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Effects of Gas Recycle on Plant Cell Growth and Secondary
Metabolites Production in Airlift Fermentor
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ABSTRACT

The productivity of alkaloid in the airlift fermentor operation was less than that of suspension cul-

tures of Eschscholtzia californica cells in the shake flask. To overcome the productivity reduction, a gas
recycle airlift fermentor was developed because the gas-stripping in normal airlift fermentor was be-
lieved to play a significant role for productivity reduction. The alkaloid content in the gas recycle
system with Eschscholizia californica suspension cells was 2.7 times higher than that of normal airlift
fermentor. The productivity of alkaloids and CO, concentration were affected by the volume of gas

reservoir in the gas recycle airlift fermentor.
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A AR ARAE dAtA F Y EE CO%) A
E32E4 ethylene §o| #3z g}, o5 A
T AZAEL wiekol A AZAR 2 oA alArE
-4 49 72 Aidt d3Fe Fohxn deg g}

(3). webA] Ao ABAE vk AT71EL air
lift wjek7jol 2] A1EAHZE ujoFA] ““3251 TAEE
< 837 8] % air Al CO, 2 ethylene
JAFH E¢3 NAE aerationel] AP 2
A3t AFA 9 o)A AR S] A A3 &
£ o= Ax FEF 5 Qlgiek(4, 5, 6). 2 2
ArodMe T o AUsly AAHoE o]



714 HE-ES ANe#sle] A8l gas recycle A
airlift #ieE7]E 7pgstAl =Hdck d¥bAeal airlift
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Ae)F)o} oFAH|( Eschscholtzia californica )=
o] x} e AFAHE-¢l sanguinarine, chelirubine®} mac-
arpine 5 benzophenanthridine &z 20|22 A4k
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B At Me 19841 Avicel A s A
o} ok v]( Eschscholizia californica) A EF5 ]
£3lodct. o] MEF(cell line)E Prof. Henrik Pe-
dersen ( Rutgers University, NJ)2 %€ 7]& gt
t}. o]5& 5uM 2, 4-D&} 0.5 #M kinetin 2.8]3
etagdo® 20g/¢ 9 sucrose’}t A7FEl Bs 7]y
Aol $-7] woksledct. wiA1¢] pHi= 1IN KOHE A}
£3lo] 588 zAS ). Aelx AL LA A
e 05%(w/v)e s Avtsl F<dch
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woFsl HEE o AFeR o3 Whatman
No. 1)3t 22 MEE F/RFE AF F o] ojite
Eo] Hojz)A] & w7pA] o}A] oFH3gch A
g AXE vg FAE &4 4FuE 4718 o
43 7ped ®e AHEE FAE E43}e fresh
cell weight{ FCW )& A3 ¥, 60°C ovendl A &
2o 523 wrlx] AxRA|Zl 3 dry cell weight
(DCW )& ZAAs .
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AZ9} WA oJ}(Whatman No. 1)3}e] 747t
& Ro} AW - o gZEo|t H M) o]&3}ict.
AFY dzt2o|re] =% & fresh cell 1g% 33}
HPLC% methanol 10miol] @x AF&d|4] 158 &
o} sonicationsle] FEs}qict 1en BE FEE
& A Ao 0.45 um membrane filter® oj3} 3
2010 ©) &NE Fofshdr}t. dERoelrel HPLC
4 27 W 5(8)9 24 5 ¢ 7IxE wEs)
o] o]43tict. HPLC= UV/Vis detecter( Waters,
484)9} prefilter’} @2 Q= C-18 reverse phase
column( # -bondapak C-18, 125A, 10 um, 3.9
300mm)e] AzEe] 9low o]FARE AhZol4
acetonitrile?t & 35: 65% §%3}9) 1.3ml/min
2 Z8 F9ic}. ojuf Eol= 1mM TBAS} pHE 2
2 2A387] $lste] Qibe ol F<lth 4o
& 280nmell M F3EE SA3kgr).

o 24

A3 (sucrose)# 2o 7hRal AHEQl T
(glucose)#} #3(fructose)d EAlo #4317 9
3] HPLCE o]&3}¢ict. HPLC+ refractive index
(RI) detector (Showa Denko K. K. Tokyo,
Japan)$} carbohydrate analysis column(3.9 x
300mm, Waters, U. S. A.)o] #ztgle glow of
A Abeol 4] acetonitrile?d & 80: 200.E
$25td 2.0ml/mine 2 &g Fc}. w3 AFo
2 o5 7tag AAS ey BE AR ¥4
Zol) 0.45 #m membrane filter2 o33} Gri(8).

CO, =24

Airlift fermentorel| 4 e} £ 2AFHE CO,2
%25 %= thermal conductivity detectorZ o83
gas chromatography(Schimadzu model GC-14A,
Japan)® &#slgqct. o) A% columne Po-
rapak Q(60~80mesh)E packinggdt 3mXx3mm
stainless column® ¢]-&3}gcl. Gas chromatogra-
phy?] ¥4 =72L injector®t detector &&E 7t
7+ 40°Cc9 110CE 8493, oven &5+ 35 ell4]
100C7HA] =2 a8s v WshE Aleslgc}.

Airlift Y7 [ol|A &/ 282D} Gas Recycle H{Qf
B QAT A3 wiok7]E external loop airlift
typeolch(Fig. 1(a), (b)). =]} &9 vj&(H/
D)2 10, riser?} downcomer?| wHa A H]&(Ar/
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Fig 1(a). The configuration of external loop air-
lift fermentor system.
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Fig 1(b). The configuration of external loop air-
lift fermentor with gas recycle system.
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pling deviceell <J&] o} 20ml¥ #Ha}dch. o|afel
AL AL PCV AAE 29ksle] ZAstoch.
PCV &3 uble <F 20mle) vk wj=| & PCV de-
viceZ Zo] 28 % clamp® Wz 303 Sk AE
2 ol s rlebekdl F AA o] i3} let
R AEZe] Huju)E WES(%)2 Jehhct

g gas recycle A3-S 813 airlift wjek7) A|A
S 1ekslgint. oL Fig. 1(b)elA] el 7
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7 #olch, 243 W Ae)e] reservoir ool
% pumpe Bk 7)el A WEES Sol JAE
ohA] wje}r] B pEA7E 2Heg ) i
reservoir &% gas sampling A& Ax)3lo
Wi kel CO, 558 AT + A s} 2
2] gas recycle HAxA AFE A4 reser-
voire 838 3794 304742 14 <92 spwis)
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Fig 2. Time course behavior of cell growth, sugar
consumption and alkaloid production in
airlift fermentor operation.

o] APE o, o]F= HAVE A F
ek, ol A= u‘ %E}*i ufekel] w]rstod
oF 39 Ax =& AA F¥ololen e wiok 15
A BF AREcH a3 dZzels A
L8o AzbZel A3 wfoke] 7499} njRsAE A
AZNE HoAEHA AAFgo] F7sl7] AJHshsdct.
add dnFel ek AAEwAz ek A
of vlaste] oF 1/6% ZrAEYcH( Fig. 3). e]zidt
zx 2)9le ok ¥ot9] gas strippingel] 28 o4k
slebar 2 3PBAe] &8 ARl gasSo) £AHS]
7] ‘41—1"’:331_ AZF-TH(3).
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Algol| 4] air spargingel] 2l o]4t
4 Ao EAle] g7 Relr 9
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o 2 wikr|2 N H WEEE gas ¥ 4R
AAHE-sHE WS woksksich. ®A AEAE ek
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o] gas reservoirg Ax|atA =glom, reservoirs
£33 g 40 o)} o R ANt
Airlift wjeF7] £HA] gas recycleo] &z Zo|n
Ao duh} GES v X =3 A7) 45 84
gas reservoirs Zt= wfjok7] A|AeofA] wjops A
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Fig 3. Time course behavior of alkaloid produc-
tion in shake flask and airlift fermentor
culture.
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Fig 4. Effect of gas recycle on alkaloid produc-
tion and cell growth in airlift fermentor
operation.
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gas recycled zb= wjok7] Alx"lo M= AhbE]=
A4S Jeh o2 olejdt Aol e ¥ F] oF
& gdg o] e}, &, AXAAELS At air-
lift wieFr}e] 79-¢} wlarste] B uf ShabdhA| e}
Wk Fig. 4). 2] wjok 5ot AlEe] QS-S
gk A7), A8t airlift wekr] 22 Ae AE9
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A ZFe 719 wlssle] DCW=R of 9g/¢ & vie}
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th AbshA qlabshib-Sol A FHE AxpEA 9] 9T
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Fig 5. Cell growth of each airlift fermentor with

gas recycle operation.
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Fig 6. Comparative relation of each operations
in terms of specific alkaloid content (a;
control, b; 4¢-gas reservoir, c8/-gas
reservoir, d; 124 -gas reservoir).

AcH10). zal A A2 A5 g o)x}ehaL EA ol
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HZ31A) 59 carbon limitation #4}e] HHA ] o



Vol9, No.2

CO: concentration(%, v/v)

® 4/ —Gas reservoir
® 8 —Gas reservoir

& 12 ¢ —Gas reservoir

0 PR SO RN N R S T
4] 3 6 9 12 15 18 21
Time(days)

Fig 7. Time course behavior of CO: concentra-
tioning airlift fermentor with gas recycle
each operations.

A Ee] ofg] dixtg o] dB3A o]F A o glE
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