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Oxygen Transfer in Animal Cell Culture by Using
a Silicone Tube as an Oxygenator

Jung, Heung-Chae and Jung-Hoe Kim*
Department of Biotechnology, KAIST, Kusungdong, Yusongku, Taefon 305-338, Korea

Abstract — An enhancement of the oxygen transfer rate in a 1/ bioreactor for mammalian cell
culture by using a silicone rubber tubing as an oxygenator was investigated. When the silicone
membrane was used to supply oxygen to the culture broth, the oxygen transfer coefficients (k;a)
measured in deionized-distilled water were markedly increased. Effect of surface aeration without

the tubing aeration was very low under 1.0 hr~

1

of kia. The enhancing effects of agitation rates

on k;a were much more effective than those of aeration rates. The increase of kia with increasing
tube length was observed as a result of the large surface area for oxygen supply. However, 2 m
of the tube length was adequate for a 1/ vessel. The larger blade type of impeller was effective
to enhance the k;a values because of its high mixing intensity. In culture medium supplemented
with 5% serum, k;a values were reduced to approximately 40% probably due to the viscosity.
We also obtained the normal cell concentration of 5X10° cells/m/ of HepG2 on microcarriers,
which could be achieved in a typical bioreactor for animal cell culture.
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Fig. 1. Schematic diagram of 1/ bioreactor for animal
cell culture.

F: 0.2 um filter, DOT: electrode for dissolved oxygen
tension, S: sampling line

o2 Az gl Fgele Wi ZHEZ]E W43
odtl(Fig. 1). oluf A}8-& silicone tube= W7 0.058
in., 217 0.077 in.(Dow Corning) &l 712 Ap&-s}gic).
A4 A8 galvanic type(New Brunswick Scienti-
fic)-& AHg3lo] wlotF &&E4kae] FeristE 74
stlom AlfFTE 20% TEoldeE fAA7]7]

el Waal 5 AE 2w TEFssch

Impeller2l medium

Impeller= =z=7]7} o2 5 7§¢] 45C pitched
blade type#} magnetic barE ARE-StlT Z1 BoFy
A7)+ Fig 2¢] =438},

AR AR R e 23 F57(deionized
and distilled water) 3 AF2-3}od AA] A ul okAl
Al A Er ol wlws)r?] £ 5% bovine serum
(Hyclone Lab.)e] & 7}% Dulbecco’s Modified Eagle
Medium(DMEM, Gibco Co.) & A}&3}9ic)

Cell line

HepG2 cell lined =]yl AE} djste] W-S. Hu &
G2XE Boptel Agslad. Axe nE 9 4
@ nRAY 5 2 FE AEFE
7)e} R Wiy e oju] WMEY FHL weha
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Fig. 2. Type and size of impeller used for the cultiva-
tion of mammalian cells.
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A3 v eF7]el A impeller= 713 &7} $8& 7
o2 o atsl= 45° pitched blades )83 34
E.7)(surface aeration) AHEE &3 s} (Fig 3).
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5 100 rpmeol| A% kjagte] 0.7hr™! o]3l]]-5 &
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silicone tube-Z o|8-dfo] JFH E.7|(tubing aeration)
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4). wHkEX 7} F7Eele kazts F7hsh abkG R
80 rpm o|Ael A= F7EHe] E3E G 7pAd wol
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Fig. 3. Effect of surface aeration on k;a.
This was carried out without the tubing aeration.
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Fig. 4. Effect of agitation rate on k;a at 200 m//min.
Silicone membranes used were 0.5m (W), 1.0m (O),
20m (@), and 3.0 m (»), respectively.
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Fig. 5. Effect of aeration rate on k,a at 40 rpm.
Silicone membranes used were 0.5m (R), 1.0 m (O),
20m (@), and 3.0m (»), respectively.
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Fig. 6. Effect of tube length on ka.
The agttation rates examined were 20 rpm (W), 40 rpm

(&), 60 rpm (@), 80 rpm (), and 100 rmp (), respecti-
vely.

%‘f‘- Faledch, et silicone tube®] Zo|7} 2m o]

A dl= F odgke] sl wpelba] Al okr] ) €]
silicone tube o] 2 mE Al BA kAl
kra= A2 wheF7] 9] geometry®} §-3| 9] Eolshat
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Fig. 7. Plot of tubing Sherwood number (Sh) vs. impe-
lier Reynolds nmumber (Re).

The symbols show as followings: 0.5 m (®), 1.0m (D),
20m (a), and 3.0 m (D), respectively.

Sh=a Re’ (2)

o] wj ael b= Aol A ()= F T Al
log-log & A AA[A 7} )& Jepd 7oz
impeller Reynolds number®] =] b= Zleolel] 34
Aol 02602 A steich(Fig. 7).

Impeller typedl| ci&t 1}

A E vl oF7] Hell A impellere]] 213 E3H(mixing)
2 A EE F53F Ae(suspension) £ -F-A] 3Ll
okl & ol dlA (homogeneous) 3ok Aol wll$-
Z8.3c}H11). =8 impeller 2% ule}l sk W
o] fAel s8] AAFI Adatder & fge
WOorE mmpeller T ©& Ataddasns A
#HHokeH(Fig. 8). 6cm Ze]2] 45° pitched bladew
6cm Ze]2] magnetic bar2t 4.5 cm, 45° pitched
bladeol] W}s] 3~4v} 2= kazks Beich ulela im-
peller+= magnetic bar 2.t}+= pitched blade?} ] -2
AbAer A3E el ew bladed] 7d9-9l%x impel-
er-4 lﬁ-fﬂ —‘9““?‘3 A ”‘"‘4% el D4 7}6}"34
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Silicone tubeel] 2J%F AFA Aok A A 2 cell-lift
impeller7} 22149 CelliGen A E. s 2k~ (New Brun-
swick Scientific) 2} w]w3s}slc}(Fig. 9). 2.5/ Celli-
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Fig. 8. Effect of impeller types on ka.
The impeller types used were 6 cm magnetic bar (@),
45cm blade (~), and 6 cm blade (W), respectively.

10
8_
~ oF i
=
N
3+ .
2 4
21_
0 - ] i 1 i i » §

0 20 40 60 8 100 120
Agitation rate (rpm)

Fig. 9. Effect of cell-lift impeller on k;a.

The symbols show as following: 200 m//min (M) and
500 m{/min ([1) by tubing aeration (2 m tubing), and
200 m{/min (@) and 500 m{/min (O) by aeration with
cell-lift impeller.
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Fig. 10. Comparison of air sparging (O) with tubing
aeration (200 m//min (W) and 500 m//min (») of gas
flow rate).
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Fig. 11. Effect of serum addition on k:a.
The kia values in medium supplemented with 5% se-
rum (M) were lower than those in distilled water (@).

Medium &2}

A FEAEE wiokdtr] 13 vzl B3 A
BE52 FAEH glem oiiie] FEAE w4
o= dAe] 5~10% H7isch webd] 5% bovine
serum®¢| 715 DMEMell 4 2] silicone tubeel| £]3}
A BEE fgastaict(Fig 11). sl vid =
AbEgE 22F el vl of 3] AR ¥ kaile
Bodoh o] AE HrMA AR QIF vy o
HE 71 Wi 2 Aok aels] AA Y-S
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Fig. 12. Growth kinetics of HepG2 on microcarriers

at different agitation rates and on petri-dish.

The symbols show as followings: 40 rpm (W), 60 rpm

(C), and petnn dish (a).

EHT viF AN A kagke] oF 2~
71&2] Al s S7EE YT Ha
A= o2 =) o] fi =3 2o A E ARA
ST % (oxygen uptake rate)+ AME2) EF-o ulet
ctEAE B Fdel oty HpHoZ 10°ce-
lls/m/Y 4 0.2~0.5 mmol oxygen// hrelci(12). 2
2o A E 7)ol A suspension culturer] <1-& %
A= A EL T 2~4X10% cells/m/olt}, 2B
S75= F ARAek? 04~2.0 mmol oxygen/! hrr}
ok Adadd SEv 4 (D o] 2 od9-49
k;agte] 2~3hr 'Y o} 0.4~0.6 mmol oxygen/! hr7}
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o] &-sjo} g}

OIREHE 0|B8t MZbi2FR] growth kinetics

ol A=A Cytodex-35 5 g/l-& ©]-8-31o] HepG

M 2] growth kineticsE 40 rpm3 60 rpmel] A
X—*Pﬁ‘}"ﬂtﬂr(Fig 12). 3”""-7] A& %%]EE.EE-«E* 3.5X 107
+ 5X10° cells/m/
B gurzql UT%‘%’*ﬂ BH“’W]H AE 7 A= HE
FEE A9k 53] 40 rpmit 60 rpmoll Al 24 A
ot FF AEFxe zolw [HEAY ¢ dsirk ol
a¥ke]| 2]%} shear damage @ AbA- 7 o)) 2]&)F &=ARS
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