Met hod for Produci ng Reconbi nant Proteins with a
Constant Content of pCO2 in the Medium The present
w0 noenvizen rel ates to a nmethod for the reconbi PEIEP2009/050651

production of a pol ypeptide in a eukaryotic host cell
nodified in the citrate cycle, wherein the cell is
cultured in a nediumw th a content of dissolved CO2
(pCQA2) which is maintained at a constant value in the
range of 10%to 2% The ton-scal e prod ction of
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consequently, are five tinmes higher than the cell
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the ré%cﬁx‘ié’&épﬁn@@nl‘&aﬁ%' ypeptl des (cytokines) produced by
reconbi nant CHO cel | s, sald ceIIs were cultivated at
37C and 5% CO2 (36 nm in order to express the

i n t (
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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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0.15 M NaCl, 37C, otherw se standard fernentation
conditions in the stirring vessel. Figure 16: Photo of
wo bmopyessur e- control l ed sanpling unit of Bi oSPEL/EES09/050651
with reference to the conponents described in the text
Figure 17: Transparent suppopt unit (1) of the
pressure-controll ed sanpling apparatus devel oped with
three different syringes (2 - 4) for different sanple
8 jmes_and adapt r sleeyve é for precise insertion
"molg,pa ”?rﬂé TR RS FF?VFH '%'ﬁ%ﬁ POPridEnpl e vol umes can be
pre sel ected by locating the posterior stop plate (6)
osition. Figure 18: To i ew of the support unit
In pa@&c Fethg @pepigdsdoptheiaamna ﬁmtmeat ofi Mglds.drpRitigylar for contact lens
moldéﬁﬂ%rcé&rﬂﬁn(‘!é Wit th'e%\?’énlt@ﬁi céﬁﬁbh%ea F%&H{eﬁt é’r%mt%?”'ﬂ@\mlépé‘ﬂrst
0 he in situ CO? concentrations (in sit
electgfde-is aﬁ@anag@g@mrleg)foﬁ garying the mo]d;sotmb@ trﬁat@j The carrier forms

f f f
o LSBT Ao Dl e LB B pcond
metal plateswsiniph maraang_:edspamﬂ apartiounn thegiirsinitag plater antywhible is
connERES PO AL LA R R B i lcs o o
halvesy teerebover apé(anrmragﬂdrcmrtbmseccafdt reetaPplata with( their B)olding sbiaces

racnG @ e ERETRR e Yo R BpBSaHG 5 BRRn BEEITH S holleyf e
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17% nore preferably in the range of 14%to 16% The
nmet hod of the present invention can be carried out
wasingokepwn net hodol ogi es, e.g. batch, fed-bapPChEP2009/050651
chenostatic process or perfusion culture, with the
fed-batch process being prefgtred. Al established
types of culture vessels, such as stirring vessels,
can be used for these processes Preferably, the
cul ture stenrshould |1 ow for high cell densities.
betwpgn Hﬁfﬁéﬂ%‘l desecgpd Mt iPAE S P piﬂﬁ”@ ‘88'1“0? AEYQECHT RRfVRRH the first

and $dcofd bSO & paRicliBr EMBoithens @f R8Il BEWAIW &F the B itfentBiamber
the cultivation of mammalian cells, it is possible to

are glasmadeiframgtahang kavsraundpetenE@lknown f or mul at i ons,
such as IMDM DMEM or Hami's F12, and which possibly
have been optim zed for the net hod of the present
A furthey embiogimesis of thatappheatus #esoriing forthe &tvieotorngarhprises separate
| . . G .
drapﬁrgﬂﬁﬁﬁff rfcs f?r l‘h@ggﬁ%qg%rdﬁirﬂgﬁﬁﬁgagetalgﬁee r']r?rr'eao:??pohrrla%r? inserts each
havej mdeﬂndmNhrclmismﬁa@tﬁdsto dnty ep«pioae thel molding dusfaaé sbthe respective
' [ ts par 0
ol Byt o S8 o Moo e SN B Bl b ficos of
the phestiosiervés, Trom é’prsur;eaﬂ'huscernitmdlnyerpn$;b$trmﬂarl}b@1\memge6us since in

. 7.3..Ho h
this SFpBoqRIHE phe ShoSn B TS AR ofhE nBed BeteRseatl tcfrospond to the
size 3Bthb@oldiag budadearduy can bé %rrg@rdh@’( thfé%él D@egrdrngfdﬁfthe respective size
ma lian,cells,
of the ME

?%f‘tﬁaé?er%ﬁgj@@g Flé ROSEIG'e t8r‘f?;5§‘”\)8"8|tBe OQ%’Eﬂg agtﬁs figst metal
plate<a diaphragmt RiRirPsEomnintPMavivR arBizé armdhels b§ecrﬂdéll@éd@p5ted @ the size

mai ntain the content of dissolved in the nmedi um

of the Bipdtinghsuriace qf dheieapetty IMPidre 'ﬁt”éHSn%Hy BeTRSBAHIN pgse of molds

havirkpdifiéreAt §%§ 6Qholadg lsB b ¥ds B @e@t@éfe@ﬁ@&rv@%h@éﬁﬂﬁ iigkHeWhereas
via mass_flow controllers (MC), for exa

the hglesdp rfrt?efarsr Retehelate@iipt earipesasype | Arge&eﬁrigfg& ﬁ*ammertéreﬁe holes
can M favehfe Yife 6Bb re§d181e6581 fhalsiR dfihd H%Ioerr#boﬁlriéc@s bf !h% respective
i ncreased by an overcut of the set value of pCO2 i
moldshe medium (b) the CO2 ratio in the supply air |s
decreased by an exceedance of the set value of pCQ2 in
the nmedium and (c) the cascaded controller opens an
In a fadder éropedi MO itior aperatde laceadingdd theinventieh etmabdrymém molds are
i 0 P X e
arran@%?tf %tegg%gem(ggerbaégsdﬁ ?%%el fé%@lolr]lg an Fﬁ%ﬁ\g@[&é ogesrgorh%s to the
distades veths doteks it e fCEPmetat plater Bo rﬂm ueum)play‘,era'ent, ofltlse holder holding

the (R oL LD Pl i s e PRy hESEET et ptwoen the it

and $06d Wistsl pidtapbed tHeamolds bty erranyesudpgendid thé holes in the first

er ree CHO- MUCL The cell |ine CHO
metauQ'é‘gemr}r'st%b%ﬂ ’étrﬂ(f]ﬂz%%‘i?{?taﬁ 'S %arﬂeﬁsrlr %JL{ a@ﬁ@WNHC” separate

hold&lfdr thé AidIdf arBT66d AR podlctionis tKalEdrita@ I&elek e&ﬁﬁdeotﬁe molds or
Rockville, USA) (CCL-61 It was transfected with

t he
the'rﬂé%%ﬁ%’é%ﬁesp'ieég‘?ﬁ“de'm thgeps e oo Pigsme téefat@P”t with the
moldd @Réddy &r&@%ﬁ'r#ﬂ@reﬁb@dﬂ% Boldets\ohigh Rl HRRASE réf plastics and are

Apart fromresistance against the antibiotic geneticin
shieldeshfrom exppeure énplepmaias aispenhdissussadePo¥®nsti tuti ve

control of the cytonegal ovirus pronoter (CW), also

nmedi ates the expression of the MJCl-| g&a fusion
The finsbard secomi enedaitniaies Férubamadarftonpalutmtirainhanamy ¢theasititable
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clocfgHIG HondiaRe ki THpfe ke REohBIhA ko LSt B RBhbies o
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rokl cl eavage S|t
tne iRRPEOT e BiioR S et B Mfros Rl selan b SOBE U] igstc parts
resulted in clone CHO MJCLl-| g&2a- PH3931- 16TR whi ch was
used in the present invention (Link, 2003). This cell
line exhibits genicitin resistance up to a
concentration of 400 ng nL 1 . (2) CHO hGw CSF- PYC2
CI ones of the reconbl nant CHOhGM CSF PYC2 ceII I|nes
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m nutes) and the resulting supernatant was used as
product - contai ni ng sanple for further analysis. A
waiova7eo pre-dilution in dilution buffer was BPEr/EP®I/050651
out in order to obtain conparable resulting
intensities fromstandards apd sanples for the
eval uation of the colour reaction, allow ng
concl usions with respect to product concentrations.
BSA contained in the dil n, buffer erved a
arranged ey <7y tHg Mg Biftal plates %’B 19 CPRP On‘Zja%T‘% © gigma may be
an oXl@eRIpBasHet, esrExBaipleon of the sanples (col ums 3- 12) and
the standard (colums 1 and 2), respectively, 280 nL
per well were pipetted into row H of pre-dilution
Anotﬁétaés%%ct(&(ihé"ﬁmlvlaﬁionwé%@es dyef%pé‘g@rﬂlar Rk Xér‘%ﬁﬁjg? ingto% dArihg bRisma
Subsequent | l'ution was carried out .
treat@teebmmchsxogrprlbys trrqr@serebwdlmgntlmﬁrsmekaé plata gyingineles therein and

a seég%?wldlciﬁ?tg{ ;I)I%t%‘:%ﬁ % as%w cﬁ%ﬁ\@?ia%?rteﬁ%grhtc%g{?éetgﬁé}gpelgéoanﬁiwhlch is
connacied|to Haditstonetl watem 130@3Iedt_riaaﬂy toredysties iahogredihg mqhisecsan be
arran%%g o%ttﬁggg oq1sd r}%ttah?lég%m hgtrln%{]dloé:gﬂr?agct%l Q&C {o:iql/éa?&clﬂe holes in

In ana € pre-
the flmmdcblq{tba'ﬂae vaasen fodbdratoatpris 85 ébpatatb)dlap'hoagmlirasede fdrhiee holes

orB B GBS A% B3 APl BT LA o
adapfdbiasmiesidoge ttad ineldirg) aupfacaof ihle, repeztipd alokl betdo shiskiedl other

vvashl buffe O tinmes) an
portlthsp%é ?/“F[Xp‘a?%ré Ia§r|'qa rbq@ \@lnﬂaé; gtogtye (%mléodlments of the
carrlmﬁﬁ,lrebdgbséérﬁﬂegmfed%b% mouse | gG AP anti body was
first taken up into dilution buffer in the ratio
1: 1000 and, subsequently, pipetted into the wells of
In acEBr%aﬁ@eS\‘}wtlﬁ)b%r@nér%%ommé?ﬁ%f Weldald cdri&URAS biARoMARolds are
carried out anew (37C, 1 h) and the test plate was
arrangedin mgﬁ@r@thlﬁervﬁgmlﬁgnmr@ré ron(elaoothueﬁ@@y espPpding to the distance
[ t f [
of thé f ¥ if'Ghe fPﬁFgE)&?f Sl4e B bfe ladd4 cﬂté1 @P?osbﬁ??qglate such that the

substrate p S sensiti e to
holdestie prangadebatween the ftﬂs,ttandrsqumd:meiamtaé@samthemnqldmare arranged
- ophenyl phosphate into
CO”@ﬂﬁ%ﬁkﬁﬁgﬁg %?ﬁﬁ%?ﬂ?ﬂ@eg%?bgédy bound al kal i ne
phosphat ase was i nduced by addi ng substrate to each

L of th |
ne {RLanErece™s 10 meleg PP sty Gm bp SGied oM § M. for exampe.
Alsoashisesideadnbeén arntitieensheredig@ldsviy toé aonﬂe)sm)@ndmg embodlment of

the ap PR VA ATt ATin Plns 5 U151 ! BT Waere no mold s

arrarigaétiem&ietigds of the staining was carried out by
spectrophotonetry at 405 nm (4) hGwvt CSF EI LSA
Conpetitive ELI SA (Bollati Fogolin, 2002) was used to

still SRIBEE ad et Gb/thé’lfr\v%ﬁhm&@,:to aqﬁe‘ﬂ@dl fof WQ%QE@&%%F%@MS in

Maxi sorp, Nunc, W esbaden) were used as adsor bi ng
partiguhar far gondac I&f@rm@id&rﬂomnné@ﬂulro ﬁn@ﬁmlb@ﬂm@sﬂwtms @A
Hc{{'fﬂ UGk G coli which
arrﬁg; mér@?jg(?saol y aé\//aqa&f aIaE(;,Ig?meucoﬁrr:r%fnt ngﬂ)gre
- providiggeaganstfor shigldinamegs iofiiheSadids pihgr thlao it metdinmsetaces from
bem%?%%cls%% I’asm ahPA) was used for coating the Maxisorp
8% t3Ncentration standard. A nonocl onal
- exposing élanshiel dGVCRE areniged dytherdshiy trédimeheotembeydo aylasma.
1998), which was kindly provided by Ms. Bollati
Fogolin, was used as primary antibody. This anti body
The hévattages ot theagaihng in actondavicESHthdberiventidh iedvel Sready been
accessi bl e i ndependently of the glycosylation status
of the protein. The enzyne | abell ed anti body was a
per oxi dase conj ugate goat-anti-nouse-| gG HRP t hat
carries horseradi sh peroxi dase as substrate-reacting
enzyme and specifically binds to the Fab2 fragment of
the nurine 1gG primary anti body (Di anova 115-035-072,
0.8 ng mL 1) . The substrate
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dar kness under agitation (appropriate reactor
pressure, 25 mn, 37C). After 15 m nutes incubation,

wo bevongatper at ure of the calibration and neasurP@OEP2009/050651
solutions, still sealed and gas-tight, is adjusted to
reactor tenperature (water bgth, 37C). Once the
i ncubation of the cells with the fluorescence dye
under reactor conditions is termnated, the cells are

o ately su cted to pressure control, and
d'sc%ﬁmﬁtﬁ'lh%zﬂ* 5@55@'%&1 vanta %ﬁi@? agpaniisrndpinggFa fhey need not
be refi@RIthd. and fgs 8pand be§&Iﬁi@ﬂﬂ6’ﬁﬂe ittt dteadeoFdiR$ ROREifV@ntion, the
measuri ng and cal i bration solutions (200 m _ each) to
plasmia is;@heXkien P 10 seconds by means of a flow
cytonmeter (FACSCalibur, Becton D ckinson). For this
purpose, first a repeat determ nation of the sanple to
Furthse adeardagaane @sbects af thiedavantion will basegeranpgrant froeythe following
detai(e'dq:égpiptﬁﬁdof%%%rr%@gﬁbbgﬁeﬂs%cf}ﬁg mQ/gh ioh \ﬁﬁf?th‘é% f tﬁg drawings
sequentiallyin e correspondi ng neasuri b
in whidhke pH val ue of each sanple is neasured (Cbnpact 3,
Roche Diagnostics GrbH) i mediately after the fl ow
cytonetric neasurenent of this sanple. The tine
Fig. €l agpewsghd éistvard sédvadopetal pigtesiof & iest satpldintgnt apihercatrics
and the.disspol ved gas anal ysis of stained and
unsSEPIRgY t@éﬁ?gwieg ?ess than 5 seconds, the tine
el apsing until the flow cytonetric nmeasurenment is

~ termnated is | ess than 90 seconds. Between the

Fig. 2 er%W&tth%ﬂrsbﬁmPH@'”ﬁ”bertﬁg@éﬁ@éa%@?@|t%thz§riﬁlvqnﬁ'@” in an
det yBhbid ShteBut Wiko M Gddal pH val ue, 15 seconds
el apse. This procedure in conbination with the
(pressure maintaining) sanpling apparatus allows to

; et ]

Fig. § P n P E AP 2h Aot Bnfl gy KF s Wik RS AP: ke
cytiosastedi iotomaa@apét’ferftrstoﬁetamla‘r@r escence to determ ne
the pH values is carried out according the
manuf acturer's instructions for the device

Fig. 4 FABSGaIthd diaphBget ofFigl Tkiansdayiewt he dye
( Car boxy- SNARF1- AM Mol ecul ar Probes, Leiden, The
Net her |l ands) and according to the relevant literature

Fig. § Crengwangh é‘l‘ﬁ@d(ﬁtﬁentl&%mmeﬁlﬁd B ic6n B8 pldsiEstredié € bsiAy e first

be optim zed for eac e are listed bel ow

me & TPtBRR! Qlithriealrier a@gg)qg fodle (veatieer di agr am
scal ing double linear, total cell popul ation)
nmeasurenent wi ndow 2 : counts (linear) / FL2 (log.)

Fig. 8 hi showgrtherdirst apmhsdimentaft thaicadenageording te the(inyandgn jn #n

FL3,ds ;
(1 seePion L SHOARY bo g 2nish BHT QbR At nEYeBhS meta
agghlateemad withglianhdagms nkéited.ent | y st ai ned cells were
excl uded fromthe neasurenent by suitable limting
values. Since it is not possible to inplenent

Fig. Tre ashomartea firsivand secohdimetalgslhtet iofre secdrid érhisodimastusfitineg carrier
devi ce used, the fluorescence ratio is calcul ated
usi?’?ﬁofdrfqu B I WA ¥ Bsassi st (Bect on Di cki nson). The
program Cel | QJest 3.3 (Becton Di cki nson) was used for

_ the evaluation. Plotting the "nean fluorescence

Fig. § ntdipeistie Fagqng" embgdime g)&tfr?s&ar@%rmcpmﬂct@dh% igventign s an
accgsgmg%dtsqatg%amt@&t%&dg esults in the calibration
curve which lows to calculate the pH of the sanple.
(6) D ssol ved gases, pH val ue and dependi ng paraneter
The bl ood gas anal yzer AVL Conpact 3 (Roche
Di agnostics GrbH) is used for direct evaluation of the
di ssol ved gases CO2 and 2, the pH val ue and the
cal cul ation of the dependent concentrations of
hydr ogen carbonate and "total CO2" fromthe
cellcontaining culture sanples (> 55 nm _, 37C
according to the manufacturer's instructions (Roche
2003) After pI acenent of the reI evant phyS| oI og| cal
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(equation 3-17) Y(A/B) = vyield coefficient for Ain
correlation to B qA = cell-specific rate for substance
wa\2q090ud72¢el | 1- h 1 gB = cell-specific rate fBCT/EP2009/050651
substance B, nol cell 1 - h 1Chenobstat For a
conti nuous process, the voluge flowinto the reactor
is equal to the volune flow fromthe reactor. In
chenostat processes, the cell size distribution in the
. volunme flow extracted corresponds to the cell size.
Fig. &1 SHMEUPT BRand PRROATBERL Qs INE GaifierAcgoIa g i9-8 buf with molds
COrtﬁlﬁérrar\@é@rbe‘ﬁﬁé&mhétﬂ'rﬁganﬂ@@cérﬂi @etal f)la% pade D has
to be taken into consideration. (equati on
3-18) VR D =flowrate, h1F = flow L IT1VR-E=
Fig. F(?“§H<5W% ¥&|e‘r‘rﬁ'ﬁlcaléyg|¥ﬁ%t{o%¥rﬁéﬂt'o@ fddBBrflis 8ctPbiHg® the invention.
el ement I1n the ctor 1s defined as retention Tine t.
X = . F (equation 3-19) t =retention tine, h Thus,
Fig. EORWvg t%teef t%ét?lgplgt%ﬁlg)pn%ngﬁg{a sg%éqr{dgégl:gl} %@Het ‘Lfa{;@a flirﬁt embodiment of
a caraquactoobdmgqu thgnrmmhorr an éhis smhaddioeng hefirgt mefd’l ther 2 bas twelve
ubstra

noleg 10 etdit ioWabr, arfifieras b LERBES  0h R SRRk BcRsivle. The

second intatalelatel1ddess nbt have dnyuwldshattall, sind2 the ShoeldSane to b@ pfaced on
Eg%{i} II ?qﬁg120) S} = substrate concentration in the
secopaMe?'®@'fol' L- 1 So = substrate concentration in the
feed, nol L 1 @& = volunetric consunption rate, nol L
1 and consequent |y - (equation 3-21)

Si In
Fig. delws the fEﬁIe@LPOQt"@ert(gfsﬁ’éC%rﬂéﬂ fn %” aeRsstied @a@oﬁg‘ﬂﬁ’fﬂrl Wighout any
molds@efhg dl%dmbn@%e@ﬁldlaﬁe '1'1‘ Ifl%rt ﬁh@fseéchﬁj th@@RpIbicldMot 1 are
mean 1I's additionally included in the cal cul ation.
connegigd4¢ Pa® agothen ingg &Lecérp@élwpedwb%meaﬂer Edm?s%?fﬁl%"rﬁmged atthe
I ' |
four ;@’Egr'si%z){hrlrsgl@ sho%n ISanIgI %i%:nd'pér)solg l?ct | (y |t5§a/fc|§tseﬁgg ng twc.) plates
are fixpdkograigngtherovithibe sitheftscsaves thrasuhiptis sirowrarneflg 2 (and as is
. on: 3= gPRO = specific product formng rate,
a'reaéﬁmd@dﬁ'”%@g‘)ﬁm 1,2 = product concentration for ti,
2 g L 1 The i nstantaneous space time yield in

Fig. % éﬁﬁ@{‘f a&%‘?’%’ger% H')ssérzéiﬁ(\:/v é, ;(ga% aqs o%cg‘r’)ﬁnto%’l_\holis after

the nﬁblds Emegl&rentmtaiged ibatvescolife Bxse ah® sédstmdr;ﬂétat noghyandafter the first

wt h rat I | t
and $eQn DA T8 P bl hERL it qoB A PRt 1ih T8l B rBHe TS The
diapleragiungerand dontprize @heyitdicaPborbed fl 00 BB & @atedally BRtending collar 141,
devel oged PI D controller for djssolved ox

and gdEP IR WHN 8 SLIPREASE QPERIRG i ﬂ%h%ﬂgj?td@é?@&? P'%Wﬁ’ted to the

diamBedr 28124 )n8 t{hald Igs%'rf%li‘é,(ofﬂheﬁléspecfﬁ@Ql%bld Thus, the
oxygen uptake OUR can be equalised to the oxygen

transfer rate OIR fortransfer fromthe gas phase into
By Wtao?%f L»k@%lg I%%s@ﬂ% tﬁ&ﬁHE%ecies; %g‘trﬁegﬁﬂ%dl%ﬁqﬁéz e%éz?ma—uy like
moldvbiepresentsiddn &Y. 6x g2 t:@ranrssfeéra woeftfA0db evitich anmolding member 21

s AR R BRI LR R D P SRR Ehk bt Srad b ok, or
examué quarlz Jgihgs @UBiéZarﬂtraaterloher@t palties 3l Veﬂmobdy@snembdr 21 a mask
212 rgé eenvaep%(l)lgc?rfgro& ?Apgé(né%grfo%ﬂﬁmtnqgskom%e@f gr gg‘r%?r?s%s a sleeve 22

1%ox1d ncentra assi ng mx ure a
that loedpd mcﬂentmdgctlmer muiswrs;gnalarrmca@IZmd a aspaepdbnding ;emaimdwold are

closqg(r)t I?é%)gt{ag er&%’)%%qye gl%&?)zcgﬁom y Olfé)niﬁlttagtvm% SO as to allow a
smodtR icRisMgns thad@ ol e ah@thd derespbediagienmioass condi tions
by experinent. Carbon di oxi de evolution rate CER Due
to the controll ed pCQ2 val ues and si nmul t aneous pH
control in the culture nedium CQ2 is not accunul ated
in the culture nmedium Thus, the bal ance can be
est abl i shed anal ogously to di ssol ved oxygen bal ance
(Frahm Bl ank et al., 2002). CER = CTR 0. 89 k L a(c
*C 2 -cf 2 ) (equatlon 3 26) W|th kL ac 2 =0.89 k
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The set-up developed in said manner, i.e. wth an
addi tional nenbrane val ve, has the follow ng
wa@odwaneages: safety margin: Miintenance of anPCT/EP2009/050651
adj ustabl e m ni mum pressure in case of failure of the
pressure control valve during_operation sufficient
inertia of the control process despite sub-optinmm
flowrate of the pressure control val ve (maximm
ossi bl e valve throu ut 68 L h 1, maxi mum gassin
In or %t’tt% agseblg the casjer t %Sgh’@bk?ﬂrcﬁﬁﬁlréh%%‘r g fr)aﬁréiy thé molds 2 are

introf\Reasstatie h&Es PEERF e’ platd 88 AlitherktaReRNSla BN arranged on
adj ust ment of the pressure by nmeans of the nenbrane

a plapgsyeacg. ffexaaela) stithgbe diskl gndq Qf)s"i?)’ﬁﬁ|2?)Pr%t5rf’t'rr‘%|”tcb'ﬂ°'es 100.
SecdNYGFBREESSHI@ i§ @rﬂatnfﬁ'ed@ﬂrtst ﬁteté?r@tdt@w%th%le %Sofgﬁl{sﬁlzaﬂmch help
out accordin | er and N chol s (Rak
'nCoﬂpeﬁkﬂﬁﬁﬂ@ﬂﬂdggﬁﬁﬂﬁﬂQS@@"ﬂhee@b@ﬁbﬁé@éﬁﬂemtﬁﬁpﬁﬁﬂo@ﬂeanomer
and \ﬁﬁt@fh'ecalé 6* theélcf'é‘?zvs"‘ﬁ hbl&lhg‘thet ﬁr@fe@r\bss A& h@tﬂ%&e&@%eﬁ%r with

val ue profiles was r mor e conp ement e
moldgZaartangad debreprtoees A s¢pasatgdipéded Srnayclomproyldedfhotding & aumber of
mold\é"ﬁI étea thQhée ﬁé)rln%}fx@%n%ﬂt;er mﬁch%%%gg?t%rtd%rto 9{61 &thah&?getween
ressure es for, e.g., e sinulation o
adjacmmthqlee 100 of thleétsstpmeialatltateﬂ@ Howeeergsuchadeparatp holdarst 3 ane
typicglﬁ; rﬂ?@é Frorsn IQLth E8 thnt)fh hohf&eﬁsq {)1 Ezltdlegf %Vgglrgéeeqused to
m’nu m Xi n pro es in ese reac ors aevi'a
pbsmamnpmhemnbdabvaéebﬁaﬂgdmom&bﬂmexa@boeactors and
according thereto different spatial positions of the
suspended cells in the hydrostatic pressure profile.
As thigl fstr s dses bR etd) pRXST), 81 ahvebédriedapend enbther @88 tHeemolds 2

rofile in the 10 L stirring vessel based on
arra’&eéég‘ﬂ?@e%’%f‘r the agpngerpeidl gtq At 3 sRoRDE Wet%ltp'%tﬁ@ 0,11is

turneaiPBidel dBvresFHBEMsEmeRNpae) 10k doeaPsHdéd e theVi@lpgée sids and
shown whi ch can be carried out independently fromthe

secop@l @geg,@'jrp@tgrsoqrrqr@eg@jt therlager sige Thefiarfiragm ingeds 14, which are

madé Bf r%éfé‘l tér@%w%%erﬂé@'rh’t@ 1of slee\%sr%ﬂ%ol%\‘Qﬁpéﬁﬁ%@gln@t the upper
(each for mn at 750 nbar and

SUFfalfj@totF\éréhWIGF?é plcate&@sTst\etthe@qal porfion ﬁ%t’r@ntshielcteathﬁ Iww" of
slee\% %U Q{g}nqﬁéﬁ"g’ dx Qéd YL tiwhlle)’g SRg )?%ILAM'{S”W@%FQ%O%?”S of

cant” e ects on e con rol e set” va
the mdids gindiahl are dnasierdd gresdi(oxneliel paticemofithe noids(2) te & exposed to

' - Thi | 1 [ r -
plasaftls W soLoMile My dFabsh R Gihiids2 oGl 8 portons
of thé maldseare abielded frant exaserd 1o giasess Waerierll kehowe in Eigad geits fully
assemls)aefd1 §9@CC)%% gnﬁ rpgfﬁl ean%\?sg%‘ératssgl:algrs rtr%neqeg ;tvgeeenothrst and
secohh\ engbalpiass 10 Fil gad evith)dialesagrh énsehte 11 dedertel @k desgribeldabove.

decreasing the PCO2 ratio in the fermenter medi um by
i ncreased nitrogen flow, the total gas volune flow
Fig. 7 Bhéws the ffrﬁrrﬁraat;ﬂétevmarrdrwc@ﬁ@mttdmpleﬁ@% oSetse&@td@ﬁbodument of
between 1.5 - 25% pC0 2 with up to 1000 nbar
the ca(rier greydingdo bsunyenyen ét?al?ﬁhg’t‘%‘éeﬁh’t?dc%?t@e\ﬁ’t‘%@a? ig fis§ows the
first SRE sdéBnd blaté40, $h6f"6brﬁe}34 inl atn és%e%%‘éj' sﬁét@ Hu@wﬁ%ﬂtrn%lds being
pressure and i ndependent rom one
arrarg;eg&]e eq;htae\mqtﬁnphsgqaprqjugeta{ gla r'l'gp flr%@ggﬁe@ond plates are
provr@@&‘%tﬁ'h‘blesl 4'(’)‘0/ drtAb 'b@Mxeﬁ Qg%ﬂe Qhoﬁtgﬁ‘aﬁ& bcgrfn%ﬁtetdhg one another in
oxygen entry for animal cell cultures is sufficient
an elpgigically copgreipyeimannes with iths aldfof Berews éb. kmdhtaee_mttqﬁiénent_there are no
addl n@"ﬂ)lﬁg 'aﬂgn%d éthﬁe 'EWanslmh]eA[n%t arggedo%fj R)‘P&ﬁé% 96,31 dNIEb,rbg
course rocess , a profilefor the
dlﬁerenqerbhmlscfrmbﬁdlmhatrtgése carrigr £wban eompareddo thadiireserapddiment of the
. C i i ; t] c
carrlé?r{]ﬂfg: %?hh@g?gﬁggﬁ{lﬂgé;r?sp%rgg) (g\ﬁ@e({ ﬁ{ Elgt Balker)gr g?%ltﬁsthggeparate
requirenents for the industrial process paraneters
consi dered can be inplenented dynamcally. (C pH
adj ust mrent agents In the excess netabolismcultivated
cell lines produce significant anmounts of |actate and
other organlc aC|ds mhlch together mnth the co2
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the | ower degree of mxing wwth CO2-free anbient air
whi ch inevitably occurs with conventional sanpling.
w®@200pl0921g0 Wi t h the syringe is carried out by neEIEPDDI/@S50651

steril e adapter which could be connected directly to

the sanpling valve of the regctor (Fig. 16). The

internal pressure of the reactor noved the plunger

installed in a gastight manner in the syringe fixed in

S rt alnst at nospheric pressure to the preset

hom%ﬁ%ﬁéP%ﬁ $IWM18). Conparative results of this

preferred sarrpl ing nethod with different reactor

over pressures are shown in Figure 15. Further
The way hevite asssmidethe speandgmbpdirmant af 1y catier £t themaids and the
holddrd eetaegmﬂenfgsmonér B%tééséﬁ) atd Afir Tp%xr.v@ms Qﬁﬁeﬂto that

reactor sampling technique already a to mnimz
alreadii deperpedder e dishlembadigient obihewatrieat!i baweygrosinge fhecﬂﬁcond
embgd?r%ehto f.%Qg/%ar-rriBr% %ﬂmfs%lt%letf&q’emé@rﬂ5ﬁ§sal’H(fs nce the female

preval?rng In eacto ng tinesh d
moldf urr tHeetesmiibﬁorﬂmteoctlmenﬂ dysotdbvel amveédn@eathrs iF@iready provided at
the n?angolci‘églﬂﬁt %%?Mﬁrgfé‘é%m&éat&f‘% rﬁgtg% gc&r ﬁgsdt%p (r]aq‘?n inserts are

i C pressure receiver was tegra

needebéoremrqtdimggny plasti@caemcarené (fued at cbheaslde\ga 22in thé §igst e;nbodrment

Fi g. sure neasurenment was al so
dﬂh%8§§@bﬂ %%?5%90%%€Bh§??m the sanpling unit fromthe
reactor. Control of the sanple pressure indicated on
reactor |evel and, consequentl the isobari
In Fig-514 %E'ﬁ g ghewn t%v‘%"é(r?ﬁt‘%fﬂé\%[‘sree eriggonar effﬁ’ﬁﬂﬁ‘q@ opipe

appaPatQ¥bacE SRR itk fbentloRelhe hoptyRRBSoAPritéLMrbA®hent chamber 50,
hICgressure bl anketed fernmenter into the sanpling unit
w

Sreydipdricglly ﬁ@ar@ldoAppargtusﬁ;gf thigeabed(merd fu gQprises a first

electrdiet sl 4k %édh\derﬁedtr'oﬂgﬁtzu\%l%g o il n@rd%@%sdm‘és@na
subsequent to uncoupling the unit fromthe reactor

between frst elgctrade 5iTard peasnd Blestiogn BRok stitabia AlgsMagas may be oxygen,
for egﬁﬂ@ Eathissd IOV I LGY G gﬁidfohﬂed Bi/ § C‘Qﬁ'}ér g?'lt%@'b%@ﬁ d%F'@ribed

ol ved gas concentrati ons free sanpl e _
abovegnfor exane byeaeler der byacarder %demecb\e,&hdr A issehematically shown in

Fig. f)(#flttirﬁg&,rond?eq)&@r%de% mee&f ddTXga@?god(ﬁrcﬁv@?érﬁa&Wﬁtqge %h%ﬁo or

e support un| ent sa vol unmes wh
wallam‘rt@abmmchemba@mg' hayrsrtqge$, earu:tasadr@t)fethes‘,lrseeuesem raetal

plate%%l?{)% Ingé"’rsfér cgrr %rsﬁfu Eé%%(a(t&trv thls YM %ol'dta ”?A/ etﬂal?géd Sriqﬁééll of

treatmensttrramtterr ﬁl The wmeom@mms ells:odnamefrandnetalabrgf jrothetuminum,

ec flc vel oped DPN for sanpling in
may%?%%%ﬁ?tla ﬂelt ed fernmentations of animal cells. The
sterile coupllngs (Staubli, Switzerland) in

conbination with the steamsterilisable san&l g val ve
S'”C%fhetfﬁét Hdoieeaed gietal platesi @ 1 pEC3rige! 8fe ¢per Pi’é‘h%‘f another in

an erbaﬂcatyl ddnd[i&rv%@ﬁe?rﬁr‘er Vtﬁ§ nBPE)os]siUT@ R Blasridabhifibr & dR0Bbetween the
not sh omn dure shows i n an exenplar manner,

first anglsegepd Blﬂtﬁﬂé*ﬁ el 9. 6?1 eMeNeF dHmMay PBYEFFH@'%@@rFmSﬁ'Q'etf@r plasma to
leak FAMMWRNED2LE BEIORARP kEhdTREBPHale™ CANPRI LS RSh \%&:H id &htinuosly

pressurecontrol |l ed sanpling method devel oped a
appllﬁércrﬁrﬁ%tme@hctﬁm%er@e%m@-rbefahkléteed thatpieres thas not only the
functﬁ}ﬁl Q@ggﬂ @} thd prg) M&Jdlﬁ&t  1drin@€ & ol @Qé‘rgg tdiBas

'S carbon di oxi e concentrations do
leakey igtoi the@ame pelawisteond metahplatd Tt.er ent vessel S

i mredi ately after sanpling, the concentration of

di ssolved CO2 in the conventional sanpling nethods
Alsodecasase mdiyisZ08sahtiin ovge driveorki of shie Adesrbhthie disst adatalquibte 10 or 40,

Thus, if conventional sanpling techniques are applied,

a representative neasurenent of dissolved CO2 in

fermentations with pressure blanketing is only

possi ble with i nmedi at e neasurenent by neans of a

bl ood gas anal yzer. The use of the sanpling apparatus

devel oped, while maintaining reactor pressure and

reactor tenperature, |s an essentlal advantage The
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processes through the cell nenbrane. As already
di scussed above, there are several relevant
wo canspes ers in CHO cel | s which are responsi bP@r/EP1009/050651
pH control. They adjust the intracellular pH val ue by
means of a flow equilibriumgrior to a dissolved CO2
di sturbance. This phenonenon will be further discussed
in the followi ng Exanple where the in situ effects of
CO2 enrichnment in the culture nediun1on t he c%tosol

respeHively| faail IPlugyBak e sEERY (NEal Pls fq Shiglf ray cemppngepranged

betw@8n Ridt addSeRIGharblhtds MOLIMGrdh Bgog%xﬁésédhg plasma and/or to
ti me-dependent cell response on letion in the

prevenfior gf eafkdPaiv eAles plgsmaﬂmﬁkmlntﬁéh@ SP@P%@’%’P%F“&H@% and

secoh8l n?étéltblétgs ﬁ@% %9% 9 Je%ge&%i | -scale fermentation
system (Appl i k 1°1L). For thls pur pose, the set val ue
profil e of pCKE was raised gradually during a

- j Vat |

Itis é:rglgzhjlep i‘éﬁgéu w%ngjtsat g)ré[ﬁéglag\ étl(g I‘I(}a”? @F{gjc{[/l?eg %B@neﬁnts such as

metad| plagsist 9Iiaiohra|geri iasértm ptugs priog eds bei made figm dleensdree sedgrial, e.g. from
f i t he above, in vitro observed, effects of

mek?%%ﬂ%%; Pmﬁ%ne al kal i zati on and the |ong-tine
acidification of the cytosol after a decrease of the
pCx2 level in the culture nmediumal so occur in situ
with, in contrast, an escal ated enrichnent of the
culture mediumin the small-scale fernenter. In this
context, corresponding short-tinme acidification and
I ong-tine al kalization can be observed as reactions of
the cell to the escalated increase in dissolved CO2
concentrations in the nedium It nust be noted that
the long-tinme al kalizations of the cells after the
pCO>2 surge to a higher value (Fig. 25) remain at this
| evel (+0.1 pH wunits per surge from2.5%to 5.0% and
from5.0%to 10. 0% pCO2, respectively, in the medium.
Thus, the intracellular pH value seens to be directly
correlated with the pCQ2 | evel of the culture nedi um
since, apart fromthis paranmeter, the cultivation
conditions are constant in the chenostat process.
Thus, there is the possibility to influence the pH of
the cells, with the descri bed consequences regardi ng
physi ol ogy and netabolism via the pCO2 concentration
in the culture medium To date, only inconplete
studies on this subject matter have been described in
the literature. These exam ned conti nuous processes
regardi ng the influence of pCO2 on animal cells,
however, they were based on nethods using cel
retention which could not ensure a constant cel
popul ation (size distribution, cell cycle phase
di stribution, netabolic consunption and formation
rates). Phenonena which can be generally observed are
the al kalization of the cytosol with accel erated cel
grow h and generally intensified netabolismand/or a
nore acidic pH wth resting cells (Engasser, Marc et
al ., 1996; Welsh and Al -Rubeai, 1996). In conbination
with the pCO®2 controller devel oped, the chenostat
process as studied herein with a cell output over the
conpl ete size distribution and with constant cel
density provides, for the first tine, the possibility
of detailed cell physiological and netabolic studies
of the cells in equilibriumstate. Thus, it is
possi bl e to decouple the effects of the pCO2 content
in the nediumon pH fromthe changes which, due to
cell growth and cell cycle phase distribution, occur
e.g. in batch processing or in processing with cel
retenti on andassoci ated size selection. In the early
1990s, Wi et al. already began to work on
S|ngle ceII-based conput er simul ation of t he
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glucose limtation and "nmetabolic shift" The
di fferences recognized in the central carbon
woredoaled7esm caused by the different pCO2 set vRET/EP2009/050651
profiles were studied in greater detail in the
chenostat process ( 1 L).Inqghe 1 L bioreactor
described in Exanple 1(E), the reconbi nant CHO K1 cell
line CHO- MJCl-1gG was cultivated in the chenost at
process. For this purpose, gassing was carried out by
means of an L-shaped gassing tube (Applikon) which
Clairht roduced the gassing m xture wi th constant vol une
ow i nto the nedi um bel ow the propeller stirrer (2.4

Lh 1) . In this context, the cell suspension was
1R RO LRGN D BAPERD B8 fers mots

neohIsing atreédtenentelthmbzyi(90), Bovhithas fltsthelelctra«iet 1) \sodreamged facmg
? arrf[gt @tl&ﬁfﬁre @ﬂ@s’thlgﬁolds-r@g toc&% {rg%t:_lgg ntﬂéggrrlfelr glbﬁll)rtan? ﬁg the
dsmsntt yalemaeder\(Sanand torprigog bifirdd nmeatan pﬁate 11&40)1Yavinglies

h ub
8080w hére fd AstoulmERLO Rt Cai4d) bl af POEH aced apar
t fiem s BB Dinketal platd @b,40f)\ and daichti® commedcteat te thafitsain@tal plate

(PSP A5l cBrbeli@ erar 11 it fvn tiedmeids 2) beng

Sadred dnheé @ed&ﬁfdﬁnél@l @ater(m aa) With tHitrasldMGSurfaces (210) facing
Subseqguent. to a increase in flowrate D w

alRwe tB%fSﬁ@'eﬁH 95169”@?)8'89@8%?5]% topqlﬁ%‘aﬁtt %Ll'gf\/télé holes
I\geou@d) idtthe B3t Metd brid pid;49)6 to pH 7.0 using 1M

C®B) . Thus, the lactafe remetabolisation
prevailing up to then was stopped and an increased

2. | RGiALEs fa@éd?ﬁu‘n %‘ ce H'r\Fvﬁ%e i e FiRG a8l %89&1%’ rlnél?\oélﬁ%s

chenost at proc e cell-specific lactate mat i on
rdoed %t)@éﬁ@dcadmn ang dinmensined sy sh thdbwbee the earder (1;4) is
I L0e,
PR i HEFRR AL ERUAbel B0} Hcoo el 5t Hi b meta
twat28%d pCCROA42B ltn)somtacttvhttsthelmmﬂ/ (BQQ)idrivtatis ofrihettle@tment chamber
c&é -specific | actate formation rate triples during
‘follow ng 150 h and the gl utam ne uptake decreases

(Flg 36). At this position of the gradients between

3 ternal and external $ %alue, on Hhe bPShS of the

- f IMRA'AYE 35¢0THRE 1D ARKBAT Of HE &ReGediNg §19MesTURBESFTRIISiNG separate
| dbbrrag@enddie (P4 ErBekihetHoWsE, previd e inl thie firsh ht&ét%té g akigh the

transport and netabolismvia an optim zed contro

(‘HP%’agfﬁ IRgsAisi (At §asA NAving %‘H’%eétngv(éﬂ@e"”&@htsracﬂapteﬁ* tpealy expose
Ctb tnbtl| @in §BAAHE (21@(@\’% %sﬁe&%@l@@&ﬂt|t&§*h|§l§qa‘llk2ﬁﬂé3r|bortlons of
cultivations of cell |ine CHO hGW PYC2 on a
Lthe éegled (Adropt BXRAsUIenOtIRSMA-esent i nvention so far,
apart fromthe pH value of the culture nmedium also
pCO2 and pCO2 set value control affect the centra
4. niprebeius eacwiingitd aoynané pf thenseredingeraigis uwberein therviad ¢500) or
I {

RIS CTAY Bratien} AR o0 R maBEpt ERPaR] nbfave ground
nedtedd@l.i cal |y and energetically optimzed cell culture
process. Since in particular the netabolic switch for
| actate renetabolisation may enable efficient

5. rmmaiwtbis@c@ﬂﬂhgﬂ@’ény\bh@oﬂhe@%@&@ir@tmﬂnﬁp\ﬁlﬁmm tiMd or more molds

productivity.in reco i nes

D i A gl R po A ik piis beBadgaoter which
ThRfe8bOid toithe HRRINGE PEMTRIYSS 10€:300) iRakk MET Ml pllie(10;40), so
conmbi nation of the pCO2 process engi neering devel oped
herein should be carried out using a CHO cell line

which is optimzed via nmetabolic engi neering and pCO2-
sensitive at the sanme tinme. Consequently, a sensitive
alignnent of the control strategies in the fermenter

with the desired cell netabolismis required. In this
context the ener gy transfer nust al so be taken |nto
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whi ch corresponds to a successful arrestation of the
cell cycle (Fig. 47). The thus extended viable culture

w@eowoek7en conbi nation with the increasi ng SPRRCIEPIN9/050651

10.

the stationary grow h phase results in the highest end
product titre in this cultivgtion series (Fig. 44).1n
summary, the cell-specific productivities with the
cell cycle phase fractions of the cells in the GQGL

phase are shown for the roc W|th differ

ptPBWFPOé‘ ??Q?”Pi?’ﬁ"f 8“0}5&5 qTFB theytyg OFHPQF%WQ% (25)0”“’ the
I 8hé fekaDIdNe (FUsTBAE ﬁ@l@ef @) it zﬂﬁan@@ﬁ Getvizesh the flrst and second
fernmentations with different pCO2 profiles for the

ceetal pipigs anddh @oldssE) WF%SSP' )99@@[“9%40 it Pl (1H:499) in the
Cﬁ:}gtrreg@t@gtevmbqoshe I ncreased GOGL phase fraction of
cultivated cells. An increased QOGL phase fraction

correl ates with an increase in the cell-specific

p d I
Gy BebokandRg of)y BEEr S0P Gl nBEEn B8l ZhtiZecon:
phawéplhbresdl 0.0h;403¢) aismmbte frematlimimamy gr owt h phase.

The increase in the specific productivity by

arrestation of cells in the G/ GL phase is described

| Appiahetub iatesrding ite anyohd betde fppdabdmiggiieis swierefni metal plugs are

product|o for 0 te erved e.qg.

GPanoe iAol e R medhugiRd B0 e sl Bpraithi in te hote

d(uoo,ﬂgo; he exponential growth phase were arrested and,

thus, transferred into a long stationary phase. The

process strategy of pCO2 control as pursued herein

& r&t%sfa%or@ﬁ?‘t@ S BMER prdbeRing @ISt wREBHARAE Patsh%r\s an
?Q"%:g is 10-fold %%her (at IOIcont rngl ' ed 15% pCR) 't p

vityaeR RIasBer at egy based on tenperature decrease by

Bollati et al. (Bollati Fogolin, 2003). According to

the findings obtained therein, it can be assuned t hat

aCaroer (1;4)Her daatyingrmelds €2)sorind plasma teefatradpt, compreing a first metal

C ( t : P

a1 4OTfy Y P35 UEIARTER Rl 303 g BRRADRKEIH:41) whicn i

i avcargad sdamd)mhartfrmn the firisbmatal plmteehﬂe"@) pno e is connected to the

d d
HECs SRR BT FoeRe TR IS mayBh L2t £49)°6 fat ne
desials i(Daghn(HRl aresmigetion tHO8onitrostel, pldt8 Q71 ;4 Kpwitttber,molding

b IEL e dhd o oAty AT te e Tapio). the

cwm@rffuﬁwros)mdﬁemg\sepdecb @aghragmenderrded) for Heartes prowded in the
rati on can be achi eved, .incr eased controlle

féf SH“B@EP'@"GF ¥ith e digphrrpgriaserisddd) $390 Navig Ay Ope”P”Q (142) which

figaBbte@Ro bA @xpostthe rﬁdl@ih?@ﬁ@adeS(Zﬁ’OP&Qﬁ’é Vesb@btﬁfeQﬁloIH @2) but to
the increased solubilit in the culture nedi um

(yeleall pthes gpitioas PBWGI”FP'Q ERTATABXRASUR P13 @ ont r ol |

nmeasur enent and control of pCO2 in the culture nmedi um
devel oped in the present invention an enrichnent of
Ceariphagdeeding tpudldmphadereindwe oumoes motds d2) ExanggH én 2 peparate
Ty [

SrEBS% )"3 at (((je}x ausﬁ&% Me%@we?%bﬁg ﬁﬁﬁ tB%(he{Tﬁg@@():(@Bf the holes
u(dﬂﬁ;lééor Iattlee {iSUREtaMptate (1HE;40achohe diamd detoethelsat;drtdmetal plate

I t | t

A7 SR pRER el ooy S RBLERM R BB Bl g bl gt pates
[ (r1 0R@¢€) 41) aAd tHRQ’noHiSL(E) are]armgbdi comgryemdo thre haleéd(100;400) in the
dﬁfnentgH'P(ﬂ A gld or protein anabolism whereas an

Ps n indicator for inconplete oxidation

of am no acids and for protein and |ipid catabolism
(Hauser and Wagner, 1997; Al berts, 2002). As described
in Exanpl e 1, the oxygen transfer rate OIR can be
cal cul ated based on the kLa value. This val ue was
determ ned cell-free under standard pressure in
cul ture nmedium using the reconcentration method under
standard fernentation conditions in both reactors. For
the 1 L reactor used under atnDspherlc pressure, kLao2
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congruent to the holes in the first netal plate. The
first and second netal plates of the carrier can be

woraee/0927em al um num for exanple. Al so, as haspel/EP®AY050651

11.

12.

13.

14.

been nenti oned when di scussing the correspondi ng

enbodi ment of the apparatus,qonetal plugs are arranged

in holes of the first netal plate where no nold is
arranged in the hole. Still a further aspect of the
invention relates to a nethod for plasma treatnent of
nofEET aFGorHRY 19 3 et FT&aims Rt dO: WaRE B diest and second metal
CHAREI($0 N%4D 2198 REROALARINMLDM. st eps of 1 - arrangi ng
the molds to be treated in a plasma treatnment chanber

- providing nmeans for shielding parts of the nolds

0 . ' . f ' :
oot SRR, 0 0490 4 00 A 0 RS s

nged I n
t hdep (109100} plethe iest matdlatade (1Q;60)avhgraomamold fsearranged in the hole
aﬂbgqbapes of the nmethod in accordance with the

invent1ron have al ready beendi scussed when di scussi ng

t he advantages of the apparatus and, therefore, they

ciE0aP Rt gt b Rel umoe At 1 ERELF Ganmolts, comrising

tthe sppdssi i s an oxygen plasma. Further advant ageous

aspects of the inyention will beco apparent fromt

ol ngnaeba oty BoAEhs Keate ot DsEPGfEyEent chamber (50)
enbodyrBwaing nddanis@0,1 mviéntol 4 fo slhibldihg?ipaﬂtﬁoﬂﬁehﬂﬁds (2) other than
draw ngs in which: Fig. 1 shows the first and second

met al thpmaldag éF"f%elsi(?EQ) TTh BRINGENPOSSH 1 RESERy PNGr
accorgipasing e §feld8y fidldsqQR) afrdthedan $ROMBshA Gehinieht chamber (50)
enbodi ment of the carrier according to the invention

i n anfo@sasMPed state but without nolds, Fig. 3 shows
a bottom view of an enbodi nent of a di aphragminsert
which is to be inserted into a hole of the first netal
pMathed apteding tg kigin 18heheremghe atpsmafis Bh @xy@en plasmai de
view, Fig. 5 shows an enbodi nent of a nmale nold that
can be plasma treated using the first enbodi nent of
the carrier according to the invention, Fig. 6 shows
the first enbodi ment of the carrier according to the
invention in an assenbled state with nol ds being
arranged between the first and second netal plates and
wi th di aphragns inserted, Fig. 7 shows the first and
second netal plates of a second enbodi nent of the
carrier according to the invention, Fig. 8 shows the
second enbodi nent of the carrier according to the
invention in an assenbled state but w thout nolds, Fig.
9 shows the second enbodi nent of the carrier according
to Fig. 8 but with nolds being arranged between the
first and second netal plates, and Fig. 10 shows
(schematically) an enbodi nent of the apparatus
according to the invention. Fig. 1 shows the first
metal plate 10 and the second netal plate 11 of a
first enbodi nent of a carrier according to the
invention. In this enbodinent, the first metal plate
10 has twel ve hol es 100 therein, however, a different
nunber of holes 100 is of course possible. The second
netal plate 11 does not have any holes at all, since
the nolds are to be placed on second netal plate 11.
Fig. 2 shows the first enbodi ment of carrier 1 in an
assenbl ed state, however, w thout any nol ds being

pl aced on second netal plate 11. First and second
netal plates 10,1 1 are connected to one another in an
el ectrically conductive manner. Pins 12 are arranged
at the four corners, as this is shown in Fig. 2 (and
as is already indicated in Fig. 1) . The two pl ates
are fixed to one another with the aid of screws 13, as
this is showmn in Fig. 2 (and as is already indicated
in Fig. 1). Fig. 3 and Fig. 4 show di aphragminserts
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