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Large Scale Cultivation of Mammalian Cells
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%1 Problems of Genetically
Engineered Bacteria

Carbohydrate-free proteins.
Intracellular location
Diffrent steric configuration
Plasmid instability

Pharge

Proteolytic inactivation
Bacterial proteins

Toxins

Post translational modification
Plasmid stability
Biological activity
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%2 Commercially Available Serum—free Medium and Serum Replacements

Manufacture Supplements Serum Additive
or Alubumin | protein content (mg/ %)
Nu—serum Collaborative 'Insulin, Transferrin, EGF FCS 1,347
Res. Lab. ECGF, Progesteron, Teststerone| (2.5%)
Hydrocortisone, Estradiol
Phosphoroethanolamine, T;
Selenium
HB 101 Hana Media Insulin, Transferrin, BSA 765
Ethanolamine, Asparagine
HB 201 ” ” BSA 120
HB 301 ” " BSA 25
HB 102 ” Insulin, Transferrin
Ethanolamine, Selenium
Ethanolamine, Selenium
Mercaptoethanol, LDL
Oleic acid
HB 103 ” Transferrin HSA 700
Ser Xtend ” Insulin, Transferrin, EGF BSA 2,308
FGF, Hydrocortisone, T;
Ethanolamine, Selenium
Mitogenic GF
HL-1 Ventrex Lab. | Insulin, Transferrin <30
Teststerone, Selenium
Ethanolamine, Fatty acids
Nutridoma Boehringer HSA 46
Manheim
KC 2000 KC Biological Transferrin, Fetuin BSA 250
Fatty acids
Nutricyte J. Brooks Lab.| (9 components) 40
Serumless GIBCO Insulin LA 2,000
Ultroser G LKB Insulin BSA 860
Nutriclone Techniclone

* protein content of FCS 10%—4300 mg/L
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. pH, Temp, DO
Wastes
Nutrients
Batch Time

‘ pH, Temp, DO

Nutrients Nutrients
j Wastes

Fed-Batch Time

Nutrients MO
Nutrients, Wastes

———

Perfusion Time
B-1 Environmcntal characteristics of batch,
fed-batch, and perfusion cultures.
(Glacken, M. W. et al., 1983)%
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%3 Comparison of Costs of Batch vs. Continous

Process of production of Mammalian Cells

Batch Continuous

Fermentor volume ( ¢) 10 10
Maximum cell population(x10%/m1) 14 10
Day of first harvest 2—3 5—6
Number of hervest days 11 8
Total cells harvested (x10°) 38.5 800
Grams cell yield/week(g) 22.5 467
Total serum used( £) 6.5 12
Cost of serum-free medium ( $) 85.41 157.68
Cost of serum (§) 52.00 96.00
Total medium cost ($) 137.41 253.68
Cost/grams of cells($) 6.11 0.54

(W. F. McLimans , 1979)14)
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%4 Suspension Culture Systems

system method cell yield/ml
Stirred reactor Medium change 5 x 10°
or Continuous flow
Airlift ” 5 x 10°
Spin filter Perfusion 7 x 108
Cone sedimentation ” 1x107
Encapsulation " 1x 107
Membroferm ” 2 x 107
Fibre entrapment ” 1x 108
Acusyst — P ” 1 x 108
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LLT

Plashc bags i
_g Multiplate Spiral film
propagator S/V = 4.
S/V =1.7 / °

Glass bead Artificial Capillaries

propagator S/V = 30.7 Suspension

S/V =10.0 S/V =122(20g/1)
=153(25g/1)
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S/V =

oL

IANFE— « KR

O
RN
il
EIEE;

(M. W. Flowler and R. E. Spier, 1985)1%
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%5 Comparison of Unit Culture Systems for

Anchorage Dependent Cells

Roller | Imobilized
culture | fibers
High cell density : -
Scale up potential -
Simple process control -
Change area:volume ratio +H+
++

Microcarrier
culture

+HH+

+H

Monitor culture
Homogeneity
Re-utilizable substrate
Surface area (cm?/¢ medium) 3,750 40,000 69.000%
Cell density (10°cells/ ¢ medinm) 1.0 100.0 70

*bead 15g /L

Ellii-&%

i
-+
+H+

Microcarrier

.g)”

Gyrogen with tubes
SNV =

Surface-to-volume ratios (cm-!1) of various methods to culrue anchorage
dependent cells. Glacken, M. W. et al., 1983

B-3 erffEtmrLREE



Vol.7 No. 2 (1986)

—NT y TDRTEA 70+ 5 ) THENTN S,
31 HREE L
MREEEE(L L & T 2 HELS W ohBE s h
T3, BERDPICEBIO, 300 #EshT
WEv4 7o - X EiCBER S BB IS
A7 9%y ) TEEBEOYNS B, £ — X3BHHD
154, HE1.03, K& &200u THREMDDRL DA
W ODTREN TV 3D ¥ icEhia % © — XA
HALTEET I~ 1 70 7o VEREED 055,
Byl E T v ¥ VS MY v LD vRICAREL,
ZOEYDICRY) —L— ) Vv OEBBUEA RS
5, EREDOXRENBE BRI 7 VAN EHRN
35, H7TeVNOMKICE > TEES NS0T
Bi3h 7 vRICEBEINTHL, TLoFVEEF Y
UL, THO—=X, €5F VX NicafEdTs4s vt 5
Y TREES REEYHE, MREERRTICRBLT
{3, COBEIEGEELTRESTS, MEF200 o
DR IR AT S E s 0 -7 7 /N1
BEDWEH B, 774/ —OFICEENMEE, Hic
REBAZRPESEEZ > THEBTLIHETHD, »IEY
DOREEMESBEOLATVS, FThho—7 7 4/5—
ORDiCE S 3y 7iBkIcEREEELYS 2 EEED
BHEINTV S, MEEOREL LT, L4k
DEHIGEN 5= V5V EITER LIDDb, Fv
ERBOOREE L CRBSEBRRHEIF—F B
BB DA, FE L1 VIdB 4 IR LTk
in vivo IGEWAERICENT 5, FMLiEE#Rs
HBEBREL LTEUNTHAI.
3.2 BEEHHEEL
COFHESHEMAREERINEERICHEILSINT
X7z, Actono® IKBEIEHE VR T LEHILL, BA
D) yREETORE YRS, B, BERYE
2T o icR—0EERERREBV, IEREER
BALALTWL, 772 v8icid=) vy 74 FH
4 v_5—%B, COz, 02, Noy AIrBETHERE
BELHBLTHS, B, COHETBkLDHKT
EBEINTH 33 ZOHRTOHMEEERII 2~ 3
x10% cells/mL FEETH 0, HEISHERIEFIEICL O
KEAF T BHETREBED SN TS, il
DREERETIE, FHHOBLE—2DOHRA Vb THY,
A vRG - EDPWOEEE DI T HHAIrkk
Lo THHEIITEBERALTVNELLAHbDH 5,
COHRTH 1k DR —ATERBSNTNEY

159

3.3 EmEEE
EEEICHIALIERT A DICERIR L& S icH
RIEB VAT LOEZOoN D, BFIL19654 Himme
darbbiC k> TRAE Y7 4 vd —E LTHES O
725) T & RE & & TMonsantott 344 £ DrhsRss
BYAFLEBRELAEDBESE, 1~2 o ROEER
DF—-weI4 7409 —%A0, BEDEHSK
BDE/ T 474V MNEEBALK, EESDE, B
MmiaskERE<, kEbRKSVAICERL, #ia
HWBEEFA L cEREEY X T & (cone sedimen-
tation) ZERL, F </v/<HIRE%E 1 x107 cells/mé
TCEBENTILENTEL,

3.4 BREEOSH

RIS R & - THINEIZ107 cells/mL IC BES 5 75,
SEEICENEE 33 EETHEDEOERIIURS
(HOEROATRETREMEOREITLTHL,
RALBREEBLHE L LEREE YR T LR
LT hESD B, L ILT vE=TOEEIR4mM
PALEI?s B S BHESHE L3, Holley 52132mM
07 =7 L1ImMOABREMA 5 & MO M
0BIFL L, MERESENIBEICE, ZOBEER
JOBRBRCBBTLERELTVE, EESVR, B
T3 Lick DT vE=THEES 2mMUTI
Bb, Froviifa%E 3 x107cells/mbE THEE L
THLENTE, TriEho s v I v BEEFHIR
FTBHCERE-TT VEZTEBEAERTEX2C L%
s L0 A%, SHEBMRERE, DETHELR
BEoEESTINKTIUE, X0ESBEELHARNSE
SbNBLHIKEBEBbNhS,

4 E/?D—#wﬁﬁmiﬁv

—DDFELTNATY F—=itkbE/ /-5
R (mAb) OAERRD LIfTA 3, mAb%EZ
WAL LTOBAVEDOTHILE, g4 —5—dhid
&, v RBEKICKBEETTATH S0, SKRIE
FRICERSNE L1 L, kgOmAbLBERSH, <
YR 2~3FIABREELLS, <9 ABEKICKBERE
i3, BHSREDAE 59 2R M, endogenous
virus® F = v 7 1S EORENDH 5. Lichi-T, $HE
FILEEROBMRELBE L IN TS, EROMIER
BBV TRBEKICHNTEEESMENE VD T EH
MIEETH - 748, PREARIHRREICHAIT S0
TEEEERLRATA LICK > THRAICMADE
BHRTE L5172 (R6, &), T/, MO



160

I RNFE— « FiF

%6 Specific Rate of Monoclonal Antibody Production

Specific rate
Data (molecule/cell/sec
Ascites 10mg/10day, 108cells/10day, 10days 464
Perfusion
930mg/7x108x350m1/12d : 1028
(from H. Murakami)®’ e/ (x I xeotm ays
Encapsulation
. , 107 , 10 1300
(from Damon Biotech) 2.8mg/ml, 10"cells/ml, 10days

. Cytostat 6

5913
(from Fazekas)® 56.4mg/day, 10°cells/m1x443ml/day

%17 Yield of Monoclonal Antibodies
by Murine Hybridoma
Batch 15 mg/£4/day

Semi-continuous 27 mg/&/day
Perfusion 660 mg/£/day

*390ug/ 2.2x107 cells/ml
(S. Reuveny et al., 1985)3%)
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Celltech #Li3 deep-tank fermenter M\ -&/d
EREBREEBAR L9 N4 7)) F— <230k REL,
7o+ 2DFFE{LIT & D HFIEEE2x10° cells/me T
mAb%E¥9102 1 g/mUREUT X, 1 /3y F100 g DB
HuJfEL 18 > 72, Endotronics #Hid, Ao—7 7 4/
—ZRAVWTANITY F—=2ERL 7 7 1 N—DRHA
DENERIICEEZ 533 (ACUSYST-P®) 258
% Ufe, HBHEE6~248/BHL, 05~ 6.Tmg/miD
mAb%® 1 ~20B 5L T& 5%, KC Biological
#id, o= 7K b VSORFCHEYTE L5 Iy I
£%E (OPTICEL®) ZBIREL, F#5175u8/me0

mAbAS 1 HY4D10~12218 50, 1 #ATIOEHENT
%23L LT3 Doman Biotech #tid, /~4 7
F—2ZEFAUBICEEL, mAbEATRIVAILE
W 2% (ENCAPCEL®) £B% L1 ® 47+
JVRIZ10mg/me DmAbERETE, EROEEEIC
B3 E50~100 fEDOmAbDB S NKUMOAE TH
& LTWw3, Karyon Technology #tid, ~ 7Y F
—2EATNFVEBRF M) LS VRICHETES € 518
# (GELTRAP®) %Ba% LMKIBE (3 4 x107 cells
/meLicii ), mAb%E#200 18 /mLE T3, Bio-R
-esponse i3, £ X 14D ) Y NEAFERSE THO
— T 7 AN—F p YN—ICED, N T F—<F
BETEY27 4 (MCT®) %BISEL 394181
HY4D 5 g DOmAbERIRL TV 5, SEERER-4,
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%8 Culture System for Animal Cells

Scale L
Culture type _ Small arge
* Flask * Roller bottle
Anchorage * Multitray
dependent
11s !
ce * Membrane [Millipore]
* Ceramic [KC Biological]
“Immobilized *» Hollow fiber[Monsanto,Amicon, Endotronics, Bio—Response]
cells” «Encapsulation [ Damon ]
+ Entrapment[ Kayron, Univ.of Agr.]
* Microcarrier [Tray, Rijk,Melliux ]
Suspention * Flask * Spinner culture * Stirred culture[Wellcome, NCI, Israel]l
cells « Airlift culture( Celltech, Univ.of Agr.]
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E1EH

: Stirred culture (Green Cross)

: Airlift culture (Celltech)

: Cytostat culture (Techne)

: Spin filter culture (Arthur D. Little)

: Monsanto perfusion culture (InVitron)

: Cone sedimentation culture (Kyowa Hakko)

: Microcarrier culture (Melliux)

: Encapsulation culture;ENCAPCEL (Damon Biotech)

Gel entrapped culture;GELTRAP (Karyon)

: Hollow fiber culture;VITAFIBER (Amicon)

: Hollow fiber culture (InVitron)

. Hollow fiber culture;ACUSYST-P (Endotronics)

: Hollow fiber culture;MCT (Bio-Response)

: Ceramic matrix culture;OPTICEL (KC Biologicals)
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