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N’ -ethanesulfonic acid)EHEM L bDTH 5, p HOREIIHCIZ A TT. 5ITHE

Le X512 ¢0. 22 umdAv7 V2 70v5-(FALCON T105)% il CHERRE Uiz SRR L
FdTable 1-1IZ7R7



Table 1-1 The composition of RDF-ITES medium (serum-free)

RPMI1640 5.27 g/L  Insulin 10.0 mg/L
DMEN 2.50 g/L  Transferrin 20.0 mg/L
Ham F12 2.65 g/L  Ethanolamine 2.0 uL/L
Glucose 0.88 g/L  Sodium selenite 0.17 ug/L
Kanamycin 36.0 mg/L Bovine serum albumin 5.0 g/L
Streptomycin 120.0 mg/L  HEPES 0.36 g/L
NaHCO3 2.0 g/L

IO, TVEZTHIUAROEBERTHBICR, TVEZTLLUTHALT V€
ZYL(FHIATR7024-20)% ABRE LTRL-(WARY FI L (FAFA T X7201-
39 b LIEL-(DHFLAR (Signa L-1750)ZKERILF MV U L(FASATRT 315-1DT
PR L7HERF ) U LR RIS

2. 3 HSWhk

AR K S IREEII NN /7 - O T B FRHEREICTRE U oo MIN V7" -7k %
#K0. 2%CW/V) ENaClok a4, 25%CW/ V)% 4 : 1 OEETIREA L. JORICHRIT SRS
&iR4 U. Burker-Turk®! MmERGHEAX(ERMA 4296)1C—Fi(F920 pL) OB BIchREL
THEHRBE. SHMRBELINL, NRFAEHTIEMETUOIITH» 3 Mk
FHRICIIE O, T I R U 7 BRI O OO MEREHE R A B ORE MBI - T
MERFHERDEE X DWHIEET . MIRGHER FOKEEE U RBESEL Ui, 7V
J— 2B, BBV a— 24 F ¥ —FEFER I W1-27+344"-(Yellow Springs
Model 2Dz T, FLEREEISEEILL-FLBRA F 2 5 —E XA ICHBRT F 51— CEH
#i Diagluca HEK-30L) 2M\THE LIz, 7 €27 RERBRERIBREICLIALS
FRFy M(R=) v —<nA LU/ A F Fv DERNTHEL,

PiABENREL & U TRRESD AN E R (ELISA;enzyne-1inked immunosorbent assay)
OREEEHNY 1P, ZOHEIBEBICEE I B iR ENR- ARG 2 S48,
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I 52, ZOBEE-HUR-TUEICH U TREESKIGERK IS S AGRE L ERET
RESE IR BEZINET 555 TH 5, 2 TI3HUF & L TRNaseA(Bovine pancreatic
ribonuclease A; Sigma R-5125). [&I/@& U TI6/RELISARIT v-p(Greiner 655 061). B%

R 2 RUk & UTTMY742775-1 B35 goatHivyalgGhitk (TAGO 65500, BEREHK & L
T p-nitrophenyl phosphate(Sigma 104-105)% R e BXREDHRIE (A405) (3v{juy°
V-M-4" -V — NPR-ADER W, TS SH U HEDHER SELISAO R h
EARBIRIZIE S0, 1~0. 3OEPRICHF R U THIE Uiz, TUAEEII280nmDBIEE % AT
%50 UCHBMBEERE Lic (BIVRIGREL 5 280 niT e 2. 1x10°) *° BEEBEAMOD W B

% RIBHZELISAIC TR L. ZOMEERAWCTHIEL TEH Ui,

2. 4 ¥EBHHE:

1. HEEE

BEEE LTI il ® M T 4 v & 2 (Corning 25020)% BV THEEE AT - 72020
nLOB M I A MR A 1x10° 8/nLi12 75 2 BT HIRE BB S a4 85 L. 5% €02.37
CA v FaR—F—NTERET- T YTV VTR —URUFNTEREE R
BEELCR, ] nLOERIEIS 2 EICk » TT » 72,

2. \ipER

¥y MI&EAN S ZBIEF— 75 23 (4HHARIO culstar 1609-500)% #5210
A, RAEF—7 5 2IDONEEIT1400 nl. 58K 213400 nL~1000 nLOETEE
THENLEK, BEEIY vy MUBAERT I EITE > TITCITR 5 720 BHEEEIZO0
rpm, 5340 nl/minTEEBKREIT > 720 p HRBRD T A VIKBH/ SIIVTEBOTR
B ZERTEICEL > TLAICA Y —A T a2 bo—)b Ul IR #EIID0+ »+ — (ABLE
TINDERHOTHRE L. TOMERIZT— 4 — oA —(DATAPRO PAD1000S)EBLTa v B
—% —(NEC PC-9801F2)IZHL Y :A%  FEFNBREE DKL EITRI-N T B ZEAHER L,
RIMEROB AT, FMRAR00 nL THSEEEEME L. LRI E ICHABRF MY A
bUSRIARY F U LEBNOIAMBE L IRICHEM UIc, £D%., ABRBEY—EIC
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B & S e HREE AT Ut BRI EANI1000 nLiC 7S - 7oBs S TR AR T L
oo o, FURBEEAE CEOBAI. EEBELE REOLDIT. MNOEEHE1000
L& 7S o o B T BRI R 5 XX . BEAM L,

3. MRmEEE

FLER ML & —EICR DR IR I ABBENL 5 A THEAIERE /20T, i
X% 6 BEBIcKYD. A7 514 VTHBRBEENE L. TOMWEMICEIHTHEHX
NIHIEE: O THRNKBHRIE—EITR - foo WINEEOR HIZL T ORIz
DINTET - 2o

1 2 ORI EEDOR. L-FBF MY v A H L RBL-AERY FU L2 HNOILREE
WIS BRRICHEPUICERIN Uiz, Z 0%, MR A% 6 MR T2 Bl AMRRE% 3 KM
BTIEMEL. T SDREMITEETSOTILHTEREE 1. HFERGREEKD. FLER LA pEE
Bo 2BH U, JhoDEERANT L6 R EERREIC NS %L 38 2
BT LD ARBEE—EITR - T,

1 B EOFEMXEO B MILEREEL (IS XEEiO 6 REORICHIE U7 3 BOFLER
BEOAFEMEDOEEICHRE Uz, 1 BIHOFMKXEOFMEEF 3. @INX o 6 ki
DORIZHIE UL, MilRBEEoMNEEIcE S TEN I HEEOEERANT 1 BIH
DOFHNX DK T 1 5 C B AEFLERR BT T S RICIVE L,

DBomEMX BB 2 HMEEORERIUTORICIT 7. £3. Ho0UDEDR
WX EORICHRERE 1 B, FERRE% 2 BE L. REOWMXEH S DHEE S~
THRANT, HREE ¢ . HIEREEKD, FLBILAERE o F B Lic, Eo1, iF
HORMEEIZ. N SOUEEDT — 7 i30T, iFE ORMXBORKIC BFAR
BEL*ICETARICRE L, iFHOBEARRERIZORMKXE X TOIRBEDF
BELE BT, BMREECUTOU-DRORICEE LI,

vi:%-@—an> (1-1)

CORBICHEARBBEABELZOR. HIEHEEBEEMORELEELLELLTWESICT
521:0TH 5B, THOLLIDHEITK > THRINEZEORUNBEEELIZ 5 I EHNTE,
FLERE BRI RN R Th— F IR T B 2 & T E

12



2. 5 Mtk

1. mgEsE

B EERIZE T 5B HEERUT ORI UTEE Uic, £9°, RISERFIZEY 548

RBRE. EMRRE. 7)Va-XRE. ARBEOERLBUTOA-D)~A-5)RTERT
&5,

% = upX a-2)
S (kK 1-3)
% = -veky -4
% e 1-5)

ZNSDRDu, Kdy ves 01—FBELTHIDWOTU-D~-5REHS TR EENE
na-6)~a-9xKic’s s,

Xy
InXe) = 4 ‘ (X—)dt + In (X))o (1-6)

In(Xy) = (u-Kdt + 1In(Xedo (-1
'(_} = Ve vadt - Go (1‘8)
L = po [Xdt - Lo a-9

ZOU-0)~U-DXDOTHEE Ty bT 5 Eick - THMaIcE D & HEELE
L7za
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2. gk

WIERBIZOOWT HRIGHR ERAKRICEMQEE. AHkEE. JVao—XBE, IR
BEOZEARIY Y Ik 3EMO5I XX A2ER LT, UTFDA-10~1-1)HRD
RRICEKBTX 5,

dvX.
dt

dvX,
dt

dvG
dt

dyL
dt

ZIZT\ Fol3Y 7Y U IC K B RMOF I EREREE R L TOBD, Shidinsga$
WYY 7 U REERERETEH Y., FHOBELTHS, I THY LI U7
HMXEEICRER 278570 20U-10~U-1)DREBFT B I L L - TUTFD(-14)
~(-1DEAPB SN S, '

/LVXV"FOXL (1_10)

(ﬂ_Kd)VXv—FOXv (1_11)

= FG:- v cVX«-FoG (1“12)

= 0 .VX+-FoL (1‘13)

t

) Fo Xy
In(VX.)- J’(V—m - 4 J‘(x—mt } 1n (VXD (1-14)

: Fo
1nCVX)- f(T)dt but = Kdt 4+ 1n (VEe (1-15)

) -J'FGfdt ; fFoG dt = -pe l VKdt + (F0)e  (1-16)
L) + thoL it = pu ! VXedt + (VL)o (1-17)

IHoDAEROTRISHERKICTREEX 0y b U, &HEEERD I,
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3. 1 TUvEZTO¥E

TUVEZTEREDNAT Y F—<BRICRITTHREERFTIDIC. T4 v Vafhl
BB OTHIRBELEAS Y, TIHOHAEE. HFEREFIZRIZT TV EZTO
HRBEBRI Uiz, TORREFig |-2IRT, CORICREINABICKEMPOT 22T
DM RERE O . WIEHEEOHMAR o, 7TV E=THEES~10 nM
AR CAICH R RRENE XN DT VB T M R ESx10° M/mLickY L.
[]535E 3 CHIFR AL % 1x10° fB/mL L ~JVLL EIC ER X B 5 DI RERBELEDOT »
EETRERXTUALIRIMLETHSLEEZ NS, ol BRI LKA TIIPUAR A
BEREILT vESTHERIBEASBRBRIRIZI N 1,

spc.
growth rate:p

o

(=]

)
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<
-
E
=
[=]
2] O \
e
2~0.01. -
g
=
3
2
o002
b= spc. death ratetkd
Q.
& [
O 1 1 [l
0 4 8 12

Ammonium conc.(mM)

Fig.1-2 Effect of ammonium concentration on specific growth rate, u
and death rate, Kd in static dish culture

15



3. 2 IMBE—TORINEE

7y%;TKmWbfﬁﬁ¢K%ﬁt&&éﬂ%ﬂ@uomfd%uﬁ«tﬁ%u;O
M OARRMBIE £ —FIT/E B & 5 i Lic i AOTRE L, @, b5 Ly
B U7 SLBgit p HE—Zic@oredicpfs h., FLEBEOE THEET S, J I TRAME
ULTCL-AE Y F o ag2i3L-AMS- M) v LAEFRWTIBEEORE LRI Ui Fig. 1-3
it DREBREROBEELE TR, 12BORSHEROR., L-2LER - M) 7 A0 EDE
WIS L S IHEML. TO%. ARBEE—FITROLD IR A MR D Ty Bk
ek DRI Lico BRI AOT I AR B SN2, 040, 14 g/LIT—5EITHR
Foito bt HIFSIANE d L UHUATREE IR U FIVa—2BERREDY Ui
& R E OE MR UD~UDREAOTIT » o T OFRERARRE. 7 VT -2
P EDEALIT b AIvD ST % L IR —E DT H - oo kD HER EKinura
54T DL T LR F U LEMOTIT 12 Y F 7 LI & B FE LA fahisbl

FEHHONT
1000 30 —
E S
E 500 E
3 10 &
= feed rate e
° T Tacwte L1 ®
o i) o actate @
k=) }_g'. 20 u R gt |
T o g
g d glucose o )
S 8 10
Q g -
g3 g
28 )
L a9 . £
E— 8 203
B'® Q5107 Q A g
§§§ cell 8 8 10 S
S A 8 § 8 . Z
s % antibody 2
: 0 A a 0 =
K 0 20 40 60 g
(&

Culture time (h)

Fig.1-3 Example of the time course of the fed-batch culture
operated to keep the lactate concentration constant. (L=2.04 g/L)
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3. 3 ILIEREEE & ILICRGEE

PEINEEAE I & B FURRIRIE & LROIGHEE . ILIEWSEEDBAF ETig 1-4ITR . ZORIC
REND KD IT. IR ORINITAE - THMAE LI HD U IeRRE 30 L7z,
Fro, ABMBENT 4 ¢/LEBA 5 & WIRRGEEZRBUTHM U, R O iR B (L
BT — WD) I ADMEL . ENRBERED Urc, 70 08 ICEUILERE
BT EREEDOMIZIED Lic, Thid, AMBELE RO DICHMERE R S 44
LEEIKR VA v VAT MBS B EEZI SN D,

Specific growth rate (O)(1/h)
Specific death rate (@)(

Lactate conc. (g/L)

Fig. 1-4 Effects of lactate concentration on the specific growth rate, u
and death rate, Kd.

HMRRERITRT 5 — RS AR ER

- Em'Klnc B
#o= Klac + Ln (1 18)

THRENBEHN, ZORCEOTHE "oli?ﬂlgi’rﬁ?‘ﬁiﬂiﬁ%fﬂb\fhumaﬁ promyelocytic
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leukemia cell HL-60& human hematopoietic cell RPMIB226DF#ifkIZH L Tn=1% %
TP X 5izGlacken Sz =y X< A4 7Y K—<(RL- 16068 fakkicn=2%3 T
3B, B85 A —F—FBEHLTH5 Table 1-2I2 2 6 OE & ZhEA QA Fa#kIC
DOTHARISEE %O TEHB LK 1L DE%E TR Y

Table 1-2 The comparison of kinetic parameters®’

Method Cell type Kiae Salt pH control medium Ref. No.
Batch hybridoma 12000 mM® Na-lactate none serun 30
initial CRL-1606 (4 points)

rate

Batch HL-60 26.6 mM Na-lactate none serum- 29)
initial (4 points) free

rate

Batch RPM18226 20.5 mM Na-lactate none serum- 29)
initial free

rate

Batch HL-60 16 mM Li-lactate none serum- 47
initial (5 points) free

rate

Batch RPMI8226 15 mM Li-lactate none serum- 47
initial (5 points) free

rate

Batch hybridoma 11£7 mM none serum 48)
initial HB8178 (calculated (8 points)

rate in Ref. 50)

Estimated hybridoma 140 mM controlled serum 3
from AB2-143.2

continuous

cul ture

Estimated hybridoma 8 mM controlled serum 49)
from batch

culture

1)This table was compiled with the data of Table II of Ref.4§ and
the results of Ref.46 and Ref. 48.

Fig. 1-4D &8 1 5 LU 2 BAPHROERMIZETSHT. RUA-IDIKBTENLNn=1
BLUn=2& UTHE Lz TH S, ZOFig 1-4ITRENSRRITTONIHRITE T 55
BIERIhoDEFNTIRI FLRBRATELDN T

BABREEICBOTRARIPMINTARF MV T LOBTENICFE LTS D,
ZFHNOBBEIIEREICH S, HHEE S S HIEREEICRITTREE. ARRE
TN BEEICH UTER LS Fig 1-5Th b, ZTBEEDHBBROERTE
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NWBEmE L REFM S ZHOTU-1DRN L DLPEFE LY,

_VRTwa

1000V ¢ m (1-19

==

ZORNIREND LD IT. BEEOWINIAE > THIRRR IR E I N, T 51, FB
F PV LORDITEEF M) Y LAEROCTR UBRBIE T CHEET - R bE—N L
KR LT COBRMTREINBHRITEF M) D LALHEEF M) T AOKRIIRA—RTER
TE, B MY U LMK BB SO RRANESEEORINCS 5 E£X Shi,

0.06

004+

002}

o

5 10 15
Average osmotic pressure (atm)

Specific growth rate(1/h)
Specific death rate(1/h)

Fig.1-5 Effects of the average osmotic pressure on the specific growth rate, u
and death rate, Kd. Open symbol is the specific growth rate and closed
symbol is the specific death rate. (sodium lactate O, @; sodium
chloride (J, M;no addition <, 4)
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3. 4 73— R EFLBRAL

JLRRTLIE & 7V 0 — Z 18, ARtk sl I o R AR LicobTig 1-6TH 5,
CORNCRENS LS. FEREED EFITHE - Ty TR U, MFLIREIEIC
BOTIHHREEIIEEEORINC & » THES W, HMEGREREY LTS, #-> T
SOZIVT— ZIHERIE . FLER AR IE S IE ORI, IR IE DRI K B IR
ThbHEEZ SN,

“a
D

1,510 El

t
L

g/cell

©

o

Yo
O

1 L
0 50 10.0

Lactate conc. (g/L)

Specific glucose consumption ra
Specific lactate production rate

Fig.1-6 The specific glucose consumption rate and specific lactate production
rate for various lactate concentrations. '
ZNa—ZFERFHRICL > TR#E N, ABICES, BN UAR/HE LTIV
a— R 7V 3 — 2SN K BB ROERE R TEREIEEFTH 5, Fig 1-TiTHE
ﬁﬂ@/ﬁﬁfﬁ3%X&ﬂMﬁﬁ®%%%ﬁTo:@@Kiéh%ﬁK\ﬂMﬁE®L
Tk > THRIE, MBIV - 20BI B SNl TOZ ERRARBEICENT
INaA— 2 oRERERTERINIAROEAEGIRY LT3 EEFEKR L. FLBRE
EAMEINTOR EEZLONE, —F. EILF M) U LEROTERET - 1B A
HiFasaRE I E XN S A5, LB B NI —- 2OV IR SIS0, #-T. Ih
20



R ESIC L AAUBMAROMEIC LD EEZ SN, JORGIBRERDHERRE &
LTI, L-lactate dehydrogenase® SSFLARILILIC & B HLEASER Sl ",

d ratio

Ko
| NS
50 o

Lactate conc. (g/L)
(lithium lactate @)

(sodium lactate )
(no addition P)

produced
-consume

o
o

(g-lactate/g-glucose)

/glucose

o
O

Lactate-

The ratio of lactate-produced / glucose-consumed against

Fig. 1-7
the lactate concentration.

3. 5 BEEOVURILEEREICKIZTESE
BAETEOTALEICRIZTERERT LIcDOdFig 1-8TH 5, CORIKRENE LD

1. FLERMEE2. 0 g/L~8.0 g/LITH 4T 3B BEEE~12 atnd M THA LA ERE SR
RETR U & 5I0, PUkILARERE & LLRRE OB %2R LIcOHFig. 1-9TH 5.
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Fig. 1-8

Fig.1-9
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The relationship between average osmotic pressure and specific
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The relationship between specific growth rate and specific
antibody production rate.
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Fig.2-1 Amino acids profiles in the RDF medium during batch culture.
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Fig. 2-2 Effect of glucose and glutamine concentration on the initial
specific growth and antibody production rate.
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Fig. 2-3 Time course of spinner batch culture with glutamine shot.

Table 2-1 Effects of glutamine addition on kinetic parameters

Before Gln shot - After Gln shot Ratio

(0~45h) (46~96h) (after

/before)?’

specific growth 0. 0397 0. 0368 0.93

rate (1/h)

specific antibody 0.379 0. 553 1.46

production rate

(pg/cell+h)

specific oxygen 2.90 4. 70 1.62

consumption rate x107'° x1071°

(mmol/cell<h)

specific ammonium 1. 36 1. 90 1. 40

production rate x10°'° x107"°

(mmol/cell-h)

1)G1n conc. ;before shot ImM —after shot ZOmM
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Fig.2-4  Time course of spinner batch culture with glucose concentration
controlled at 0.9 g/L and glutamine at 26mM
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Fig. 2-5 Effects of glutamine concentration on relative specific rates of
growth and antibody production.
O; relative specific growth rate
A; relative specific antibody production rate
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Fig.2-6 Effects of glutamine concentration on relative specific rates of
glutamine consumption and ammonia production.
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Fig. 2-7 Effects of glutamine concentration on relative specific
oxygen consumption rate.
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Fig.2-8 The cell size distribution at normal (2.28 mM) and
high (33.3 mM) glutaminc medium during fed-batch operation.
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KERTEACTROBERERALY 1P, TNSOBXHIETE HESRNAT
) K=< ORERIIHESHBBEERTFELTLY ) AT I VEHBOEL. N TY F—
< OIEMH AL SRIF-ITESK A ER L7 'V BED/NA 7Y F— < ORIHE
$e3e11 - O OB R FITES(Insulin, Transferrin, Ethanolamine, Selenium) % U THE
BHRBILDLhTO S, CNSHBEERFOERLORIESTFOEAETH b (RMmER
ﬂ%%hf%ﬁ%ﬁﬁ%ﬁ@ﬂxb®ﬁ%ﬁ%£bfw5°:ﬂé@&ﬁﬁ%d%ﬁ*@
a2 FOKES R LD (Tabled-1) . T SEERTFOMIBHEIE., FUAEEICRITTER
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HEFOVAEEICRITTRE MR L7,

Table 3-1 High molecular weight components in RDF-ITES medium
M.V Medium Cost(%)

Transferrin 75, 000 40%
Bovine serum albuin (BSA) 69, 000 30%
Insulin 5, 500 15%
Vitamine Bi: 1, 400 --

Product: anti-RNaseA monoclonal antibody M. ¥.=150, 000
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Fig.3-1 The perfusion culture system with cell sedimentation unit and
a separation unit composed of a hollow-fiber module
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Fig. 3-3 The effects of transferrin and insulin on cell growth and
antibody production

Table 3-2 The effect of transferrin shot on kinetic parameters

Before After Ratio
shot shot (after/before)

Specific growth rate(1/h) (.0192 0. 0482 2.5
Specific glucose 1. 52x107'° 1. 37x10°*° 0.9
consumption rate(g/cell<h) ‘
Specific lactate 0.81x10°'° 1. 11x10°1'° 1.4
production rate(g/cell«h)
Specific antibody 1. 35x1071*2 1. 35x1071° 1.0

production rate(g/cell<h)
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Fig.3-4 The relationship between initial BSA concentration and
kinetic parameters in static dish culture
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Fig. 3-5 The effect of BSA feeding on the cell growth and antibody
production in perfusion culture

Table 3-3 The kinetic parameters in perfusion culture

BSA concentration 0 2 0 5

in feed medium (g/L)

Specific growth 0 0.012 0 0. 007
rate (1/h)

Specific death 0 0.011 0 0. 007
rate (1/h)

Specific glucose 0. 359 0. 359 0. 359 0. 221
consumption rate x1071'° x10°1° x10°'° x10°'°
(g/celleh)

Specific lactate 0. 222 0.222 0. 222 0.105
production rate x107*° x107*° x]10°1° x10°'°
(g/celleh)

Specific antibody 0. 867 1. 89 0. 737 21.6
production rate x107'? x1071? x107'? x]1071?2
(g/cell+h)
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Table 4-1 The comparison of the kinetic parameters

Batch

Steady-state

Ratio

(Steady-state

/batch)

Specific growth 0. 0428
rate (1/h) :

Specific glucose  0.972x107!°
consumption rate

(g/celleh)

Specific lactate 0. 773x107'°
production rate

(g/cellsh)

Specific antibody 1.163x107!2
production rate

(g/celleh)

Cell yield 4. 40x10®
(cells/g-glucose)

Antibody yield 0.0120
(g-Ab/g-glucose)

0. 0310
0. 286x107*°

0.158x107"°

1. 162x107"2

10. 8x10°
0. 0406

0.72
0.29

0. 20

1.0

2.5
3.4

CORRIET NI =R BT ORBBRROBALE 125 LIZRRE & LT, OB
FEX10® B/l LN B & REH ERT 5. @710 — REERAI BT
EERT DL ONRER SN, I Ty FIT— REAEDMBEIEE DI EA R D
INa—RBE, T I BEBEERT y PRGBS Y, 20K WEEICRIZTEEITS
WTRRE U7z, Fig 4-212 X5 » TEALIZ & 3 IR OZL AR,
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Fig. 4-2 The effects of feed glucose concentration on cell yield
in continuous culture
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Table 4-2 Dry cell weight per cell and elementary composition

Cell yield Cell yield Dry cell  Elementary

based on based on weight composition(¥Wt%)
cell number cell weight
(cells (g-dry cell (pg/cell) C H N
/g-glucose)  /g-glucose)
Batch 6. 1x10° 0.303 497 45.3 7.07 13.6
Steady-State 14.5x10° 0. 460 37 47.2 6.71 14.5
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UINOHS EOHEDNDH DO | ABRT S /LT — A REEEIC S NG D EICk > T
HIR® 73— RRMHESZAL L. X SIAEOKE X SEAL Ui
Rize 73— ZORERITE BRIISIEEE IR 7L 39— 2 b AR
BT DWT]E Uteo Fig 4-1Sllts RUBSRERIT 1 R, 200 — X &A1
JCEOBSEAE R & ORICTRS BRI /03 — R ASRRIRIC 5 TIER 2L T —
RGBT U MBIRDS L3R Uice BE-Ty SHEZ LD — ZEEHTIcB T, #
PR SIBICE S 710 — ZDRBH. FIERN ST CAH A1 2 L~DRBNT L L T
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Fig.4-4 The relationship between lactate/glucose ratio
and cell yield
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Fig.4-5 The time course of cell cycle phase fraction
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Table 4-3 The kinetic parameters in continuous culture

Specific growth 0. 0181 0. 0423 0. 0456
rate (1/h)

Specific glucose 0.103 0. 262 0.298
consumption rate x107*° x107*° x1071°
(g/cell+h)

Cell yield 17.5 16. 2 15.5
(cell/g-glucose) x10® x10°® x10®
Specific antibody

production rate 0. 830 0.510 0. 626
(pg/cell+h)

ZOEITFINSRBITHAR AR RO W EE OEOB IR B a7, &
oo HHEFEEEEAYELS[0. 0181 (/) MBIV E410. 0423 (1/h), 0. 0456 (1/h)Niclt
B UTCCIADEEHE L« #ic, W EELI R OB EISH O & A LLEiE R DK
WSS UTHYHICE Ko, JOMERIE. RFEREEEAOTCIRE) SSHn
DOITTHEEEDI BRSNS N MOMEEIT L ZFRER S 27 P L b—BT 5. =
ORISR RTIER A 2o TWHE E LTIV VRIS TN S *2  $37 /& #H
ICEEHICERINT B S ODNAG B I . AR OSEH~OETEEE L., CIHOEE
RIS 3, 2T, FUkERIZOVLT, BEORY /(3 i) ESUREMHERL, B
OREH & BRI L O BHRE U7z, Fig 4-TIFY 72RO THBOCIHOR &2 HP
U733 OREE L L CHABE OB {L, Fig 4-8iCHIIaR B0 M f#trOFl. Table
A-QITHUR e R AR R M & B U TRT .
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Table 4-4 The comparison of specific antibody production rate

Normal medium 3mM Thymidine

Specific antibody
production rate 0.170 0. 308
(pg/celleh)
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ERULIEEEZSNS,
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Fig.5-1 Hollow-fiber (HF) cell culture system

70



2. 3 MWThHE

RO T AN —KERRITH T B AL ESGEEORHNIUTORILTE I -7,

IITHWRRn 7 s AR XTF AR, [ C. ECHERUTEREZRETHE
BXE, ZRERBAIETNS, FHOW DK O H U FNERMDIEL. £, 7V
— 2. AE. VABELNELZEZA, IC. ECOENENOHTOBREEIZIZLA
EHEUTHEN 7, £, HIBOBEELEWL T CA bIGHENTH 5AMIFLELT
Weo #E-TL 1C ECI")GI&%#’L‘?*L%Q?E’%&&@%%@'C\ 1 C. E CHE®Bulkid
HowmN%EG-6). G-DRITRTRICER U T, Fig 5-20KBETFINEEZ /., ZON
WKE SO BRI DT OWHINEIL

.,

"

“~ e
- .-
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V)Ht_ = F(Go‘Gx)‘¢G (5‘1)
dL }
V. it FL: + ¢. (5-2)
VE_dQE‘ = F(G]‘GE) + ¢G - Re (5‘3)

dt

dls _ gy _
Vs dt = F(L:-Lg) d. + R (5-4)
Va—glé_b = Rao (5‘5)

¢G = a(G1 - GE) (5‘6)

¢L = a(L1 - LE) (5"7)

::T\ ¢G\ Rcb“—‘itﬁib\ (5_1)\ (5_3)it%ﬁﬁ}—§-h‘f\

bt - f FCGo=G)dt + ViG1 - (ViG1)o (5-8)

(Re- p )t = f F(Gi-Gs)dt + VsGs - (VeGa)o (5-9)
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LD ZOMEIRRSREEROHSETH - 7.

Table 5-1 The viable cell concentration in HF culture

Viable cell conc. Volume(mL) Viable cell number

(cells/mL) (cells)
RUN 1 4. 25x107 4 17. 0x107
(61 days) :
RUN 2 5.01x10° 4 20. 0x107
(64 days)

w07 7 AN—BEROFEEERET 5 DICIIEBFOLEEOMEMTE U, fhois®
BRELBLITNER S, 22T, JOMBRTHOAMBEEOME ., BBRTH
DIV a—REE. REBEEL D, ZVa— R LEEEE, AR RE BN L
foo Fiho. BIESBHICEOTERE LD, EERBRICERRBEENEL. ZVa—2X
ML HEE . FLERICABERE A B U7z, Table 5-21C8%H SEID KD 7 7 A /N —EE#IC
B2 ELEEOEERT ., CORITRINIRT, BEOHTIIRAEF —RIaHEE LIS
SR CHBEDEER Uch, 73— B LCHBNIZIT—EREICE 5B E I
BOTHIERE 3R HER UTEWEER Ulc, ORI ILEEOZ LI, Shirai
SV AEEEMIRERIC BT AR LS BEEOZELPPerry R UVang® 12 £ 5 &
077 AR EHEBEEO LRBRIIEALNTN S,

74



Ll B 7 7 ANX—8ITE 0T, BROHE2 g/ICHBL T, BRERTHT
379V 3 — ZBEMEN L RIVH0. 2 g/L)T—BITRN TS, 3EDEERLV I
- ZBEERESRDOET NI - ZHEREN 7N I - 2BEOROEE & B LU TE
TEEHEIBONTNEN, , TIThH, FINI—RBEFE RS EITE->TINL
O— Z M BEEIMET Ui,

Table 5-2 the kinetic parameters in hollow-fiber culture

Inifial phase End of cultivation
RUN 2 RUN 1 RON 3
(5 days) (61days) (64 days)

Specific glucose

consumption rate 1. 73x1071° 0.572x10°'°  0.718x10°*°
(g-glucose/cell/h)

Specific lactate

production rate 1. 67x1071° 0.512x107'°  0.632x107*°
(g-lactate/cell/h)

*)Spinner batch culture
1~2 x107'° (g/cell=h)
1~2 x107'° (g/cell=h)
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Fig.5-4 The effects of BSA feeding on antibody produciton
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Fig.5-5 Comparison of BSA effects on antibody production
in the different cell culture systems
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