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ABSTRACT

4.0x107 (IU /cells/ day) of maximum specific scu-PA production, which was higher than
those by a 75t T-flask and conventional perfusion systems, was maintained by tube-type
bioreactor at 0.35 (1/h) of perfusion rate corresponding to 0.15 (dynes/ci) of shear stress,
The production of scu-PA is also increased as shear stress was slowly increased, which is similar
to natural human blood circulation. The tube reactor proves that there may be no limitation
of oxygen supply by showing 1.0 (1/h) of oxygen transfer coefficient at steady state and this
system yields much lower shear stress of 0.3(dynes/c) than that of 5—8(dynes/cii) by con-
ventional agitation systems,
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Fig. 1. Diagram of tube bioreactor with low
shear stress by perfusing fresh media:
30X 30cm with I. D. 5cm of pyrexiglass
(1.7L of working vol.)

A: Peristaltic pump

B: meshed screen: 0.2—0.54m nylon
screen

C: inoculum and sampling parts

D: vent-gas

E: Entrance of mixture-gas of air, N,
and CO, by silicone tubings

F: Exit for off-gas out of the reactor

G: Settling bottle of beads

H: clamps

Open arrows are the direction of fresh

media in and a dotted arrow is the

direction of settling beads.

scu-PA) & Al43}= hyman kidney cell line, Caki-1
{Flowlab, Japan)& 5% fetal bovine serum (FBS, Sigma,
USA)ol X 7¥ Dulbecco's Modified bHagle's medium(

DMEM)oll 5mM¢] glutamine®} 4048 / ml] gentamicin
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‘2 25mM HEPES $b35 §-deo] #Hvbr w2 (pH 6.9))
Fal Bow) 2—-39 vlch A wfR2 ol
v k& ch(17). Hemocytometer®] 2] 38F tryphan dye§l#
noz(18) v AMES g AESS FAHE Toen
]—ﬂagkLH o] MEZ7) oF 1X10° viable cells / miol] 2w
Suf 170 qFe) shevl o) vk (rig. D)ol 58 / 1 9
Cytodex T (Pharmacia, LSA)9} &) gk w) ok
ook SARE ukEeh AR HEE AED vy g
of E2l%- Fig. 19 Aol Y-#w peristaltc pump (Cole-
Perlmer, USA)Sl 2l - *:¢1 4 %(Iml/min)i
WA B olx ARG WY M el HEg
Z38) A ESe hAs M7l ¢l quasi-steady state
of =g & [LH Nz g A o] & (perfusion rate)
@ bt w9 oA 7 vheh ekzol A e WA
of pHY 8F 42 %5 W by 19] 1ol Yol
stainless steel & VFEO] A clampi A7} silicone tube
(Cole-Parlmer, USA)E FH= &7 Fiek o]t
ar 43 2AAT,

AF 9 A9 SHE Ah 4TS A8 0l 57
9] silicone tube® o] &0 7 nol A& wj A7} AJA
s W9l (Fig 19 BIME) Aa 59 v
@A w3 RS LS AAA FA507]
918 Fig. 19] D0l 0.25um filer & sl =8 22
kol At WA= gas7t FEHEE fon, w9
TR olFA W& A olF £z A YAl
og FH o7 GRE 2 sertding borled] A7l vl =9}
AEe axae 2ert doju} filter screend hi=
gdo] dA 3 7HAagt Fig 19 s ko] A2
F51% A9 0% weols AF/} WA Al
;l(j‘}ﬂ §}Al1{ urgko 2 ilﬂ-g]t:i ﬁo}ﬂq HHOC}:ZL:
7c Ao ma o, §28 WA 4T YA
of )%= 5L spinner vesselo] ZolR Tk AU FA) st
scu-PA & ZA37] &), chromogenic 7]AQ] S-2
444(Sigma, USA)$} UK standard(United Kongdom)&
3.710/ml 9] plasming& FFAIZ 8]z 8F wkS-3 4050m
oA HEgHog A4S ZAHHTHIY).

Wz el Ak AP 9 245 8, WYz
Mog &%= 71AlE Gas Chromatography (MBM,
West German) 2 ul6A] 7} whrd 22 38] mass balanceol]
o]t AbA AM] 4% (Oxygen uptake rate, OUR) & Al4F
A (20), BAFE (steay srate) o] A9 A 4¥] &%
= A5 & £EdE 7P (21)

X p/ Yo, = Kpa(C' — €) =---ommmomo- (1)
o 7] A Xi= M EF(viable cell / ml)ol® pi= ¥] 4%
25 (1/h), Yo,© AA F&, Kunt Aa A4 45
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(I/h)el & vk 27 oA Ha8 g&as
Fow olgrHql wjok g = %t3o (ml 0,/ 1)
2R (22), Ciz 2 GA) §244 ool wjok
systemo] & Adejo] Tty §9xE ke g2
iz AE] Ao 93 A4 AHEse} pue
7Hgol bedEg A()RRE tei 2o ¥
4= 9t
Kia= OUR/(C* = C)
weba A(2)2RE Abn M) $59 2P o2 A

AY g e 0y 533 4 o,

M B Al AFEE & WA S Newtonian §3) 2 714
o whAle] A A oo WE # Fej o] sz o)
W dS-E (wall shear stress)o] 3 momentum
balance = vh53} o] EAlE "F ATH23).

AP 7-R=2w-7-R+1, =ccmemme_- (3)
o714 APE wj A Y] o] Fof JBP 2+ 2} (dynes / cif)
ojvl, R WldZE #o] WA (em), LS HjkZE #o

Zol(em)olal, 7= W A2 (dynes / orf) o]}, W&
NGz dol sz A9 )% 4ri Uwdes
2H8] -2 w Fig. 19 A K¥E0] end effect® Z0]7] 93
wel 7z Al5o] i e W‘ZHIGH AA A fA 9 3.8
o] laminer YR BESF Yoo 43 BE 9

SFE AF3= Hagen-Poiseuille @A 40 8 2 FA) sbestn
2 (3% AdFs Ad3ES AedE thgm 2o
FA
8 . \/ .
e — 0

A71M Viz w4 9] o] (em / sec) o] 3 D= w9k
Fo Ai(em)olm, pi= WA HE l(dyneS/cm')
ZAGET o= 37T S X3 A =
M A9l Sl el e drze) gexz ‘1‘%%
Aol osf wdd AveHg). TF w9 o]E &x
b=l ratfal obg A 92 mERE WA @)
S el g fAlo) R g o] o
Hol o 12 4 S 2= w9 Ae @O Ao
dn W owkze] g dgm gA" £
UTh o1 7]Af A o] R o wjokz o) WAL Ao
B, wb GE M gFzol A laminar | G K o] kg
W el olE &R AYE £ Qo

TH o3 g i od ol e AdgE
A(4)et vluatz] e wnbol o) sk Aekg-a WA W
Fl AR B wf Rl o] 523 o] Fol 2% paraliel 3 )
of wiFzol Aol Ml AekSAH e g} o] HAZ}
7He s (24),

Te A s
o5&,
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714 QE W2 9f F-&(cnf / sec) o™, Hi wjokz ol
Eollem)2 & AYolA AGE 2y wPzst
H] 2 3} 11 2} {:LT_ dimension® 2 9] H -G 93 2 (5)
9 FolE WAEcE AP ols YuHoz
parallel Fe) Wi Fz 9] 27} 2o} iR/} 2= 714
< HSE HA HE: WA Rol NE A ALt
%7] 2o},

Ay 9 23

Fig. 2+= Caki-1 N X2 & & v ok ZHo A wjet Al 7}
of e ME Z45 scu-PA WAL BAE Jeh

2.2, 719 AE FE9 85X104(viable cells / ml)

FH Hd ME 49 5X10%(viable cells / ml)o] T2
bt o 420A17 (18Y) A% A8HE ote -1
AEE Bola QIth(25). ol WA o]%F &x o] 2y}
b =gA AYEn, B8 UE A o]F &nd4
B0} 85ml / min®] SEM systemo] oHY Aejo] 9
Hedl B Alto] ey ot Ea wjx| o]
&x9| St wat MES9 scu-PA AAbo] Z7bE 3
ARG, HE QGo] wr} YAt wA) o]F 2w
FEE L A& B, scu-PA A 2bo] o A
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Fig. 2. Growth characteristics and scu-PA
production aceording to cultivation tim
under low-shear-perfusion operation
for the growth of human Kidney cell.
Caki-1: © and , cell density (
cells/ml); A and ----- , Product conc-
entration (IU/ml); [[] and —- - — X
perfusion rate(ml / min).
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o M= growth related process©] 1L AHE-H 9 2 2 7)ol
w2} partially growth related process = HEE S gAlste

Ath25). B AFe Hg wiA olF £=<d 10(ml/
min) (=035 1/h)elA <k 980(1U / ml) &) scu-PA7}
AR, e NERES gubEel A% WA oF 00
20(1/h)el A golrel Aske 800(1U / ml)xrh
(25) & 75 T-flask2 staticAFefoll A oF 1X10° (viable
cells / ml) 25 39§t Aakd 850(1U / ml) (data not

shown) BT} & A& & # 9th

Fig. 32 Fig. 225E 7t Wl olF & &k
AZ F9 A4)d & Add A9 WAE
HAFE AR WA o4&} 5SS A ETR
Zytetn, Aesde A Ao Fristed 4
(@)l s AxE AdgHT 2(5)8 ol &) FHO
Zo o3 of7|® Av-gHy} Wws] ¥ A} 2 4P
of AHSE A WgFst e AEEH S 20 UF
o] 4t wd ¥ Ay Huj ujr o] FsmolA 9
Agggo] 015 (dynes/ci)2A ol HAEX AXKE

A 5
(2) =3 ¥ F 1i

g HAG &3 5—7 (dynes/cm) KT}
e o mjtzel FHo] ael

e Hej o) f4) o] 52, Fig. 394
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Fig. 3. Cell density and shear stress corressp-
onding to perfusion rate in cultivating
Caki-1 cells from Fig. 2: ©® and —, cell
density(cells/ml); & and :--- , shear
stress from eq. (4) (dynes/cm); — - —-
-, estimated shear stress (dynes/cn)
from eq. (5) [24].
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Fig. 4. Relationship between cell growth and
scu-PA production rate as a function
of shear stress in perfusion cultivation
of human kidney cells
: @ and —, cell density(viable cells /
ml)

;A and - , specific scu-PA produc-
tion rate (IU/ cells/ day).



Vol.5, No.4

# T-flaskol| A o] Azte} vl wa] Fig, 49 497 AAHA
o] T7HIES T 4 )
Fig. 5+ U4 Adsslo g Azte] we
ALE, Fig. 494 Hu &2
A £25 B9 0.092(dynes /) o] AR o o]
TH5d zad, wg 27ldE AxY A% 2 9
27009 A gl 4 B ol Ao, Wb
ol Aaigtol wak Aa%go) Fhste] W of 7
0212k ASHEol QYo =), B3] Fig, 59
44004 A 2 B ANE Aol B MM
S 140U /mi /h)2 AV, olo] 22
o Q0AIZHESH A F scu-PAS] FE 14760 (1U/
ml)2 ol 2 A UBSOCU / m) S ) 22
o % o},

Fig, 62 & A g0 A14H Fig 13 22 tube 9]
Bl FZE 9] silicone tubedl] o] &+ A H o] A E LS
o Ag adlol HEstE Aelas] sla) WEzel
Fe7k et ARE A Sl A4 dw
SEE A NP 0 g D, i
304 Aol At 25 RS 85ml / ming] w)x| o] K&
£ fAHH A 2o SEE A8 1 A 1ho)
Aol we Azrel ool G 44 AvsEs
372, A AESES RARS0 WLF o 5
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Fig. 5. Kinetics of producing scu-PA from Caki-

1 cells as a function of cultivation time

at fixed shear stress of 0.092(dynes/

ert) and 8.5(ml / min) of perfusion rate.

Solid line is the average scu-PA pro-

duction rate during overall cultivation
period.
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Fig. 6. Change of mass transfer coefficient
estimated by oxygen uptake rates
according to cultivation time at 8.5(m! /
min) of media perfusion rate for 95
hours from the point of starting to
perfuse fresh media into the reactor.
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