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Metabolic Control of Maintenance for the Production
of pro-Urokinase from Human Thyroid cells

Kang, Jae-Koo, Suk-Kyu Choi and Hyeon-Yong Lee*

Department of Food Engineering, Kangweon National University, Chuncheon 200-701, Korea

Maximum specific pro-UK production rate was achieved at 15 m!/min of perfusion rate as 5.7x 10-8
ug/hicell by cytostatic cultivation of human cell line 579 with DMEM and 5% FBS. As perfusion rates
were increased, glutamine uptake rates were also increased but ammonium production rates remained
relatively constant, which resulted in low ratio of ammonium to glutamine at high perfusion rate. Par-
tially it quantitatively explains why the productivity is increased in perfusion cultivations. At main-
tenance period of 15 days by controlling metabolic process, such as 5 mM of glucose, 2 mM of
glutamine, 10% of air saturation and pH 6.2, high speecific product production rate and product yield
on substrate were obtained as 12 x 10-8,, g/h/cell abd 0.226 mg/g of glucose, respctively. This product
yield corresponds to 0.223 mg/day of productivity at 10 ml/min of perfusion rate.
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Z3+5l DMEM ®ifR]eiiA] 75 T-flask 2 37°C COzincu-
bator ol 4] 3 wlrl AlAEE wix] 2 AbolFriAd T-flask
el AlZz47) oF 1x 108 viable cell/m/ el =335 o
0.25% trysin(EDTA &) oz Helsl 5g//2] vlald
A (Cytodex 1II, Pharmacia)?t &1+ 1.5/ 8i%¢=
(NRS, USA)e HEAZE HE A3 oF 1~24|4&
sabglo]l A A|sl Al 27} eldubdlo] A2t dvol7
o2 3olgt F 50rpm 23 abE AlAge, Al
< trypan dye exclusion ®H 22  nuclel count EA]
(17) &elglow], AMAEE pro-Urokinase (pro-UK) <
standard UK (International Standard for UK, UK)%
chromogenic substrate ¢l 8-2444 (Sigma, USA)el Ak
Sx7 371U/ml 9 Plasmin-g 233t standard &
sample 2 405nm oA F34=E =A, dlas)] Akl
o}, Al AH]E s v okRolA] e off-gas 5 Gas
Chromatograph (MBM, W. Germany) & £43] mass
balance & °|-&8 A4kt (18), DMEM 7|&u}A]o]
ZA 5 glucose (25 mM) 2} glutamine (5mM) & =
£ =457 f&i, oz 2492 23d 3 glucose o
glutamine &) T%% 4oz wprdoend 27] glucose
=5 A4 serumell £25h= glucose v 1 =7}
w2 (0.8g/0) AA iR F 5% 3t AA|SEER A
=3
ujokzuo] wlix]+ wiekz Yol whel decanter 2F
peristaltic pump 5 AHE8l] U3 458 [FEA]HoH,
ozl o] level controller 2 vl 2| 2] szeiol] upz} AlAl
gk w2 5 )i A 2ok, Wiz o] ol sEHE
of A5 EZs gl Abssv]de = Wil wel =
Aok, six|of] Ealdt=  glutamine, ammonium %
lactate k2 FAukEd =l HPLC(Waters, USA) &
o AlEASA] Al ul Ae|E]s e AL
£-59] ammonium, lactate, glutamine, pro-UK & 4}
AR The) Azked, i) Al g4l £ AdlElE ]

L

Mal 3o £u]E % (gpecific production rate or spe-
cific uptake rate, Q) (gg or mmole/h/cell) & A4t
(23), Akt 2 AR R e

aerobic glycolysis 25 F8l A5 glutamolysis

lactate +

of] &J&ll AL+ lactate ¥ energy vielding process oll

Holslr] oo w g (21), glucose Haloll ¢ ATP A8

AHEE ehesl o] EAE 4 glek

QATPZ(l/X)(dX/dt)+F . QL (1)

o714 qurpi= specific ATP production rate (mmole/
h/cell)elx F &= glycolysisell @&l lactate 434} k<
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Fig. 1. Growth behavior of human thyroid cells, 579 and
oxygen consumption rate under perfusion operations:
-+, cell density (cells/ml); &, oxygen uptake rate (ml/min);
0, media perfusion rate (mi/min).
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Fig. 2. Correlation between oxygen uptake rate and

specific proUK production rate according to cultivation

time in perfiision processes:

..., specific product production rate ( ug/cell/h); ., oxygen
uptake rate.
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Fig. 3. Kinetics producing ammonia from consumed
glutamine as function of perfusion rates:

—, glutamine comption rate; ---, ammonia evolution rate;
wwwww , ratio of ammonia to glutamine.
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Fig. 4. Cell growth, specific product production and
lactate formation rates according to glueose concentra-
tion in fresh medium at 10 (mi{/min) of perfusion rate and
2 mM of low glutamine concentration for five days:

. cell density (cells/ml); &, specific proUK production
rate (ug/h/cell); @, specific lactate formation rate (mmol/
h/cell). Solid line is the result of simulating eq. (2) with
constant value of qATP as 7.4*10-10 mmol ATP/cell/h
[23] to compare with experimental Q.
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Fig. 5. Cell growth, proUK production at maintenance
period by controlling metabolic processes under per-
fusion cultivation:

@, cell density (cells/mi); &, specific proUK production
rate ( ug/h/cell); 7, perfusion rate (m//min).
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