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Effect of Agitation and Aeration Rate on Aicotiana tabacum
Suspension Cell Culture in Bioreactors

Sang-Yoon Lee and Dong-ll Kim¥
Department of Biological Engineering, Inha University, Inchon 402-751, Korea
(Received : 1999. 7. 2., Accepted : 1999. 10. 2.

For the optimization of operating conditions for plant cell suspension cultures in bioreactors, effects of bioreactor types,
various kinds of impellers, and aeration rates were examined using Nicotiana tabacum cells as a model system. Stirred tank
bioreactor and airlift bioreactor were used for the comparison of bioreactor type. Growth rates in both bioreactors were lower
than that in shake flasks. In terms of final cell concentration, stirred tank bioreactor supported a little bit better growth
compared to airlift bioreactor. Impeller type did not affect cell growth significantly, but it was apparent that cell size index
decreased in the case of using hollowed paddle impeller. When the aeration rate was maintained at 0.3 vvm, cell growth
was the best. At above 1.0 vwm, growth inhibition as well as browning was noticed. in addition, it was found that cell size
index was reduced proportionally to the increase of aeration rate.
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UutH 0 2 bioreactor o]AQ] AEA4Eu|okol A HFE] A
Agdo} oJAUAMIE Y] AkS flasko] e} HlwelH 1 A
7F 34 4Rz AL oY flaskolAje] AEARE FHH
TEZ scale-upste= 725 A@Ao] R Holtk(6). mztA A&
Axajeks 53 AUARIES diFANE JdsE Hei=
AxejFriel EAZA digh A7t AAHolok s AAd
A EAZE bioreactord] 7Hdke] FRsith. AAZA H1E AEF
AXE ke FFE HE wH7]9 fFe we EYF]
aeko] eukE]E stirred tank bioreactor$} FYEHE FUY TE
o) ¢)5) &%= bubble column bioreactor, airlift bioreactor, 1
2)aL rotary drum bioreactor F°] tH7).

Bioreactor WlolAe] AEA|Eu]oko] flaskolAe] wlj%kal =4
OE F F9 shte wRtE Frle ofF 2AsE hydrody-
namic stressZal & 4 Qirh AEAHEE WA Eo|Y FEA L
Hlg) 1 =277k & #Helg Ed FEAEges i AXHe
AU glo} sheard) iy Z Ad Aoz HAF
HAZE sheardl] o3 Agn AL A dFE
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o 9% FHA JIFL £0)7] HAMT TNEEE WEA
shearg A7 s WHZIE AMESHE AS 2T + 9
o olHgt el aNvZe FEAEAGANN £33 AMSH
centrifugal impeller(11, 12)9} Hooker$} Lee(13)7} A)Al3t sail
impeller 52 § 4 ok 3 ABANTY 78 sheard] 71743}
A|E2] wige] 35 bubble-free loop fluidized bed bioreactort}
external loop airlift bioreactor 5= H1¥ B JrH14).
AEAE= vAE HlF] A4 Q7% Ee Holre §1A
HHg 440 FEE BFHoY 53 LerE AEajdd)
3¢ g&20ATo] F438] A HEZ EVHE FH3
Aslojof FTH(15). 13} Akke] FHI FFUE BEFoE
NFE F7PIIIR BTg Bold) o8] ojgdoh ozt

T 2 A V1A ARl fdlEe] AEAMEY A
o|afthAMHE o] Aike] ASE = UTKie, 17). whetr] B
o] H43l7} dasich

¥ AFNME Nicotiana tabacum HEHEE model system 2
2 flask9} X2 & Fe9 bioreactoro] Ao AH4E& Hlwala
2 o AEANE e 3 bioreactord] o)A
wE7)e] FHe| wE g Tl Wl wE MEAG
2 AxA7)A ¢ WHals s
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X“E ol dieH
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MSHENY B BRIz

B dFMe A JgdrgogRe AT Nicotiana
tabacum W22 HEH K¢ HAHAEE ARSI AR
22¥ MS 7]EuiA)e] 30 g/L sucrose, 0.1 mg/L 6-benzylamin-
opurine (BAP), 0.5 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D),
100 mg/L myo-inositol-g H715te] AME3lY o pHE 582 ot
& 5 121T, 12719904 A4S 71Easan

Al 79 Aoz S8slgen) S00-mL Erlenmeyer
flaskel] 180 mLo} wjAE Y& F 10%(vWE AF3 34
QeHig7]el A 25T, 120 pm, BEAE HA3H w3t
FlasklAe] AL $siMe A|8Y E42] 100-mL Erlenmeyer
flaskell 30 mLo] WIAE H7lste] ALgste] HEE WY F
flaskW 2 E48 9

Bioreactor 2%

Bioreactor WA BE AFL (HPFFLENNM ARG
A BMEH %S 5-L jar bioreactors ARE30.® working vol-
ume 2 LE 33190 $HZAL 25T, 80 ipm, 02 wmOE 3}
of wjokslyr). Bioreactor -3 A¥E 93 airlift bioreactord] $-
e Ae FEEEariold A& 3-L bioreactor g ¢4
319001 2.5 L9 working volume 0.2 fA]5}53t)

7% o3& winsdly] 99 43L& Dow CorningAle]
1.5-L spinner flasko]4} 0.7 L] working volume .8 4:3§38}9.C
 wWEhS 913 Cellgro™ slow speed stirrer(Thermolyne) & A}$-
=

HE 579 Axudrldde Aol A foame] JAE ¢
& silicon A|¥e AFA 9 Sigmarle] Antifoam A emulsiong
Hizle] 1 g/l #rlslgoen wdFde Hed wet i)
Fii=g
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HEZY 27
AA A EKfresh cell weight, FCW)-& Z33}7] 9JajA ajjk
NS Buchner Zth7]E AF&3le] Whatman No. 1 &A=
27§99 3752 254 ARY F ABBZE S¥2
gk AR MEE &7 FCWE S48t FCWS
A AZe 0CT2 1AYH dry ovendl|A] geko] HEE Az
o AzAEHdry cell weight, DCW)S A& gtk AN TR
T(packed cell volume, PCV)e] 22 A5 3087 FX|3
£ % Azise] g A8 AL Fujo vz dehios

Dl e 2y

He =3

ANge AEE 24317 Y8 Viscometer R:1:1:L(Rheology
Int)S A3 eH 40 mLe) wiYgdE ZHE &7)o o}
Agel AEs spindle® 3 AFE Agde S48

27 9 2z
27| efjol mZE SEIME M|

100-mL flaskoll M) Aitg 2T REbe] 7[R A et
7] &elQl stirred tank bioreactor®} airlift bioreactorolx]¢] A}
£ Figure 1o A4S 24 flaskol A9 A3 AY lag
phase7} §lo] WA AP FTAITFEE 6AA 163
glLoliek. &3] 69 o|F= PCV7Z} 90% oldo] =Ho 9&3
o] o]FojAA] ¥ U oA AEY AT giglch. Marine
impellerS A}2& stired tank bioreactordl e 4U7A  lag
phaseZ Ho| HIATFEL 109x9 97 gLz Wi
Airlift bioreactor®] 7%= 8UASl 11.5 L7t HaAEEEH o
¥ lag phase STRF wpI7EAZ F 4oL 4Y o] Fol=
stirred tank bioreactoro] H]3te] W]wZ wWE A &5 2 HY
o F7HA gele AxujokrleiAe AL flasks) wn S
W AFEE7 =2 E27bsd MEFE 94 FA 7BAs
th E3) stirred tank bioreactore] M= 109 o]0 Azl 2
g o] #AHI.

Axe F7E HFeR el 4 e AEXasAf
(FCW/DCW ratio)Z W|i3lE flasko| e 4 o]&&2 oF 23~
249] =& $xE Holw stired tank bioreactor® airlift
bioreactoroll A= R5F o]HT} w2 432 el dcHFigure 2).
ol W%z wat MEe AEF Ae)7l wsksie] Az
A7E A FAAY shearo]] &3 lysisE A X9 HEES
A7 QEo g AZET 8Y o)F9) AEAIASE airlift
reactor 2.0} stirred tank bioreactorell A ©) A 2=l

712802 bioreactor Yol xe] 3170] flaskel 24L& &g
Al mutol} f-dH= F7)dl o8] WABE= shear stress#hil
& 4 slom wekrldAe HEAFC] flaskETh W o]fk
shear stressof] 23t Aog Mg 4 vk Aidlift bioreactorZ
A3 S w)  stired tank bioreactorB T} WLE A FAAL H
ol ofr= mytrlel ofg EuH myte] §l7] WEoz A7t
i oA HEHEeE S shearo] WS AEujokg wjek
712 AReit & 4 vk 23y 20 gL o)de] aFEoAE
WR71E ARRSRE Sl nidle] BEEATo] f8sa Eiin
FH JAE olFoe A AL 23 TAHE AR
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Figure 1. Comparisons of Nicotiana tabacum cell growth in shake flasks
and bioreactors.
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Figure 2. Time course changes of cell size index in shake flasks and
bioreactors.
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Figure 3. Relationship between Nicotiana tabacum cell density and
viscosity of culture broth.
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Figure 4. Effect of impeller type on Nicotiana tabacum cell growth.
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Figure 5. Effect of impeller type on Nicotiana tabacum cell size index.
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+ centrifugal impeller®] e, 245 9|, 1dxu wutEs
o gt A7) APElejerd Aoz Azbdr

Aol Heo] W& AEAVRA5Y WIS B9 marine
impeller9} centrifugal impeller= #2] Hl$3F $£X 2 Jehlga
hollowed-paddle impellerE A}4-3-g wle= A|E9) =77} vl
HESh 1501812 433 WA fA5E RS 3EE 5 Y
(Figure 5). ol AX¥<%2e] marine impeller, centrifugal
impeller¢h= o2 wRHEER A% E2F SFHAA 7|03
RO A7 Figwe 404 AES] A4S ANLA GRS
S R W nEEujge AMESE MEe A7E AA fA
Fozm £4 AYS =€ £ IS Aoz sigi"ek

£7|2to] oigt

ABATE wAZd 3] Ak QTEs} e Hou) Aa
o FHES o)t AL Fvte whe} bioreactor o] A
Ex FUhY wjdsutde Athe Fgo] AT £ gloy
ueba wRkEEY 53] A 2Fo] "edg & & 9}
th(17). B AP M= 1.5-L spinner flasko|r] E7)&e Zzt
0.05, 0.14, 0.30, 107, 1.50 wmo.2 2|3l E7)%o] g2 A
F AL v Eh Fgure 60 VbR nhel Zo) Mz AR
£ 030 vwwmolA 7173 Zgon AuAEESE 10959 11.6
gL Gaodt Lee(20)ol 9J3d B7]e] Z7184E A
o ARE Az dide Aito] F789R 1.1 vwmollA
W £ ARE BT a8y B%E 1.0 wmol}e g F
7H7IE gl foame] A7} R A= 9 FAHU o
Blgol man oz B Ay Ao A= Aoy =3I
B A7elA 107 vwmel 3]l B AlEe] Zast #ste] vl
gow 150 wmoAe Ao Hsidye] AFHAEH o=
#xg FriRe s s} {I® CO; strippingol] 93 AEAF
A2 AzZecK1e, 17).

Figure 7915 $71%9) #dy} WiFAe] e AEA7ASF
o nAe AL Ak 6U7RY wjgz e B
7t Hlgstd AEAZAF7} AT BEE 5+ AN
ol B71%Y St e} U] WY fAgetE %}730]
st Mxe Av)d] e F= Acw HAHD AL
W77 AE 9% AR ARl Ao Alzddh o9
Zol BrIge] Z7K3l wel AxY A7) tase @3S
gol 0}7 #sted 100-mL 2} bubble column FEje) bioreactorof A
F71%e gty Ao A4S #ASA 1 Ad= Figure
85} o}k Zhzre] wigrlo] 30 mLe] WA E Hriste] AFEAH
FHORE 5 g ARE HFAGoH uldr] o] AES} FE
3] e A2 B71%3 053 wmo 2 BH 1.20, 2.20, 3.50
ywmoE HA} FIIANFIEA 1 FFE IS AEFe F
2% 594 243928 Growth index= thS-3 o] A3}
At

R

DCW fia1 — DCW itiar
DCW initial

Growth index =

AR 4L B71%0] 713 AR 053 wmol A HuAE
FEQ OF 87 gLE YJEhRSlen o] me] growth index:
L174gith. B71%0] Z715te) wha}t Ao o] A s
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Figure 6. Effect of aeration rate on Nicotiana tabacum cell growth in
1.5-L spinner flask.
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Figure 7. Time course changes of Nicotiana tabacum cell size index at
different aeration rates in 1.5-L spinner flask.
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Figure 8. Effect of aeration rate on Nicotiana tabacum cell growth and
cell size index in 100-mL bubble column bioreactor.
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