
faisbrsni S£d dencheabewi tHf bokh PEVEaBDen rageliics 1oThuschg ne .
effec e cal tur ot.enti al
T PR oot & o et Lt o P P T RE brBethanber
ThdeShmybeﬂ carp e EmcthdednmewhomCEﬁfcth&rohpsﬁiecendhahe
q i,nal conditions of both titratlog_ %ste
ra&&ﬁ?%a‘? d&émt o" P e Bttt T britdi-Eontt ¢ o éle th%p%%Jsees is
usha@ilyanrd rNa26@03 ueamnhave taedidaferent refbeet @nxkhe in the
cultivated cells due to the follow ng effects: nunber
chgfbgdsages, frequency of dosages, disturbances of the
COX2 bal ance - extracellular & intracellular. GCsman et
al . exam ned the effect of pH disturbances on the
Thep wpse dingéloma odelthel inwe réSiNSOLI Aigeidcghhubes beesAan a
Bi.rc al 200 | ur e
A i R e
suselquesnt iealdl.y, dassdhﬂylcaf,sodc?ccmoﬂny subopthopumtindaigon,
in productlon fernente S mnt@ add tion of %# bases g
MEHEH as RAGFERRAT3r |\B ang %f?“dh an r?&w an
suk%%&ﬁ&n@h%kef@wﬁfdﬂﬁﬁdVﬂﬁhcaﬁﬁreasuﬂgaﬁUW&®&m@ﬂaBHbeing
defl ections to pH 8.0 the cell viability decreases.
PTESREN S, Pawdﬁﬁcréé%ﬁ@ PF eqlienty PR EHE tRigesingredients
inaddict iFgn £9ophh 8. 0 decreased the cell viability
S|gn|f|cantFy (GCsman, Birch et al., 2002). Since with
use of NaOH as pH adj ustnent agent in the present
Pﬂe%%?gkﬁ nggtga§££§&§SWQ§§cﬁkpeg QMe&Bg@: @hie@l%%ce
a role (increase in dosage frequency an er o
th@d@&@esb)y siamdistied negatine ef f pet Soomt carh t ngatedof the
ls ar be expect d In contrast to the esult
H@C lngvedgung'er th%ﬁ SESnt ror | &d condttlon OF the
caﬁemueened.&ﬁﬁmﬁngtohaﬁetoob@ta@ﬁuaed pBatortdi@ced either
negatlve effect of CH is si nlficantl stron er on
PYe et PHdissl cRE T PESF f@&ﬁttrl i not %/1% apsufg or
bjxhégﬁﬂﬂgﬁedr@ﬁeﬁfﬁ@ﬁﬁéﬂﬂﬂid@f&humﬂﬁﬁﬁﬁ §glﬁ$ep5¥2 of the
bal ance in the culture nediumby titration with NaCH
bevgrapgngeadpetpoadjusthisht ti me, conpare Figures 6 and
7) can al so have an effect on the cytosole of the
cells present in the culture nedium This hypothesis
A i ruppdetre sy itnge rfdaidimige praesdm edowihhushea face of

devel o nt of the res ur.e- controlled S n
thgpp%af %E an8 t'hose" shown G947 ]tn‘r?e folfeo r"rJ:Cgrrepdas tgo efhteemal

peeﬁbeetloh/ppbhthgaMEemsaqehte.qmm@adumyabedlannﬁnlin the
cells on a small scale. (2) Effect pH adjustnent
agents on fed-batch cultivations of a CHO K1 cell line
atthe 1 L scale The above observations of effects of
NaOH and Na2CO3 shoul d be eval uated in fedbatch
cultivations of the cell line CHO-MJCL in small-scale
fermenter systens ( 1 L Applikon). The small fernenter
descri bed was operated in the Fed Batch Modus with
menbr ane gassi ng and overpressure to simnmulate the
hydrostatlc pressure effects of blgger reactors. The

o e~
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whi ch were carried out. The neasurenents of the
di ssol ved carbon dioxide ratio were carried out using
WO 2008092629 CCO2 probes (Yel |l ow Springs | nstrumentGT/EREDAY/050154
and/ or, subsequent to sanplidng, off-line using a bl ood
gas anal yzer (AVL Conpact 3, Roche Di agnostics GrbH).
Figure 14 indicates exenplary results for 0.1 5 M NaCl
as aqueous nmedium Fromthis, the relatively high |oss
of dissolved CO between in situ neasurenent val ues and
1mnemuemthmmakhsan¢dpsumfnetmbds hecemesec| pai 1{ ApgO can be

The.s er loss, o se of the eale
Caéﬁ?ﬁ Fnge | %“PSCJBe“%\t fri Joh%%)zprs}lﬁgr %y, "t hé F8b\%‘g the
indegr eacef ol xhagcab il £Cnid eharmdipetieal 1 whi ch
i nevitably occurs with conventional sanpling. Sanpling
Wth the syringe is carried out by neans of a sterile
An%@%gkemeM@<%b&¥a”Q1@§ B@nﬁﬁﬁtﬁgbéhﬁﬁgth te1thec opened
sanpling valve of the reactor (Fig. 16 %he I nt ernal
vigr egs e tofn t he replctcor Whbvkd QRN DI Qﬁge¢ inestialtl edf i rkhe
| n N ' fixed suppor
R O A
1n$Eraed:mm tHeonparatieefoesobésing thées fppef eartéd through
oS netho? with different reactor overpressures
§r§e§ﬁ8 °FnYerdure 15. Further reduction of CO2 |oss
was pursued by nodification of this sanpling method.
The use of this syringe-based reactor sanpling

Pr@é@ﬁﬁp&get@@f@é&f%ﬁﬂﬁﬁﬁ;HQ%ﬁﬁﬁ%ﬁﬁoféopﬁélPasgegﬁanlSm is
u s‘e“lﬁdS sqQihved gas cencentyiatinen (ARCER)e fdNBA¥nt0 0% qure

he mai ntenance of the overpressure prevailing in the
1 re”é]emr iategsanpl |r¢ﬁgtharwe§hou$dp_famttlﬁerlamlm sasl t her so-
cah@ss Shudessolysl 0BspaEols cOMT UOUS (RIS AR ofs quig
t he sanpl e pressure, | ezoelectric pressure receive
cwmiHIHM@mmﬂﬂGﬂmm,tmfbammaMgﬂnwmtmﬂi@nnmﬂa@dwmmt
a di |taI |spla
e gulreRie VLT 6 s bt i re: Baresupt g e verase
reamrtung umzehim@m tihe sr east 06us Cantrealucefs t beesamdle of
pressure indicated on reactor_|evel and, consequently,,

CHREMLEFhAPT cCEoF MBCPFBRT BFC t HE-Sanph S HaLEr RedisRd i
thRRUR Y DYy isl oW i el easiing the el ltnesS USPRRSIRN 1iquid
fromthe pressure-blanketed fernenter into the
anglafspli AgIuAPLcebAneRt i ndrerigt dFNEFicgPsér.. The knurl ed
screws installed allowed fine-tuning of the sanple
pressure subsequent to uncoupling the unit fromthe
A.méasﬁdrceﬁbglelﬁils)inﬁher@teésgweninynmqﬂﬂ%dhsannmnﬂ}ly
aratus (.DNP vel [ hi s wa |nta|n
kn&%@so?V%d &ésn%oggeﬁﬁggﬁggngB{ e %e - 1€k s% Ortly
e%@ﬂaﬁﬁadt0W1tEVefebeﬁndk peid odigfirsever abf hotks enclosed
(Kli nger, 2006). Figures 17 and 18 show a phot ogr aphy
drgfiipg support unit for different sanple vol umes which
wer e obtai ned using syringes and adapter sleeves and a
top-vi ew of the support unit with installed syringe.
Figurenis shage @f @ﬁ%“H%VePoﬁﬁﬁﬁﬁlsdaé o ¢He StepPpfebase
oSSt UGH;0, I &dp dise AUl Yot i cs,
specifically develope DPN for sanpling in
angr édsurresglzaticet B ferdent ati bhs okraphrublcekllsinghedge
ril.e c lin Staub SMAtzerIa N
1S R T 2 S o8 PR aRabshngr g boai e
Thef thhebbkoe eact oreant heestesdld e emofde dfroopesat somndwifch or
the stirring vessel was not |limted (qualifications
not shown). Figure 19 shows in an exenplary manner,
the CO2 concentration neasured off-line according to
conventional sanpling nmethod in conparison with the
pressurecontrol |l ed sanpling nmethod devel oped at
term nation of a pressure-bl anketed fedbatch
cultivation of the CHO MJUC1l cell line. Even though the
di ssol ved carbon di oxi de concentrations do not
S|gn|f|cantly dlffer |n the dlfferent vessels

o, Y o . Y
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This supports the theory that, during incubation
W t hout pressure under expansion, cell popul ations
wo e@on9dee9 react or are subjected to a ti me- depePciERP20p4AH50154
change which can be neasurdd by neans of the
i nhonogeneous shift of the fluorescencepopul ati ons and
the transient ratio doubl e-peak. These intracellular
changes can be mneasured before extracel |l ul ar paraneter
such as pH and pCO2 may cause significant changes of
metthé lheasufeinent Valeuesrafdretndwis, nemerfdl sity t hgenerally
measurenent. of the intracellul ar H val ue of the cel
AeSoHtrAtF on TR ﬁ]pegsrﬁ?l’lgﬁl%ﬁnke &4 f EQ opening  the
cagRnskderablyingl +tBukeais (e%bﬂﬂm@ﬂd Alongubeél oflgg@)lsc 14
attributed the tinme-dependent sub- geak (Fig. 20 A

anrgngefedk) GEcIGIRY dife B (Fhkra @P?ﬁlﬁ?fe body 10 and
<xﬂ§ﬁ§%b%'%a%m%%tthhBem%%%e¥'4@|eTH@|pd%8%@r%hb0%ember 15
according to their studies, there is a striking
lSCCﬁfrce]l%tadonlfbetmeﬁhﬁméeifatfloérﬂ@ﬁ fan- Vikabkep cehkgedngpase
he I a r sent y
oo ot ST ph el FL e BB IR R g anaea ot
thee®@ktsmpbésEhEedupemE|nhu$nf®am$ atWEd@ELdrea over which
o popul ag;oqv used for the above-nentioned stu ‘ At
Ex i BiTed Vit TTHi%e 'Y 989 aRaHer &4 A Phe™ z&ttion.
thexpanentd fale:grewtl gphase ewiddaeutl o i1 tiatdrersicedarinto the
apoptotic signals which coincide with an acidification
begrrere c@%%@%ﬁt%ﬁﬂﬂ B CEiEPudet® 53T cdise LP6FOPRESFat T 2@
nedoubl expeak showd herei Ned &l Ghenr@@an® L1 ef brReakdder the
According to this, with respect to the bloprocess .
efiflgey waultdrei nfmsyﬂ et Ciies sprres siir & heardagsivdrs Yobsdey s sc
Wi Lonal [ % p I
S BEOtEN o F o e 6 L RE T EpetTLrya or e} Bat ah ot the
rereocesge $a nwhileh, mmﬂﬁvematcahﬂopibecmbgemeaderThé opens

rati o _doubl e-pe bserved herein | transi ent .an
S LA R FBThe Loy €11 bared By A0 s RS, 4G Hnd/or Thus
alilneubat itor Wdhaugeprpssiiredanthd e resal tapgule 9 to be
degasification of the cells in suspension. In fact, in
drggdefresent invention, ratio doubl e- peaks were al so
observed with the use of the pressure-controlled
sanpl i ng apparatus, but only at the end of (fed-)batch
Theul tiSER1GRE whsimeress ur abl é "deckeases i h vidgbitbpeyes  a
stgred, ho he d
an%?ﬁhgﬁg%gg%hagés oéggigugggﬁgbsﬁgh&ﬁ?c §§%§ga£§%sﬁ?%d
priegepar anlvehyiappl i ed fl ow cytometry by nmeans of DNA
quantification (sub-GL peak with cell cycle analysis
using DNA fragnents). Thus, the results shown herein
AsSu4ppobk thenneeessytiyeof, ismbgrftlséwwﬂérakmﬁﬂdéd between
pressure- bl anketed_fernentations in ]gfr tao correct@&et

atdet 8RRt ne® t RETint Phceilul arIprAVErbigs FRE Bt o
opRePULAat bop s EXAWPLE 4y Ef fects of the content of the
di ssol ved carbon dioxide on the intracellular pH val ue
of animal cells As a small unpol ar nol ecul e,
P&Q%% ltyl %h@l Sﬁ?&ﬂﬁ%r@@%al& Hloéﬂé{ﬁtc&ﬁ E%QJU %mncgminal
cultiva I's, can perneate the cell nenbrane
pom@laﬂﬁvekyfUthmd@re@e&ﬁthmgrereqaﬁerngdsﬁeéiﬁmcor less,
Suc&a Qrters & Sy 1995) However, within the cel
?ﬁe Face lular aqueous nedlun1 it isin
eqU|I|br|un1mnth hydr ogen carbonate for which active
transports systens are provided to the cell (Hu, Seth
et al., 2007). Thus, a change in the concentration of
one of the species always causes a correspondi ng
change of the other species involved in the
equi li brium and, consequently, a change of the pH
value. |If changes in the concentration of dissolved
COX2 and/ or hydrogen carbonate occur in the culture
medi um of the cells, this has always ti me-dependent
effects _on the |ntracellular pH value (pku) of the

o a1



of the cells, with the descri bed consequences

regar di ng physi ol ogy and netabolism via the pCQ2
wa@oengeydeeat i on in the culture nmedium To dat e, PONER2009/050154

i nconpl ete studies on this18ubject matter have been

described in the literature. These exam ned conti nuous

processes regarding the influence of pCO2 on ani nal

cells, however, they were based on nethods using cel

retention which could not ensure a constant cel

population (size distribution, cell cycle phase

distr tabo i c_consunption and formation .
P2 e LY PheMofbb it CHO I R GinardiTy "G5S b o0 4P
pdrh@ sahkabi-zati PRioh i1hesEydioses Witk accekear ahedregblous
growth and generally intensified netabolismand/or a
Limbee “acfdPe phe ﬁﬁ%%ﬁ?é%?iﬁﬁfééFFSfFEﬁg§§é§rlaMﬁF§ et
po@ly-merlg%é Yl shvand Al rRubeal 0190 thancedi ﬂﬁ“ on
pCO2 controller devel oped, the chenostat
prﬁﬁ@éé@éYaéosthB%@'méreln with a cell output over the
conplete size distribution and with constant cel
density provides, for the first tine, the possibility
Preffedebalyl edeceht iphysdlol il teand mamabohhghspudbe$ty
of the cel |I|br| m st.at Thus, it
gSS|BI§ tgédggoup e ?%e e‘% lece‘fr)thg ﬁfﬁﬁrcontenF
unldmtyhalﬁaékuah@nfpdyw &£ otnd hLe_Lcﬁﬁail@%S:o\Mél che duetto 1.
cell growth and cell cycle phase distribution, occur
e.g. in batch processing or in processing with cel
Ad@%%%@hb@ﬂyaﬂﬁés§9§t@fQQa?H%?;ﬁ%%ﬁ&kkpﬂe LN theceal! ¥ith
1990s, Wi et al. already began to work on
a diongl grege abés@@cm@m& erggithrulsatd -og sefentthel oils)
L n [ 3 The
e B e T R o T PG T h 1h Sospondad hatoh
fidulktrudies postul ated by Wi descri bes p val ues for
states of equilibriumand al kaline depletions in CHO
cells in a satisfying manner, however, the description
Thieequichies crodi il cail oas W ddn nesreectally theupkEl abyether
transient acidificatjon of the cells. The
vikddief FEREFORsCPMET tat e By k H@“@lﬁrhé‘ﬁ@/oﬁ PRI§TcoRf @Rt
fodesaki benbhgeproperty of CHO cells allow ng activating
the NA+/ H+- antiporter with acute acidification of the
cytosol and reducing the activity of said antiporter
wik® 2cBas8hoLeVs! (phee. A M LIPS BEBLAYRDn
even i e cytosofic pHis still nore acidic t
ofi thiathHtl@heWabbvirﬂﬂnlaﬂﬁﬁﬁflﬂh$ rgs ofr optehenped
-_contr IIed chenost. at process a contr to
o RS Pt L ons o1 e o Cho QT 57 ROdGRTor i
1lﬁmedef%eeh descbfb@ﬂampaéNwaﬂubedmum@ Sinnekasitly 0op
"chem cal effe é" whi ch woul d be a possible
Slé%?ﬁl QﬁaFPSnCFBFu%%o t -RRFPH§C cdnlafges aratsGeReans for
peSirttth@at hgnshe HOMBYEN £2 ONCEF & NREW %btﬁn@qghbpbth§1a
state is reached in the controlled system the
LiggRysi vhoghcafheP® ety  pt evid 958 Wi hot liquid,
pf%%QQ bggngggégtlon by active transport processes and
al so by activating the NA+/FH anti porters, as
postul ated by Wi. This "physiol ogical effect" in
d*nanlc S|tuat£on n9de|s o% innaltlells shqyggjg%r 1 is
conS|§ere I'n-an appr%prla e nanner %&anﬁl
arﬁ@@@edomhfOémedutedtb&bbhtcuitbﬁathendﬁbsuﬂd $ineén this
CHO-MUCL in 10 L-scale The findings obtained in the
above Exanples on the basis of the effect of the
di fferent pH adjustnent agents, the reactions of the
intracellular pH value to the pCO2 in vitro and in
situ and the procedural inplenmentation of the contro
strategies for pCO2 and overpressure wll be
consolidated in the follow ng. For this purpose, the
10 L bioreactor Biostat ES was used with the node
ceII I|ne CHO-NUC 1 under |ndustr|al condltlons
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Thr oughout the whole fernentation process, the QGL
phase fraction is within a small range (50-60% (0GL
wo e@endwr) . Since intracellular enzyne activi t PEFERL08D050154
show pH dependenci es, influencing the intracellular pH
by means of pCO2 and the correspondi ng control
strategy is an inportant process paraneter which is to
be optim zed. Bresnahan and Dittrmer correlated, for
exanpl e, increased specific antibody productivities
cawket hthace eased bet racky | Wnear peliand-eeldrtoecite 5 in  the
arrestation, respectivel the_| ate Gl phase
cBardEnanan. ofasgh epahltalleon:  tither T beverage
inMeeanskics.1997). The controller devel oped in this
invention, for the first tine, allows to study the
decoupling of the pCQ2 |evel fromthe pH val ue of the
Theul L HE & edi um ands osaplakihy.1{Hhe L£okrelat bQB§1c1ent in
between pCO2 with central cell netabolismwll be
orgranmitredhirnsthéhfobroar age POy G ed dvi n@earﬂdlfgmﬁ@emc@tne of
t m,W n as he_gl.ut a
thIrg':lt felPC?Llsdczl |3gh‘%7 yﬂl %E:lr%eaﬁlqgrgaq% aixegrcl)rreesillepg% ?ﬁ%%?gﬁ
thnenighe stheat £ 1228%1p G2 @Fy gre88)ni@imiianigt ant itlhlga capsule
curves for specific t.am ne rates can
oA i o B 1 BUBotS GoTRrFeady oir into
thebsedpad ay thnt bedRCkphaseuis agt imen (ikiignally. RBagaete
on the yield coefficients for glutamate versus
beyregPdfi-ne illustrated in Fig. 3 1, it is possible to
assune that, in processes with high values of constant
controll ed pCIE, the increased gl utam ne uptake
Ascofitvinputrest 101 14te 4 orndt Pontof girerarate ltquadl ewer then
N) [ r
dl%%%%ggnfﬁgghl Iu?ﬁﬁ%fe g_%f%%b%@%gﬁ%%%qgﬂ%ﬁégﬁﬁwunder
th@l Nuaref 6acavefagee ¢awerlavd.h the constant pCO2
control value increasing and, furthernore, show
di fferent progression curves. Wth progressing
Inproeesspbodigenti saoasguNEr gaske Ofnt hei yt@ichl filter 1 is
coeff|C|ent at a hlggflevel can be observed at 5%

argesgednherelds, that "HEER, bhfy W SISTghtPPHEr edsePcart e
caeuaksey V%%datt}@e SipEiiharddhd o deavel 5 Ao 15% pELR i b he o
process shows a nore constant yield coeffl cient wth a
sesionghtcoreadeRey tt 6 décma@senthr dughose tee Ypr ddess second
coffbll AR ENY €3zl ng) POOReSel: value: PEOLLLE (5~ Fi¥Mea witn

wever, the curve o he correspon Ing yield
ln@aeﬁmeortentamds esmfeegluﬂlairy whe | oeateddxipunvbfchhere not
ory| eld coeffi c ng % r?g h 80' nr%| d%ﬁic\é\’i t hint h%mt u&riﬂ ng .
poi it |%renr%|f|ed Bt oF &7t of Of HE" &) e fraction
thecanpaeaibhgs 3nltladdedipgsr@2@ntd E). Lact ate net abol i sm
The cell-specific lactate formation rates show t he
characteristics as depicted in Fig. 32 resulting in
Th%uraﬂt@ﬁml\&d&@tlatﬁlweﬂt nat iR CAHVEeS sidepr cttedukd 3
Flg In this context, the cell-specific curve at
6@@52 &S vessEe ndd cetk shiceh %1?10 cafidPhEteade iWpile
th%hea@e&m%mh gfﬂv%é} phase (Jq% r%mbc;tgl%é}v)t aof 298lPe 2
at the end of cultivation (> The o
exftenaent at I pnaexamilied, OVﬁr getﬁeer alcroghovxﬁatd@m?eawrface
w\f\{le hsregsp cL to (t)@e ce%l epemfl colra%t forrmt
ate Fh progressi ng cutr}%lva ion. The ernenPaFl on at
15% pCOZ shows the highest specific |actate formation
in the stationary growm h phase. (F) Product formation
The product formations for the processes which are
regul ated to controlled constant PCO2 val ues of 5% and
25% pCO2 do not show any differences in their
progressi on except with respect to the final antibody
concentration MJCl-1gG which is caused by the varying
process durations. The substantially higher
productivity of the process which was regulated to an
|ncrea3| ng pCU2 set vaI ue prof| I e (F| g. 34) |s

oy ~ o S o S oy



10

15

20

25

30

Subsequently, the effect of different controlled pCO2

concentrations on paraneters such as cell physiol ogy
w@oaonegdeks met abol i smas well as on intracel | ul B€T/pPR0a%IE50154

productivity was to be studfed on a 1 L-scale using

the fed-batch fernentation of cell line

CHO hGWt CSF- PYC2 whi ch secretes the growh factor

hGwW CSF i nto the medium Constant cultivation

condi tions which are anal ogous to the 10 L-scale allow
Int ccheonpased inentr estul £sgwed h3t heer esulitnd cobbaenhed iflaer is

SR aTe TbokTads TFin & Chr oui'S| SECAHLEn ok Bi (et

caGyt 0sial | s apbk¥etyblh thi siarecanbbaapingelrh1li e angbport
whi ch catal yses the anaplerotic reaction of pyruvate

wiint ﬁhﬁydﬁrl&g}@ﬁ éf_k%“l%ﬁéltee ARt BIEREPAC éttatie OAl |t&ﬁ§We U_nder

thet Akl G X of tationi of chydrggen; car Ronate: nwhigh i $nay
present in the cytosol, by the cell via the cifric

beagi dréyicloé PFRrgLig7hy. mAcebr Hphgltdtames anagesl Pegfow the
.1 t Lic fl in BHK- I essing t. .

flrlg%g%eﬁlgﬁta h%yt og[\g?ilcs pé;)r t%vez\):é1 gétge?r bt}xaletlxg{sheeS (%g%lr%lrbemblal

fi20e6) | the klew bE pheceécombimanto tydmol Zblaft Py weatserle

o bR gL uner Uhe procsse eand ns .

anp@l ceepeent Fatten andaa pH sdepeadencyhef ddtitsm 20 over
. metabol i c pat hway caused by sajd concentration ,
e petidetc P MErE S P bePstiudPett taht % apptioath fag- at 1ts
rigopsi-derad purposeful since the hydrogen carbonate

concentration is an inportant paraneter for the

reacti on of cytosolic pyruvate into oxal acetate and

i.nce, ding: t0 . [-es bt al.ned _herein, |

Dk%ﬁogﬁgwggﬁg%s%i T%&%%§§%1 Lﬁgéé?ﬁy%rgggnaégﬁbgﬁafg&aChed
tocameentutatdonovi ahtheapsoht r 8l ded)pRORrdlelieltd rchcheuter

cul ture, medi and, thus, alsojn the cytosol). It is
fang8%c§H8eg9gg%é ?g ??ﬁl?ﬁﬁﬁﬁgﬁlég'nemdy i nt r oduced
nmet abolic pathway in the nodel cell |ine
CHO hGW CSF- PYC2 via the secaondary paraneter pH -
Thghiagh, dIcs6Paecordithg Tt & the &Sl t'§ -ShowTnereith, Tcan t°
tnRe inpthuencedcbyothen®CRabpyel s -18 JoruRxamlL1eVi’d The
the pH dependency of pyruvate carboxyl ase activity and
scledétat é dJdeRypdPegenasecadt i Vieyul{ iy s @bt assl dardi t9lovig g,
e =Y 0 he I . par
R rol | oApChE [ cuel Vg, Stadl 6g. TR 1 noesl i vy =r2o°
cagul ftlioratlert vate 6% QERtemt tdhle gaeubatoecmstdescrilbed 1 and
above., Al _inocul um.cultures ysed had .viabilities
R ohEre Fha 0Se e netd FRdrr el et r orbobe Snhr dhus
crkernent at bopasondot i oss- Sere nsed i(kxanpl e 1(E)) .
A ucose concentration was mai ntained in the range of
2-5 gL 1 by adding a sterile bolus (nmaxi mum 5% v/ v;
asl42dpllopksaceeneenthat edqfiegds sobadi ongrdishallowed in
to prevent both, glucose.?initation and the Crabtree
thef feegonCalcofP agégaricv & - Pasteud@npégefrmrwhit c i hecdurlser 1,
witit @ ghucase congentrati,on; of approximateby 1Q gl Loye
and hi gher. Accordingly, the glutam ne concentration
(bpas lewi At @iihbdubefieesr &b - 1.0 gL 1 and amno acid
limtations were avoi ded. Throughout the entire
cul tivation process, pCO2 values were controlled to be
constant 5% pCO2 and 15% pCO2, respectively. A
cultivation with uncontroll ed pCO2 concentrati on was
run as reference (Fig. 38). Here, pH set val ue
defl ections of the culture nediumwere counteracted by
adj usted adm xture of COin the gassing air as well as
by controll ed addition of sodi um carbonate solution (
1 M. Wth this CX2-based pH control, the increased
formation of acidic netabolites (e.g. lactate) during
the cultivation process results in a reduction of the
CX2 ratio in the supply air but it nmay cause a
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curves, specific productivities and sel ected cell
cycl e phase distributions of the individua
wo evoamydead i ons with different pCO2 profil es WePEI/EP2009/050154
contrasted. In Exanple 4 iti8was clearly shown which
effects pCU2 has on pH . Thus, pCQ2 junps in the
culture nedium of the processes al ways cause a
bi phasi ¢ change of the intracellular pH value. In the
following figures (Fig. 45-47), the curves of the
Reicathrtagel | wleattapH valtweifbef arfe pudgediteed)avet heattracted
speci fi roductivities and the_ratigs of the
BB ERCRYEs O CCH 1T | BeEHESE phiSe dicePFEni nfRi o
ex861 tphaseudSl 0@y ope £ ishowFord nnbhe fed- badedted. In
cultivation wth uncontrolled pCO»2 (Fig. 45) t he
pefitistlpgedPRECEbE Ack BHEIL W t A t Hee deervas & %ﬁtqqﬁ§ﬁﬂ%l and
Blkf)id%b%c%ﬁé nGED reiRbr Yed U0 ddhepst abionapy newile the
phase, the pH increases again. In conparison with the
ln@@ﬁﬁl‘lﬁlalledlw pristessdsce t hbe SPRrpEIAILAE ©ft r@ﬁh@genlc
I . Th H, S re ev
oot 2 T Ml TR e et e vty b WEH 1t he
mmmmbmoblbeeltpf:@ e¢ikture sl g-o 46$$1$1he1p|—|1th@emrae1a*stemance

de t| f h t to th t at
Ofgr oib R BFASE - dug 5 t HE P FYEIA 1 additng BneCiied  called

pr@;@pb@xbgatel y 0.3 units. The entry into the stationary
growt h phase coincides with an increase in the pH by
0.5 units. The SPR al so strongly increases in the

Iﬁnﬁgéc%ggﬂ f ib@h@§ead5angE§BtlEEetgwldﬁéﬂ@7ﬁ%rmulae
hi gher | eve an with the uncontrolled pCU2 culture

Lo Fingowspe I@J@lx)@exﬁ@rlonultzafcllaet rat &g kgpird achag N te tywmote

0 [ CQ2 ocess,dFi g . Furt her,nor
CO&E}eAOl%%g?égse%ﬁﬁ%t he %r %1 érat?%ég%r%{e end C?ﬁcse of
Bidtigibbenary igr @\Mdh Imtasevashdvle ah racloapl ehen the harmful

t at th t | ed %
baN s et AFETPEEYS SHFR SR GG P Par o Gadl AgEICRa1Y

mipHmudioes fnotl cdgerrease - et riaryndle t he cuddasat ixdnSiough
with _uncaontrolled and controll ed 5%({)002,

IESHEcti VEIYETEVEIP B terd Eht P Je F it St hel St affofRaty P tO

10gnoWM hrphasge, dse rpbhu0ply decreages shisghtlypandidOr are
a short period. On the whole, wth controlled 15%

bagteziat s eutel valFboa SOV IHe | dheyt Labicatdons @fated
Hue P vabues and, . pogeovg i ghest 1Y

¢ tal%e(—jcoﬁrcsg!oo? cu Ft F\e/atélgony %u?%@erlﬁore |dn th o® %résrént

ingemtext, aicénstehtihowckeh| eyedklphase fqiafiﬂtql@mtly as
[ (G0 can be_ obser.ved from approxi mately. 200 .

pa%h% n&%r responds 6 18"S succegé?gg%arrest gtl on ofS g5 tred

theel | tngclﬁﬂaam féi‘l)mla'h&ri httseext&pnere viodbl eneuldnygsent

riod in conhination with the increasihng SPR during

l“tvﬁéltéf)&t PORALY GPBWE h" phasR! P ekwt 1 sSRFF the i Ghestolerd 11

haRieo@UChet ibie kB thksreukhhvathOnp 8661 &8i ddi dre ‘B@lﬂv‘%red
summary, the cell-specific productivities with t

ln@@llté?clﬁobhh%e W#%ﬁnlﬁﬁﬁs 6ﬁCPﬁété§PF§d|nf@ﬁeuhﬁ(n. For
oRRRSe AT oM KO AB AIRGESES i ML dli ?&8&9@@ PER2 the
profiles in Fig. 48. Acco i ngly oW n
seceedlKgmm@mt@en§uﬁhaﬁﬂsedfikﬁenhe deéértbed not withhold
th%erqg t |ons MA h dlffereqﬁép r%flles for the
el %Eﬁ?%ﬂfﬁaéhéiyse An increasing pH
correlates mnth t he i ncreased GOGL phase fraction of
cultivated cells. An increased (QGL phase fraction
correlates with an increase in the cell-specific
productivity. The higher the controlled pCQ2 set val ue
during the course of the process, the higher is the
phase fraction GOGL in the stationary grow h phase.
The increase in the specific productivity by
arrestation of cells in the G/ GL phase is described
inthe literature. A three-fold higher specific
productlon fornatlon ‘rate was observed e.g. mnth use
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maintain a relatively constant and/or high |evel,
respectively (see above), this is a possibility not to
w@emvoks2ancontrol | ed pH, oscillations based oPCT/AR2009/050154
results shown herein to beddn with. It would, however,
be possible to purposefully achieve the sane effect on
the pH of cells and, thus, on their physiol ogy and
nmet abol i sm by conbi ni ng pul sed and conti nuous feed,
whi ch woul d have to optim zed, preferably in
E&@onbhhatir&mmﬁidtqixﬁan@mménlIeﬂbc@iméwmiimn Ahich the
rat eqy . adapt to.the roces es of growh a
PP oA A ORTebelt abP Shar Tye e Tt O it Hadige ®
andf the findypgsiefits henpuesant lmve@&mmtw&t%the Such
hi gh .intracellular buffer capacity ,. a high
ln@é@ﬁﬂ?BFFedyﬂbCEQmEéh%%n@ﬁinl?%%n%eéPEWPééué%é P@W%?r or
1i8AMiar eppeahdependentnPHrhe formula may include probiotics
osci | | ati ons. Abbrevi ati onsCapsul e mnt% i ntegrated
inant finiedobifalrdi | t evenhtantvf or M@@sw&@éeﬁeenfor being
I d st or rea ] '
RO P e ety PPty ardhpeepfe. The
flgeeerab whet@ntadtf&omwmh331aﬂeteﬁhber8baée®.amraawnomap
rovided in different for
=P Tt 2Br HoHEnt e b TV AT EE Torth Bhot ey heans
17didder ens Bormsuid W ehrdinhameddrawl Bise may1ber can for

provi ded has their own advantages. For i nstance,
lnéFPﬁG@gﬁetﬁéX?Hfaﬁtgforﬁ%@%?%TOWQd%dSW?PE?ﬂuﬁﬁﬁﬁiqmo@&lOf
thRagagshekat iverAbghopebhi bromal Qualily.cdh&e provided a
preparation thereof is time consuning, since the water
teaged Lo fr evdesirelt comemisenBe Lhoidned doerddgamsed sarsdich
acfll QRAcL0-CR0L LGP ROUE Sy i 01002y ShEtldd e ath IR0 20
ves containing the powder in order to prepare
orr eadyleo f@edﬁIiGMEd DapanlefcnnUIahelfmpmbpaned h&d The
su umed in.th ner pomdered fant f
me e e e 2" Ko AL SHUCTIE Sherd S it TSt RS R Eion
22rrnﬁhethé gbbkulle.t be sadur&td oftse dpsactbed abave. could be
However, the process needs to be regeated every tinme

magged 1PECP &g bi r%%l it P Y eddi Py be"SeePRHALS t hild! mﬁlls

em®RUidkWRYS die cenvenient apd, &S 2ucOASLAUERERr tBNYLy a
parents and other caregivers do not prepare the

Pafcdrimgl deTHropef Nyt andonence mqrssebeRectnf &he tigqipsiient
a d' %‘ﬁeOffll'%f eCtilgn. ;Fak te%%'ég' & dhe DAl TR Not sk iple
led prior to use in which case any pathogens in t

pew&beabaeemﬁEdri@lt$mnmrﬁ%uﬁlumﬂnﬂunyaw@V@m sdaptessin
devel oped countries are reasonably safe but this nay
not be the case everywhere. Alternatively, batches of
the infant formula nmay be prepared and then stored
until needed. Unfortunately, if any pathogen has
contam nated the fornula, it then has tinme to
replicate. In further devel opnent, infant formulas in
ready-to-feed single serve portions have been
i ntroduced whi ch overcone the inconveni ence of the
preparation of the infant fornula. However, these
ready-to-feed products are nore costly than infant
formulas stored in bulk and there is the sane need to
consune the fornmula imedi ately after opening to avoid
the risk of contami nation with bacteria. The imune
def ences of infants and young children are generally
not fully devel oped and, as a result, these
popul ations are particularly vulnerable to both
bacterial and viral infections. For exanple, they may
be prone to infections in circunstances where the
I mmune system of a healthy adult would resi st
infection or they may suffer nore serious consequences
as a result of infection than would a healthy adult.
Simlar difficulties may arise in popul ati ons where
the |nnune systen1|s conpron1sed such as the elderly

o o o " 1. i - I e
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and a filter which has at |east one surface and a
plurality of its pore coated with netallic material,

we2@9/omaet al or netal oxide or nmetal salt, tPEE/EPE09/050154

bacteriostatic or bactericielal. However, such device
is a nultidose device and is designed for repeated
usages. The coating reduces m crobial growh and
"grow h-through” on the filter. Furthernore,
bactericidal materials of netallic origin are
undesirable as they can be delivered in the fina
beverage in uncontrolled.quantities. Furthernore, the
liquid is passed throughgg%%—%evice at relatively | ow
pressure by manual squeezing of the container. It is
therefore the object of the present invention to
propose a technique for inproving the m crobiologica
saf at a9bunut EbET @Ral 14 | gul s I RAWGe el device,

i ngredi ents contalned in a single-use capsule, i.e. by
f eedhagcarkigai doihronihe apsdientphifor graducing a
par L ar t ect l; i

ot Pate A e e s o ul%asl%wtf?% gt foe
|ngce@sehbs(ahdébramhsnlmnrﬁaaan1 wm@me@ﬁents such

ot TBEr PBCEJC ot SF i Pe PTG B ABnABUaR byo> Lo

nears 16krt he) f eatures of the independent clainms. The
dependi ng cl ai ns devel op further the central idea of
the present invention. A first aspect of the invention

rel aheschpsaicapsubesfos < naleyse in a beverage
production device. The capsul e contai ns one or severa

i ngrégirennsther fptedici hg & behvaercag®esernqaind inlet
Com%%"c' bl g when @hé'g&&ﬂeﬂ Sed&d it g tdh%u%?ﬂéw enwd P81y
capsul e |s provided wth an ant|n1cr ia
plad&dtaoceszrhm thow patth fofed,herld guiedetrravgr shag

t he cge g The antimcrobial filter is further

pl a884765t WBER the inlet face and the outlet face of
the capsul e and, preferably, at a certain inward

di stance fromthe inlet face. As a result it is

ehsdr&d eRat L heCrPgut e i it (OFUCEd i 7t Re capsule is

i neyihtabhy passeditdrough the fidden whetben gh BEtiet
m xed with the ingredients contained in the capsule.
The faicst dnteofr bie t kepsitet (i 1arer lalogedénstipes 1t hat
the risk of damagi ng accidentally or voluntarily the
filter such as by opening of the face of the capsule
(4hiThe sBPBUlbeangozmnmgttpLﬁ&ammmlcapsabe in the
deV| e) I.s d rabl y, reduced. Furt er.nore,

R R i s as S e s R ECAR S e TS
faceacel nsa madehet&\@pmm Moy dbig&ledfllelnﬂ:%r ig)pl aced
bet ween an outlet face of the capsule and ingredients
prone to bacterial contam nation. In another node, the
ant irAkcrapkahef hbtoFdisy placad, idr theigapsuke between
the inlet face and the ingredients. The filter can

pr e¥ERECANNERE nal t poter & izel dfl ltafm @y héssa ReRpenal
prebered De. SEM O | £55) e IS n LR Q20T ANEr
|ngred|ents prone to bacteri’al contam nation nay
conpeisse mpbk powberremd/ otimot her infant fornula
conponents . The antimcrobial filter may be arranged
in an outl et opening of the capsule. The antim crobia
filter can conprise a porous polyner nenbrane. The
material for the menbrane can be chosen fromthe |ist
of : PES (pol yethersul phone) , cellul ose acetate,

cellul ose nitrate, polyam de and conbi nati ons thereof.
Additionally or alternatively the antimcrobial filter
conprises a paper layer. Ingredients can be arranged
between the antimcrobial filter and the outlet face
of the capsule. Alternatively, the antimcrobia

filter can be arranged between the inlet face and the
|ngred|ents . The ant|n1crob|al fllter can be fixed to

a1 s N1 1 o " I — e L | " 1 .
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- means for opening an inlet side of the capsule such
as piercing neans . The beverage production nmachi ne

wa@29b226eesi gned such that the beverage producedi/EPzopdieso1ss

capsul e can be obtained frémthe capsule w thout the
beverage contacting a part of the beverage production
machi ne. For instance, the nmachi ne conprises a capsul e
hol der conprising a | ower opening of |arge enough
section to entirely uncover the outlet of the capsule
.6AT&Eibbptutéh&@c@s@emq td($hﬁ(ﬁieﬁﬁﬂbrbﬁédmhbonlalms,

reIa%es to g nmet hod red the.nrcrobL?F %oaddln
a nUtFEErBn&le) Hout Jo%ftta? n b&ompfré‘éﬁi figTa T qafa
I Nt oardengeedhent £oOniaFding capsiyl @owdeketting
interact the ingredients with the liquid wherein the
obtai ned nutritional liquidis filtered by an
aﬂtTﬂbCEQBbéheféééé%dtﬁﬁ(%b'éiéEHtBOf the capsul e and
which is arranged inside or fixed outside to the
capsikFeeiFuFbRern f Bat erdsialadviditcages Jand ebfespsdotn an

L GG Lne=T o1 1w n Vet 41 e 0beer ipiion of | o

preferred enbodi nents of the invention. Figure 1 shows

v HE BACERUEr 85" S SCRENAI oAy % ERAeaPec e ime,

havivhgrannanhenhet obi @todid 1 efiliveran 1gutbebrepesi Ag of
the capsule, and Figure 3 shows schematically a
cap@ﬁﬂemﬁévmh@béﬁn%ﬁt?%ﬁc@%ﬂﬂzﬂ queﬁé@lrﬁuﬁﬁeaﬁaPhS
enC'Q%QP@tHEréﬁﬁpgéﬂet”f%eiidﬂﬂé% 4 shawe schematibcal Iy
a capsul e having an antimcrobial filter in the main
enchésupécof Pohearaps ied beavigers tilve si thetrepice and
the ingredients . Generally the present invention
proposes to integrate an antimcrobial filter into an
ihgﬁedieapsobata@n@n@imapsukemrEﬁetmerwwéandﬁnbccb@tm$,

filt nat e I.ter r.ough

reHERFEAR FIFs & EHG-GhYT G Vo (e TRuApErdofe the
m cradeganisnes) suehtias @guleactser.i a, at the
downstream side of the filter. The invention generally
rel ates to capsul es which contain beverage or food

i n@r edi enhs apgsiSe PAELd LM A |96 adaptedf g capsul es
contai ning infant fornula ingredients such as e.g.

m | khsased powdertimreferabl sk cdpsdicesiaceprafngrom
t yenti al e yat a production
Si ttethgf tB[ér%ﬁgvr %g p?%f%?eaatfa%%ﬁ en @I ushed by a
protective gas such as n|trogen and are opened once
t hey have, been ced in SOC|ate bever age or
I?gurd cgn%s? b e?prdaﬂet ﬁﬁ i e ™ P?ePerably t he
operhageoh the @ﬁpsmiéﬁbbfalﬂﬁlﬂtﬁme qanualby,lbubtby a
part of .the associ at ed beverageproductio
DGR CAR Lt of Gt mechart S T T Cipaars. Thrge
operkpgutechni que reduces the risks of a contanination
of the interior of the capsule. The capsule will be
supplied manually or in an autonmated fashion to a
chanber t r chine. The
CQ%SU|G ?gehg?%9?¥gd§%§??%gqu%g??ﬁgﬁl?% "t he chanber.
Thevwhegeitd sbpp&ytt@l¢rmblmme&hbﬁﬂnflvhescapsébesand
t he_dral.ni nutr|t|o I| |d fr t he
capgﬁfglﬁgmgsua?#y carr ed 03%: I? the gggsuﬁgsule
remai ns fixed in the chanber . The productron of the
nutritional liquid can be based on a w de range of
l'iquid/ingredient interaction principles, such as e.g.
di ssol ution, dilution, brew ng, extraction, mXing,
suspendi ng etc. Dissolution, dilution and suspendi ng
are preferred in case of infant formul as being present
as powder, flaked or liquid concentrate ingredients
i nside the capsule. Preferably the capsules will be
opened at an inlet face thereof by associated opening
or perforatron ‘nmeans of the nachrne On the other

o, - o, r Y T T o o
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drai ned. The reference nuneral 1 in figure 1
designates a antimcrobial or antimcrobial filter

waewonelorny to the present invention. As can bePGEEP20091050154

figure 1, this filter is @aranged between at |east a
part of the ingredients 12 and the outlet opening 16
of the capsule 9 . Preferably the antimcrobial filter
can present a nonminal pore size of 1 mmor |ess, nore
preferred 0.5 nmor |ess, such as for exanple 0.2 mm
.PrePerably the filter 1 conprises at |east one
filtering porous nenbrane which is sonmetines al so
called "mcroporous filter". E. g. the filter can be
nmegle fromehiapbayerscodrpolymey ardrcan have a
t hi ckness of |ess than 500 Mm preferably 10 to 300

Wh?FéFérEBPya?hem%ﬁﬁ?@ﬁ%ﬁcﬁﬁ%ﬂeq| 1teﬁsleh5§r5ahrgh
porgekgxhgg Go HRtO g9 0% f the total filter,) in
order to not unduly hinder the flow of the Irqurd
across the filter 1 . Additionally the filter may be
py pvi ded oy 0Q n ] I al
i (oot dandRl el T g e e e e
beveﬂagespasses through the filter 1 . The

m.crobial .filter can, referabl bhe used. togeth
i REA EaBE AT SOEB a4y TG POwd@ ARl BECBE R (L5
i nf apenfiagnuha eopponed se . Mrtcrf rtelfeerc@@)@;@lteo (b) gwnes
2 and 3 now further enbodrnents of the |nvent|on Wil |
be 8%6§§Pﬁ%dlsT%%l%?r%ﬁv%%ﬁ%ﬁ%ﬂﬁﬂﬁiQﬁpﬁﬁlﬁhé AuRBral 3
desiig $nfherhpcom 1of N Quide f
for eggﬁglegmgte? %n ?ﬁé inF?t sfgga(top nge$egfa?beo
capstikecoprsuRef éPence 17 designates means for
perforating the inlet face of the capsule and
supplying a liquid, which can be e.g. a pressurized
hbt. | i quirde peefetabiycawatierg o arhe odntibei peRteding
frgure 2 the antimcrobial filter 1 is arranged in an
out Féf*€56ut 4 of the capsule 9 . In thiscase there
canwherenhytbaeanaimi cosmpadl ety ()t hascapsulekaéss
| east partially filled with beverage i ngredients . The
preSSuressf AR PRTIERt S FiARE Y3 iSS Ss i PP PERE™ n
order to thrust the beverage produced by the
interaction of the liquid 3 with the ingredients in
t hle- conpér PREATAGS t FQlight tde 998 1 . Any remi ning
liq a apy e i-SC g
pus% gFEcg%ggegsgﬁﬂgfrgr§%02§%%M€gg§ﬂt§ Eﬁ% %?dgge
ensprecadnuyrciaonal |3ndonpl et e beverage . As shown in
flgur S 2 anr3 s tPe rqggb%g H{ %_can t hen
di r 6881 § PPOW (&5 ¢ %doﬁi(pnt5“:1b§b “Fot'tre 2 pl aced
under mehesoBblehofiatey ofhd heapeapsul @)9 anbn t he
enbodi nent of _figure 3 the antlnrcroblal filter
arr an§&a"suéh’t hhe* b%W%%WQ%é‘ outd'etd dpoutcator Fh%sule
capsuyhe 9 and the nmain conpartnent 5 for ingredients a
second conpartnent 6 is present. |If necessary, this
second conpartnent 6 can also be at |east partially
fiiled wrth i mg | ent s e, eﬁ%oeccl'aqlrr! Yo th
i ngredi ents are not or less prone to bacteria
cothﬁﬁﬁanrbherhe@@ﬁmgﬂ|Emnﬁqqindmenwﬁgﬂe@|éntshenmbhe
conpar t ment 5. The antimcrobial filter 1 in the
enbodi rent of figure 3 conpletely traverses the
i nt er meanef (Lhe tapsupen thg amhiilrg dtheaart i(8) coobitak
filter 1 in the enbodi nent of figure 2 extends only
partially over the cross-sectional surface (when seen
from above) of the interior of the capsule 9 .In the
enbodi nent of figure 3 the antimcrobial filter is
di stanced fromthe bottom 20 of the capsule 9 . In
that case, it is preferably to have a backing wall to
support with the filter nmenbrane and prevent it from
tearing under the pressure of liquid in the capsule. A
backrng mall may be a grrd of plastrc or netal for

o, o - a -



in dried form eventually, encapsul ated for being
physi cally protected agai nst the other ingredients.
wab@obddeker is distanced fromthe inlet face 8pPOIf/EP2009/050154
certain gap sufficient to edable the introduction of
an injection nmeans 17 such as a liquid injection
needl e. The filter can for instance be fixed, e.g.,
sealed, to a stepped portion 21 of the capsule. In the
bottom of the capsul e can be provided a tearable of
punctpkabke (Apobrane 16 and openi ng neans such as a
puncture plate or disc 14 placed between the bottom 20
or outlet 4 of the capsule and the nmenbrane 16. The
negbr aneTeansber seaheeb oty a secene hower stepped
portion 22 of the capsule. O course the puncture
pl af'8cE6tPdthe Rader#9r syredudo ITh&pELrem 6f deReIned
capsule. chact phs sobodi rgrochﬁeeof It @ el c%@@u@@ (9) can
further supported by a backing nmenber (not shown)
pl abedobépneed fheni pge edhiesitland®)t e thioutteicheTheverage
i nl .8 _can e i bl rforab
mat GPTSPCSHER BoPar trmni T AN Or oSt ACFEe " Lb arREning-
. A capsule for use in a beverage production devi ce,
t capsyl e ntapni ng i ngredients for producing.a
Tt oy ofaleE R, Hobher A TR 1 Pelir opHain @
capsuleit9pnat anqhnd etbfaced 8y thereof, the capsul e
(9) being.provided with an antimcrobial filter (1)
2 .‘Tﬁéegéﬁguﬁelé%%b?d}?ﬁft%)%HQ%Qﬁlan WheréirRbte
filtebs(dk,is placed between the inlet face (8) and
the outlet face (7) and further inwardly distanced
from thétiinbetnfatect anee prefradilsing st wa tbuthet 1igeed, 3
LT , or di oclainms 1 or 2, wherein the
filpgpﬁ?ggghg gﬁ%a%g%%g%%tmeen an outlet face (7) of
t he —cdapsukei(9) thadobh ngiredt enttsr i(tinal 4iguThebgapsul e
accordi.ng to, cl ai 1 or, 2 erein the filter (1) is
T hocHEoRERE TRETTAI Y Han (o) 6t “EREUdEpelre g
I ngredbepts (d2)de She JhiEsClaPIH & iaeeOkaicRgnb0lgnNyoothe
claims 1.to 4 , wherein the antimcrobial filter (1)
has “4Pf8Afnal pore size of 1 nmor |ess, nore
preferred 0.5 nmor |less, nost preferred 0.2mm .6 .
The capsul e according to any of the preceding clains,
wherein the ingredients (12) conprise a mlk-based
powder such as an infant fornula powder. 7 . The
capsul e according to claim3 , wherein the
antimcrobial filter (1) is arranged in an outl et
opening (4) of the capsule (9) . 8 . The capsule
according to any of the preceding clains, wherein the
antimcrobial filter (1) conprises a polynmer nenbrane
made froma material such as PES (pol yet her sul phone)
cellul ose acetate, cellulose nitrate, polyam de and
conbi nations thereof. 9 . The capsul e according to any
of the preceding clains, wherein the antim crobia
filter (1) is fixed to the sidewall (18) of the
capsule (9) . 10. The capsul e according to clains 1 or
2 , wherein the antimcrobial filter (1) is distanced
fromthe bottom (20) of the capsule (9) . 11. The
capsul e according to clains 1 or 2 , wherein the
antimcrobial filter (1) is at least partially in
contact with the bottom (20) of the capsule (9 ) . 12.
The capsul e according to claim11l, wherein the
antimcrobial filter (1) is at |least partially seal ed
to the bottom (20) of the capsule( 9 ) . 13. The
capsul e according to claiml , wherein the
antimcrobial filter (1) is externally attached to the
capsule (9) . 14. The capsule according to any of the
precedi ng cl ai ns, being provided with an interna
openi ng nmechani sm (15) opening the outlet face (7) of
the capsule (9) when pressure is build up inside the
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