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BACKGROUND TO THE | NVENTI ON TECHNI CAL FIELD 5 The invention relates to the
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30bal ance is or can be used to optimise the process. The carbon bal ancing
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(1/2) Moreover, the invention relates to a cell culture medium which contains 12 mmol/L or less of
25  HCOs or CO3% ions, the said cell culture medium containing the following buffer components:
(i) N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (CsH1sNOgS, TES)
and/or
(i) sodium-B-glycerophosphate-pentahydrate (CsH;Na;OsP x 5 H.O, Sod-f}.

30 In the regulated fermentation in the bioreactor, the pH is regulated by the introduction of CO2
gas and the addition of liquid alkali, e.g. Na,CO;. However, to enable the pH to be regulated
independently of pCO,, the buffer system and the associated pH regulation must be provided
using agents that do not release CO,. Only by eliminating CO,-forming buffer and acid/base is
it possibie to achieve independent regulation of DO (dissolved oxygen, pO,) and pCO,. In

35  addition, both the buffer system and the acid/base contribute crucially to the osmolality (osmo).
The CO, independent buffer system with acid/base was therefore developed specially for

osmoreduction. The pCO, regulation contributes to the optimisation of bioprocesses, as an



7/ 56 SF10 = Medi um NaHCO3-free with Sod-11 50mM (2/2) SF11 = Medi Um
NaHCO3-free with Sod-11 25mM (1/2) SF12 = Medi um NaHCO3-free with Sod-11
25mM (12/ 2) SF13 = Medi um NaHCO3-free with TES 80nmM (1/2) 5 SF14 =
Medi um NaHCOB-free with TES 80nmM (2/2)5/4515 = Medi um NaHCO3-free wi th TES
40mMM (1/2) SF16 = Medi um NaHCCO3-free W|t TES 40mm (2/2) SF17 = Medi um

NaHCGO3- f h T =
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100mM (HZcd &%f[re e \Hﬁg HeERl EiBety Winthd sdatatiiihase 100mM (2/2) SF21 =
I\/EdlumA(con rol) (1/2) F22 = Medium A (control) (2/2) SF23 = N?adlumA
Bl ank (=Medi um A MOPS-fr ee, NaHCCB free) (1/2) 15 SF24 = Medium A Bl ank
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and scales of production. It is impdrtant here that only by uncoupling the three regulating
variables mentioned above, by introducing a separate pCO. regulation with a new buffer
15 system, is it possible to achieve an independent transfer of scale; in conventional systems the
3 regulating variables all affect one another to a greater or lesser extent depending on scale.
Therefore, in conventional systems, it is not possible to transfer these 3 regulating variables
identically.
The osmo-reduced acid-base buffer system leads to an increased cell vitality, increases the
20  cell-specific productivity and allows a further increase in productivity by extending the process
time. Preferred acids and alkalis for the pH regulation according to the invention are NaOH
(sodium hydroxide solution), acetic acid, phosphoric acid, sulphuric acid and hydrochloric acid.
Hydrochloric acid, phosphoric acid and sulphuric acid are preferred. Sulphuric acid is a
particularly preferred acid.
25
Another benefit of the new NaHCO,-free medium can be found in the field of analysis: in some
experiments in cell culture technology it is important to determine the carbon dioxide formation
rate (CER). Eliminating the CO. sources buffer, base and acid makes it possibie in the first
place to achieve a carbon balance, for example by exhaust gas analysis and this carbon
30  balance is or can be used to optimise the process.
The carbon balancing is carried out by detection, e.g. by exhaust air analysis. The new
regulating strategy permits an exact carbon batancing (for example CER) which is used as an
optimisation tool. The carbon dioxide formation rate indicates the amount of CO, formed by
the cells in a litre of culture liquor in one hour. If the operator is obliged to use a cell culture
35 medium that is buffered by bicarbonate, peculiarities arise in the determination of the carbon
dioxide formation rate. In the physiological pH range, in the total carbonate there is an

equilibrium between CO, and HCOs, which is influenced by the pH. To obtain a balance, the



SF35 = Medi um NaHCO3-free with Sod-11 25nmM (1/2) SF36 = Medi um
NaHCO3-free with Sod-(1 25nM (2/2) 35 SF37 = Medi um NaHCC3-free with TES
80nmM (1/2) SF38 = Medium NaHCO3-free with TES 80nmM (2/2) SF39 = Medi um
NaHCO3-free with TES 40mM (1/2) 8/56 pR40 = Medi um NaHCC3-free with TES
40mM (2/2) SF41 = Medi um NaHCO3-free wth Trizma base 50mM (1/2) SF42 =
Medi um NaHCO3-free with Trizma base 50mM (2/2) SF43 = Medi u

NaHCO8- faas&opeRitiqn isAanglysad s 11d9 ﬁﬂﬁf{dlwzﬁ)"d§3§9aﬁem°\f\9é’cfr%h€afﬁm‘f?rr EEhGHS
Trizme hoge dOONdrical % obthitha BalbReE WThédia MM ks tHd ddtuSiFtérage Mgttt
(control) (2/2) SF47 = Medium A Bl ank (=Medi um A MOPS-free, NaHCOB-free)
(1/2) Sreh cultwediays i ukaewn.( IBdieMMEdivEREee frem HKRIEE= P ddych 'E/ij'mfgv
SF54 = Nod bl tHiedCE- 5ﬁé§,§ﬁﬁéﬁv pbRiEsitRs!f fer 60mMM + NaHCO3 8mM (1/1) SF55
Medi um NaHCOB-free with S buffer 50mM + NaHCO3 8mM (1/1) SF56 = Medi um
NaHC8B-free with Sod-a 25mM + NaHCO8 8nM (1/1) SF57 = Medi um NaHCO3- fr ee
Wi th TESddr@endil rbg/{hJé iNﬂi‘ﬂ@Eﬁ lﬁﬁMirm@émgﬁﬁﬁ the MB@&%N@H@%&@&%S% tihis

Trizma base buffer Buf fer screen for titre
on days reeansdthed, @F@Peﬂteﬂbfﬁr@ﬁﬂﬁﬁmmf r"éed*%r?mi HMAbRYS ity 8r canyolied PH)

SF02 = Negdigamoa el argeotalindd HRPRAMB Udt! fifal ]tﬁ’l@nMe(I 2dotht, metabSkR3 atcMegh um
NaHCO3-fr ee vmth HEPES buffer 60mM (1/2) 20 SF04 = Medi um NaHCOB-free with
HEPES bdemantdorvupeiie arsrogt RCReaeiiplag Hoese Byawelgrs mavdibetusts stsideiidv
(1/3) SFIQ@ome%%m%mﬁeh%oWr&ﬂomﬁeﬁaLHaf-ti%blallQWﬁﬁh(tl?é 2dalif & /differbidi um
NaHCO3-free with MOPS buffer 50nmM (1/2) 8 = Medi um NaHCCO3-free
vmth MOPS buffer 50mM (2/2) 25 SF09 = Medi um NaHCCB free wwth Sod-a 50nM.

(1/2) SHHSsERMaIONDANKERGURES Wi th Sod-R 50mM (2/2)

An example of the construction of the bioreactor used is described in Example 3. However,

the construction of the bioreactor is variable in principie, so as to meet different requirements.
15  For example, a riser tube may be omitted and instead an additional probe may be installed or

further/other solutions may be added automatically by means of hose pumps.

FIGURE 1 COMPARISON PO2 [%] WITH VARIABLE NAHCO3 CONCENTRATION
Buffer conditions:

20  Curve 1 = Medium A NaHCOs-free + ZERO NaHCO; (completely NaHCO;-free)
Curve 2 = Medium A NaHCOs-free + 1mM NaHCO;
Curve 3 = Medium A NaHCO;-free + 4 mM NaHCO;
Curve 4 = Medium A NaHCQO;-free + 8 mM NaHCO; + 20 mM HEPES
Curve 5 = Medium A NaHCOs-free + 8 mM NaHCO;

25  Curve 6 = Medium A NaHCO;-free + 36 mM NaHCO; (control)

FIGURE 2 BUFFER SCREEN

A: Buffer screen with a high pCO2 profile

SF01 = Medium NaHCO.-free with HEPES buffer 100mM (1/2)
30 SF02 = Medium NaHCOs-free with HEPES buffer 100mM (2/2)

SF03 = Medium NaHCOs-free with HEPES buffer 60mM (1/2)

SF04 = Medium NaHCQO3-free with HEPES buffer 60mM (2/2)

SF05 = Medium NaHCO;-free with MOPS buffer 100mM (1/2)

SF06 = Medium NaHCO,-free with MOPS buffer 100mM (2/2)
35  SF07 = Medium NaHCQO;-free with MOPS buffer 50mM (1/2)

SF08 = Medium NaHCO;-free with MOPS buffer 50mM (2/2)

SF09 = Medium NaHCO;-free with Sod-R 50mM (1/2)



SF11 = Medi um NaHCO3-free with Sod-R 25mM (1/2) SF12 = Medi um NaHCOB-free
with Sod-a 25mM (2/2) SF13 = Medi um NaHCO3-free with TES 80nmM (1/2)
30 SF14 = Medi um NaHCO3-free with TES 80mM (2/2) SF15 = Medi um NaHCO3-free
with TES 40nM (1/2) SF16 = Medi um NaHCGR-free with TES 40nM (2/2) SF17 =
Medi um NaHCO3-free with Trizma base 50nV (1/2) SF18 = Medi um
NaHCO3-free with Trizma base 50mM (2/2) 35 SF19 = Medi um NaHCO3-free with
Trizma BHEE AWedivm Nal§Osfroe with \gogrk AYRMHEER- free with Trizma base 100mM

(2/2) Skgdyq= NﬁgquﬂNéﬂé@)gl%éWn}x SfoHL@ESmND@fZ) SF22 = Medi um A (control)
(2/2) SF23 = dium A Bl ank (=Medi um A S-free NaHCO3-free) (1/2) SF24 =
Medi um ﬁFBIZanMe@HWEH?HﬁQAﬁWthSP@é3 REMMAR A r ee) (2/2) SF49 = Medi um

NaHCCB- fdeg “’N%Bmh‘ﬁﬁ’%@ﬁr&@htﬁqrﬁg S'Orﬁﬁgg? 8mM (1/1) 5 SF50 = Medium
NaHCO3-free with 8mM (1/1) SF51 = Medium

NaHCEB- S MeriugoiatiCosfre wWitha HeB80sMI%4) 1) SF52° = Medi um NaHCO3- f r ee

W th TESbu £ ﬁmﬁcwmmﬁnﬁggm 0 3 = Medium NaHCO3-free with
Trizma base buf%1 50mMM + (1/(?@10 FI GURE 3 PCO2 REGULATI ON

Fi gure §Fg1r6apMeé%.'m Naidﬁ@w@'e?l"i‘éthércﬁ?r@@“@f e internal pCO2 measurenent

(probe V@r#ﬁ aMfeeﬂﬁ%NﬁHé@g @reéw&hlw;zﬁﬁa)ba%@@omhn tig external measured val ue
on the ood gas anal yzer %Hp otted over time. The first calibration
Mt rigEaRas

mar ked W1 = edWﬁbNﬂW@@ﬁﬂQP 580M (#/Pbe and BGA) on day 0 (d0)

showy | idrfees ﬁlfeE%FﬁNéﬁCb@reé%&H'ﬁizhﬂ%&Qamﬁm figtics are still too 15
unsettled. Fromt 2nd calibration (2nd arrow on day 4 (d4) a good

correspmMEHWQHCPtﬂr@'&Pm‘@rTﬁﬁmaaPﬁ?eéﬁp@Nh {2)measur ed val ues can be

det ect edgpAxd medfuﬁpﬁ\?&ﬁ%g%p pCQ2-online vs pCO2-BGA Curve A = CO2
measurenent internal (via probe, Messrs Mettler Toledo) Curve B = CO2

measur ertfia2 eMegiuaph ‘{CW@' B4R Rapi dl ap, Messrs Siemens) 20 FI GURE 4 NORVAL
LIVING @gdg %MM%@H% A%O@@-ﬁéJRﬁl—@@!@E@?Wﬁ ON (B) A Live

cell count concentration ul at ed/ unre at e? A=FS 33.1
Medildm ESWHCM?dﬂmé@'WSMBF’@E‘A Mé}lﬁ%ﬂ HEeP eyl ed) pH agent: 25

NaGH B =57 B&ea,uwaaueo%arueuﬁ%éms bhﬁ&%ofme Narm\ériﬁﬁ?ﬁ/@mw NaHCCB
(unregul at ed agent = FS 32.3 Medi um B, -free MOPS- fr ee

+ 40mM m'étlr umaN@dﬁOwﬁﬁe*gﬁm MOBS)ouser 2Bt Naﬁ@@qﬁml\ﬂ (171)
SF51 = Medium NaHCO,-free with Sod-B 25mM + NaHCO; 8mM (1/1)

SF52 = Medium NaHCO;-free with TES buffer 40mM + NaHCO; 8mM (1/1)
20  SF53 = Medium NaHCOs-free with Trizma base buffer 50mM + NaHCO; 8mM (1/1)

B: Buffer screen with low pCO2 profile
SF25 = Medium NaHCO;-free with HEPES buffer 100mM (1/2)
SF26 = Medium NaHCO;-free with HEPES buffer 100mM (2/2)
25  SF27 = Medium NaHCO;-free with HEPES buffer 60mM (1/2)
SF28 = Medium NaHCO;-free with HEPES buffer 60mM (2/2)
SF29 = Medium NaHCOQO;-free with MOPS buffer 100mM (1/2)
SF30 = Medium NaHCOs-free with MOPS buffer 100mM (2/2)
SF31 = Medium NaHCOz-free with MOPS buffer 50m (1/2)
30  SF32 = Medium NaHCQs-free with MOPS buffer 50mM (2/2)
SF33 = Medium NaHCO.-free with Sod- 50mM (1/2)
SF34 = Medium NaHCO;-free with Sod-6 50mM (2/2)
SF35 = Medium NaHCO;-free with Sod-B 25mM (1/2)
SF36 = Medium NaHCO;-free with Sod-8 25mM (2/2)
35  SF37 = Medium NaHCOs-free with TES 80mM (1/2)
SF38 = Medium NaHCO:-free with TES 80mM (2/2)
SF39 = Medium NaHCO;-free with TES 40mM (1/2)



30B: Standardised titre (cf. pCO2-Regul ated/ Unregul ated) A = FS 33.1

Medi um B, NaHCC3-free, MOPS-free + 40mM TES (pCO2-regul ated) pH agent:
NaOH B = FS 32.2 Medium B, NaHCO3-free, MOPS-free + 40nmM TES + 8mM NaHCC3
(unregul ated) pH agent: NaOH 35 C = FSq3¢.3 Medium B, NaHCCB-free,
MOPS-free + 40mM TES+ 8mM NaHCO3 (unregul ated) pH agent: Na2CO3 10/ 56

FI GURE 5 COMPARI SON BUFFER SYSTEMS A: pC2 profile regul ated/ unregul ated A
= FS 33.SF40suMedivm NN&@@@&@W&BTW@K%@ )+ 40mM TES (pOR-regul at ed) pH

agent :  NgdH Sy Bdeﬁaﬁéo;fry@wsth@mM@l;@@smMgm MOPS-free + 40mM TES +
8mM NaHCO3 (unregul at e %WE'?PN&)I%Iem NaOH C = FS 32.3 Medi um B, NaHCO3-fr ee,

MOPS- f r 542 pimENaHC odezrakeeg PRE@DpH agent: Na2CO3 10B: pOQR

profile gmgu %EEWAHéwﬁsgwltﬁfrﬂ%éﬂasé 160rlﬁ§1 @& y2 Medi um B, NaHCOB-fr ee,
MOPS-free + TES S 33.1 Medium B,

NaHOBB- f§Fdd, = M@FhsmN@éCQa-frESWAthWac%ee 196@%(12@3) (NaOH) 111 = FS 32.4

Medi um %Fc@@%wﬁi’&?mnk@?/ﬁf ee + Sod-R 25mM ( NaOH) IV = FS 32.5
Medi um B free free + Sod-1S 25mMM + NaHCO3 12nM (NaOH) 15 V =

FS 33. 3 M6 uMesiumA Mantioh (@) MOPS-free + NaHOO3 36mM (comp. control)

(NaOH) dr47 Fﬁe@éwﬁAMkl{HMBdmh@k'@ﬁ@PBﬂfﬁ;% NAPRSOS-r68) (t/2NaHCOB 8nmM ( NaOH)
C. Standardised titre = Medi um B NaHCCBfr%(é)H MOPS-free + TES

40mMM + mmmw( Med'UMAJ\"@EszSeelN@E'&%ﬁ% (HeHos- 1 ee,

g&f &858 Tﬁ@diﬂﬁi%i@@%é%ﬁ'l—ﬁi@ bE@dmMEe NdHC G, 3?&\/132/14 Medi um B,
NaH free, MOPS-free + Sod-R 25mM |V % I\/{a%lum B,
NaHCOB- f$Rb8,= Nerignt NakCOs-fssa wits MGRR vﬁ%%w +1'§?h%17 nBEM (W)= Fs 33. 3
Medi um By éﬁ%ﬁ@@auﬁ{ﬁ&ﬂcwﬁéemﬁ%ﬁ rl\lasi%&@mcammmmpntrol) (NaGOH) VI =
FS 33.5 |\/de um B ree + aml&l\l%gi) The
pr oduct 355{7ﬁeMe@W"bN@‘dG@B f"@@Hﬁ*@H_tErSaft’li'ff?ﬁ@BM EN‘T‘E@% fES buffer are at

t he samgspspVeMmearin?RANCEEHBE wWitherrieRatyaRk bufftiEdmim 6 IGMHEBRESIN10H BUFFER
SYSTEMS - STANDARDI SED P%CDUCI’ CONCENTRATI ON Runs 1.1 to 1.6 in

FI gdﬁe 6 with CO2 regul ati on and NaOH 1.2M as the al kal i ne solution. 30

= F%?é’uﬁlgrg@rgéﬁlmrﬁtrelblﬁ shbh88s MOPS-free + TES 40nM 1.2= FS 33.2
I\/bdlumB free, ree + TES 40nM + NaHCO3 8nmM 1.3 = FS 33.2

Medi um BSFQWﬂM@Qmm@#CWSBW@MEP%BU%EFMWWMZ)— FS 33.2 Medi um B,

NAHCDS- {ds= MEREn] KEHCO, Red vin RIS liIG@AiNI2) © = FS 33. 2 Medium B
NaHCO3-f r ee, free + Sod-1S 25nmM + NaHCO3 mM 35 1.6 = FS 33.2 Medi um

B, Nch@chreMedwmdéﬂiﬂG@efrﬁee gt HEPES pyifer ﬁ%ﬂ&dﬂ! n6nM 11/ 56
20  SF04 = Medium NaHCO;-free with HEPES buffer 60mM (2/2)

SF05 = Medium NaHCOs-free with MOPS buffer 100mM (1/2)
SF08 = Medium NaHCQOs-free with MOPS buffer 100mM (2/2)
SF07 = Medium NaHCO;-free with MOPS buffer 50mM (1/2)
SF08 = Medium NaHCOs-free with MOPS buffer 50mM (2/2)
25  SF09 = Medium NaHCO;-free with Sod-8 50mM (1/2)
SF10 = Medium NaHCOs-free with Sod- 50mM (2/2)
SF11 = Medium NaHCOs;-free with Sod- 25mM (1/2)
SF12 = Medium NaHCO,;-free with Sod- 25mM (2/2)
SF13 = Medium NaHCO;-free with TES 80mM (1/2)
30 SF14 = Medium NaHCO;-free with TES 80mM (2/2)
SF15 = Medium NaHCO,-free with TES 40mM (1/2)
SF16 = Medium NaHCO,-free with TES 40mM (2/2)
SF17 = Medium NaHCQO;-free with Trizma base 50mM (1/2)
SF18 = Medium NaHCQO;-free with Trizma base 50mM (2/2)
35  SF19 = Medium NaHCO;-free with Trizma base 100mM (1/2)
SF20 = Medium NaHCO;-free with Trizma base 100mM (2/2)
SF21 = Medium A (control} (1/2)



FI GURE 7 COVPARI SON OF CO2 PROFILES Runs 3.1 to 3.5 in Figure 7 with CO2

regul ation, NaCH 1.2M as the al kaline solution and with Medi um B,

NaHCO3-free, MOPS-free + Sod-R 25nM Different CO2 profiles: 5 3.1 = day

0-3 5% CO2, day 3-11 3% C2 3.2 = day §¢ 8% CC2, day 2-11 6% CX2 3.3 =

(ilaz 20/403(3_»);@03)2 gay 4-8 10% CO2, day 8-11 8% CO2 3.4 = day 0-1 8% CO2, day
0 ay 7 8% CQ, day 7-11 5% CX2 3.5 = da 0113%C0210

FI GURE. $TARITMESMDAT{Q8NIPH{2% TH USE OF THE NA SALTS SF1-10 wi th use of

'\N/gd[sgm ?FgE@J@%u%fﬁBlanN@geﬁuPﬁm WMSpe-ffde RlapidcaHtbepd2) i on of different

a : = addition ter 15SF2 = addit
of wat erSF(Zf*OTM@@HWr%B}a”!SIﬁBMed‘HH‘d"\t'ﬁ@ﬁ%%fees5’%‘?‘&93 55 %9%? (for hyd?oclhl ijflnc
Zﬁ'dfj% . gnrs‘l:g]g ilggﬂlhm%l@@gO?ﬂdé ;H’fhfFJIEtFEES B@I‘fe(rfegl‘nl\lggd{mdéﬂmm (adhd) SF5 =

i um acet at e or ace f di

acet at e Y98~ M@@PM%@@y'fFQBSﬁ’? MOB (?Pff? "%M @ﬂ’"ﬁﬁi‘ g'ﬁ?%ﬁ?@g (fS grl o
SULSQ:J[ :%Fr?aom} Mgd[%g\lél-l@%gfrbémmgodsip%rﬂ{mSM'aHtD@s‘Sn(MQT”)SU' Iohu(r]I ic acid) SF9
= I sodi um hydr og a or SF10 =
addi t i orPF&R TMedimNatiy e 8@@#?’“%??%‘[45@&@?& S‘ﬁg@ﬁ%’q@lﬁéﬁ; )25 FI GURE 9
COVPARI %3%@&155%0@%@%@%&% bask GufferS50niv Fi IgaHE@OI8miM (1/1GC2
regul ation, NaCH 1.2M as the al kaline solution, with Medi um B,

NaHCOB- free MOPS-free + Sod-R 25mM and addition of different acids (50
n) 18N daguRE 4. Bcso, pediuiirmoff hydrochloric acid 99nmM 304.4 = addition of

S ML PO
PROCESS dhmakic=ddYk HrbiRg) Nﬁ@%hé'@x@nélhﬁeé&&@& ivaRiesen thid blvodvddshandly802
regul at I((E)BPBAS %}o?tgg %\r/gr tPrLg C1e'he }lrst calibration marked with an arrow (comparison between CO,
probe and BGA) on day 0 (d0) shows little effect as the regulating characteristics are still too
15 unsetfied. From the 2nd calibration (2nd arrow) on day 4 (d4) a good correspondence
between the internal and external measured values can be detected. Axial representation:
pCO,-online vs pCO,-BGA
Curve A = CO, measurement internal (via CO, probe, Messrs Mettler Toledo)
Curve B = CO, measurement external (via BGA Rapidiap, Messrs Siemens)
20
FIGURE 4 NORMAL LIVING CELL COUNT CONCENTRATION (A) OR TITRE
CONCENTRATION (B)
A: Live cell count concentration (Cf. pCO,-regulated/unregulated)
A =FS 23.1 Medium B NaHCO;-free MOPS-free + 40mM TES (pCO.-regulated) pH agent:
25 NaOH
B = FS 32.2 Medium B NaHCOs-free MOPS-free + 40mM TES+ 8mM NaHCO,
{(unregulated) pH agent: NaOH
C = FS 32.3 Medium B, NaHCO;-free, MOPS-free + 40mM TES + 8mM NaHCO;
(unreguiated) pH agent: Na,CO3
30 B: Standardised fitre (¢f. pCO,-Regulated/Unregulated)
A = FS 33.1 Medium B, NaHCO;-free, MOPS-free + 40mM TES (pCO.-regulated) pH agent:
NaOH
B = FS 32.2 Medium B, NaHCO.-free, MOPS-free + 40mM TES + 8mM NaHCO,
(unregulated) pH agent: NaOH
35 C =FS 32.3 Medium B, NaHCOQO;-free, MOPS-free + 40mM TES+ 8mM NaHCO;

(unregulated) pH agent: Na,CQOs3



12/56 4.3 = Medium B, NaHCO3-free, MOPS-free + Sod-13 25mM NaCH 1.2M
solution, with CO2 regul ation and addition of hydrochloric acid 99mMM 4.4 =
Medi um B, NaHCO3-free, MOPS-free + Sod-R 25mM NaOH 1.2M solution, with
CQ2 regul ation and addition of phosph rOi acid 81nmM5 4.5 = Medi um B,
NaHCO3-free, MOPS-free + Sod-a 25nM %agff 1.2M solution, with CO2

regul ation and addition of sul phuric acid 54mM as the al kaline as the
al kal i né‘I@HREH'eC@MPeﬁRIﬁ@N PRy SYETEMPAR SON OF CO2- PROFI LES W TH MODEL

CELL 2 10 %}@;5 LIﬂat%gncentration (B) standardi sed_ product
13

concentration ro | es Runs KF1 to KF5 in re 1 tq_'COZ _
regul at ifoR S dipm %s“@*ﬁ@oa'lfrﬁavl MRESSmeait fomMale® \/(ngg? ﬁtﬁpb" agent.
NaHCCBf(@_l MOPS-free + Sod-a 25nM Different CO2 profiles: 15 KF1l = day
0-11 3% KF2 = day 0-3 7% CO2, da)é)B 11 3% C2_KF3 = da 0311%002
day 3-1B 395022 Mledium BayaldCOs s JIOP Sfise R4amM bEHyBMMAA ¥*‘PC131 7% 002 KF5

= day O- %"% da¥%ern Radlfo CO2, day 7-11 3% 002 20 13/ 56 DETAI LED
DESCRI P ﬁr&\lg/ }-% éIVENTI ON The experiments show., by 6 MEN‘?EI xanpl e:
|9

Result G ﬂwa@u@éw RENEIE Codrse MO e+ 4Pmib T g ticularly

of 8 Ié,le ﬁla{ég §i§nlaﬂlaz %alnt ageous p02 profile (cell growmh) simlar
to that o ?eco . Resul > | dentification of the best buffer

substances in NaHCO3 free cell culture nmediumor in NaHCO3 | owered (=8

mmll()H B:%gjr(])d?ésl]oﬂwré‘gdﬁgaﬁ%/un?egiﬂlb?edi@%t buf fer substances are: TES (e.g.

Onmo

h
Do or THedr AR AMadime S, NokiCEmthaa MRS Fa8 A faMroNATG o] (NaOr
concent nat Eg%f ﬂg&gﬁ! i r@ﬁhbo%@&ﬂ IhOPfgtf?‘eebﬁ‘ﬁ"ESQIJOmM bde2 Féymlyfed N&OB) t Wo

controls ( F22), but fference fromthe buffer i um

mi xt ur edll rfS@IéNWWBsNﬂHC'Osaffeel MERs-fige g 29 NaQkB best buf f er s,

)M ch a Gold §/§Q§'|\hé(dlurﬂ ! '&%}-rcf@s' P8k, (RﬁOIﬁéb-'freQMSo%pQQBhM + NaHTES 121 tNABHOCB

Tri'zma base runs_poor in ever
condént NaEiFeN33.3 NMedispB, NaHEEktienMPPs-taes & NshiC @F@% é?OQ%%(Na&")Cl ty
Present. .y, = gs 33.5 Medium-B, NaHCOx-free, MOPS-free + NaHCO; 8mM (NaOH)
C: Standardised titre
| = FS 32.2 Medium B, NaHCO;-free, MOPS-free + TES 40mM + NaHCO; 8mM (NaOH)
Il = FS 33.1 Medium B, NaHCO;-free, MOPS-free + TES 40mM (pCO2-regulated) (NaOH)
20 1l = FS 32.4 Medium B, NaHCOs;free, MOPS-ree + Sod-R 25mM (NaOH)
iV = FS 32.5 Medium.B, NaHCO,-free, MOPS-free + Sod-B 25mM + NaHCO; 12mM (NaOH})
V = FS 33.3 Medium B, NaHCO;-free, MOPS-free + NaHCO3 36mM (comp. control) (NaOH)
VI = FS 33.5 Medium B, NaHCOs-free, MOPS-free + NaHCO; 8mM (NaOH)
The product titres or product concentrations obtained with TES buffer are at the same level as

25  those of the control.

FIGURE 6 COMPARISON OF BUFFER SYSTEMS - STANDARDISED PRODUCT

CONCENTRATION

Runs 1.1 to 1.6 in Figure 6 with CO, regulation and NaOH 1.2M as the alkaline solution.
30 1.1=FS 33.1 Medium B, NaHCO,-free, MOPS-ree + TES 40mM

1.2 = FS 33.2 Medium B, NaHCOs-free, MOPS-free + TES 40mM + NaHCO; 8mM

1.3 = FS 33.2 Medium B, NaHCQO;-free, MOPS-free + Sod- 26mM

1.4 = FS 33.2 Medium B, NaHCO;-free, MOPS-free + Sod-8 25mM + NaHCO; 8mM

1.5 = FS 33.2 Medium B, NaHCO.-free, MOPS-free + Sod- 25mM + NaHCO; 12mM
35 1.6 =FS 33.2 Medium B, NaHCOs-free, MOPS-free + Sod-R 25mM + NaHCO; 16mM



In Figure 2B the sane scale has been used as in Figure 2A. It is clearly
apparent that the cell densities achieved in this CO2 profile turn out to
be substantially |ower. The controls certainly cone out on top here too,
but a maxi numcell density of 20 is ungggeptable. The two best buffer

m xtures here, with a cell density in the region of 18, are Sod-a/ H +
NaHCO3 /_D and_20MOPS / FE. For tE,iR??l;e on, the further evaluation is
restri ctFéQUﬁﬁ MQMVAB&)SQNQFSGQR 45 fromincubator 1 with the

associ atpaghsGR 1088 ihIFyuréenefrat by redurionoRbBORat. 2Mrasvthé hlkblidCERButionaridswith
advant ageous at the | ow buffer _concen Iga%s Figure 2C shows the titre
concent MedivRE. N Qrltre; M%@§P8i+s§‘i‘f§'. a few exceptions, an

i ncr easihiflefeht €6, pRMicBe seen between d8 and d11. The gain is thus even
nore than tenfold in 25 the shake cﬁpleasks SF49 to SF52, the nedia with the
r eduéed NARGCEY OcHALrPr 88Y rlt ¥ab5tYer renmarkabl e fact is that for the

fi rﬁt ti:ﬂQ:L focpg%eng@i,gagb_ﬂog%rcxbz (gFZl and SF22)hhas b;aen overtaken/
with a new buffer substance in e [ with TES / K + NaHCO3 D
gi ve verd3 sy Ord8% ¢ Q2 day 4ré 10%E%?§a%g§1ﬂc§a§d‘:§%)§ed product concentration
of 83. 6.3 Reddylo-BsAUL A dap YX6eY.quD), Abl BY 8% D, GBNT-41EHELhat with a
desired pCO2 value of 2% a critical lower Iimt is reached which does not

appear ﬁ§iQ§W@’1h3%r@@rocess. Result 4: Figures 4 A and B, relating to
the jgormal live cell count concentration (A) and titre concentration (B),

respectivel show that the cell-specjfi r ct . formation rate of the 35
regul at dd WW?‘NHBNSEYW&\% lﬁlﬁélcﬁ:l-gﬂgm#'msﬁbol ) is higher than
that of ¢he1gopRRLES I MeHiREUB aNaHCR RN MORS Mes UN SOA® 28mM tind didditrom b .
In addition, the tests in Figure 4 show that pH regulation with NaCH t ends
to have diffepihia sPtseAY Formation rate than that using Na2CC8. \Wen the
pCO2 prodp{ & ahiditib bt ifEr @Rtdomtregd t he specific product formation rate is
increased still 14/56 npre. The live cell count density of the

pCOdSr egff AT addifiomol watenorigoniiali at es from one another by a naxi num of 20

units, asgfanRdhifosBbdium Emgmgﬂéfaqydmdhmndlacﬂ)t he two conparison runs al so
show very little divergence, otherw se hforgigOOd conformty is obtained. The

| oner | edfed = ggditien ghsodiyum, ghlpadg, {fer hydgen A% her pco2 profile and cannot

be i nt er gLt ddMSPst 0RInY acdibe For\dck®d adig) (not shown) is at the same |evel
inall the runs. The consuggttion of al kaline solution (not shown) is | ow

i n ever ySF&in adgitionaf spsliwn agetgiediar acplieadd | count concentration) nore

al kalyi negspL wHEAHN BAsodiuen BeipRatderbr kapRidtsadidie end of fermentation
(d9-d11), as expected. However {?pisalpkun has the | owest osnolality (not

shown) a3F§ fiedgien gt sqdimsniphated YA Ysnol / kg. Figure 4A shows that
FS 33. 1 &es-adhiiegner disdditid Hyargenphasirame (forpheppticticakidiavi ng a 10 | ower
cell count than FS 32.3. The concenér%é]i i)n is.in the upper third of the
scatter PetQeaddiiprotdgpdiyeyiegen PROSRARISHS BROFRIPICEL Y8, 2 and FS 32. 3.
This means that the fernmentation run with the pCO2 regul ati on has a hi gher

speci fic _production formation rate. ﬁggl[ﬁ 5: -> |ldeally a fernmentation
r un 2Sak eIGHRE 8 GHMBARISRN {35 PERERE S ons: TES buffer (or Sod-IL

15buf f erﬁ(ur?soﬁﬁs! @l @.gym ‘ﬁ-ig%dﬁ@tg vd?dﬁfd@ rétjushtioh NﬁQQOEZI;IIE@J kreet hlﬁalinaT#rﬂutmls wite Pd
titres are achieved in this way. Figur ows t hat r

the reguMagisen BdVarPaireeMPb §'f(@53%.°ﬂ'§3 E@“@Ia@gr%\d?'t'apé’% pﬁa\%%g%@gs gdorﬂﬁtoﬁe
conpari Sy 4.ernentations (FS32.2 and FS32.3). FS32.2 and FS32.3 are used

for the conparison, although they have a smaller anobunt of NaHCO3, as an
i dent i caf-3ZRrdciona hydachiaic AE ORT8 been el i minated owing to

contym n@hi%dit%'ﬂ%f?%hlaﬁ@tabiu%mm ained by regulation is clearly

di stingui shed fromthe conparison runs in the first third of the

f er ment af-PGradgifpn of syehyiq 319 8M he prescribed val ues (cf. Figure 5B,

dl -d3 pCO2 = 8% d3-d6 pCO2 = 6% d6-d8 pCR = 2% and fromd8-dl 1 pC»2 =

4% . When a |l ower than_normal_ pCOR2 val ue IS | - =

ni t r ogenFIGRE J0CRMPARKON OR gT@Q‘P&RQéﬁan;SE@’?—ﬁ%GQg%@Pg%EPHgﬁF@ WITH
25desi r edoy el STEISPROCEES hed and a pCO2 val ue of 3.2%represents a
critical lower limt for _the regulation  Wth the %ncF ed d

. ' . . rrand(s of
ni t ridgend-ToxyesiumsBaNaeCRx plf | 350 thes alkafing gplption ntat &9z reghiRlian SFiaRdatsy
a hi gherp,xégéégye fl ow of oxygen. A critical total amount of gas-can be
achi eved, in which an unreasonably |arge anmount of foam ng can be
observed. Figure 5B shows that the regulated fernentation run is al so
surprisingly clearly distinguished 30 fromall the other conparison runs.
This means that the pCO2 profile achieved by regulation is actually based
on the prescribed value (dl-d3 pC»2 = 8% d3-d6 pCQ2 = 6% d6-d8 pCR2 = 2%
and fromd8-dll pCO®2 = 4% and does not occur by accident. Figure 5C shows



TES with 8 mml /L NaHCO3 are conparable wth the control (NaHCO3 based
buffer with a 35 concentration of 36mvol/L). In spite of a randonmy

sel ected and non-optim sed pCO2 profile, the run with TES wi t hout NaHCO3
(regul ated) achieves a final concentratign (titre) which differs fromthe
control by only 6.10% (neasured on the control) The run with TES plus 8

15/56 mmol /L NaHCO3 (unrequl ated) achi eve i n ti

whi oh Qi &7 Yiemome, NaKGRe ror. MPFRRToR 0 SoR ABRM R ar- et i P

pé'ss :/B%\e!ﬁmoh%ﬁi to %ﬁ%lﬁﬁ?ﬁ?ﬁ&d;tné@%?ﬁ%ﬂ@?ﬁc@&l dognent i r el yI repl aced by
reover, It shows a e resu 0 e_ru u

NaHOOB (Afh-obisciired Nekf vties, MOFSfee r1 el 2t ikt L pnes elaee

5cont r olsg gk 0, RRuRRH gneaaamombmphmwmﬁnmr oduct concentrati on,

it is surprisingly not necessar Q“}gaéﬁ% @1 Ttﬁ prk%quct

concént rk ioMedsm lﬁ)t'ﬂa'ﬁ%ﬁgﬁegh 55 ﬁe‘?l gl§’t°€ 25’&1‘ g ? e 3

ast oni shisR@b¥ WieYEo! RURABE aRE ad4iibn OSMSHIE abidFasNpot h wi th and wi t hout
the 10use of NaHCO3 in the medium In the runs using Sod-E the product

concentrations achi eved are again not dependent on the anobunt of NaHCO3 in
the nedium as a simlar maxi num product concentration is achieved on day
11 in alhcUre 1188MPARISONOF (1, PFEDELI!JE% WITH MODEecE®2r egul at ed

fer ment at| on rocess It IS Surpr not necessar to u
L e Toar AN amAag et e aRo T ORe oL ARG Se . PEUr PSR TR e Chr 6 Pas

i s made easi gfofl@s as t he medi um cannot formany CQ2. Result 7:

Surprisingly, it has been shown that a | ow CO2_part.ial t t he
SLAFT offaTSekE biarkRp dn FHra 47 ivier G0t caaulatA RO M s B el sSluion Snd

ferment %l’;mealﬁﬁ%tNaI—@bﬂﬂ@e Mides-rRandsed- Jsmmmot advant ageous to start a
fermentation process wt hi gh pCO2. 20 Both the live cell

concent r@ﬁ?@ﬁgc@méfqﬂl%o the product concentrations of all the runs apart
fromsr unesy 2 gw, by 1cHof oey,ent pCO2 profiles proceed simlarly and reach
roughly the same maxi na ure 7A and 7B). In run 3.2 the cells grow

(
| ess welKFZanday Rek E & ﬁ%h?'é\?@gaclcbv\er product concentration. Looki ng
at the a§spciyal g% p@p@o/za,jjé&e@m@cyfcggre 7C a considerable difference can

be seen 25between run 3. d all the other runs. The pCO2 on day 1 in 3.2

i s aboveKidhs d@)’lot%éb&%ﬁahﬁﬁd”/PFF@Zp‘éEJZTJéVu‘éQOéf the other runs on day 1
are all IQQ’JQWa?%/QS ﬂa@@zehéy 9170k Ocs, dayni-hiBedcby an initially high pCo2.
Result 8. The Tive cell concentrations shown in Figure 8 show that the
cel I20grovvth is affected by the 30addition of sodiumacetate (SF5 and 6).
The live cell counts increase only slightly when sodi um acetate i s used
and fall back again three days after the addition, so that it can be
assunmed that the sodium acetate has a toxic effect. Because of the cell
toxicity denonstrated, acetic acid is not used as a preferred acid for pH
regulation in the fernentation process. None of the other salts show any
toxic effects on cell growh and can be used for testing in the
35fernentati on process. Hydrochloric acid, sulphuric acid and phosphoric
acid are preferred.




16/56 Result 9: As a result of the addition of hydrochloric acid (4.3),
sul phuric acid (4.4) and phosphoric acid (4.5) the sane product
concentrations are achieved in the fernentation process, as shown in
Figure 9B. 5Wen the live cell concentysatd ons of these mxtures are
considered (cf. Figure 9A) it is apparent that inrun 4.3 with the
addition of hydrochloric acid a |lower cell count is obtained than in the
ot her runs. Howeve uct _concentration is just as high as in

as the pr
all the QEWFEPLP%SC:BWJ“BN(QJPH"HNV@\WONhe cells is higher as a result of

t he addittreQRpfimbhe sRYRIRChhPsfickanfpled. In run 4.4 with the addition of
sul phuric acid, fromday 7 onwards |ess lactate is formed than in 10t he

ot her ryfsuias: $h9\r@ddc@dﬁtm¢©39£ncé¥&rdnaﬁtoit1e RAfol8 dreXpartielidrgChf 8 MinbRL
cells upwards of a certain concentration, | ow | act at e concentratr on in

the prodedieatesamadantagress 80 BYile Gal prwmrh)@ratqr&o HtiohpaceRtioric acid are

advant aggaig 2:n the fernentation process. Sul phuric acid ensures a | ow

| act at e producti on h ochloric acid en high ¢ rodugtivity.
L SReaul - 19e RPN Ao e, Arttapden,eaEaete e E ol el Wi THaum o
CO2- r eg N, |prver‘ee|5(&s$nm@rr.r)genibmtﬁeuetr;u&m ds (4.3 -4.5) sinmilar product

concentratijions are obtained in the uns el run 4.5
wi th t he”dAgiPesdh ‘&?&Fﬁﬁ?feﬂgé rﬁmg Phae %%Wﬁ@ﬂ
prodgct mgmeentghatvecuﬁhtlaﬂ tﬁdob@rremarbdﬁ&n rrnxtme dickpl fot Tghas Jagy (SFEISSa)td SFYThe

PN s g R S ] ERHAE R b ok o2 Rl
CO2- r egBRREdup trecdiBerense tfrumttihmbuffmtrmdllsemtxmm ipreletivety srogle ehleastturole dfan
even be $cg, BQstba(uf%FHﬂr?@L 3% n)qia'i}?ﬂ% RIS B BE, 05@5S0d- A9TA; $E§1Tﬁk' e,

t he resultssowa co epe nce in terns of [T growth and

pr oduct iNAHGO=/d aeg MPRS/ F ialed: p @rTr&“ﬁ’hhﬁ% rygs Ho?réfs'l]Iet’e%!fcol‘@fr’/(?érrat'P%ét‘%tt e
f oa gt It ®H ilé’f&@ﬁarhﬁ%témé it th@eetrﬁgy B¢ Sorts &gkiditp preeeut ate pH Res ]ytc t 11:

or der e resu ess nce |

oo 11 edn Piirs ghdte iBs s fea bArs B 85 ARG S Sioah eBbre Y B3t “‘3%93
anot her cheesrtresapq:memdhmtlsrs edorofile Hturtjr dift ¢o batsupaRtialy dfwdrethe contepls Clet h
a differgpl tﬁf)erte!re (t:%'@ut aTrh§xrmuH @é!?&énsﬂ?@? 207i8funh& Hﬁ’é THeCwdSEELt i N

this test approac are IS ap arent from Fi gures
11A and buifg; mixiges beie withtd ol q'ﬁmﬁ'tklf'lthﬁd%‘o‘ﬁ <9F 181rre cad® fHotNRH& Y ffbr’mt‘ he

pat ber n Mbpshrer. plFed Uhd reRo6A emterfaﬁh@reuamaﬁbeag rastribtet prggiig hethd siedRet ks
remai n| set run (KF1) was operated with a

3 b asshdbie £
pCoR pr "TE'C‘Ft? ?ﬁh‘gi; %%5853995? Ftrﬁ §% pCC2. 17/56 This test approach
vas t husGexeraly! theombination ih NaiE D iscddvataggeussa dinesloat buffisecencentratisins.

ferment ghd Q d %#ﬁs@he%@%&c@ ?agﬁps Bﬂfalir‘réau s%fn'd%émwz Qv asf)erirv' é(c@ﬂtrons an

|rrportant actor or an optim se ernent ati on resul Ex |rms
that a degreaninalites garsbe ee%aet“mn S8 and 1 lodpe gairs 6 ihes gyen Wef%thaﬂtte pldtife
5 f esmenpathixe fiasrd 9549 RESHES thy Medih twithiipé Reduaid N@Hbo;,rwmtém;andn!f or the

P o A e RbSab e o Pl Pl buBhiia 7R3 o'sr ) e
(parti cllean onedtzﬂm withaan né@ birfier substanc® imtime | madigrh: mwrt@ﬂ' EGUdR+ Nabityy, /dp
when usgﬂﬂz Vet BhoPes iR SR AwitindlstaMaSrof QB Ed Sk Yol deRfalidPeRgd @8- or CCB2-

i ons
Result 3

30 The pCO, regulating experiments show that with a desired pCO; value of 2% a critical lower

limit is reached which does not appear sensible in the process.

Result 4:

Figures 4 A and B, relating to the normal live cell count concentration (A) and titre

concentration (B), respectively, show that the cell-specific product formation rate of the
35 regulated fermentation run (curve with triangular symbol) is higher than that of the comparabie

unregulated fermentation run (curve with diamond). In addition, the tests in Figure 4 show that

pH regulation with NaOH tends o have a better product formation rate than that using Na,CO,.

When the pCQ, profile is further optimised the specific product formation rate is increased still



DEFI NI TIONS Before the nore detail ed description of the invention by neans
of the non-restrictive exenplifying enbodinents that follow, it should be
poi nted out that the use of the indefinite article, for exanple "a" or
“an" and the definite article, namely [44fe", includes both the singular

15 and plural of the termin question, unless one of the two forms is

explicitly ruled out and reference is de t a, part form (si ngul ar
or plurandre. Theylive eglecoidt Hengity &f fthe ngéﬁ%ﬂq g ryn (Eglyi?d@sdavft?ﬁ( ﬁ?@l PYS
of cel | $nofar Weh naxitihd 96 20 Unit$ 28%ahibeiskby |rSI¥|§¢1r©d18 F@dm@nbyheaimldmg'lpensm I
|s rreant The singular is explicitly nmeant, for
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Pr ocess’of iFg FEARAN F&%ltﬁfdﬁdmé higRerodCdl pfmlewl mnbyb@mmméd acdaivyigt Tioe
cells in a fernmentati on process. This Includes hﬁ&artl ul ar

pr odact VBAlitH NG sEPWNhiS 2806 SaTeARYS o dll 4 [0S R, & ai‘i?@ﬂe SeUERy,
NSO, PERGotSsioln) Ss kﬁ\v i ebé@nmnewlpas i39. zre@memnmmaaén eodirar corcrtattiohn mote

interest or a nol ecul e such as sense RNA
e 5o rbasPIaR B SIS TR Ere g Trmaier gabsn S s, SR
the adapigidvern tab rhmaaﬁﬂé Fovddd ol@h%fdh nopaﬁmtartaemdtdﬁefeffnwmarmhaat 683
process. These i nclude for exa eed of ttffﬂe stirrer

S etc,
e oot impsdakon G S SSO¥S I Ra 3 Ches e hbler BEserPrntatn: pisphS Biha s
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ot her posttranslational nodifications o n SS 0
Cho pr g B HapicabRNBRMaIen e S S2.2 fa F rs dis hshs er e e taiRR g
changes fiavhagcen ré‘gﬂlz—ﬁ%h 128 o HighdtsPEEIRG prodldtRntiemmationeae02- f or m ng aci d
and/ or al kaline solution" refers to acids and al kaline solutions that do

not gi veRASM&EDR by a chenical reaction, such as for exanple NaOH, HC1,
H3PO4, CERGLia fb%@ﬁat.o%ﬁunlt&ée‘%%mé uﬁl’!ﬂ’r ltﬂitgfotlmmglo@ﬁdmm JES mufteheorrsms@ nt

i nvention the "regul ation of t IS ef er

and 16or mﬁe@a@omm@@wpwélﬂ@#yNﬁﬁ@stfr"zﬂn“tﬂi&cﬁ% %@%‘?y Q‘ﬂ‘? B%r%aﬂgdoﬁﬁ gﬁrﬁe
medi um Lb%ﬁg\,&gplr{hg% to the 5 end of the ferrrentatlon is free from HCG3"
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by an i rée usedior figronnarisen. aithpal ey have msmafien 3mew) of Napils, gy g identica
fed-pat chyniparble batfr had BeémalimRalddsdvingtoonterinaiind ThabCl, plﬁﬂmbhitgmsu gk

or supply. Sonetinmes the terminflow process is us
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f ed- bat JROWBNGTJE Clerr distingHished iR B¢ $amRABISPRIYNSAN e it BT ehiDRLETRISE AP
fed- bat GihqnNEQERSSIIdwS tﬂ@lplreseﬁubé@bmaé@(tfl FIguﬁHecﬂmas dB%(tmp* 6%/ d31deas@O1 2 6is

fer t t hat t
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pr ef2ér atﬂ%s"gfi!ubj@lli@llﬁjé@’qrﬁ?@ﬁfteﬁr%@ 7 8L Qs valuedi 32 HRPTeSPY Aotiitifl IS ™
growt h Pch@?%‘guléibbh“%m thePiasRsed BBmEHER LT Mitfogén, dxigsh i@aélgdﬂeip@ue@ns att reedlt,i s
time-limte Preferably, 20the entire duration of t

f er ment aariddhis/is perapenseiad b Rishebyolrpa Moyl r?%%be%&”‘fcé{ fé’?a' fg‘f’&fay%f gas can
parti cul tﬁgédﬁlé@éﬁflﬁ Wi’!yaﬁll}nréﬁé’cﬁwabphﬁrg%@n&ﬁ 6fYob@ingedsinale sbefvetine

f ed- bat met hod or the fed-batch process differs from other ﬁult{vatlo

pr ocessdSgwadB S@Vﬁeﬁhﬁhmedﬁ%@i%fﬁé”%'?ta?% HEHE ATOGHPIRIRGR: clsarly distingiishe

ProcgSs #¥m all the other comparison runs. This means that the pCO, profile achieved by regulation is
actually based on the prescribed value (d1-d3 pCO; = 8%, d3-d6 pCO, = 6%, d6-d8 pCO, =
2% and from d8-d11 pCQ, = 4%) and does not occur by accident.
Figure 5C shows that the titre concentrations that are obtained with TES without NaHCO; or
TES with 8 mmol/L NaHCO, are comparable with the control (NaHCO; based buffer with a
35  conceniration of 36mmol/L). In spite of a randomly selected and non-optimised pCO, profile,
the run with TES without NaHCO; (reguiated) achieves a final concentration (fitre) which
differs from the control by only 6.10% (measured on the control). The run with TES plus 8



continuous cultivation. In perfusion culture, the incubation reactor
containing the cell culture is 25 constantly rinsed with a flow of
medium This ensures constant concentration ratios of the nutrients,
grow h factors, antibiotics etc., the ¢ val of nmetabolic end products
and the sinulation of natural physiological and netabolic anbi ent

condi tions l§b| ood circulation, diffusign and circul atiaon F' tc',jgsuef fl Iﬁij;\d)
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cell per unit of tine that i.s re|leased into n the case
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det er mi ne B for exanpl e % and the nunber of producing cells
presént @0@5@1 the t| rre span under consideration, 35 also known as the
"IVC (igdsagrgdl of the nunber of Iivi ng cells over time) The specific
productivity 1I's usually given in pg/ cel | *day plc‘?rams
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prot ei ns. nseq uent | the term"cells adapted to serumfree COI’ldI tjons"
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predom W7.pure individual substances. One exanple of 15a chemcally
defi ned rumis the CD CHO nedi um produced by Messrs |nvi {tgggn .
(Carl sbaﬁj-lrp@mglwsi) hasTheenshemadhatohowsCoe partighpressuip et 1he STt of tpg rpentation

suspensi;on'cifiel ficorkd, dtﬁm%ﬂ féhn@ﬁt@h@rd%@hl@d to growth in liquid cultures
("suspension cultures” whose ability to adhere to the 20 surfaces of
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suspension are reterred as_"non-adherent cells adapted to serumfree

medi unt' .ruriRe with mﬁegeéﬁec@fz Arefiles e@peefbﬁmlﬁétG%F%Htfow%“@fsﬁmﬁ magEte: (cf
enco@aﬁﬁ&&f%m% ?91 'Iﬁl‘?un 32 t?l%%éﬁé‘g?ov@feﬁ%ﬂm'th&‘éfdr@féﬁhlbvé babw@:qdeaudtor

a product i nteres The gene product or "product of interest' is
gener al |opngengraiivei n, pol ypepti de, peptide or fragment or derivative

t her eof : r i Eh@iffgenes eé Ib@tﬁeﬁSt
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may be f engt fusi ong(gene or |abelled %ene
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gene of OT| SRLI NRs GRRRY JOREENE8I0w3™K.Or may be nmutated or
ot her w sﬂeﬁkgﬁgﬁcecf &gotf% T CatISOI’lS |yncl ude cg\gon optim sations for

adapt i ngrheoced Mﬂlll%whwieﬁbstand@m"yaﬂ'ﬁi‘ BeRmni sati on. The gene of interest
may for @& .e code for a secreted, cytoplasmc, nucl eus-I|ocated,

menbr ane-bound or cell surface- bound polépeptl de. 35The termﬁfr HC%Y?'
i nt er estThey bveeeall eancenisaivas OB NN &ishaw thatdhe celisspuinde aistier bysthe
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exanp e Si anti sense and roduct s _suc L

viral paodium @setats 5. use'gloarggfali back again three days after the addstlon so that |t can be
assumed that the sodium acetate has a toxic effect. Because of the cell toxicity demonstrated,
acefic acid is not used as a preferred acid for pH regulation in the fermentation process.
None of the other salts show any toxic effects on cell growth and can be used for testing in the

35 fermentation process. Hydrochloric acid, sulphuric acid and phosphoric acid are preferred.



The term"protein of interest” relates to biopharmaceutically significant
prot ei ns/ pol ypepti des conprising e.g. antibodies, enzynmes, cytokines,

| ynphoki nes, adhesi on nol ecul es, receptors and the derivatives or
fragments thereof. However, a protein {g4oduct of interest is not
restricted to these exanples. Cenerally, all polypeptides that act as
agoni sts_or antagonists 5 and/or have a therapeutic or diagnostic use are
signifi BERMIGE: of interest. O her proteins of interest are for exanple
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) yeast cells, animal K cells or prokaryotic cells (E. cplt
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a pl asmgedl@gityer i ophage, naked DNA or a virus, to introduce the
reconbi nant protein into the host cell. 25A reconbinant protein is coded
by a°red®itthit gene and expressed by a reconbinant cell. Reconbinant

pr ot ei NSNVAER tHS Udndard Qrbaysei @l 1)Yisavdnpalt ewith tie! r¢dj-eguibidnpaiesses using
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M CSF, MCP-1 and VEGF. O her exanpl es are nonocl onal, polyclonal,

mul ti spetdt9agd BiI9SS ngl e chai n anti bodi es 35and fragnents thereof such as
for exanple Fab, Fab', F(ab')2, Fc and Fc' fragnments, light (L) and heavy
(H) _immunogl obulin chains and the constant, variable or hypervariable
regi?dns T EpmEarisg, Kigr resuligyshpw 2 q@\m%ﬁ%bq%@erflz’mﬁt 9. te"l‘ﬂé °§nﬁﬁﬂb9f8 ady
be of huyrBaLvitAHY Susmesh idipr@lea peromaaiceas ardult bi IBwel lactat folnationswisencthe
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the var i3gilsdestegAEnesesiio YRt Rl ns 5 which are hel d toget her by the
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al so possible to prepare shortene i ho r S ich consist only
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known asrHavdifiéragimed sprofiea eiee Ate yed inhie test Apmroadire@holvhen Figuieabiie part) .
As coval ent binding via the cystein groufgs of the ccm_s,]t aqt fchlgi ns is%qr‘][ﬁt
possi bl é\§ 1§ arpSENt FPnT Figyasnt ,aE“F\éEBaTh@ FRAtian N MFleRP R JorBfel OFf
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singl e pElyPBRdEle chain in which VH and VL are joined together by-a
peptide linker. Such antibody fragnments are also referred to as single
chain Fv fragnents (scFv). Exanples of scFv antibodies are known and
descri bed. 20l n past years various strategi es have been devel oped for
producing rmultimeric scFv derivatives. The intention is to produce

reconbi nant anti bodies with inproved pharmacoki netic properties and
increased binding avidity.In order to achieve the nultinerisation of the




35 consists of a fusion protein which contains the CH3 region of an

I mmunogl obulin, preferably 1gG nost preferably I1gGl, as dinerisation
region. This connects the scFv fragnents by neans of a hinge region, also
of 1gG and a linker region. 22/56 Th rmtriabody is used in the art
to denote a trivalent honotrineric scFv derivative. The direct fusion of
VH- VL vmthout the use of a |linker sequence |eads to the formation of

trimers. This test anpsRReBnwas kiewaPle fotdeafiah thafsthai Rirtia RPoBWsewevdti bR Havefa
P~ LT erfénth@ QMALCGlont IBHake!! BarBBiifiAlgag 6188 Iyak é{r@%nsénatﬁfﬁgcmr for an

fragments. The nultinerisation is achieved by means of di
tetraner?R?'”“%QS’ifPﬁﬁleféétiane@ﬂ'Tr uctures. The term "antibody fusion" or
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i nvention are hanster cells such CHO- K1,

CHO DUKX, CHO- DUKX Bl and CHO D&4 cells or derivatives/descendants of
thes® cell lines. Particul arly preferred are CHO D&XA4, CHO DUKX, CHO Kl
and BHKAERBITIONSparti cul arly CHO DG44 and CHO-DUKX cells. Also suitable
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derivati ves/ descendants of these cel ['i nes. [ es of hanster
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as host cells for the production of bi opharnaceutical proteins.
1: Known iifledasc aingialihg pl callshagwelb|unigsp ids aulisitly istatechihabeny asogkeastics m@ant

851 1050&@%&1&%%@@& If3Bdx alﬁ'r‘ﬁ@ LuAdfCatroh Bilipdi éﬂe@gﬁﬁgé W

85011423 HaK "ATCC 2254-62.2 (BHK-21 derivative) ATCC

20 By a "biopharmaceutical production process” is meant the production of biomolecules by
means of eukaryotic cells in a fermentation process. This includes in particular the production
of proteins such as antibodies in mammalian cells such as CHO, NSO, PERC.6 cells.

By a biomolecule is meant in particular a protein of interest or a DNA or RNA molecule such
as for example RNAI, anti-sense RNA efc.

25  The optimisation of a biopharmaceutical production process means the adaptation of the
media and physical parameters in the fermentation process. These include for example pCO,,
the speed of the stirrers, etc. The optimisation improves for example the increase in the titre or
the product quality (e.g. different glycosylation pattern of the protein or other posttransiational
madifications of a protein) or the robustness of the process (lack of sensitivity to small process

30  fluctuations, minor changes having no effect on the process).

The term "non-CQO.-forming acid and/or alkaline solution" refers to acids and alkaline solutions
that do not give off CO, by a chemical reaction, such as for example NaOH, HCl, HiPO,,
CH;COOH, H,S0,.

35
"Regulation of the pCO.," means that the partial CO, pressure in the fermentation solution is
held at / adjusted to a desired value. This is done for example by supplying CO,, O,, N, and/or



CHO ECACC No. 8505302 CHO- K1 ATCC CCL-61 23/56 CHO DUKX (= CHO duk-,
CHO dhf () ATCC CRL-9096 CHO DUKX Bl ATCC CRL-9010 CHO D4 Ul aub et
al., Cell 33[2], 405-412, 1983 CHO Pro-5 ATCC CRL-1781 Lecl3 (Stanley P.

et al,

10

15

20

25

30

35

1984). V79 ATCC CCC-93 BL4AF2g,48 ATCC CCL-14 HEK 293

air during the bioprocess. In the present invention the "regulation of the pCO," is preferably

done by supplying CO, and /or N; gas.

"Completely free from HCO3 or CO,> ions" means that the medium used from day 0 to the
end of the fermentation is free from HCO; or CO:* ions. No HCOs or CO;” ions are supplied
to the medium through separate additions (‘feeds") either, from day 0 to the end of the

fermentation.

By a "fed-batch" fermentation / a "fed-batch” method or a “fed-batch” process is meant a
fermentation process which is operated by an influx of substrates up to the maximum fill level.
The term fed-batch is derived from the English word "fed” and batch, meaning stack or supply.
Sometimes the term inflow process is used instead of the term fed-baich method. The term
fed-batch fermentation / fed-batch method or fed-batch process is well established in process
technology. These terms refer to processes that are run as a "stack", i.e. one after the other,
and are operated by an influx (feed) of reagents (starting materials) up to the maximum fill
ievel.

Within the scope of the present invention, fed-batch fermentation / the fed-batch method or the
fed-batch process is preferably subdivided into three (3) sections: initial growth phase, growth
phase, dying-off phase. The duration of a fed-batch fermentation is time-limited. Preferably,
the entire duration of the fed-batch fermentation / fed-batch method or fed-batch process is 8-
15 days, particularly preferably 11 days.

The fed-batch fermentation / the fed-batch method or the fed-batch process differs from other
cultivation processes such as perfusion culture or fermentation in the perfusion process or
continuous cultivation. In perfusion culture, the incubation reactor containing the cell culture is
constantly rinsed with a flow of medium. This ensures constant concentration ratios of the
nutrients, growth factors, antibiotics etc., the removal of metabolic end products and the
simulation of natural physiological and metabolic ambient conditions (blood circulation,

diffusion and circulation of tissue fluid).

The "specific productivity” or "specific product formation rate” of a cell indicates the quantity of
a particular protein that is produced by a cell per unit of time, i.e. that is released into the
medium, in the case of secreted proteins. The specific productivity is calculated from the
quotient of the concentration of the product in the medium (=titre, determined by ELISA, for
example) and the number of producing cells present over the time span under consideration,
also known as the "IVC" (integral of the number of living cells over time). The specific

productivity is usually given in 'ped’ (= pg/cell*day = picograms of secreted protein per cell and

per day)).



ATCC CRL-1573 COS-7 ATCC CRL-1651 U266 ATCC TI B-196 HuNS1 ATCC
CRL-8644 Per.C6 (Fallaux, F.J. et al, 1998) CHL ECACC No. 87111906
According to the invention, reconbinant mamalian cells, preferably rodent
cells, nost preferably nmurine cells suglkgas NSO and hanster cells such as
CHO or BHK cells are particularly preferred. 5 It is preferable if the
host cells are established, adapted and cultivated totally under
serumfree conditions. Particularly preferably the host cells are
?gd:‘l 2 L ormlbl iénﬂSt's%h:{m-‘B:h@'d,m@éiﬁptcefhranﬂhedial tihe adlesdl dubiivatidny conditiorrse akihiphh @reat
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CHO Medi um (Sigma) and protein-free CHO Medium (Signa). The term
" pr oductSEBAN BEPFIUM REPIEINSy oducer cel |" or "production clone " denotes a

peI: éhat S gsedlin a gr?cezs for preparing a protein. In particular this
i ncludes_genetically npdified cells that are used for | ' e
pr oduct iT(S}“? tgFm ¢ EEE‘%W\% HP??J?Sotth@f ﬁ? Cl\li}\y"f%mﬁd‘fJWeéoseé op: g Cgi‘lgﬁlh%"@d%ﬁ‘%ﬂn%tne{ T%on,
t he jiper rpriBpk ikisied foRdatictial prasgetratingiatd yotmeghrtied ds enkwl potdins.host cel | s
whi ch express a reconbinant protein and are used to prepare this protein.
This includes in particular nonoclonal cell lines for the production of

t her apeujeGteih OdHehikgally defined” describes a cell culture medium which is serum-free, preferably

also protein-free, and which consists of chemically defined substances. Chemically defined
media thus consist of a mixture of predominantly pure individual substances. One example of

15 a chemically defined medium is the CD-CHO medium produced by Messrs Invitrogen
(Carisbad, CA, US).

The expression "a cell which may be cultivated in suspension" refers to cells which are
adapted to growth in liquid cultures ("suspension cultures™) and whose ability to adhere to the
20 surfaces of vessels, for example cell culture dishes or flasks, has been restricted or lost. Cells
which are adapted both fo serum-free growth and to growth in suspension are referred to as

"non-adherent cells adapted to serum-free medium".

The term "gene of interest” or "recombinant gene of interest” encompasses a nucleofide
25  sequence of any desired length that codes for a product of interest. The gene product or
"oroduct of interest" is generally a protein, polypeptide, peptide or fragment or derivative
thereof. However, it may also be RNA or antisense RNA. The gene of interest may be full
length, shortened, a fusion gene or labelled gene. It may be genomic DNA or preferably cDNA
or corresponding fragments or fusions. The gene of interest may be the native gene seguence
30  or may be mutated or otherwise modified. Such modifications include codon optimisations for
adapting to a particular host cell and humanisation. The gene of interest may for example

code for a secreted, cytoplasmic, nucleus-located, membrane-bound or cell surface-bound

polypeptide.

35 The term "product of interest” refers to biopharmaceutically significant substances such as
proteins/polypeptides, but aiso to DNA and RNA molecules (such as for example siRNA,

antisense RNA) and other products such as e.g. viruses, viral pariicles, etc.
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By recombinant proteins are meant proteins that are produced by recombinant expression in

20 host cells. Such recombinant proteins are produced under the sfrictest conditions of purity in
order to minimise the risk of contamination. Recombinant proteins are usually produced in
suitable host celis such as e.g. yeast cells, animal cells or prokaryotic cells (E. coli or other
bacterial strains) using an expression vector such as for example a plasmid, bacteriophage,
naked DNA or a virus, 1o introduce the recombinant protein into the host cell.

25 A recombinant protein is coded by a recombinant gene and expressed by a recombinant cell.
Recombinant proteins are usually commercially available in purified form as concentrated
protein solutions or in powder form. Recombinant HSA is obtainable for example from various
commercial suppliers such as Sigma Aldrich. Examples of therapeutic proteins are insulin,
insulin-like growth factor, human growth hormone (hGH) and other growth factors, receptors,

30 tissue plasminogen activator ({PA), erythropoietin (EPO), cytokines, e.g. interleukins {IL) such
as IL-1, IL-2, IL-3, 1L4, IL-5, IL-6, IL-7, IL-8, IL-8, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16,
IL-17, IL-18, interferon (IFN)-alpha, -beta, -gamma, -omega or -tau, tumour necrosis factor
(TNF) such as TNF-alpha, -beta or -gamma, TRAIL, G-CSF, GM-CSF, M-CSF, MCP-1 and
VEGF. Other examples are monoclonal, polyclonal, multispecific and single chain antibodies

35  and fragments thereof such as for example Fab, Fab', F(ab")2, Fc and Fc' fragments, light (L)

and heavy (H) immunoglobulin chains and the constant, variabie or hypervariable regions
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o7 oduct Wi aenOBeadpgeey & PRPISEITRS. (HEn cENpob AT L o) SER FeRf fo as

cul ture Jimib BRiNR §BgsRRsabERY) 1 B xamples lof S6FV @iBodiés Hiedhowdrand@@gerideans,
said cell culture ITEgl um containing the foll owi ng buffer conponent: (1)

N-tris(hydroxymnet hyl ) net hyl-2- am noet hanesul phoni ¢ acid (C6HL5NO6S, TES)
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Sod-11) c¢) regulating the y neans of a non-0Q2-for aci d, and/ o
al kal i n&lesiyatifeson, The intention 1s to produce recombinant anti odte' Wit lmproved
pharmacokinetic properties and increased binding avidity. In order to achieve the
multimerisation of the scFv fragments they are produced as fusion proteins with
multimerisation domains. The multimerisation domains may be, for example, the CH3 region
25  of an IgG or helix structures ("coiled coil structures") such as the Leucine Zipper domains. In
other strategies the interactions between the VH and VL regions of the scFv fragment are

used for multimerisation (e.g. dia-, tri- and pentabodies).

The term diabody is used in the art to denote a bivalent homodimeric scFv derivative.
30 Shortening the peptide linker in the scFv molecule to 5 to 10 amino acids results in the
formation of homodimers by superimposing VH/VL chains. The diabodies may additionally be
stabilised by inserted disulphide bridges. Examples of diabodies can be found in the literature.

The term minibody is used in the art to denote a bivaient homodimeric scFv derivative. It
35  consists of a fusion protein which contains the CH3 region of an immunoglobulin, preferably
IgG, most preferably IgG1, as dimerisation region. This connects the sckFv fragments by

means of a hinge region, also of IgG, and a linker region.
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Examples of hamster and mouse ceils which can be used according to the invention are given
in Table 1 that follows. However, derivatives and descendants of these cells, other
mammalian cells including but not restricted to cell lines of humans, mice, rats, monkeys,
rodents, or eukaryotic cells, including but not restricted to yeast, insect, bird and plant celis,

25  may also be used as host cells for the production of biopharmaceutical proteins.

Table 1: Known production cell lines

Cell line Accession humber
NSO ECACC No. 85110503
Sp2/0-Agl14 ATCC CRL-1581
BHK21 ATCC CCL-10

BHK TK ECACC No. 85011423
HaK ATCC CCL-15
2254-62.2 (BHK-21 derivative) ATCC CRL-8544
CHO ECACC No. 8505302
CHO-K1 ATCC CCL-61
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The term "production cell " or "producer cell" or "production clone " denotes a cell that is used

in a process for preparing a protein.

In particular this includes genetically modified cells that

are used for the industrial production of recombinant proteins. Within the scope of this

invention, the term includes in particular genetically modified eukaryotic host celis which

express a recombinant protein and are used to prepare this protein. This includes in particular

monocional celt lines for the producti‘on of ther

apeutic proteins.



The invention describes in particular a fed-batch cell culture nedium
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5and/ or (fi) sodi um p-glycerophosphat e-pentahydrate (C3H/Na206P x 5 H20,
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o 1 ecHaRd ST ens. becrs o GRummedE BRtanEH etalqwing itk BoGhERaR
of imterest, pANNkEEhRFbyrbthyIRiaReotarbinpétbbsssiiphpniel ariabl Y(Calf NS b TBE)
an anti body fragnent or an Fc fusion protein. 5AI|l the methods according
to the i tion are synonynously referred to as processes. Thus, the

i nvent i ofly gddhinpeiiflefSpho8phA¥paRlapydrated MHINEEP k& Hi®Bddat)i ng the pC2
conprising the, . . .
c) regulating the pH by means of a non-CO2-forming acid and/or alkali,
while during the bioprocess the pCO; is regulated with CO2, 02, N2 and/or a supply of air or
25 using the speed of the stirrer.
The invention further describes a method of improving the reproducibility of bioprocesses with
eukaryotic cells, characterised in that at least the following parameters are monitored: pCO2
profile, 02 profile, pH profile, temperature profile, speed and
a) wherein the cultivation of the cell takes place in a cell culture medium that contains 12

30 mmol/L or less of HCO3 or CO3% ions, and

b) wherein said cell culture medium contains the following buffer components:



followi ng steps: a) preparing a eukaryotic host cell which contains a
reconbi nant gene of interest and produces a correspondi ng product of
interest, 10b) cultivating the cell fromstep a) in a cell culture nedium
whi ch contains 12 mmol /L or | ess of H or CO32- ions, said cell culture
medi um cont ai ning the follow ng buffer conmponent: (i)

N-tris(hydroxynet hyl ) nmet hyl-2-am noet hanesul phoni c aci d@éCGHlSNOGS TES
and/ O 15(i i) NswhdrevgeiudmsintmmrineethaiastiRyeniaesid (SHrslogs P 58)5an480
Sod-11) c¢) regulating the pH by neans of a non-0Q2-form ng acid and/ or

al kal i ne sol@ition, while during the bioprocess the pCO2 is regulated with
Co2, 02, N2 and/or a supply of air or using the speed of the stirrer.

In a pref err db) sodisertPradseraphoppleaterpe by FrEdEsddia-Qdt ¥ Pdi=Ry Spe-f rnd
invention as described 20above, the pCO2 is regul ated exclusively by the

i nt r oduct i orf) $hewp thengaulgtioneT HiespH EERRpA N AEINGBEANCROBERIMINGERAI AR or
METHODS Fernment ation 25The experinents carried out were perfornmed either

i n adbi or eacta¥faliip splutor @dhent ati on vol une of 2 L (seed volume 1.8 L), in
250 nml shake fl asks (seed vol une 50 rﬂé or using a SensorD sh Reader @ made
by the conpahyvhereisdvingthe dipnretassdhe p OmS)tegﬂﬁ%érw%(ﬁ@s Qg N apgyer a supply
bi oreactor have nunerous advantages such as data capture in real time 30
and ar chi vi ngPf@ir or g the sneedof the eliffefer s, an establ i shed and valid

regul ati on of the process variables of tenperature, pH, gas supply

(di f f er eHie ipyasyion fyrthes descrias adyethodi okreppiaing hg ot compdsinging fB‘Ei"‘é\’F%%t&p%an
be reproduced by neans of the controlled conditions and can be transferred
to |arger biadmeersrioga eeayaicupst eall wiiph. coriaing pdpermbinantrgens; ¢rialgrasbandr e
generally 31/56 higher, by conparison, than with alternative fernentation
met H8ds. Thipsodusss Bcompepaading pradyat @hintaResti nt egrated stirrer with its
turbulent m xing action that provides a better supply of nutrients and an
i ncreased i b colivalingdhe eell BeygRaP abBwe ¢alt culwr fed)ush Whishcenigins, &4 (pmol/L or
conplicated and time-consuning, as at the beginning the fernentation

appar at us/ depsigh I3 I9ASQ3S ipes, piie spid erllcauitiie aediuEtcontiainiagtne fellpwingbyffes
fermentation daily supervision is required and after the fernentation the
equi prent h&ompengyd: t aken apart and carefully cleaned. Qperation is thus
very | abour-intensive and costly. Bioreactors are used for fermentation
when good r ediIN-¥isadeoametadynatiodr-apinestharesulphprie|acid {&esNEs? sTERHaRHe
addi tional advantages of a bioreactor are required. 10 For bioreactors

t herlé are dioff erent operating nodes. Wereas a batch process is primarily
characterised by a constant volune, this is variable in a fed-batch
process. Var i(iodiuseBgliseroniospliptemenbydraia GoildrpeRd ¥ 8454 Beff)ar e
additions to the cell culture liquor. Additions may be a fed in .
cont i nuous| ) rgulating e pld o reeangrof SN S oRdpMHed agd @pdigs glkaling gpiution, while
fermentation process. 15 In the fernentati ons using the bioreactor .
descri bed i n quiieg dhgeippipsassihede@qis regulated with W%Eb%égﬁ@/%wnﬂyéﬂ.amﬁe
cultivation of cells in shake flasks has the advantage that it can be
carried out wivthe 2peedofdbe 68TSM- si npl e neans. In addition to an incubator,
an LAF box (lamnar flow, sterile working area) and_ the disposable flask
no @PherTheethentioal fughen geranibes ¢ metfind eldincrageing| thg Wirear ther sRackig RIAEStIvity,
sterile conditions with cell culture medium and inoculum of a defined
concent r at i gameAging Kafotioving stapsed into the incubator. The cell culture
can be influenced by adjusting the settings on the incubator (desired

t enper at ur e ) PERAING @ AulAngticyhoss selb vhighdcantaips @drenbipantgenenef interest and

produces a corresponding product of interest,
b) cultivating the cell from step a) in a cell culture medium which contains 12 mmol/l or
25 less of HCO3 or CO3” ions, said cell culture medium containing the foliowing buffer
component:
(i) N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (CegHisNOeS, TES) and/

or



25 shake flasks are delivered in sterile packaging, no other preparation
of the equipnent is required. However, the di sadvantages are obvious: it
is not possible to carry out online data capture, regulate the pH,

i ntroduce gas or carry out a feed. The ling for analysis and the
addition of feed and bolus has to be cariied out under the LAF box. This
is a source of contam nation or errors and in addition to routine handling
takes up a gr@hsochisait-dycerenhespiyie-pepigbydiate ((uldmaRe pSitht: 8P4 ew of

anal ysis, the sanple volune inposes restrictions: For exanple, at the
start of fergresgdatingthe Bid biimegng of agged:Oxfeaning acie\aadipr slaeesAfiofnount  of
two to three millilitres is taken (generally dailyé. Al t hough this is.
partly c¥hfectigingdte bippfaresad pGOnisdpgylated WItRCB3] ©3, N2 and/of 3 syppijoh@ir or
renoval on each occasion, in relation to the total volunme of the culture.
General ly, tettoeispeetheldpestiTefe shake flasks are highly suitable as a
35precursor for bioreactor tests, on account of their ease of handling and
gooddeval uation possibilities. 32/56 suspension per well and the dish is
covered and placed in the incubator. A sensor point is applied to the
under si deeofvertian {uaher relpigs to thesiirad obhimpreving the, grasiycicayaliby GoBwiisingRe ch
reads out this sensor. This allows non-invasive neasurenent of pH or p02
onli ne and if@llowdng stepsie. No prior calibration is required; the calibration
data are automatically |oaded into the control 5software at the start

usi ng the pré) MreRABaLE BUKATYRIS NoSHERIEWEYCh ¢qdaind 3gpepmbinerigese afppicErst and
limted to reading the pHin the well and drawi ng conclusions as to the
cel | growt h Asgducas argerrespangingrsodyd of iNere®2 over tine. The process is
recomrended for testing toxicities, effects of individual substances or

t hr d¥hol d concelivating thasell BpR stap ) dva gelbeyliure medim which sentaingul4 @mol/L or
mul tiple neasurenents. As there is no 10 sanpling and the experiment has
a running tiless off HeRkyor Hr@e igagssaid Fell vykurenaediumscatainiae dhg dpflowing buffer
feeding either, this nethod saves a great deal of tine and allows very
conf ort abl e REWANeMy. pH Regul ation 15In the tests with the Sensor Dish
Reader and during fernentation in shake fl|lasks in the_ incubator no active
pH regul at i orl)iNTrisdhydregmstiy) ety grarisgethargsyiphppictasid KL e THS) and/
regularly carried out at Bl by the addition of Na2CO3 (aq) and CO2 (gas).
The regul ati%n is carried out automatically using Simaticl TO (see the
section on software). \Were PFlactual > Plidesired_ , CO2 (gas) is

i nt ldduced, WilesasiysmcarerorhopphaleprriahydrrielCed-NaaPsfY ¥ SiteOrSeer®d i n
through a regul ated punp until the desired value, +/- defined deadband, is
reached agaichreguiating éhepptd S means of amee-COnfosping acidangiar atkabissolgtion, ¢ he
reasons stated, Na2CC3 (ag) is replaced by sodi um hydroxi de sol ution which
has an equi willesirieg theckioprosesgthie HCAL i Frgulsias withceD, @aiNe @Pd/oRBFuRRY £ BI
proprietary nediumis used as the standard nediumin all the

f er ment at i orPs by Kevsneed cAe Wr@r-ffer only in the preselected pH Both nedia
are serumfree production nedia which are produced in-house on a "just in
ti me" balies invgRkory dethergglaten @ ed mefhed < IEPEIVING s redusingss e dthee BIOGASS.
produced in-house. A feed 30 nediumgenerally contains highly purified
wat @P ( VWFI cempgsipg thedfellowipgstepén) , gl ucose, anmino acids, growh factors
and biol ogi cal extracts frome.g. yeasts that are ideal for the particul ar
cel | line. [ preparingla pakaryaticthast 6% whird sedingradeermpigand gapei ffdnterest and
continuously by means of a punp, while in the fernmentations in the shake
flasks it i Presluses asarpspandingaredusi@bintare®d. LAF box. 35 For the experinents
in the bioreactor a so-called nmultifernmenter is used. |t consists of six

i dentical i mdicvitivaing the cabfroarderatin aicehcdture Medimwhish cpBlainget ommapb or
litres, which are physically conbined to forma portable unit. The

equi pment i ée%cqfdég@a' o tFOPCiongssad siliauities mediumsegrigiaipg  therfiliowing putfer
structure of the fernenter is fornmed by the 2L glass container 33/56 with
douBPe j ack&empepentenperature control and the cover plate into which the
probes and ot her peripheral equipnent such as riser tubes, for exanple,
are screwed. ()MNrisghdepyeetzl)msinyl-4-arieogihanesatpheric acise (EdilsdRERgT PPlonrt
are used that are screwed into the cover plate of the bioreactor:

t enper at ur e 9pr obe, p02 probes, pH probe, COX2 probe.

(i) sodium-B-glycerophosphate-pentahydrate (CsH;NaxOsP x 5 H;0, Sod-R)



5 For all the fernentations carried out a BlI-HEX(r) cell is used.

Bl - HEX(r) stands for Boehringer |ngel heimH gh Expression System The

Bl -HEX(r) cell is a CHO cell, the genetic construct of which is
altered/optinm sed so that a product of,-4terest is effectively produced.
When cells are needed, an anpoule wth { e corresponding CHO cells from

t he inocul umsector is thawed out, 10 expanded and a stoclﬁ_ culture is
applied in 6}werlating thextht by B¥eann sf dAOR-GP-IEiNHECY AndiRealkalinp SQLFBR. or
shake flask. The cell secretes a certain bionolecule, preferably a :
protein, prahde doring thediprrpsass thiprBottyegutted vith &Pz QzyN; A7 0&?1%“%‘{ pt air
culture nedium This is detected when the concentration of the titre is
det er nmi ned. oLby thempeegofithgE ek per i nent (Reducti on i n NaHCC3
concentration) The elenentary function of NaHCO3 for the cell has_already
been dedihei ipuentionhiugthes desqriventa methast oh PEPATBI h SRFORBRANG Proghist 198 Anteres
reduced NaHCO3 concentrations have an effect on cell growmh. The

eval Qat ieomprisingnifercfolgwing &Py concl usi ons as to the oxygen consunption (by
cell 20growth) in the cell culture nmedium The exgeri ment is c?r.ri ed oué1
on a Sensor B) SrerRERg e eukaryotic hpsk clbwhich gonainsa decomhinany 9g0e oimterest an
so as to be able to detect outliers and eval uate the general scatter. A
24-wel | Oxi Broslicemagopespoading piadigt offiRtesRfli tion to the five different
NaHCO3 concentrations a test series with a specific concentrati gn of
NaHOCB and HEPEISvatiag thm celirfipr stemd) Waa srefhculturej@ediumwaich qoptaies | 12 amelt o8
although it is only run with 3 %25 pCO2 in that instance. Th resent. .
experi nent (&p ¢sz%QBi i (305 ionpcEd celh cxiure snegivm spatainng e [lpying biiften
ot her experinments. For nore information see the experinmental plan in Table
1. 10 I'n or gemppeerd&ep the vari ance as | ow as possible, the cell
suspension for a test series of the same concentration is proqq&cje&%n tcpe
pool , pi pett il N-Hiswdrrxymethyd methy-21ReHneataneg@haRie Roidn dCdbePeul 2N

i dentical volunme of NaHCO3 stock solution. Platform SensorDi sh Reader
(SDR)Cel I : @HORun tinme: 90 h Medium MEDI UM A w o NaHCO3 + wei ghed
anmount/stock sol ution buffer substance Feedi ng:-not applicahle-T/L: 36.8C
70% 35002 pr diif sosiuneBrobtcaraprhospisieapngnukals (p%w@.z@w BE/%@ P84P) seri es No.
buf fer substance(s) / concentration repeats (n) 1 NaHCO3 / A 4 2 NaHCO3 /
B 4 3 NaHCOR) regglating the pH by means of a non-CO2-formirig acid and/or alkaline solution,

15 while during the bioprocess the pCO.is regulated with CO2, 02, N2 and/or a supply of

air or by the speed of the stirrer.

In a preferred embodiment of the production process according to the invention the product of

interest is a protein, preferably an antibody or antibody fragment or Fe fusion protein.

In a preferred embodiment of one of the methods according to the invention as described
20  above, the pCO, is regulated by the introduction of CO; and/ or N>gas. Preferably, the pCO;

is reguiated exclusively by the introduction of CO; and/ or N» gas.

In a preferred embodiment of one of the methods according to the invention as described

above, the cell culture medium contains 8 mmol/L. HCO; or CO,% ions.

in a 'particularly preferred embodiment of one of the methods according to the invention as
75  described above the cell culture medium is completely free from HCO; or CO,> ions.

In a preferred embodiment of one of the methods according to the invention as described

above the cuitivation of the cell is carried out by the fed-batch fermentation method (and not

e.g. by the perfusion method). Preferably, the cultivation of the cell is carried out by the fed-

batch method. Preferably, from day O to the end of the fed-batch fermentation/ fed-batch
30 method no HCOs or CO,> ions whatsoever are added to and/or used in the medium.



4 4 NaHCOB / D4 5 NaHCO3 / D+ HEPES / E 4 6 control MEDI UM A (cont ai ni ng
NaHCO3) / F 4 Table 1 NaHCO3 HEPES mmol /L Standardi sed data nmol /L
Standardised data OA QA 1 B 20E

28/56

In a specific embodiment of one of the methods according to the invention as described above
the TES concentration is between 1 mmol/L and .1 00 mmol/L, 10-90, 20-80, 30-50 or less than
or equal to 100mmol/L or 40mmol/L. A higher TES concentration than 100 mmol/L is not in
accordance with the invention on account of the increasing osmolality.

5 In a specific embodiment of one of the methods according to the invention as described above
the Sod-R concentration is between 1 mmol/L and 100 mmol/L, 5-50, 15-30 or less than or
equal to 100 mmol/L or 25 mmol/L. A higher Sod-& concentration than 100 mmol/l. is not in
accordance with the invention on account of the increasing osmolality.

In a specific embodiment of one of the methods according to the invention as described above
10  the acid and/or alkaline solution according to step ¢) is NaOH, HCl, H;PO,, CHsCOOH or

H>S0,, preferably NaOH or HCI. 7

In a specific embodiment of one of the methods according to the invention as described above

the eukaryotic cell is a mammalian cell, preferably a rodent cell, preferably a CHO, PER.C8 or

NSO cell. In a specific embodiment of one of the methods according to the invention as
15  described above the eukaryotic cell is a CHO, PER.C6 or NSO. In a preferred embodiment of

one of the methods according to the invention as described above the pCO; is regulated in the

initial growth phase (day 0 to day 3 or day 1 fo 3, particularly on day 1 of the fermentation) to

a value of less than or equal to 10% or less than or equal to 8%, preferably the pCO: is

adjusted to a value of between 2% and 8% or between 3% and 8% or between 5% and 8%
20 or between 3% and 5%, while a pCO, value of 5% or 3% is particularly preferred.

In another preferred embodiment the pCO, profile from day O to day 11 (or to the end of the

fermentation) is set to 3% pCO,. Preferably the pCO; is regulated to 3% from day O to day

11 (or 1o the end of the fermentation).

In another preferred embodiment the method further comprises that the pCO; value is
25  additionally regulated as follows:

i) an average pCO; (less than or equal to 12%) in the growth phase (for example day 3-7 or

day 4-8), of preferably 5-12% or 8-12%, particularly preferably 8-10% or 5-11% or 3-11%,

i) a slightly elevated or high pCO, (greater than or equal to 5%, 8% or 15%) in the dying-off

phase (day 7 to 11 or day 9-11 or up to the end of the (fed-batch) fermentation / up to the end
30  of the cultivation of the cell /), of preferably 15-18% or 5-10% or 15%.

The invention further relates to a cell culiure medium which contains 12 mmol/L or less of
HCO; or CO3% ions, said cell culture medium containing the following buffer components:
(i} N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (Ce¢HisNOeS, TES)

35 and/ or
(i) sodium-B-glycerophosphate-pentahydrate (CsH;Na,O¢P x 5 H,0, Sod-13).



4C 8D 36 mmol (Ktr) / F In test series nunber five, in
addition to NaHCO3, HEPES is al so added to the pool by nmeans 5of stock
solution. For evaluation, the diagramin Figure 1 is used, in which the
p02 val ues of each well are recorded agagst the tinme. The di agram has

al ready been purged of an outlier in test series four and is based on the

arithnetjcal averages of the fourfol enetit] 3-fold in.t '
e S Eh S5t I el ok SRR o SR hBldled i b
advant ageaum. BPfeserITHE®, TrmMdGa? tonst baid aei touttlire( mebiung comaihing tEXANRIMENG

15Shake flask experjnment The sel ection of the buffer systems (cell-free)
i s now CPEPLEWPANEMS: cells. The criterion for the choice of the buffer

syst enms (y9edisingaidtiseypaethyEnbmirbetianasuppinibasd qSaB)B0S yTES)d good
buf fer characteri stacs during the introduction of gas into the shake flask
i ncuBator. The te@f¥<Etup / experiment plan goes with the finding in

Exanpl e ¢y ddanim-g wiphBspatdp&itaRydrate (Codlapdyrax b 6hOr 8ddded to
AL SRR T ENETE NS S
buf f er mR&littMcohfins® minoRin HODS be Qv Burts. per f or mance of the cell, as a
basi's f 0|er aasp%aléitf)ig% %%Qitmefn?[) gtc%}llca turlenmé |uem %icgcgrgf?}%ttg rthe in%gr/ﬁ'iao% the cell culture
10 medium is completely free of HCOs or CO” ions.
In a specific embodiment the cell culture medium according to the invention is for the fed batch
cultivation of cells. Preferably
In a specific embodiment of the cell culture medium according to the invention the cultivated
cells are eukaryotic cells, particularly mammalian cells, particularly rodent cells, particularly
15 hamster cells, particutarly CHO cells.
In a specific embodiment of the cell culture medium according o the invention the TES
concentration is between 1mmol/L and 100mmol/L, 10-90, 20-80, 30-50 or less than or equal
to 100mmol/L or 40mmol/L. A higher TES concentration than 100 mmol/L is not in
accordance with the invention on account of the increasing osmolality.
20 In a specific embodiment of the cell culture medium according to the invention the Sod-6
concentration is between 1 mmol/L and 100 mmol/L, 5-50, 15-30 or less than or equal to 100
mmol/L or 25 mmol/L. A higher Sod- concentration than 100 mmol/L is not in accordance

with the invention on account of the increasing osmolality.

25  The invention further describes a fed-batch fermentation set-up or a set of fed-batch
fermentation equipment, or kit, comprising the following components:
(a) cell culture medium which contains 12 mmoliL or less of HCO;™ or CO3* jons, or which is
preferably completely free from HCO;™ or CO,% ions, the said cell culture medium containing
the following buffer components:
30 (i) N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (CsH1sNOgS, TES)
and/ or 7
(i) sodium-B-glycerophosphate-pentahydrate (CsH/Na,OsP x 5 H;O, Sod-R),
(b) fed-batch fermenter,
(c) eukaryotic cell, preferably a mammalian cell, rodent cell, hamster cell, most preferably a
35 CHO cell.
Preferably, the-cell in (c) is a recombinant cell. A recombinant cell contains a recombinant (e.g.

an exogenous) DNA or RNA sequence which is preferably expressed and particularly



solutions. After manufacture, sterile filtration is carried out. As a
safety measure the experinents are carried out with n = 2. To achieve two
different gas supply variants, the experiments are split between two
different incubators. A summary can beydfea4ind in the experinent plan. 5

Pl at f orm Shake flasks in the incubatorCell: CHORun tine: 11 d

Medi um MEDI UM A w/_ o NaHCGO3 o] + I ghed .ampunt / st ock soI fer
subst and&eteebl pijified ad W'af%ae%gbléfg%/rg%ﬂ% '3%12? ¢ lﬁ BT exogg]rt%)r#%ht

pl an 103eedbiungly densiabyuticlprteilNréiufdohr ars aiftibody,/ancamtiboGHEhIRES of ah FERGHEIPES
/| | SFOHEPES / G SFOHEPES / G SFOMOPS / | SFOMOPS / | SFOMOPS / F SFOMOPS

| E SFORSER-/ F SF1Sod-a / F SF1Sod-a/ H SF1/ H SFITES / U SF1TES / U
SFATES / K SF1TES / K SF1Trizma base/ F

5  All the methods according to the invention are synonymously referred to as processes. Thus,
the invention also relates for examplé to a process for regulating the pCO, comprising the
following steps:

a) preparing a eukaryotic host cell which contains a recombinant gene of interest and

produces a corresponding product of interest,

10 b) cultivating the cell from step a) in a cell culture medium which contains 12 mmol/L or
Iess-of HCO, or CO.% ions, said cell culture medium containing the following buffer
component:

(i) N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (CsH1sNO.S, TES) and/
or

15 (i) sodium-B-glycerophosphate-pentahydrate (CsH/Na,OsP x 5 HxO, Sod-B)

c) regulating the pH by means of a non-CO,-forming acid and/or alkaline solution,
while during the bioprocess the pCO; is reguiated with CO,, O, N, and/or a supply of air
or using the speed of the stirrer.

in a preferred embodiment of one of the processes according to the invention as described

20 above, the pCO, is regulated exclusively by the introduction of CO, and/ or N; gas.

EXPERIMENTAL SECTION
EQUIPMENT AND METHODS
Fermentation
25  The experiments carried out were performed either in a bioreactor with a fermentation volume
of 2 L (seed volume 1.8 L), in 250 mi shake flasks (seed volume 50 ml) or using a SensorDish

Reader® made by the company Presens (seed volume 1.5 mi).

Experiments with the bioreactor have numerous advantages such as data capture in real time
30  and archiving of the process parameters, an established and valid regulation of the process
variables of temperature, pH, gas supply (different proportions of gases) and stirrer speed.
The data obtained can be reproduced by means of the controlied conditions and can be
transferred to larger bioreactors (scale-up/scaling). The yields in the bioreactor are generally



SF1Tri zma base/ F SF1Trizma base/ | SF2Trizma base/ | SF2MEDI UM A (Ktr)
SF2MEDI UM A (Ktr) SF2Bl ank SF2Bl ank Table 2 - Experinent plan, |ncubator
36/56 No.Buffer subst. /conc. SF2HEPES / | SF2HEPES / | SF2HEPES / G
SF2HEPES /C SF2MOPS / | SF3MOPS / | S S/ F SF3BMOPS / F SF3Sod-B / F
SF3Sod-at F SF3Sod-a / H SF3Sod-a / H SF3TES / U SF3TES / U SF3TES / K
SFATES / K SF4Trizma base/

10

15

20

25

30

35

higher, by comparison, than vﬁith alternative fermentation methods. This results infer afia from
the integrated stirrer with its turbulent mixing action that provides a better supply of nutrients
and an increased introduction of oxygen. However, operation is relatively complicated and
time-consuming, as at the beginning the fermentation apparatus/ equipment has to be put
together and sterilised, during the fermentation daily supervision is required and after the
fermentation the equipment has to be taken apart and carefully cleaned. Operation is thus
very labour-intensive and costly.

Bioreactors are used for fermentation when good results have aiready been obtained in
prefiminary tests and the additional advantages of a bioreactor are required.

For bioreactors there are different operating modes. Whereas a batch process is primarily
characterised by a constant volume, this is variable in a fed-batch process. Variable because
during the fermentation process there are additions to the cell culture liquor. Additions may be
a fed in continuously or in the form of an additional bolus to assist the fermentation process.

In the fermentations using the bioreactor described in the experimental section, fed-batch

processes were used.

The cultivation of cells in shake flasks has the advantage that it can be carried out with
relatively simple means. In addition to an incubator, an LAF box (laminar flow, sterile working
area) and the disposable fiask no other technical equipment is required. The flasks are filled
under sterile conditions with cell culture medium and inoculum of a defined concentration and
then transferred into the incubator. The cell culture can be influenced by adjusting the settings
on the incubator {desired temperature, relative humidity, speed and —CO, content). As the
shake flasks are delivered in sterile packaging, no other preparation of the equipment is
required. However, the disadvantages are obvious: it is not possible to carry out online data
capture, regulate the pH, introduce gas or carry out a feed. The sampling for analysis and the
addition of feed and bolus has to be carried out under the LAF box. This is a source of
contamination or errors and in addition to routine handiing takes up a great deal of time.
Moreover, from the point of view of analysis, the sample volume imposes restrictions: For
example, at the start of fermentation, 50 ml are seeded, and for every sample an amount of
two to three millilitres is taken (generally daily). Although this is partly compensated by the
addition of feed and bolus, this is a major removal on each occasion, in relation to the total
volume of the culture. Generally, tests in inexpensive shake flasks are highly suitable as a
precursor for bioreactor tests, on account of their ease of handiing and good evaluation

possibilifies.

Experiments using a Sensor Dish Reader (=SDR) partly combine the advantages of
bioreactors and shake flasks. In this method, a 24-well dish is seeded with only 1.5 mi of cell

1
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handling.

pH Regulation
15 In the tests with the Sensor Dish Reader and during fermentation in shake flasks in the

incubator no active pH regulation is carried out.

The pH regulation in the bioreactor is regularly carried out at Bl by the addition of Na;COs ()

and CO, s The regulation is carried out automatically using SimaticlT® (see the section on

software). Where pHauua > PHaesied , CO2 (gas) 18 introduced, where pHacal < PHaesired, N@2COs
20 g is metered in through a regulated pump until the desired value, +/- defined deadband, is

reached again.

In the present instance, in some fermentations, for the reasons stated, Na,CO; 5y is replaced

by sodium hydroxide solution which has an equivalent effect.

25 Media
As the basic cell culture medium a Bl proprietary medium is used as the standard medium in
all the fermentations. Media A and B differ only in the preselected pH. Both media are serum-
free production media which are produced in-house on a "just in time" basis.
The feed medium used is also a Bl proprietary feed medium produced in-house. A feed

30  medium generally contains highly purified water (WFI = water for injection), glucose, amino
acids, growth factors and biological extracts from e.g. yeasts that are ideal for the particular
cell line. In the multifermentations the feed medium is supplied continuously by means of a
pump, while in the fermentations in the shake flasks it is pipetfted in by hand under the LAF
box.

35
For the experiments in the bioreactor a so-calied multifermenter is used. |t consists of six
identical individual fermenters each with a fermentation volume of two litres, which are
physically combined to form a portable unit. The equipment is actuated- with PCs using
SimaticIT® software. The basic structure of the fermenter is formed by the 2L glass container



15 a cell density in the region of 18 are in this case Sod-at H + NaHCO3 /
D and MOPS / F. For this reason the further evaluation is restricted
primarily to the shake flasks fromincubator 1 with the associated CO2
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In order to keep the variance as low as possible, the cell suspension for a test series of the

same concentration is produced in the pool, pipetted into the wells and then provided with the
30  calculated, identical volume of NaHCO; stock solution.

Platform: SensorDish Reader (SDR) Cell: CHO Run time: 90 h
Medium: MEDIUM A w/o NaHCO; + weighed amount/stock solution buffer substance
Feeding: -not applicable- TIL: 36.8°C/70%

35 CO, profile: constant5 % Seeding density: 0.6



The bi oreactor contains the follow ng conponents: No. name function 1
tenperature probe measuring tenperature in the bioreactor. 2 gassing
filter sterile barrier between incomng gas mxture and bioreactor. 3
gassing tube nozzle at |ower end rel eaggg gas bubbles. 4 exhaust connector
evacuation of air frombioreactor. 5 surface addition port 1 organic

sol utions such as glucose, glutamne and feed are added through the triple
Q|stributorn 6 cell & PBS addition port filling the bioreactor with

i nocul U”Wseﬂéé Rb: | / bufiéraitbsAslild(s)qreoneehtratiohen] egleasd(n)tji ons such as
ant i f oanramnd pp au;usNgﬁC@{@Agaaea tnrougn tripre d{striputor 8 sanple
port sanpte LZJKCII t NgHCbLS7IBI te—disposabl e syringe] 9 3

(0]

3 NaHCO; /C 4
4 NaHCO; /D 4
5 NaHCO;/D + HEPES/E 4
6 control MEDIUM A (containing NaHCOs) / F 4
Table 1
NaHCO, HEPES
mmol/L | Standardised data mmol/L | Standardised data
OlA O|A
1B 20| E
41C '
8D
36
mmol [(Kin/F

In test series number five, in addition to NaHCOs, HEPES is also added to the pool by means
5  of stock solution. '
For evaluation, the diagram in Figure 1 is used, in which the pO. values of each well are
recorded against the time. The diagram has aiready been purged of an outlier in test series
four and is based on the arithmetical averages of the fourfoid repetition (3-fold in test series
four).
10
-> The reduced NaHCO, concentration of 8 mmol/L shows an advantageous pO, profile

similar to the control (cell growth).

EXAMPLE 2
15  Shake flask experiment
The selection of the buffer systems (cell-free) is now operated with cells. The criterion for the
choice of the buffer systems used in this experiment is an acceptable osmolality and good
buffer characteristics during the introduction of gas into the shake flask incubator. The test
setup / experiment plan goes with the finding in Example 1 that even with an NaHCO;
20 concentration reduced to concentration D (=8 mmol/L) good growth rates {deduced from the
oxygen consumption) can be obtained. '
The objective is to determine the best buffer medium, in relation to the growth performance of
the cell, as a basis for a subsequent fermentation in the bioreactor.

25 The preparation is carried out analytically as precisely as possible. The pH values are
adjusted by BGA comparison. Lower buffer concentrations are added by means of stock



CO2 probe neasuring the pCO2 in the bioreactor. 10 02 probe neasuring the
p02 in the bioreactor. 11 pH probe neasuring the pH in the bioreactor.
5Tabl e 4 The nodified bioreactor contains, in particular, an integrated
CX2 probe. The hardware set-up of the pxperinents can, however, be varied,
in principle, to neet different requirenents. For exanple, a riser tube
may be omitted and instead another obe may be installed ot
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accuful Beedingpdensityad-vol ume flow may reach a critical nmagnitude with
regard to foamng. It is also clear that after the regulation has settled

at a higher level a uniformsupply of CO2 gas is gbtained. 39/56 In
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that is gpqlonger besd@/H substance plus the optimum g =
SF1 Sod-B/H - - o ..
SF1 TES /U NaHCO; concentration deviating 5 &
SH1 TES/U from the standard (D=8 mmol/L}; £
SF1 TES/K ' n=1 4
SF1 TES/K o
SF1 Trizma base / F =
SF1 Trizma base / F 5
SF1 Trizma base / | S
SF2 Trizma base / | O
SF2 MEDIUM A (Kir)
SF2 MEDIUM A (Kir)
SF2 Blank
SF2 Blank

Table 2 - Experiment plan, Incubator 1



10supplied with gas, C®2 can then accunulate until it is measured. Figure
3 thus graphically shows the course of the internal neasurenent of pCO2
(probe with automatic data archiving) and of the external neasurenent on
the bl ood gas analyser. The first califgygfion marked with an arrow
(conpari son between CO2 probe and BGA) on day O (dO) shows little effect,
as the regul ating characteristics are still too unsettled. Fromthe 2nd
15cal i brati on onwards (2nd arrow) on day 4 (d4) good agreenent can be

found b en d external asur iRy Subst. / BoheliNction test
carr | edeﬁg\e ;Enﬂf £ EPZICOREt hat the 0§NF§4 | e pgurrmam@@?megul ation
IS depe%t on they g‘p,r system In t8espCOROFUF at iINaMAQ), /PBS buffer,
carriedgpit as a tﬁEPESZrQ; he regul ati ngspsest eBbé-R /H abiNaHafd.¢D onl y ghree
hours. W fernment gkpeR /¢si ng the mul ti §EsTENtEES | K AdeabiCOs Aoeded @ an
optim sigrp test usimoPSDR. I n this prel $Rsgary tkia basedécor dance W.th
Exanpl e gi3 di f f er erittlONgH@O3 concentrations are tested in conjuncti or=with
t he medisF3Sod-11 / MOBRAFTES / K. In the experinent, in addition to'?S t he
eval uat i8"8 by the dOPBSIKk p02, an identically cover ed wel | plate is ssed
havi ng @#3ensors. Sdukelyesults serve tosﬂmjﬁenetrgqn@ggﬁ S4QNhE Mwer hecurr ent
Exanpl e,SA3he nost pask®£Fng conbi nations (TES / + NaHOO3 / D ang Sed- 11
/ H+ N&BHSB / E) &as-Rhtl uded in the expe‘PQﬂ%Wfatﬁﬂéﬁthe(qqﬁférdata rdg t he

prelim i@y test ar@ddbtHshown here.) bESh RNk Rptibapies Pl 8cesin
two mul 3% nent er s TESAM esponding to twelve indivi dua;ya?lOf er ment @r CZ with

di fferemfdedia co tY ons. The proced¥aRCaneentgRtpliRFeNiaingased t he
secti ongdf scrl bed / t he headi ngs EqyiRdtand¥rd e mamiLOper at ifig

st eps. ¢t est s[et- eﬁ'n?Fthe experinment plan are summarised in Tatﬁe 5.
35P| at f Bi ore ermenterCel | : CHO Run"fihe: 11 d (11 dayS)
Medi um UM B %1 B, + wei ghed anount/stock sol ution buffer

subst an ) Feed1- rg X continuous feedT: 37. 0C Seedi ng density: 01.7
CO2profsr_l O te - d3 to d6: 6 %- d6 to d8: 2%- d8 to di1: 4

% 40/ 56.3F e COZME g pf( vvn above applies to the regul ated bi oreactor
FS 33. 1.ggn the remaB@thg fernmenters, after the seeding (d0), for a
speci fi Qc;;:hgngth of tpmRkat a specific control magnitude, CO2 (gas) is

added i r to r ov the ce with a m ni num of dissolved CQ2.
Furt her nfﬁ%ﬁﬁgngég %P@“wﬁlﬁé'%éﬁ‘?’ ed out on dl, in the course of which
it was found that on average the 5cultures contained about 2 to 3 % 002.

In the ntext of d i i o]
Furt her TMAEysRrER B )8, Sftied U5t Rictotydstny SRSr 13l blifodPELCAE LaTRbor!
r egubat iiegwitiut aoy emvws@feﬂie@féh%ﬁ%ﬁ%@ﬁﬂbﬁ@é’fé@%ﬂ”ﬁumtﬂr order to allow an

obj ecti y&yas %ﬁ%ﬂ%@«@.tthét%ntiﬁe BafsS rﬁéd@m'rﬁkﬁfessé;ﬁﬁ&ronﬁ\wlﬁrﬂé bhgErermdatnzm) ed
or manual” I nterventions made. E ﬁ ]?1 9 r ul |at§1 ; s SE21
char act e¥ikgangantraion s pas aame 5ol Sridha dhe Res t%%‘f'@ % 57t RAnS Bssaralsd
regul at eihdaBH2APS1 R Mite Giffardnat dromn trecidiea reedpos mixtures astdeast gt to \d8, edelabivelnt
:rgzzin%e:sr)E§n} K%ﬁ{ﬁg%%%? 53@&8( #ith & &R REEIM iR RIS RUFE; Nenagenent
10 NaHCO, /D and MOPS / F + NaHCO; / D. Trizma base runs poorly in any concentration, the
pH is certainly stable but there may be some toxicity.
in Figure 2B the same scale has been used as in Figure 2A. It is clear that the celi densities
achieved are considerably lower with this CO, profile. Admittedly, the controis perform best
here too, but a maximum cell density of 20 is unacceptable. The best two buffer mixtures with
15 a cell density in the region of 18 are in this case Sod-& / H + NaHCO; / D and MOPS / F. For
this reason the further evaluation is restricted primarily to the shake flasks from incubator 1
with the associated CO. profile.
Generally, the combination with NaHCO; / D at the low buffer concentrations is advantageous.

20  When the pCO, measurement is carried out it is found that the prescribed pCO; profile is
maintained. It is apparent that the later the timing of the sampiing, the lower is the pCO;
measured. This is a result of opening the incubator repeatedly.



defined initial gassing(d0) 32.2 TES/ K + NaHCO3 / D CQO2/ NaOH defi ned
initial gassing(d0) 32.3 TES/ K + NaHCO3 / D CO2/ Na2CO3 defined initial
gassing(d0) 32.4 Sod-a / H CO2/ NaCH defined initial gassing(d0) 32.5 Sod-a
/" H+ NaHCG8 / E CO2/ NaCOH defined i nit4paks gassing(d0) 32.6 TES / K

CO2/ NaOH no addition of CO2 33.1 TES / K CO2/ NaOH automatic regul ati on
33.2 Sod-a / H+ NaHCO3 / E CO2/ Na2CO3 defined initial gassing(dO)

The controls show, in incubator 1 towards the end, another rise in the pCO,, which presumably
results from the production within the cells.
The progression of the pH over the fermentation period is also measured. The pH values are
5  at an acceptable level. The controls (SF21 and SF22) are still above the actual starting value
of 7.00 +/- 0.05 on day 2 (d2). This could be due to the deviation from the pH meter compared
with the BGA: the control was obtained directly, without any interference, from the
manufacture of the media, where the pH is selected without BGA. In the controls the pH value
falls most sharply at the end, based on the acidification of the cell culture.
10
Figure 2C shows the titre concentrations achieved (standardised). With a few exceptions an
increasing titre can be detected between d8 and d11. The gain in the shake flasks
SF49 to SF52, the media with the reduced NaHCO; concentration, may even be more than
tenfold!
15  Another remarkable fact is that for the first time with a new buffer substance in the medium,
the conventional control (SF21 and SF22) has been outperformed: SF52 with TES / K +
. NaHCOs; / D yield a very good result on d11 with a standardised product concentration of 83.6.
Result:
< [dentification of the best buffer substances in NaHCOs-free cell culture medium (left-
20 hand half of the Table) or in reduced-NaHCO; (=8 mmol/l} cell culture medium (right-
hand half of the Table).
= The best buffer substances were: TES and Sod-B

EXAMPLE 3 BIOREACTOR FERMENTATION
25  Test set-up pCO, regulation:
There are different types of regulators avaitable in different combinations for regulating a
process. They may comprise the following regulators:
1. P-regulators: Proportional regulators. These are used in applications that have low
demand for accuracy of regulation. P-regulators have a constant regulating
30 deviation.
2. I- regulators: Integral regulators. These are used in applications that have low
demand for speed of regulation but are very accurate.

in practice Pl regulators are used most frequently and also in the present fermentation control.

35 Pl regulators combine the advantages of P and | regulators: they regulate speedily by means
of the P content, and accurately and without any permanent regulating deviation by means of
the | content; the effects of the individual regulators are added together.



33.3 MEDIUM B (NaHCO3 /F) (conp. control) CO2/ NaOH defined initial
gassi ng(do) 33.4 MEDIUM B (NaHC® /F) (control) CO2/Na2CO3 defined initial
gassing(d0) 33.5 MEDI UM B (NaHCCB/ D) CO2/ NaOH defined initial gassing(doO)
33.6 MEDI UM B (NaHCOB/ D) CO2/ Na2COB8 defgiqied initial gassing(dOo) Table 5
Ex]Loerl ment Iol a][\ I ghe fermentation systems (FS) 32.1, 32.6 and 33.6
unfortunately failed over the ferne I.on od bec
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fﬁl tgrfef‘lh‘ecbmmadf&r&:dntémshﬂmrf@llommigacbmmnneoﬁ t he grounds of contam nati on,
e di f f er ept—ecan—ont-y be—estimat onparison w thFS32-2—andFS—32.
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i ncreased ffoirt rﬁgrface addition port 1 orgahic solutions such as glucose, glutamine” and

feed are added through the triple distributor.
6 cell & PBS addition port filing the bioreactor with inoculum and buffer.

™Y
w

14

7 surface addition port 2 chemical solutions such as antifeam and pH adjuster
are added through triple distributor
sample port sampies taken using sterile disposable syringe.
CO; probe measuring the pCO; in the bioreactor.
10 | O, probe measuring the pO, in the bioreactor.
11 | pH probe measuring the pH in the bioreactor.
5 Table 4

The modified bioreactor contains, in particular, an integrated CO, probe. The hardware set-up
of the experiments can, however, be varied, in principle, to meet different requirements. For
example, a riser tube may be omitted and instead another probe may be installed or

10  further/other solutions may be added automatically through hose pumps.

The pCO. measurements show first of all that the regulator oscillates for a long time after
changes to the desired value. From the moment of seeding until the desired vaiue of 8% has
been achieved the regulator oscillates for about two days. When the desired value is lowered
15 from 8% to 6% the regulator oscillates for another 14 hours; after in-process calibration, for
about 12 hours.
The gas volume flows that apply at the maximum negative control variable (-45 %) of the pCO.
regulator are also measured. In spite of this control variable the desired value of 2 % pCO; +
0.3 % is not achieved. From this it can be concluded that with a pCO, desired value of 2% a
20  critical lower limit is reached which does not appear to be useful in the process. As the
nitrogen introduced expels the oxygen, this has to be compensated by an increased volume
flow of oxygen. The accumulated total gas volume flow may reach a critical magnitude with
regard to foaming. It is also clear that after the regulation has seftled at a higher level a
uniform supply of CO, gas is obtained. ‘



The viable cell count density of the pCO2-regulated run (FS 33.1) deviates
fromone another by a maxi nrum of 20 units, as shown in Figure 4B. From d10
the two conparison runs also 5 show only a slight divergence, otherw se
good conformty is achieved. The | owersgolgvel of FS 33.1 may result from

t he higher pCO2 profile and should not be interpreted negatively. The
vitality (not shown) is at the sane level in all the runs. The consunption
of alkaline solution (not shown) is lowin all the runs. In FS 32.2
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35  Platform: Bioreactor/Multifermenter  Cell: CHO Run time: 11 d (11 days)
Medium: MEDIUM B w/o NaHCO, + weighed amount/stock solution buffer substance(s)
Feeding: From dx continuous feed T: 37.0°C Seeding density: 1.7
CO,-profile: d0tod3:8 %.- d3tod6:6 % - d6tods: 2 % - dB8tod11.4%



I'n six CO2-regul ated bioreactors the buffer systems TES and Sod-a are used
with different concentrations of NaHCO3, in order to determne the optinum
concentration of NaHCO3 in the nmedium The test set-up is described bel ow
15PI atform Bi oreactor / Muiltifernentemn/dethod: Fed Batch Cell: CHO Seedi ng
density: 3x105 vc/nmL Start volune:1,8 L 20Run tine: 11 days . Medium

Medi um S-f

subst an?@?r\?gFB'é’g ""fBe e %@n?? ﬁ%\gﬁuegfbég oM @}4&5&% §I§-)||1UH ﬁ'@a'?ﬁ%ﬁ{ﬁlx?a
(1.2M (ferencBiEs, qcm@ommpdmgadep/cforceagpe@f ¢ lermip gbtmmét B@P‘P@fﬂc @%fgfpbfﬂ?égww&

w th di fdgrents é‘u%‘a?%,fo%; tPpRvRE Mt@@&mm@nﬁmﬁm dfnisEalvee OB, RurthBupter

subst ance 2((“i‘l‘stbncent ration) concentratjon of 4 1. % Itz_S 40%
1.2 TES r(lmﬁwn@tqwgreggﬂgn ?gm1 in the godrsg.q %%‘@W §>u gha on'ave the
5  cultures contained about 2 to 3 % CO,. In the context of determining ceII density it was jointly
decided that no further manual interventions are required for supplying CO, gas.
The regulating characteristics were observed once again. In order to allow an objective
assessment to be made at a later stage, no seftings were altered or manual interventions
made. The analysis of the regulating characteristics is intended to serve as the basis for the

10  separate regulator adjustment (in future, separate positive and negative adjustment ranges).

FS | buffer substance(s) / concentration pH agenis pCO.-Management
321 | TES/K CO,/NaOH defined initial gassing(d0)
32.2 | TES/K+ NaHCO;/D CO,/NaOH defined initial gassing(d0)
32.3  TES/K+ NaHCO; /D CO./Na,CO; | defined initial gassing(d0)
324 | SodR/H CO./NaOH defined initial gassing(d()
32.5 | Sod-R/H+ NaHCO;/ E CO,/NaCH defined initial gassing(d0)
3261 TES/K CO./NaOH no addition of CO,

33.1 | TES/K CO,/NaOH automatic regulation

33.2 | Sod-B /H + NaHCO; / E CO./Na,CO; | defined initial gassing(d0)
33.3 | MEDIUM B (NaHCO, /F) (comp. control) CO./NaOH defined initial gassing(d0)
33.4 | MEDIUM B (NaHCQO; /F) (control) CO./Na,CO; | defined initial gassing(d0)
33.5 | MEDIUM B (NaHCO; /D) CO,/NaOH defined initial gassing(d0)
33.6 | MEDIUM B (NaHCO; /D) CO./Na,CO; | defined initial gassing(d0)

Table 5 Experiment plan

The fermentation systems (FS) 32.1, 32.6 and 33.6 unfortunately failed over the fermentation
15 period because of contamination. The data obtained were not included, or were only included
to a limited extent, in the consideration of the results.

Comparison of pCO; regulated with pCO> unregufated

As both FS 32.1 and FS 32.6, which like the regulated bioreactor FS 33.1 are operated with
20  the cell culture medium TES / K, were ruled out on the grounds of contamination, the different

can only be estimated by comparison with FS 32.2 and FS 32.3 (both TES / K+ NaHCO;/ D).

Figures 4 A and B on the normal viable celi count concentration (A) or tifre concentration (B)

show that the cell specific product formation rate of the regulated fermentation run (curve with

triangular symbol) is higher than that of the comparable unregulated fermentation run (curve
25  with diamond).

Moreover, the experiments from Figure 4 show that the pH regulation with NaOH tends to

have a better product formation rate than that using Na;COs.



Sod-11 (25mM 12 43/56 1.6Sod-a (25m\W) 16 Tabl e 6 Experinent plan show ng
buf fer systens and NaHCO3 concentrations used. The standardi sed product
concentrations shown in Figure 6 show no differences in the NaHCGO3
concentration used, when the sane buffgrsgubstance is used. Wien TES is
used 5 (1.1, 1.2) identical product concentrations are produced by
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the lowest osmolality (not shown) at 393 mosmol/kg.

Figure 4A shows that in spite of having a lower cell count than FS 32.3, FS 33.1 has a higher

titre concentration. The concentration is in the upper third of the scatter between the two

identical fermentation runs FS 32.2 and FS 32.3. This means that the fermentation run with the
15  pCO, regulation has a higher specific product formation rate.

Comparison of buffer systems'

The different buffer systems are then compared with one another.
Figure 5A shows that the pCO, profile of the regulated fermentation run (FS33.1) differs
20 significantly from the comparison fermentations (F§32.2 and FS32.3). FS32.2 and FS32.3 are
used for the comparison even th_ough they contain a small amount of NaHCOs, as there is no
identical comparison partner owing to contamination. The pCO, profile obtained by the
regulation is clearly distinguished from the comparison runs in the first third of the fermentation
and largely follows the prescribed values (cf. Figure 5B, d1-d3 pCO, = 8%, d3-d6 pCO;, = 6%,
25  d6-d8 pCO, = 2% and from d8-d11 pCO, = 4%). When a lower than normal pCO, value is
imposed (day 6-8, d6-d8) nitrogen gas is fed in so as to expel CO,. lt is found that the low
desired value is never reached and a pCO, value of 3.2% represents a critical lower limit for
the regulation. With the increased demand for nitrogen, oxygen is also expelied as a result,
and this is compensated by a higher volume flow of oxygen. A critical total amount of gas can
30  be achieved, in which an unreasonably large amount of foaming can be observed.
Figure 5B shows that the regulated fermentation run is also surprisingly clearly distinguished
from all the other comparison runs. This means that the pCO; profile achieved by reguiation is
actually based on the prescribed value (d1-d3 pCO, = 8%, d3-d6 pCO; = 6%, d6-d8 pCO, =
2% and from d8-d11 pCO, = 4%) and does not occur by accident.
35  Figure 5C shows that the titre concentrations that are obtained with TES without NaHCO; or
TES with 8 mmol/L NaHCO; are comparable with the control (NaHCO; based buffer with a

concentration of 36mmol/L). In spite of a randomily selected and non-optimised pCO. profile,



44/ 56 Run CO2 profile 3.1 day 0-3 5% CO2, day 3-11 3% CO2 3.2 day 0-2 8%
Cx2, day 2-11 6% CO2 3.3 day 0-4 8% 002, day 4-8 10% 002, day 8-11 8% CO2
3.4 day 0-1 8% 002, day 1-26% 002, day 2-78% 002, day 7-11 5% 002 3.5 day
0-11 3% CO2 Table 7 Experinment plan wsd, different CO2 profiles. As on
day O it was omtted to take another sanple for a COZ correction in the

af t ernoon, the 5CO2 val ues specified
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in six CO,-regulated bioreactors the buffer systems TES and Sod-8 are used with different
concentrations of NaHCQO;, in order to determine the optimum concentration of NaHCO; in the
medium. The test set-up is described below:
15 Ptatform: Bioreactor / Muliifermenter
‘Method: Fed Batch
Cell: CHO
Seeding density: 3x10° ve/mL
Start volume: 1,8L
20 Run time: 11 days
Medium: Medium B, NaHCO;-free, MOPS-free + weighed amount/stock solution buffer
substance(s)
Feeding: Feed | continuously from day 2
Temperature:  37°C

25 pO.: 60 %
Speed: 160 rpm
pH: day 0-3 6.95 £+ 0.15, day 3-11 6.80 £ 0.15

pH regulation:  NaOH (1.2M} (no COy,)
pCQOs: day 0-3 5%, day 3-11 3%
30  The buffer systems used with different concentrations of NaHCO; are shown in Table 6.

Run Buffer substance {(concentration) concentration of NaHCO; [M]
1.1 TES (40mM) -

1.2 TES (40mM) 8

13 Sod-& (25mM) -

14 Sod-f (25mM) 8

15 Sod-B (25mM) 12




20The test set-up is described below culture vessel /fill

quantity: 250nL/ 50nL cel | : CHO nedi um Medi um B, NaHCO3-free, MOPS-free +
Sod-fl (25mV) seeding density:2x105 vc/ L 25cul tivation period:11 days
cul tivation conditions:tenperature: 37G/qeel ative hum di ty: 70% speed: day
0-3 120 rpm day 3-7 140 rpm 002: day 0-3 5% day 3-11 3% 30Feedi ng: Feed |
daily 1.5 W 45/56. The different—additions—to—the-16 sha'g—Hﬁkm-
shown in Tabfe 8.3@1‘75@5‘?‘*’%% Addition SF1 water (for con?rol) SF2 SF3

sodi um ghl,Td ERpetitreht plak shbRingMIFEOS Y ncaidT OSEenceBFatiedisedn acet at e
39.4 g/L (for acetic acid) SFg SF7

The standardised product concentrations shown in Figure 6 show no differences in the
NaMCO, concentration used, when the same buffer substance is used. When TES is used
5 (1.1, 1.2) identical product concentrations are produced by different NaHCO; concentrations.
In the other fermentations using Sod-R (1.3, 1.4, 1.5, 1.6) and different concentrations of
NaHCO; it is confirmed that the productivity of the cells is independent of the concentration of

NaHCO; used in the medium. For this reason it is possible to cultivate cells without the use of

NaHCOs;.
10
EXAMPLE 5 FERMENTATION COMPARISON CO, PROFILES
In five CO.-regulated bioreactors different desired CO, values are prescribed over the
cultivation period, in order to find the optimum CO, profile for a fermentation process.
The test set-up is described below:
15 Platform: Bioreactor / Multifermenter
Method: Fed Batch
Cell: CHO
Seeding density: 3x10° ve/mL
Start volume: 1.81L
20 Run fime: 11 days
Medium: Medium B, NaHCO.-free, MOPS-free + Sod-B (25mM)
Feeding: Feed | continuously from day 2
Temperature: 37°C
POz 60 %
25 Speed: 160 rpm
pH: day 0-3 6.95+ 0.15, day 3-11 6.80 £ 0.15

pH regulation: NaOH (1.2M) (no COy)

The different CO, profiles of the six fermentation processes are shown inTable 7.



sodi um sul phate 34.1 g/L (for sulphuric acid) SF8 SF9 di sodi um hydrogen
phosphate 61.7 g/L (for phosphoric acid) SF10 Tabl e 8 5The standardi sed
live cell concentrations shown in Figure 8 show that the cells in all the
shake flasks with the exception of SF fyand 6 grow sinmlarly, with the
addition of sodium acetate. In these shake flasks, |ower cell
concentrations are achieved and the cells start to die off on day 7, so
that the addition of sodiumacetate results in significantly poorer

growt h. ThlgynTheé use]eb,pesfileC acid for pH adjustnment in the bioreactor
can be ruled_out 10 _EXAMPLE 7 FERVENTATLON-COMPARL-SON- ACHDS-PBi-fferent
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As on day 0 it was omitted to take another sample for a CO; correction in the afternoon, the
5  CO, values specified (cf. Table 6) from day 0 to 1 do not correspond to the measured values,

as shown in Figure 7C.

Both the standardised live cell concentrations and also the product concentrations of the

individual processes with different pCO, profiles are largely similar apart from run 3.2. In

process 3.2 the cells grow less well than in all the other processes (cf. Figure 7A). Because of
10 the poor cell growth and low cell density the product concentration in this run is lower than in’

the others (cf. Figure B). In relation to the CO; profile of run 3.2, Figure 7C shows that this is

the only run that has a high pCO, (> 8%) on day 1.

Thus the cell growth is negatively affected by an initially high pCO..

15 EXAMPLE 6 SHAKE FLASKS ACID TOLERANCE USING THE NA SALTS
In 10 250 mi shake flasks, cells are tested for their acid tolerance with the addition of sodium
salts. The salt solutions are selected such that the quantities of acids determined by titration
beforehand are present in 1.5 ml of solution for a pH shift from 7.1 to 6.7. On day 3 these 1.5
ml of the different salt solutions are added to the shake fiasks to simulate a pH shift.
20  The test set-up is described beiow:
culture vessel fill quantity: 250mL/50mL

cell: CHO
medium: Medium B, NaHCO.-free, MOPS-free + Sod-3 (25miv)
seeding density: 2x10° ve/ml
25 cultivation period: 11 days
cultivation conditions: temperature: 37°C

relative humidity: 70%
speed: day 0-3 120 rpm, day 3-7 140 rpm
CQO,: day 0-3 5%, day 3-11 3%

30 Feeding: * Feed i daily 1.5 ml



46/ 56 p02: 60 % Speed: 160 rpm pH day 0-3 7.00 0.05, day 3-11 6.80 0.05 pH

regul ation:

NaCH (1.2M (no CO2) 5 The different additions to the three
fermentati on processes are shown in Table 9.

run addition 4.3 hydrochlori

acid 99mM 44 sul phuric acid 54nM 4.5 pfpgphoric acid 81lnM Table 9

Experinment plan with different additions.
concentrations in Figure 9A run largely simlarly,
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The standardised live cell concentrations shown in Figure 8 show that the cells in all the shake

flasks with the exception of SF 5 and 6 grow similarly, with the addition of sodium acetate. In

these shake flasks, lower cell concentrations are achieved and the cells start to die off on day

7, so that the addition of sodium acetate results in significantly poorer growth.

Thus, the use of acetic acid for pH adjustment in the bioreactor can be ruled out.

10

EXAMPLE 7 FERMENTATION COMPARISON ACIDS
Different acids are added to three CO,-reguiated bioreactors for a pH shift from 6.95 io 6.8 on

day 3. The concentrations of the acid solutions are chosen such that the guantities of

substance required, which have been determined beforehand in a titration, are present in 50

15

mi of solution.

The test set-up is described below:

20

25

Platform:
Methed:

Cell:

Seeding density:
Start volume:
Run time:
Medium:
Feeding:

Temperature:

Bioreactor / Muliifermenter
Fed Batch
CHO

3x10° ve/mL

1.8L

11 days

Medium B, NaHCQO;-free, MOPS-free + Sod-l (25mM)
Feed | continuously from day 2

37°C



Met hod: Fed Batch Cel | : CHO 30Seedi ng density: 3x105 vc/nL Start vol une: 1. 8L
Run tine: 11 days Feedi ng: Feed | continuously fromday 2 47/56
Tenperature: 37C p02: 60 % Speed: 160 rpm pH day 0-3 7.00 0.05, day 3-11
6.80 0.05 5The different additions todi4w three fernentation processes
al\tlgczacsc,xhgogng)zi n Zagl e éo. Run Medi um pH regul ati on Acid added 4.1 Medium B

- 4.3 Medi , NaHCO3-free, MOPS-free + Sod-11 (25
aci d addedPC2 8% (25my) et

Speed: 160 rpm

pH: day 0-3 7.00 £ 0.05, day 3-116.80 £ 0.05

pH regulation: NaOH (1.2M) (no COy)

5
The different additions to the three fermentation processes are shown in Table 9.

run addition
43 hydrochloric acid 99mM
4.4 suiphuric acid 54mM
4.5 phosphoric acid 81mM

Table 8 Experiment plan with different additions.

The standardised cell concentrations in Figure 9A run largely similarly, so that on day 10 the
10  maxima of the individual runs are reached. The cell concentrations of run 4.3 with the addition
of hydrochloric acid are constantly below the others.
However, it is noticeable, with respect to the standardised product concentrations (cf. Figure
9B), that these all run similarly and thus in run 4.3 with the addition of hydrochloric acid the
same product concentrations are obtained as in the other processes.
15  With respect to the lactate concentrations shown in Figure 9C it is clear that less lactate is
produced in the fermentation process as the result of the addition of sulphuric acid (4.4).
Thus the addition of the hydrochloric acid results in a higher productivity of the cells and the
addition of the sulphuric acid results in lower lactate concentrations in the fermentation
process.
20
EXAMPLE 8 COMPARISON STANDARD PROCESS WITH CO-REGULATED PROCESS
in four bioreactors the standard process with the conventionai medium B without CO,
regulation and using Na,CO; for pH regulation is compared with the CQ,-regulated process
using medium B, NaHCO;-free, MOPS-free + Sod-B (25mM) and using NaOH and different
25  acids for the pH reguiation.
The test set-up is described below:

Platform: Bioreactor / Multifermenter
Method: Fed Batch
Cell: CHO
30 Seeding density: 3x10° vc/mL
Start volume:  1.8L
Run time: 11 days

Feeding: Feed | continuously from day 2



hydrochl oric acid 99nM 4.4 Medi um B, NaHCO3-free, MOPS-free + Sod-a (25m\)
NaCH aci d added sul phuric acid 54nM 4.5 Medium B, NaHCO3-free, MOPS-free +
Sod-R (25mV) NaOH acid added phosphoric acid 81nM Table 10 Experiment plan
with different additions. The standardi-ggf product concentrations of runs
4.1 and 4.3 - 4.5 shown in Figure 10 run in a very simlar manner. Al npst

i dentical product congcentrations are obtained in the standard 10 process
(4.1) and 79mpeftues W th the addition of phosphoric acid, which neans
that the GsB; regul at gdoprocess does not have any di sadvantages in terns
of the productivity or the product concentration that can be achieved.
EXAVPLE 9 PPoARI SON 8P MPROFI LES W TH MODEL CELL 2 15In five bioreactors
the CO2-regyl ated proggys-3iong: oesl duy B11 BBbiGQBes ree, MOPS-free + Sod- 11

(25mV) and the of OH f ' . pCO2 fil .
b0z | s TheglilaeReosbony i e sye HameR iR AReE oo™ RBht GUBIE. whi ch can

be done by RgFOUPMaLhNe PH T egul at | pht rejlRitiodSt [¥&didafded descri bed
bel ow. 20PLatform Bi oreactor / Miltifermenter. Mthod:Fed Bateh—CelH—CHO
Seeding desity: | Megdm Be/nl Start voN#eP1.8 L 48/56 Run time: 11 days
Feedi ng: Feed | continuously from day|2denperature: 37C
4.3 Medium B, NaHCO;-free, | NaOH hydrochloric acid 99mM
MOPS-free + Sod-f | acid added
(25mM)
4.4 Medium B, NaHCOs-free, | NaOH sulphuric acid 54mM
MOPS-free + Sod-f% | acid added
(25m)
4.5 Medium B, NaHCO:-free, | NaOH phosphoric acid 81mM
MOPS-free + Sod- | acid added
(25mM)

Table 10 Experiment plan with different additions.

The standardised product concentrations of runs 4.1 and 4.3 — 4.5 shown in Figure 10runin a
very similar manner. Almost identical product concentrations are obtained in the standard
10  process (4.1) and in run 4.5 with the addition of phosphoric acid, which means that the CO,-
regulated process does not have any disadvantages in terms of the productivity or the product

concentration that can be achieved.

EXAMPLE 9 COMPARISON CO, PROFILES WITH MODEL CELL 2

15 In five bioreactors the CO.regulated process using medium B, NaHCO;-free, MOPS-free +
Sod-B (25mM) and the use of NaOH for various pCO, profiles are compared. The pCO; is
regulated actively by the introduction of N, and CO. gas, which can be done by decoupling the
pH reguiation.
The test set-up is described below:

20 Platform: Bicreactor / Multifermenter
Method: Fed Batch
Cell: CHO

Seeding density: 3x10° ve/mL
Start volume: 1.8 L



p02: 60 % 5Speed: 160 rpm pH:day 0-3 7.00 0.05, day 3-11 6.80 0.05 The
different pCO2 profiles of the five fernentati on processes are shown in
Table 11. run day O to day 3 day 3 to day 7 day 7 to day 11 KF1 3% 3% 3%
KF2 7% 3% 3% KF3 11% 3% 3% KF4 7% 11%48%KF5 7% 11% 3% Tabl e 11 Experi nent
plan with different pCO2 profiles.

Run time: 11 days

Feeding: Feed | continuously from day 2

Temperature: 37°C

pO.: 60 %

5 Speed: 160 rpm
pH: day 0-3 7.00 + 0.05, day 3-11 6.80 £ 0.05
The different pCQ. profiles of the five fermentation processes are shown in Table 11.

run day 0 to day 3 day 3today 7 day 7 to day 11
KF1 3% 3% 3%
KF2 7% 3% 3%
KF3 11% 3% 3%
KF4 7% 11% 7%
KF5 7% 1% 3%

Table 11 Experiment plan with different pCO; profiles.

10 The standardised live cell concentrations shown in Figure 11A exhibit significantly better
growth characteristics for fermentation run KF1. Figure 11B for the standardised product
concentration also has a better result for KF1. The fermentation period for this experiment was
divided into 3 sections, for which the desired values of the pCO, were varied. The best results
were obtained with a continuously low prescribed value for the pCO; of 3%.

15



10The standardi sed live cell concentrations shown in Figure 11A exhi bit
significantly better growmh characteristics for fernmentation run KF1.
Figure 11B for the standardi sed product concentration also has a better
result for KF1. The fernmentation periogh/f@r this experinment was divided
into 3 sections, for which the desired values of the pCO2 were varied. The
best results were obtained with a continuously |ow prescribed val ue for
the pCO2 of 3% 15 49/56 ABBREVI ATIONS The following is a brief
expl anation of the abbreviations and synbols used in this study. 5 Bl The
conpany i ngel heim GrbH & Co. KG CHO cel | Chi nese Hanster Ovary
cell. A%&é\é@gﬁéﬁé and robust cell line established in 1960 which can
al so be Y foilwdhg® a briet espanstiodrof andabisenitiors aud @gmbols dsed) imthisistaiyt ur e.
DoEDesi of Experinments. Test planni for optim sagion a
1OrraDteshe tical /statistical ﬁi?icgrﬂpém'%?fﬁgef\ﬁaafgeﬁ%é?ﬂ@i@&ﬁ& of the
product glolgalli on and enri clomiseafidrastet Dearyi gall. Afwdlihdefined lanbavbes tdetidine
(decrease in volunme /concentratiqn).. Feedin dition of a.sqolution to the
fermentation cul ture which ieéﬁblé dr'@dﬁ’g Wﬂ'@ &@Plaiwf @‘? CS‘PY}%?‘E 'nof’USpenS'E’n
proliferation. 15FSFer ment efand@nbfer ustidah dag mandfasturent ati on system
equ. Equati on TCCTotal cell count. ggi@cati on oncentration. Nunber of
cel |'s per®%ol une that has b 'QQnQ} gUMERtE) g&é‘g pﬂ)a@f'wgdgoa{doqmsﬁgjtf%i 5g “
celli Mstly cell density inathdmatidal/statistidal dasiEl BofteérePbdder ocess
control._ Analysis of paraneters ile rocess i s in . progress, form
t he basi'%o"i"éﬁtpé?ﬁ‘t ervent i ons %2 Pﬁ@'eo‘?ﬁ%‘fcﬁ&oﬁ%@gé?n%q"ﬁ'.‘er?ﬁgerawgh/aieoﬂﬂh? a
bol us. LAF BoxLami nar - Ai r - Flcgivhnssting eddcteaiseirt Yolirge &romaentiaBich). ve cel |
count. Indication of concentration., Nupher,K o el ls, per 5 vol une that
has beer%941%sed as bei ng ﬁq%{}'é?.” RBsP O'&eq}‘e |”fé@°f‘ﬁ”%“\?e(‘f" I'cili!‘s'sﬁ%%refi
m]. Corresponds to TCC ni niy thelodIBrfoogrodtrast melfératiolVFCVass Fl ow
Control | er MCRMeasurenent - trol - Requl ati on: asurenent and regul ation
% rofstefi enteiin

30t dehndTgy Ml ti fer ment er ASSBSRE f BFUONSYEMhnbi ned of si x
i denti cadqu. Equation
TCC Total cell count. Indication of concentration. Number of cells per

volume that has been analysed; includes both dead and living
cells. Mostly cell density in [Y cells x10° / mi].

20 IPC In-process control. Analysis of parameters while a process is in
progress. May form the basis for interventions in the ongoing

process, e.g. the addition of a bolus.

LAF Box Laminar-Air-Flow box. Sterile working area.
LCC Live cell count. Indication of concentration. Number of cells per
25 volume that has been analysed as being alive. Mostly cell density

in [Y celis x10° / mi]. Corresponds to TCC minus number of dead

cells.
MEC Mass Flow Controlier
MCR Measurement-Control-Regulation; Measurement and regulation
30 technology
Multifermenter A so-called multifermenter is a combined of six identical

individual fermenters; for further information see Equipment.

NaHCO; Sodium hydrogen carbonate, also (sodium) bicarbonate or soda
PBS Phosphate buffered saline solution which has isotonic properties.
35  Process format By a process format is meant the setling of the process

parameters: It contains time data as well as volume flows of

feedings, stirrer speeds eic.



i ndi vidual ferrnenters; for further information see Equi pnent.
NaHCO3Sodi um hydr ogen carbonate, also (sodium bicarbonate or soda
PBSPhosphat e buffered saline solution which has isotonic properties. 35
Process format By a process format is ggapt the selling of the process
paraneters: It contains ti rre data as well as volune flows of feedings,
stirrer eeds etc. 50/56 P denot e buf f supstance. PA denote
exanpl e ngfer subst ance A. F(S'? PlER et ?’l"&%n%u%Fa”PﬁeB%u efr@fess %ﬁanﬁgj@%uﬁ:%
etc. are used Scal e-up= scalsubgtante £C&onabdpdtitignsSbinbe dagery PAhe PagaPa3adtc.a
production plant, usually done with the aid of dinensionless
characteristics. Shake flask't8E5Di sposable plastic flask.The lid is
provi dedSwai¢-hpa gas- per meabd scatih@or saaldbilitg er and is unscrewed for
sanpling and feeding. 10 SDRSensor sh_ Rea 1l ine data capture from
2 Chebial el | ol ate wi th oOGRRG HroRete Rbh proRaRy Bt G gyt
conpany Presens of Regensburg odeHﬁ'léﬁQﬁﬁlE@@-bmadthﬁStICQnCentratl on of a
product, tein such_as for exanpl n tihody in lpg/L Not to
be conf ugtéﬂ‘%vﬂa?h% e 15convrel:?ﬂ;‘?o(f’f?glfe H@éﬂ?n@asgf gﬂ}?eggcél pfqvfc*gg. whn 5 gas-
UpstreamArea of cell cultureerasitnel stgylestitart bng iwi difscidveed FOIC shmpling) =0ld
the fernmenter and fernentati 'fond U£ to the harvesting of the cells.
(Increase in volume). W Vater“fr injection. Purified, filtered,
desal( nasBHR wat er t he 20qualSdngotiishnReader®s conti nuously noni tor ed. withA
medium X with NaCl is for exanpl e .a nmedi um consisting,of all
conponents for nedi um X -wi ﬁqﬁ%ﬁ%{a&?ﬁ“(%ﬁ]?m&eﬁﬁ%@aw b8 with "ﬁﬁ@t’””%%? n
the field of the preparati om@tmmeﬂoomammem@waﬂ@ns 2bRegensburg.
"wi thout), A nmedium X w o or exa a nmediu .
consi sti H§of all the corrpyﬂ'éqi'ﬁe? hfe ﬁ%'meﬂ n—ﬁ%ﬂ%lﬁg'@&fqte'?asd‘ﬂ'ﬁ&ex
| n aqueous sol ution day ferfendainmp adaantibd@ i L0 Nt &e @en@nfused with the
15 conventional meaning of a medical titre.
Upstream Area of cell culture technology starting with-the inoculation of the
fermenter and fermentation up to the harvesting of the cells.

(Increase in volume).

WFI Water for injection. Purified, filtered, desalinated water the
20 quality of which is continuously monitored.
with A medium X with NaCl is for example a medium consisting of all

the components for medium X —with an additional defined
amount of NaCl.
w/o in the field of the preparation of media, a common abbreviation
25 for "without". A medium X w/o NaCl is for example a medium
consisting of all the components for medium X -but without NaCl.
(aq) Index In agueous solution

d day fermentation day. d0 = day of seeding.

30



30 51/56 CLAIMS 1. A nethod of optim sing a biopharnmaceuti cal production
process conprising the follow ng steps: 5a) preparing a eukaryotic host
cell which contains a reconbi nant gene of interest and produces a
correspondi ng product of interest, b)sgyitivating the cell fromstep a)
in a cell culture nediumwhich contains 12 mmol/L or |ess of HCO3- or
C3B2- ions, said cell culture mediumcontaining the follow ng buffer
conponenPLAﬂﬁ§i) N-tris(hydroxymet hyl ) met hyl- 2- am noet hanesul phonic acid
(CB6HL5N06S, TES) and/ or (ii) sodium a-glycerophosphat e-pent ahydrate
(C3H7Na206P x 5 H20, Sod-a) c) regulating the pH by neans of a
non- 002-f or 1§ igthdAiof opiiAising sbikHdrmac@icl peductithi précade comgrising thal folisvangss
the pCQ2 is regulated with CO2, 02, N2 and/or a supply of air 15or by
nmeans of theigpreed of the stirrer. 2. A nmethod of regulating pCo2

conprising the follow ng steps: a) preparing a eukaryotic host cell which

contains a Fa??ﬁgﬂéi"iﬁglafeu%%ﬁ@ﬁqét BbIeWRBh conding:0€86eABInaNtGRhE ©F Pratestod
product of interest, 20b) cultivating the cell fromstep a) in a cell

cul ture nedigiauskl altofesicridig predubref interest, | ess of HCC3- or COB2- i ons,
said cell culture nediumcontaining the follow ng buffer conponent:

N-t ri s(hydr oy vamidtingiretdlyiion stip 4)ae b kamnesitire rediven @hicl cofibing 3R0GS0/T&S)
and/ or 25(i ?)? sodi un p- gl ycer ophosphat e- pent ahydrat e (C3H7Na206P x 5 H20,

Sod-a) c) resusl AHOW, bhemHidns, BRars! elitiie AR Boritsining tigs BIoWing bdfier

al kaline solution, while during the bioprocess the pCO2 is regulated with
COx2, 02, N2 arfbopénta supply of air or by neans of the speed of the
stirrer. 52/56 3. A nmethod of inproving the reproducibility of

bi opfpocesses WiN-BistykrixyRbtry) FRttys-2-phiasstaamssupaenit Bt @ HANOSATES] ared/
foll ow ng paranmeters are nonitored: pCO2 profile, 02 profile, pHprofile,
tenperature gprofile, speed and 5a) wherein the cultivation of the cell
takes place in a cell culture nediumwhich contains 12 mmol/L or |ess of

HCOB- or  COB2j) ddlim-pafhitebopholiftbheptiihgdiat (C,8iNd, kR x Badi0) IBoad)t ai ns t he
foll owi ng buffer conponents: (1) :

N- Ej ; i s(hydr QX Yageiding MEEpI b rieatgi df @e{ohar® 3 sy bdid acd/6r 4IKHiné SbRASH, TES)
and/ or
while during the bioprocess the pCOs; is regulated with CO,, O, N2 and/or a supply of air

15 or by means of the speed of the stirrer.

2. A method of regulating pCO. comprising the following steps:
a) preparing a eukaryotic host cell which contains a recombinant gene of interest and
produces a corresponding product of interest,

20 b) cultivating the cell from step a) in a cell culture medium which contains 12 mmol/L or
less of HCO, or CO5” ions, said cell culture medium containing the following buifer
component:

(i) N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (CeH1sNOeS, TES)
and/or

25 (i) sodium-B-glycerophosphate-pentahydrate (CsH;Nay,OgP x 5 H,0, Sod-3)
¢) regulating the pH by means of a non-CO;-forming acid and/or alkaline solution,
while during the bioprocess the pCO, is regulated with CO,, O, N2 and/or a supply of air

or by means of the speed of the stirrer.



10(ii) sodium 13-gl ycerophosphat e- pent ahydrate (C3H7Na206P x 5 H20,
Sod-11) and c) wherein the regulation of the pHis carried out by neans of
a non-02-form ng acid and/ or al kaline solution and d) wherein during the
bi oprocess the pCO2 is regulated with 835 02, N2 and/or a supply of air
or by neans of the speed of the stirrer. 15 4. A nethod of preparing a
reconbi nant product of interest conprising the follow ng steps: a)
preparing a eukaryotic host cell which contains a reconbi nant gene of

o T eoh, o BRSSP PR DR ot o
L2 Tl e 0 S iR b b,
o R AR R e o1, (rigwes, TED
SP8) 20 R R o R i i ol
i O 08 AR e B RUAPIY Bl Sy s o the speec of the
e P okl O R O R Ry

hé™ et accordi ng one of clains

- h ised j h h i.S. | . [ i f
oo and or - KbRgastvHRIe TR 2 ehul BB geatl agd doufieg!gesy” ©

characterisedel)' n that the cell is cultivated by a fed-batch fernentation
process. 108™¥RE met hod according to claim7, characterised in that from

d i1l the end he fed- batch f i -
cok30 § ons =B ot A B P RRSHO A ARGt 08 FRECTSeRER et i ng
t f claips 1-8 characterised in th Lo gl
Scont ai ns &) WG PeeRaietgh s ey bnéell of Yo e At

of claims 1-9, d;:ha\ra terilsted in that the cell culture nediumis conpletely
free from HCESYBA So0ANd; 011 The method according to one of clainms

1-10, characterised.in that.the TES c en i i t I nd
T00 ol L. CheET dusthgahe bigpRiess Teaeos ir oyl o8 OE 80 ahalF B dupef
40mol /L. 12. .The t hod acgcordin on f clains 1-10, characterised in
that the SOd-°£aﬁé’éﬁﬁ&@?ﬁ?&fﬁ‘&ﬁpPSgBé?\?éé’ﬁeﬁ mrol /L and 100 nmol /L, 5-50,
15- ?ig or less than or equal to 100mvol/L or 25mmol /L.

4. A method of preparing a recombinant product of interest comprising the following steps:
a) preparing a eukaryotic host cell which contains a recombinant gene of interest and
produces a comresponding product of interest,
b) cultivating the cell from step a) in a cell culture medium which contains 12 mmol/L or
20 less of HCOs or CO5% ions, said cell culture medium containing the following buffer
componenis.
(i) N-tris(hydroxymethylymethyl-2-aminoethanesulphonic acid (CsH1sNOsS, TES) and/
or
(ii} sodium-B-glycerophosphate-pentahydrate (C;H;Na;OgP x 5 H,0, Sod-8)
25 c) regulating the pH by means of a non-CO2-forming acid and/or alkaline solution,
wherein during the bioprocess the pCOs is regulated with CO,, Oz, N and/or a supply of

air or by means of the speed of the stirrer.



54/ 56 13 The nethod according to one of clains 1-12, characterised in that
the acid and/or al kaline solution according to step c) is NaCH, HC ,

1- 13PO4 or H2SO4, preferably NaOH or HCl. 514. The nethod according to one
of clains 1-13, characterised in that 43hg eukaryotic cell is a mamalian
cell, preferably a rodent cell, preferably a CHO PER C6 or NSO cell. 15

The met hod accordi to one of .clains to 14, aracterised in.that the
p002 & he T Hereinen Sr e (pRavE 4 BRegelt iy 05 Sauyt ot fiprast & 8 Brotehn
particul arl n day 1 of the 10 ferpentatio is requlated to a val ue of

| ess than O%fﬁ‘g%{agﬁy qncf""g'éeféy eraq?*lggiv E"t’e%erﬁrorg%ﬁjﬁ?m? B%g%" preferably the
pCx2 is adjusted to a val ue between 2% and 8% or between 3% and 8% or

bet ween 5% and 8% particularly preferred is a pCO2 val ue of 5% or 3%

16. The method accordi ng, to one qf clai to 15, characterised in that
Lhe pGaBT 1 QR A ELRFORITEY A QS i ETarde et A s reatated
regulated to 3% 17. The p§§hod acgq)rdi ng to claim15 or 16, characterised
in tRat thePpeRRINGarton 8 GRaPPHAIN1975r equl ated as fol | ows: i)

an average pCO>2 (less than or equal to 12% in the growth phase (day 3-7
or day 4-8), 20of preferably 5-12%or 8-12% particularly preferably

8-10% qr 5-11% or 3-11% . ii) a slightly eleyated.o [ gh pCO2 reater
than or ‘equdetetBog ag%rcgpg 1%9&'9 and?'ﬂ'g 1déw f#?risﬁﬁé%é’ap h‘%/:e@-'sl‘i”"é"%t?igéy
9-11 or up to the %nd of the fernentation), of preferably 15-18% or 5-10%
or 15% 2518 fekbatnfermantafion AReESim whi ch contains 12 mol /L or |ess of
HCO3- or CO32- ions, said cell culture nediumcontaining the follow ng

buf fer conponents: (i) N-tris(hydroxymethyl)nmethyl-2-am noet hanesul phonic
acid (CeF113N06S, TES) and/ or, 30(ii . .

odiilin g gl YO8 rBHBS AR A0S &1 P Ay dr B eHRa B SR BOT D! thesadef the fed 5
The cell culture nedium accordin claiml8, characterised in that the
cell cul t ur SaNBPURTREImPHEees RASISR: of Mbos ot ai -ediiarﬁgtdforﬁée@émtﬁe
cul ture nedium according to claim18 or 19, characterised in that the cell
cul ture mediMAAYR: conpletely free from HOO3- or CO82- ions. The cell

cul ture nedium according to one of clains 18- 20, characterised in that
the TES concentration is between 1 mmol/L and 100 nmol /L, 10-90, 20-80,
30-50 or_less than or equal to 100 mmol /L or 40 mmmpl /L. The cell cul ture
medi um Skcon Bp PGS RARETRG ta alerRl Clams 1 herAgPERTTL 1B s Felkdhlre Mediegy. R
concentration is between %Egm)llbgnd 100 mmol /L, 5-50, 15-30 or l|less than
or édual toCaYNAPINIIMP/HH MbELIONR set of items of fed-batch
fermentation equi pnent, or kit, conprising the follow ng conponents: (a)
cell culture nmediumwhich contains 12 mmol /L or |ess of HCO3- or CO32-

ions, or which is eferably completely free from - Or - ions,
said’ corloeuhe MEnLEHeRIR I e ST o-% BRFaHERG b i crlguwgtrBetium

is completely free from HCO; or CO5” ions.

20 11, The method according to one of claims 1-10, characterised in that the TES concentration
is between 1 mmol/L and 100 mmol/L, 10-90, 20-80, 30-50 or less than or equal to

100mmol/L or 40mmol/L.

12. The method according to one of claims 1-10, characterised in that the Sod-f
25 concentration is between 1 mmol/L and 100 mmol/L, 5-50, 15-30 or less than or equal to

100mmol/L or 25mmol/l...



(i) N-tris(hydroxynethyl)nmethyl-2-am noet hanesul phonic acid (C61-113N06S,
TES) and/ or (ii) sodium 8-gl ycerophosphat e- Pent ahydrate (C3H7Na206P x 5
H20, Sod-R), (b) fed-batch fermenter, (c) eukaryotic cell, preferably a

rram‘ral ian cell, rodent cell, hanster cg4g particularly preferably a CHO
cel I.

13. The method according to one of claims 1-12, characterised in that the acid and/or
alkaline solution according to step ¢) is NaOH, HCI, HsPO, or H,SO,, preferably NaOH or

HCI.

5 14. The method according to one of claims 1-13, characterised in that the eukaryotic cell is a

mammalian cell, preferably a rodent cell, preferably a CHO, PER.C6 or NSO cell.

15. The method according to one of claims 1 to 14, characterised in that the pCO; in the
initial growth phase (day 0 to day 3 or day 1 to 3, particularly on day 1 of the
10 fermentation) is regulated to a value of less than or equal to 10%, or less than or equal
to 8%, preferably the pCO, is adjusted to a value between 2% and 8% or between 3%

and 8%, or between 5% and 8%, pariicularly preferred is a pCO; value of 5% or 3%.

16. The method according to one of claims 1 to 15, characterised in that the pCO, from day

15 0 to day 11 (or to the end of the fermentation) is regulated to 3%.

17. The method according to claim 15 or 16, characterised in that the pCO; vaiue is
additionally regulated as follows:
i} an average pCO; (less than or equal to 12%) in the growth phase (day 3-7 or day 4-8),
20 of preferably 5-12% or 8-12%, particularly preferably 8-10%, or 5-1 1%, or 3-11%,

i) a slightly elevated or high pCO; (greater than or equal to 5%, 8% or 15%) in the
dying-off phase (day 7-11 or day 9-11 or up to the end of the fermentation), of
preferably 15-18% or 5-10% or 15%.

25 18. A cell culture medium which contains 12 mmol/L or less of HCO; or CO.” ions, said cell
culture medium containing the foilowing buffer components:
(i) N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (CeHisNOsS,
TES)
and/ or ]
30 (i) sodium-B-glycerophosphate-pentahydrate (CsHzNazOsP x 5 H,0, Sod-[3).
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20.

21.

22.

23.

55/56

The celi culture medium according to claim 18, characterised in that the cell culture

medium contains 8 mmol/L of HCO5 or CO,% ions.

The cell culture medium according to claim 18 or 19, characterised in that the cell culture

medium is completely free from HCO3 or CO,% ions.

The cell culture medium according to one of claims 18 - 20, characterised in that the TES
concentration is between 1 mmol/L and 100 mmol/L, 10-80, 20-80, 30-50 or less than or

equal to 100 mmol/L or 40 mmol/L.

The cell culture medium according to one of claims 18 - 20, characterised in that the
Sod-R concentration is between 1 mmol/L and 100 mmol/L, 5-50, 15-30 or less than or

equal to 100 mmol/L or 25 mmol/L.

A set of items of fed-batch fermentation equipment, or kit, comprising the following
componenis: A
(a) cell culture medium which contains 12 mmol/L or less of HCO; or CO3* ions, or
which is preferably completely free from HCOs™ or CO,> ions, said cell culture medium
containing the foliowing buffer components:

(i) N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid (CsH1sNO6S, TES)

and/ or

(ii) sodium-B-glycerophosphate-pentahydrate {CaH;Na,OsP x 5 H,O, Sod-{),
(b) fed-batch fermenter,
(c) eukaryotic cell, preferably a mammalian cell, rodent cell, hamster cell, particularly

preferably a CHO cell.



