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Abstract—A mathematical model of Perfusion Chemostat (PC) system is developed by using continuous feedback
processes, where dilution rate is no longer equal to specific growth rate. It is found that specific growth rate is strongly
related with dilution rate. Mammalian cell density in the bioreactor can indirectly be predicted and estimated by em-
ploying growth model as a function of dilution rate. The maximum specific growth rate is 0.019(1/h) at'0.020(1/h) of
dilution rate. The recycle ratio, @ and concentration factor, f are estimated as 0.01 and 90.21, respectively. These values
are proved to be important parameters in controlling PC system to effectively cultivate large quantities of mammalian
cells and produce pharmaceutically active proteins.
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Fig. 1. Diagram of perfusion chemostat system.

s st H26H K6 19881 123

LK

of ujokz l%a %E 3171 #1sl Fig, 13 22
feedback ¥%% o]714] X¥ HEF
(cells/mL)°1U1 HHXH ‘”»: 100Lelt}, Fe wiz)9
o] F%= (mL/min)e| i F,& vjkzsto 2 ol o)
2]94 £xolct, ofAlxlollA] AlE7) wikzz FFo}
712 ta oA#uoll ZA o] s]of wlA] o] F& ol g
o] A7le HASE AYslie Fo Fi& A9 2 &
To|t}, 53] ofaltolle] AE AL wix] o] F4E B
recycle %ol F23 847 Hl=2 recycle
ratio, a7} T& EFAuF7L Ao}, weld A
o| ozfAla] obS mmb wi= a9 wple g Az}
Holl FAsle A wAdhe v Eo] Aluds

T o HE °]U4 o]
7o) o4 wlokglol4] 7bg o a0 shist "
o}, o] &4l recycle ratio, e AE FE=

(concentration factor), fo}e] AIE HES Zol

o},
Al Z9] mass balances ¥4,
cell — cell _cell 4 cell in feedback
accumulation ~ growth out  stream
V-dX/dt)=V-u-X- (1+a) F-X+eF-f-X (1)
ol ujz] o]F4x, D F/VE AY"d(11]. 7]

Al Ve wiekze] Ho,
o] Hefshd

dX/dt=g-X-D: (1+a) - X+D-a-f-X (2)
7} Heh, =3 o] 1430 steady stater} Hrh=
sl dX/dt=00] S22 4 (2)&

u={1+a—af)-D (3)
of AL ARE, F, 7|29 & wiokolEal BHZ]
ol EE s}t AL FA|3 ke o] o] TalMde
£o] atsle e o + Uk A 3)olAM (1+ a-a-
fi= 4 18t zZewg, A D7t pirt A,
3 ol A 55 8, 7} 1t} 27| wiEeln),
wetA] o] ol wiokgHel e Dol wE siEd Al
A7 zAo| E7bssict,

Al (3)% 2ets] EBAEH

u=A-D (4)

74 ==, o714 AR
(1/X) - (@X/dt) & vehd 4 gledl 2 o)<
o] A% wiogo|Anl, AXe 9F=2 ‘+7}7<l 3}
2 wjgzuz Bopt AA AXSFE AlS FUkEe
plug flowst F+HH e 2(16], o= AL FAL

100Lelet, atebA Al (1)L

a

AT 1+ e- a'f°]1’+ =g
B AE]



A% wiopgaol 9@ $F AL 4%

¥ Ad AAEEE Jehir] sl Feltd, =3 tran-
sient stateclld me{s|E 2o FALEr} A7l
opel Wgtche AR, HlR] o] FHEE W37
T 24A7F Fof AA| AZ5 Frlell dAL 5= A

o Bhgeleh, mebd Al () ohes o] WA
4 9g Aoleh,
1/X)- (dX/dt) =A-D (5)

o] A& ujokA|zlol wpE AlZS4- FAR AHFF
[ /X -dx= f A-D-dt )
24 27) wRA7E ¢ 00]2E

In X,/X,)=A-D-t (7)
o], of7|A t% operation timeS 2 244|7ke 2 A
Yok, 2 olFT B Aol wx]e o] FEE 244
Zketet ‘%“;51"‘]?17] dlF-ojct, Feedback ¥®<l 74
steady stateol] === A7ko] Uul ol wjokin )
w2 7] wl 7ol [16] sl kS wishalgl F 244)7bo|=
transient stateol4l steady state® H3Hc:= A
SlellA] vz] o] FE o mel AlEL FAE ST 4
drk, &, Al (Nell d&l) AZg FA wjz] o] 5%
, D9} 3t A7} AEisle o
)2k (6)olA A9 A3lgE 425 obwd, Dell 2& Al

Q

FAE 24% & glodd, 44 AT uiAe

ko

da2 £ e F2E A1, 4 @
i

#=0UR/ X OUR- At (8)

t=0

o

| Aol olsf 243 EHE pol By o Ak ol

9 =gl 71gs el A=H10l. 4714 OUR

H]% (mL Oz/mm)OLT’_ é‘oOUR.At_t_. /ﬂ,i iﬁl—{%

rir
>

5% A A7l we} A% gl
3. Zn o 1E

Table 1% recombinant CHO 4lZ% Fig. 19
100L F22 PC FHog izl Azfo|c), A
AFEe} A4 AvlEEE oid 245G c10]. A4E
oA AFEHARe] QA4 FHeld AZ feed-
back B¢ #AQl steady state T 7] w5 2
A7 fAE 4+ ok Y-S wigtez(16], =Y
Z2A5 s 245 7F o2 A3ket wiR] o] T4

M

Modelell &3 od+ 661

Table 1. Results of cultivating Chinese Hamster
Ovary (ATCC CCL-61) under perfusion
chemostat operations[7]

Dilution Totalcells Oxygen Estimated
rate, D (*10-5 uptake rate, specific growth
(1/h) cell/mL) (mL/min) rate, #(1/h)
0.0030 3.60 3.24 0.0240
0.0053 5.95 6.42 0.0094
0.0083 7.80 5.38 0.0072
0.0125 8.58 15.66 0.0101
0.0194 10.00 12.75 0.0188
0.0198 8.10 11.66 0.0122
0.0260 9.20 12.79 0.0105
0.0260 8.70 14.28 0.0089
0.0240 10.70 14.68 0.0075
0.0230 11.00 16.99 0.0072
0.0250 10.90 22.78 0.0078
0.0211 11.01 20.04 0.0060
0.0240 12.72 18.45 0.0048
0.0220 9.60 17.69 0.0042
0.0274 6.20 18.85 0.0040
0.0297 12.60 10.34 0.0021
0.0241 8.95 7.92 0.0015
0.0211 8.10 8.36 0.0014
0.0286 8.05 7.60 0.0016
0.0193 6.49 7.66 0.0013
0.0186 8.87 7.34 0.0012
0.0183 6.62 7.96 0.0013
0.0192 6.69 8.28 0.0014
0.0190 7.97 7.99 0.0012
0.0215 6.10 7.68 0.0013
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Fig. 2. Results of plotting data of CHO cells pro-
ducing recombinant t-PA; dilution rate vs

cell density.
--- is the result of add (non) linear regression,
and — is the prediction line from equation (6).
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Fig. 3. Relationship between ratio of cell densi-
ties and dilution rate; solid line is the re-
sult of linear regression.
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Fig. 4. Correlation between dilution rate and spe-
cific growth rate of CHO cells under Per-
fusion. Chemostat operations; solid line is
the result of linear regression.
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Table 2. Results of estimating recycle ratio and concentration factor in perfusion feedback system

Equation (6)

Equation (4)

f point estimate 95% confidence interval point estimate 95% confidence interval
a=1.0 1.952 0.463, 2.321 1.731 0.872, 2.165
a=10.01 96.21 90.18, 111.26 74.69 69.12, 80.83

*Perfusion chemostat operations which is described in Fig. 1 [7].
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