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Kinetics of Converting Single Chain Urokinase Type Plasminogen
Activator into Two Chain Plasminogen Activator in Cultivating HEK
Cells with Low Serum Containing Medium
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ABSTRACT

A modified amidolytic assay and a fibrin plate methed were used to accurately measure the concen-
tration of single chain urokinase type plasminogen activator (scu-PA) and two—chain urokinase type
plasminogen activator (tc—PA) in the spent media. 1.65x 10%( viable cells/ml) of maximum cell density
and 1670(TU/ml) of scu-PA concentration were obtained in 1% serum containing medium. The overall
conversion ratio from scu-PA to tc-PA was less than 10%. In the results of batch cultivation in a spin-
ner vessel, 4.43 x 10% total cells/ml) of maximum cell density and 1560(IU/ml) of scu-PA concentra-
tion was observed. The maximum scu-PA concentration and specific scu-PA productivity were ob
tained in 1760(IU/ml) and 3.13x107%(IU/cell), respectively, from perfusion cultivation. The conver-
sion ratios from batch, fed-batch and perfusion cultivations were less than 12%, which means that
about 90% of scu-PA secreted from the cells can be maintained during the cultivations.
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A7le) AHe-% A E£FE Human Embryonic Kid-
ney(HEK) cell24] B 37l wljok, H-A|5}x
i AEE o]g3dc}. ik wiAl=" Dulbecco’s
Modified Eagle Medium( DMEM)3} Nutrient mix-
ture F-12(HAM)< 1: 12 38k 33 255 10
o] £#4]71 ¥ Aprotinin 10KIU/mlE #7}sled
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Fetal Bovine serum( FBS)(Gibco, US.A.}& 1%
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Cytodex I{ Sigma. US.A.)Z A7}stgdc). o]o of
2717 71k ARG F A2} ey @A Hzhd
7214 &9lgl Fo 45rpmo.E impellers 34 A|F
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3% WAlsxsb 1.30 o] =23E o wjoks w3
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% Ultra filtration membrane(10.000 M. W cut
off, MFS, US.A.)o2 10w £2x|3c}. o]o] S-
Sepharose fast flow( Pharmaciazl, US.A.) col-
umn( 3cmx 50cm)%- 6.15M NaCl/0.02M Na,HPO,,
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0.5ml/min®| $%& FIAHL, Fd $FLde
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+d 4F4do= 433 F 0.1M NaCl/0.1M so-
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F27F 0~20IU/ml7} H=& qlejH e 3)14A)
60 & 96-well-plated] T+ Zof z42 Yo 3 3
% Algel= 1IU/ml} plasmin 54 & t}2 %o
= 01% BSA 51 & e, 37°CellA 2087 &4
3417}, oo} 800 KIU/ml®] Aprotinin 104 &
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kS AR A7 H 3mM 9] S-24444-9 (05mlE
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9] u-PAY ¥% 2 fibrin plate ¥(22)0.8 23
o] wieked o] A u-PA(total UK) =&
shoict. mekA e)zte] 244 total UK} chromo-
genic substrateE o]&s) &A% scu-PA2 z7}
tc—PA ofo|c}.
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m)E AEFR AEs= ajeF FFA 1.7 x10% viable
cells/ml)e} 2o A& AELFE Bgom, 95% o]
Ao & ASEE 29c). A4 scu-PAE ok
345 A E7} oF 1.5x10% viable cells/ml)d] &2
g o]F F43] Frisked 1670(1U/ml)<] 3o A
Abeds Mok ob-2e] wjokr)zte] e ule}
1% 2 AP Qx| ol e BF5l1 tc-PAR 35
= oF w3 A3 FrkEkden) Autdew 10%
ojeke) v HEES B} olE YukHo® 5%
ojAte] ¥3o] X J Aol AR g ok
serine protease A%-2] WhAA(FE (PA, scuPA
el ¥A W =8+ proteyolitc enzymesst
PA Inhibitor 5 98} two chain forme 2 %
B Aol vla (23) wi$ e Y 4 F
sk, 3 Fig 2= Fig. 39 Adel| 4 ujoka]7ke|
upe} e x| A A E7} G HREE A
S bl Aolch. 2714 0.7(g/¢ )9 vIgA9}
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o] mgalgic}. wehad 05(g/€ )8 FAE F71 A
%3 Z3} Fig 29 DollA & F= dxo] Az g
Aol A A2 o|F3le] A5}t

Spinner vesselol|41¢] 3&A ujeko A% Fig. 3
o JellisiRe] AZE “H"o‘i 8d® 4.43x10°
(total cells/ml)9] H) NEFE Bgow o|&E F
2:3] hashdr). vk ‘3’&% scu-PAE & AT
F7F ¢F 19 x10°(total cells/mi)el] =gk wjok
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Fig 1. The conversion of scu-PA to tcPA ac-
cording to cultivation time for the growth
of HEK cells in 1% FBS containing medi-
um.
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Fig 2. The pictures of HEK cells spread on Cytodex Ill. Photographed at A: 8h, B: 24h, C: 96h, D: 120h.
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Fig 3. Kinetics of cell growth and conversion of

scu—PA to tcPA in batch cultivation in 1%
FBS containing medium by a spinner vessel.

40, € 2000;
e
o Il
ToEs
s s e
i 20 10' 3
3.01 8 =1500% 2.
= =
S | E] 75
< o <
=% s 0 s
=] U< -
.2 2.04 ¥ 01000 2
s 25 Fl0° &
S 5
§ 2o =
S ° | 0.2
° 1.04 S 5 500
2 < to.
S [
3 5 10° Lo
Q0 2
0- 5% 10"

O. 2 4 6 8 10 12 14 16 18 20
Culrivation time(day)

Fig 4. The cell growth and conversion into tc-PA
under fed-batch cultivation of HEK cells
in 1% FBS containing medium by a spin-
ner vessel Arrows indicate the starting
points of adding fresh medium: the first
feeding rate was 0.06ml/min and the sec-
ond and third feeding rate were 0.08 and 0.
15ml/min. Final volume was 1.3¢.

Perfusion #ioF2] 235 vehd 7] Fig &4
AZ= AEdo2 Zskshel o 165x 10 total
cells/ml)el] =3l vjef 8dAtel 1190(1U/ml)¢
scu-PAS A4abetas s 49% 9 A3EE s}
Walch, o] b2 wjekab Aol A X} vhE kg

(urw /Jw)ares Juipasy

Korean ]. Biotechnol. Bioeng.

=

£

5

=¥ i}

vc,_,zooo A

o= = =~

z g ® 28

< O S~ 7R

S 215004 € 3.0 s

go k= PR

2 g ] V72

So = 3 55
10004 & 2.0 =

Mo & Lot ™

5E |8

=38 ° 0.3

=3 2

2% 5007810 0.2

90 = 0.1

S <) ko°

<0 o] = "

o 0 3 X10

iy 3 6 9 12 15 18 21 24 27 30

b Cultivation time(day)

Fig 5. The results of perfusion cultivation of HEK
cells in 1% FBS containing medium by a
celHift bioreactor. The first and second
perfusion rate were 006 and 0.6ml/min,
respectiviely and the third perfusion rate
was 0.25ml/min. Final volume was 1.2¢ .
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N . A WAAR BE ujoubAlel A HzxpHel F71E Ho)
s = 7o) oleh. 7 wiehiAe] abE AR
s " IS s} scu-PAS] Wagg wlwgt slo| Table 1ot}
k _afgé ﬂ ,\f"d : ) scuPAY ¥x ZE okl 1500
S Az A ' (IU/mb)elde] $=8 nglon, 129 vlzte] &
£97% £ A8k FHdu) 4545= T-flaskel
g0 5d s 0.454(1/day)gem 384, f7F2] 2 Qdgujjcke]
A} 27t 0.461, 0.456, 0.449(1/day )24 2 z}o]7}
0 3 6 9 12 15 18 21 24«27 30 %iC]- = SCU‘PAP'} Ag}{}lg% 101X 107 4( IU/cell
Cultivation time(day) /day)ol A 3.57 x 1074 (IU/cell/day )2l 9] Wl 4

Fig 6. Comparison of conversion ratio during cul- A7 8$3 £58 S21F F Ui
tivations of HEK cells according to differ- wk B £9 scuPAY HEES 4] ¢
ent processes. Fresh medium was fed with & 7} ghAE YA FAN Y AL wEE Ao
rate of 0.06, 0.08 and 0.1 5m}/min at 5, 9 and Table 20]c}. 3] wljokel Fo] & A9 s
15 days of fed-batch culture and perfused 1.3(mg/m)EA AADARE AAHA 053(mg/
with a rate 006, 0.16 and 0.25m1/min at 7, 14 m)E 7hag v Ao scu-PA &8 1670(1U/
and 20 day of perfusion culture. m)el 4 4150(1U/ml) & F7bstgx, AA A

Table 1. The production of scu-PA and the conversion of scu-PA into tc-PA for the different cultivation

processes”.

Maximum scu—PA Maximum total UK Specific scuPA Maxmum specific ~Conversion Maximum cell

concentration concentration productivity growth rat. f ratio density
(IU/mb) (IU/ml) (IU/cell/day) (1/day) ®) (Viable cells/ml)
T-flask 1670 1850 1.01x107* 0.454 9.73 1.65% 100
Batch* 1560 1760 357X10°* 0.461 11.40 443%10°
Fed-tach** 1570 1710 247%107* 0456 10.42 6.40%10°
Perfusion™* 1760 1930 3.13%107 0.449 10.18 5.70% 10"

YCultivated with 1% FBS containing DMEM. A modified amidolytic assay and fibrin plate method were used to determine scu—
PA and toral UK concentration, respectively.

*Cultivated in a 1.2 spinner vessel.

**Cultivated in a 1.2¢ spinner vessel. Initial and final volumes were 0.7¢ and 1.3¢, respectively.

¥ ltivated in a reactor. Working volume was controlled by level prove at 1.28.

Table 2. The results of purifying scu-PA from 1% FBS containing conditioned medium.

Maximum scu-PA Maximum total UK Protein Specific . . .
. . . . Purification  Concersion ratio
concentration concentration concentration activity ld @)
ie
au/ml) au/mb (mg/ml) (1U/mg) ’

Culture broth 1670 1850 1.3 1284.6 0 9.73
1st step

S—Sepharose* 2208 6075 0.97 2276.3 24.7 59.74
2nd step

p—ABZ resin™* 4150 6750 0.53 7830.2 19.8 31.89

*Elution buffer was 0.02M sodium phosphate buffer with 0.5M sodium chloride, pH 6.0 Flow rate was 0.03ml/min.

**mpurities were washed by gradient elution with increasingly acidic(eH 2 to 5), low salt(0.2M sodium chloride) elution buffer.
Flow rate was 0.05ml/min.

*+This ratio was calculated based upon the difference between total UK and scu-PA concentration at each step.
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o] w4 mgk 1284.6(1U/ml)ell#] 7830(IU/ml)
o8 Z7kesloh. BE A JJrXé% &3l scuPA=
30~60% 2] thr F2 AFES Holx gled ¢
4 scu-PATHe] HE A& "—F 3l 7Fgkol e}
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2 Az} wjA| o] g, FeA] o Reef AR e
3 Sl 71" Aoz Hrp £583 35go] ¥
< ¥ % AA e hAde] e 7EH T ok

2 <%

HEK A X ujo}d Zo] ZA)8}l= scu-PA%} tc-
PA2] Br} At £3& $3) fibrin plate}s} 7)
22 amidolytic ¥1-2 HYA)7] SAE o] 43
ok 1% 9 APA A5 o]43 Tflask uhokel 4]
1.65 x 10% viable cells/ml) 2] ) A I 5o wta}
o] 1,670(IU/ml)9] scu-PA A4k Bglow 3
& 10% ©%ke] wigheS ¥l =3 Spinner
vesselol| A 2] 3)tufokA] o) AE57) 4.43x10°
( total cells/ml)¢} 1560(IU/ml)<) scu—PA A xbek
S vehilon Bt 114% 2 #HEeS By} o
Sulloko A= 0.449(1/day)2) Bl*§°¢£9lr 3.13
X107*(TU/cell/day) 2] B]*E4é‘—£— Bgon 3y
&+ 10 18% A=o] &S Br) o= 34
2 F7HA ek Adfe} 2 X}°I7P e ujokg A
of FAGle] ek 90% ol 3ggo] ssslth=
e 91“]*&‘4.
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