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W OE MAALESHEAIAEMENS - SHNER K EEMAR. RAEMIMBERREELE AR MK
HEE OGS BEMERAEXNARAKNANSEAOR N, ERE 750/min 700 ~ 1000L/min H 4.0 ~ 5.05 DCW/L ¥
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HFHAAERE ALRFTLMRTE. BRFEHE
3 A} Murashige Fil Skoog{MS)"' 35 # B M 0.5mg/L
6-FEL IR BE S (BA) . 2mg/L 25 2 B (NAA) . 30g/L B
B0y LWRE. HEXEA lmol/L KOH ¥ pH
F£58~6.0, WA g MBHARATE AKH 30ml
MS I EM 100mL Z AP, 23 3~-4 AWBF
ERARIRENBEERER, BRdBPRTE
SRR, TRERIE 25 2C, BEHEHE 1000
min, # 10d 548 1 )., 500mL =MH A FRIHH
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0. lmL BB, B A 3ml BN ,90CHI# 15min, F
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B O #® 17%

FEBERERRBHBESE. B 0.05 -
0.imL ¥, 0 0.1mL 30% KOH, ¥ /K # 10min, ¥
FER,MA 3mL B8 ,40C 10 ~ 15min, # 620nm
TR EHE.

1.5 REKSHNE

¥ 4 SR AR R N — BRI RIR T A BT
F.HREAER - MRREE TE(W) . FRES
WM 5 B4 I (Frequency) = 3 20 @@ TE
(Wi)/ BB TE(EWI) x 100% .

1.6 SEMSENEY

# 5g FW 4 M A 20mL 95% H) 2. BE = R I % 24
h, 38, WEEW O0.5mL, INEHAKE S5 ml, F 0.3
mL 5% NaNO,, & 5], & 6 min, 0 0.3 mL 10%
AICL, ,$8%) , 7 & 6 min, Fi /M4 mL4% NaOH, EEZE
10 mL, B ® 10 min,510 nm TR AFE, MEIE
WRAE TERERETES,

1.7 4SWR A%
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38 %% (Gelman, ACRO 50 0.2 pm) i A K 5 4% (A
1), BRIERTR M BE 121.0CH HE X B 35 min, 3555
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Fig.1 The configuration of the stirmed bioreactor system
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‘Table 1 Dimensions of aeration-agitated bioreactor system

Bioreactor Dimensions

Diameter 11 em
Height 20 cm
Total volume 2L
Working volume 1.4L
Impeller diameter 5.5 cm
Tpelier width 6.0 cm
Buffle plate no. 4]

Sparger 0.5 mm x 10

750/min( K 45 i B 21.58cm/s) B}, MG I A WED
EXHARZAWTANBEHGE, RETDTZARSY
RABAEEXA DB RERESE T4
M. XAEIRNA SO ENATREX
EEWESHRED ZH(1.09, BFX0.40)AH K Y
W2 30 BEMA. 2 WD, o R Y S E AR SR
BEERERREANT LR A s A A
HIE KL IR, 40 M6 R 2 & A] 43 51K 13.8g DCWIL
A a16mg/L, B T FI#& R 3% 3% (41 B2 12.55 DCW/
L i 312mg/L)
2.2 WREHENESHAREKRAFEAENER
HYHREFRE—-TFRENLE, BRRERX
ARPRETEHEXM A AENE R AAEIER
HE, ZEMEB(DCW)HN 2 ~3g/LaES & 700L/min
B, ABREARBEYEEIERKSEERKE. 1
22 B8 B FE 750/min AT IR R M- B2 PIR

2 FRAKEEETHAREKNENTROLE
Table 2 Cell growth and flavonoids production at

different agitator speed

Agitator speed/{r/min} 50 65 75 85
- Specific growth rate/(d~'} 0.21 0.25 0.26 0.25
Dry weight/(g/L) 7.5 9.7 1.4 9.2
Doubling time/d 3.2 2.7 2.7 2.7
Flavonoids production/(g/L) 0.20 0.27 0.32 0.2
Flavonoids content/{ mg/g) 26.7 27.8 28.1 27.2

LA BIR1.4/L F10.32g/L, SAEHHILL, Y
MMEBRBHUAT R, BALEBEEER BN 0.2
~0.6(mmol ' -g-h”"), BHTHMANEE R
BEK AEEERATERARSENA BN T RE
MAERE ARG, A EMBS R
WA BAERAY Kea, MBHEE" B BlH
EENESERMESBREMN. Snart f Fowler 7
SHEHFENEFRRRRBALMES , BHMES
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—~FERS T ER,HS— ey i xE
WHRHMBE. RN SREFRERAN _ELKTNL
BEMAEA KRB EASENEEMSIBREX
R, AT Y E R R = A E .
MR EERL S N AR EE N,
13 ERRMNARTNERE"ROEN

BN AEERE (B 2) MR RI, WK
HWE(DCW)ZE 4 -Sg/LMTEEA AREKRY, £
R—HENRE- RS A B, 4
BHEMAEER. EEEFE(<1.5yL)EFHA
MK ILEEL., MYEMEXT 6L, T &
AEMERETERR, AR MBAIET., XE5
RUMEDARESRE - EHERE, £ -2 FH
ZEMBEKAEES . B EREEERTE
RUHEERE A I REMERYENERZR, AN
SBHEHERTEE .
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Fig.2 Changes of dry cell weight and flavonoids accumulation

as a function of inoculum size

RMNENRERERE S TEM2.5~4.0¢/L).
38 S B9 B, 4 0 R A B 2R P B R B L
B 7 9 T B MG 4 28 B BEH B b, SX SRR I 41 IR
FERMESEASRTARST RA 19.3mg/g, B B K
FHEBPHEAME. BRPEFFAREMEBHS
MOXTERERERRTRNSNERZ -,

2.4 RMEMBMEKNMEABPEWSEDIET

B3R REKEEEEME 2L JLR s
RSB FEEA TR RS R, AR EAASR
FE3Z 353 (6] 4 3% 7 75¢/min F1 700 ~ 1000L/min. M
BITUFH. ARL T WHERRE, 494
BEANBOE 1, 12d B 4 MR AE S ik B e, B G BE
ALY, AMAEARSIHBRREELES S Xiila
(B 3(B).H4), SAEEKER T, TW, %W
BRESHRABEHX SEETEAHTEYAE
MERREEMRE LA KO ILBRAR", &
REMREBFAREKERES R 0.36d M

0.18d" , BREGHEM IR R 35. 1mg/g # 30mg/g, B K
MR BE K B 23 .3/L F 13 .8g/L, BB MA
789mg/L A 416mg/L. BEFPHRERMTRIER
MASE I 40.5% R 47.5%.
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Fig.3(A) Time course of cell growth in shake flasks

and in bioreactor
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Fig.3(B) Time course of flavonoids production in shake

flasks and in bioreactor
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Fig.4 Variation of flavonoids content in dry cell in shake

flasks and in bioreactor in the course of culture
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Fig.5 Time course changes of sugar and pH during

a batch culture in bioreactor
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Fig.6 Time course changes of cell aggregates size

distribution in bioreactor
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Fig.7 Cell aggrepates size distribution at 12d in shake

flasks and bioreactor

3 RINFABSREENENSR
Table 3 Flavonoids content in different aggregates fractions

Aggregates size/mm 1-~2 2~3 3~4 4-~35 5~6 >6

Flavonoids content

in dry cell/(mg/g)

32.1 39.2 36.9 33.6 32.7 27.0

2 A THMAE K MEFEEE. B KeBled " K
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FH BRI (O TESWE MM RIS ERN
MBS SEEAE, IRNESSEEN TAK
ARAREESED — ek . B0 EEL )R
F R B R0 o 3 7 KRORK, AR E 2K
MR B A BRI LR M . B
HATRRARNESE"8, FAKFEEBRE
My BV SR AR A R IR B O E A AT AL W
VIR R A A Rt SR AR,
NI RN RN TER B R A, A FRANE A
#HE3RTEHN. 23X T HAFR, ULRE
0 40 K HLAR T 4 B (K T 18/ L) B IR 3

© PERFREEDHRMATIRSHED http

journals. im. ac. cn



5

B BE YRR TRAKEEEAROTR

565
[10] Kim D L, Pederson H, Chin C K. Cultivation of Thalictrum rugosum
REFERENCES( ##Iﬁ ) cell suspension in an improved airlift bioreactor: Stimulatory effect of
[1] Noguchi M, Matsumoto T, Hirata Y et al. Improvements of growth carbon dioxide and ethylene on alkaloid productien, 1991, 38:331 ~
rates of plant cell cultures. In: Plant tissue culture and its biotechno- 338
logical application . Springer-Verlag, Berlin, 1977, pp. 85 ~ 94 [11] Tanaka H. Oxygen-transfer in broths of plant cells at high density.
[2] Ulrich B, Wiesner W, Arens H. Large-scale production of rosmarinic Bistech and Biceng ,1982,24:425 ~ 442

3]

[4]

[s5]

(6]

[71

acid from plant cell cultures of Coleus blumen .In: Primary and sec-
ondary metabolism of plani cell cultures. Bedin-Heidelberg-New
York : Springer-verlag , 1985, pp. 293 ~ 303

Schiel O, Berlin J. Large scale fermentation and alkaloid production of
cell suspension cultures of Catharanthus roseus . Plant Cell Tiss Org
Cult , 1987 ,8:153 ~ 161

Murashige T.Skoog F. A revised medium for rapid growth and bioas-
says with tobaceo tissue cultures. Physiol Plant ,1962,15:473

XUE Y LB JE ) . Plant Physiology Laboratory Manual { 1%y 7 7
8 F M ). 1™, Shanghai: Shanghai Science and Technology
Press( - ¥ Bl 86 R i R4E) L 1985, pp. 136 ~ 138

Sha S Y{ @itk #8) . The effective analysis method for traditional Chi-
nese medicinal herhs (7 5 25 1 % K 4 43 #7 2 ) , Beijing: People
Hygiene Press ( AR A MR AL), 1982, pp. 232

Hooker B S,Lee ] M, An G. Cultivation of plant cells in a stirred vessel :

[12]

[13]

[14]

[15]

[16]

DONG J W(MS E),YE H C(HHF), WU X(R#F ) et ol . Stud-
ies on cell suspension culture and fermentation culture in Amebiz Eu-
chroma . Acta Botanica Sinica (P12 1R ) . 1993,35:57 - 61

Singha s, Oberly G H, Townsend E C. Changes in nutrient composition
and pH of culture medium during in witro shoot proliferation of
crabapple and pear. Plant Cell Tiss Org Cult ,1987,11:209 ~ 220
Enaksha R M W, Richard N A Taxus cell suspension eultures: Opti-
mizing growth and production of Taxol. J Plant Physiol , 1994, 144
183 ~ 188

Toshiya T, Minoru S, Shintaro F. Hydrodynamic damage of cultured
cells of Carthamus Tinctorius in a stirred tank reactor. J Chem Eng
Jpn . 1993,27:315 ~ 466

KeBler M,Hens ] G,Hoopen T et al . The effect of the aggregate size
on the production of ajmalicine and tryptamine in Catharanthus roseus
suspension culture, Encyme Microb Technol ,1999,30:18 - 25

[17] Pradyurmna K N,Eric H D. Shear sensitivity of plant cells in suspensions :
Present and future . Appl Biochem and Biotech ,1995,54: 109 ~ 131

Schiatmann ] E,Nuutila A M,Gulik ¥ W M e of . Scaleup of ajmal-

Effert of impeller design. Enzyme Microb Techmol ,1989,53:744 ~ 751
Ronald A T, Murray M Y. The scale-up of plant cell culture: Engi-
neering considerations. Plant Cell Tiss Org Cul,1991,24:139 ~ 158

{g)
[18]

[9] Smart N J,Fowler M W.Effect of aeration on large-scale cultures of icine production by plant cell cultures of Catharanthus roseus . Bio-
plant cells. Bintechno! Let ,1981,3:171 ~ 176 tech and Bioeng ,1993,41:253 ~ 262
Studies on the Cell Suspension Culture of Saussarea medusa

in a Stirred Tank Bioreactor
HUANG Yan''?> ZHAO De-Xiv' LU Dong-Ping' YAN Fang' LI Zuo-Hu® CHEN Hong-Zhang® ZHAO Qiac’
' Institute of Botany, Chinese Academy of Sciences , Beijing 100093 )
2{ State Key Laboratory of Biochemical Engineering , Institute of Chemical Metallurgy , Chinese Academy of Sciences , Beijing 100080, China)
*( Chine Agricultural University , Beijing 100094, China )
Abstract The cell suspension culture of Saussarea medusa in a 2L aerated and agitated bioreactor with a four-pitch-blade im-

peller was investigated . The effects of agitation speed, aeration and inoculum size on cell growth and flavonoids production were
studied and it was found that cells had optimum growth and flavonoids production when cultivated at 75r/min, 700 ~ 1000L/min
and an inoculum of 4.0 ~ 5.0g /L. A high cell biomass of 13.8g/L and flavonoids production of 416 mg/l. were achieved after 12
days of cultivation. Time course study revealed that flavonoids biosynthesis was growth-associated. The studies on aggregates size
distribution in the bioreacior showed that the aggregates break-up caused by hydrodynamic stress might adversely affect cell
growth and lead to significant reduction of cell biomass and flavoneids production.

Key words  Saussarea medusa , bioreactor, suspension culture, flavonoids
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