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Kinetics of Producing Products from Mammalian Cell Cultivation
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Abstract— A product formation model including growth associated and maintenance terms is developed for the
growth of mammalian cells under Perfusion Chemostat (PC) cultivation. Two parameters in this model, growth asso-
ciated term, a,and maintenance factor, 8, are estimated for the production of tPA, EPO and pro-UK, and fitting these
data with correlation factors of 0.90 to 0.93 for each case. It turned out that essential factors for cell growth, such as
shear stress and dissolved oxygen tension play important role with respect to productivity, showing optimal values of

30-40% of dissolved oxygen tension and 20-50 rpm of agitation speed for the production of EPO from recombinat CHO
cells.

2 4 ok,

LA &
2 ddt wl e HEZAEG Zﬂ"* 7ol @
BE AZ uiodollA, oobEe] Aol FE BE AT
7b AgsEm YeH1-19]. 2 FH olf & Azt

o],—q]z

olx

47 AR web opdel, wldgel A4E
Zolgh chijae) Aol Fhsaled, 44 B
slepd Zol 4ol ¥7] wEolcHs, 6], izt ol
Hols LT AL viodol B AETHHQ AT
7} sl ge Adoldt, B, TUSE A% A3 wel
dels, Aze oz 9 e FYel Al B
8 245w glAm79), ke zuAq etz

286

weha] T a2 o] YFER Y A5 WY
24 (Perfusion Chemostat, PC system)22 A%
o] ofg} okl %10, 11], lekd kA7 &L &
Bl Agatol A% FHEH model o 44 2 EMS
AL JFstza g}, o] model o FE2A,
sfok] wiok Al zAel ofs] HAA CiF A 24
o] fol& ek,

.
A%

2. of =

B pFol4 AgH HAEFEL SVA40 transform



E5 AZ wickel g €%

5 Chinese Hamster Ovary(CHO K-1)¢ Ham-
ster Kidney (BHK-21)24], Erythropoeitin(EPO)
7} tissue Plasminogen Activator(tPA)+ recom-
binant CHO A|Zo|A, pro-Urokinase & A4 kid-
ney AZE A8¥ch, 74 AZFo vk % scale-
up FHAL o]9 EEol AAE Zes qicH12-14].
AA5)E ghlale. &3 monoclonal antibodies 24
Enzyme Linked Immnosorbent Assay(ELISA)el
o8 Az SAsiH15],

W= & perfusion 17171 $i8) vlgz A¥e] A%
#o] compartment S Ax/8), microcarrier & 44l
AAANZA 4 L settling bottleS ©]-23] bead 7}
filtration system (hollow-fiber) 2 »}7] Aol drt
A B2 3 hollow fiber oA 4] AR AZE v}
712 recycle A171& & ARRCHT), AZ4e
0.1% (w/w) crystal violet(Sigma, USA)& AH&
&= nuclei count #HH-S A8 ZA3TH20].

o4 wje} FA (Perfusion Chemostat, PC sy-
stem)3loll A shiA Aale] FEEA o|sE s o
# product A4} model Z growth associated 2}
non-growth associated term &% FAlol Z&six
oE model[16]% A& g, 1 o]fE S 5%
HzojH ulsE HUEE A oA} energy
Aabsle A4 AA=EBR[17], ©]Z2 energy-
yielding metabolism ol = &5}7] wi-Ee]=H18].

g, AT Al i Ao gl PASEe
o 7ol EA1E 4 ek

dP dX
T —eg tEX (0
714 P& AAsle YA (ug/ml), X& A%

4 (viable cells/mi)el® t+ w17k (hour)el™,
a$ pE AN Agaa 7t cell growth ot
maintenance termo°} 33" Heg, 7z growth-
-associated term(ug protein/m/)® non-growth
associated term (ug/cells/h) 2.2 ZAjsc},

4 ()% Az

1dP _ 14X
Xa ~*X da P @
2 FA=Ed, o714 (1/X) (dP/dt)+= specific pr-

oduct formation rate, q,(ug/cells/h)2 (1/X)
(dX/dt)E= specific growth rate, u(1/h)°let, =
2h4 4] (2)=

Qe=a-u +8 (3)

2 A A modelell #3t A+ 287

7heks] vellizict, o< vk 34 (PC)3FllA o]
u T‘:- FAzAH44] dilution rate, D(1/h)9} o33}
e AEAA 7L &l dEAeH19].
pu= (1+y-yxf)xD (4)
od7]A y & recycle ratioolx, f¥ ME FFEo]
t}, o] y & f+ perfusion systemol4e FAAAL
2 AArzq) el z Aol A=, ye 0,01, f+ 90o|ch
[19). °olzo] 4] (4)ol 93} specific growth rate 7}
444l dilution rate 9 ZAARAZ} gleme, 4
(3)7 (4)e Al d8l et 2 A Ale] &
=,
q,=a x (1+y—yxf)xD+g (5)
7] ¥+ 0,010l f+ 900jm 2
q,=0.09 xa xD+p (6)
2 A=k, webd, widz il wix]Y ojF

=) g3l wieh AL 4A%s o DA A
243 + I, o7A WA ol5EEE ukE &

system ©| steady stateoll ==t “ﬂ’i}zl ok 48-504]
7} Ax dA A)7tulct cell density & SH8 AE4
o} wizhr} 9l Ao 2 system 9 AAHEE i,
wWizlg] o] 54t v wiEm, & A (4)9] AW
% o™, wash-out ?‘1"&"1 °a‘°1‘+ cell density %
productivity 7} @] Zlejct, o]=ie] dilution rate
o] o] PC system & gHA|&x 0|t}

3. Zat 3 1H

Table 1& recombinant CHO A £F& olgsl o
< wjo} o2 EPOE AARE Axjolct, x4 o]
S4x (dilution rate)E ®lE wi=ich g4+ EPO
o} ZAgon, Q& specific product formation
ratet}, Dilution rate”} F71gol| =g} Az4 9
product #o] F713He & 4 ok, dA4 0, 02267
0.0202(1/h)¢] dilution rateolAl& AZT47t He
Wz olEExe ZAgErtd AHrh, olske ulE
EPO 9] AAtere 7hislA] eigieh, 2 o]f-& o| AlZ
7} I yxol4 AZ clumping ©] =7] wlFol Az
o] &3] AdlsiA ¢r) wlEelri(19, 211, o] AAE
2oz Jehd He] Fig. 1olth, o2 37|18 7ol
A Lgolm, Aol product 24 EPO AjAleko] Al
X ZA3 v @Alel slel, AlZgrt ARl =23
< o A product & AR & 4 Qe o] AL

HWAHAK KONGHAK Vol. 27, No. 3, June 1989



288

ol - ZAT

Table 1. Results of cultivating recombinant CHO

(CHO K-1) cells under Perfusion Che-
mostat operation*[13]

Dilution Cell Product (EPO)  Specific Product
rate, D Density, X Conc., P Formation Rate, Qp
(UVh)  x107¥cells/mJ) (ug/ml) x 107 (ug/cells/h)
0.0031 1.00 141 0.43
0.0037 2.01 1.74 0.84
0.0159 8.70 8.40 1.50
0.0196 9.30 9.85 2.10
0.0202 7.40 8.30 2.27
0.0226 5.10 6.31 2.80

* Cultured with Rubb’s Essential media with 5% of
FBS, 6 uM of glutamine and 75 nM of Methylothrexate
at 37°C.

Working volume of the reactor was 100 liter.

A sail type agitator with four blades was used [7],
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Fig. 2. Correlation between dilution rate and
specific EPO product formation rate. Solid
line is the result of linear regression an-
alysis.
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Fig. 4. The effect of shear stress on product for-
mation coefficient; © ,—, growth associat-
ed term (ugfcells); o ,---, maintenance as-
sociated term (ugfcellsfh).
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Table 2. Results of estimating product formation

parameters for the growth of several
animal cells

Product Parameters

Products a 8 Correlation
x 103%ug/md x 107uglcells/h) T actor. #
tPA* 17.30 0.05 0.91
EPO** 11.01 0.11 0.93
pro-UK*** 3.89 0.33 0.90
* Cultured with DMEM with 10% of FBS and 55 nM of
MTX [12).

** From Table 1
*** Cultured with DMEM with 10% of FBS and 10 mM
of glutamine {14].
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