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Aed HME xlegg
(FRAERETHEF M EL TRRFEETRE L% 100080)
R EEK HRAR

(FFEBFREDHARESE s 100040)

i B SEER-EREFATSGEHMNSREESEAGERSETERN TR MBI
FERARFER. £ MS B KT 0.5mg/L + CH500me/L 4 b FHE T, 24d GHEXKEBIER
FrEfE. MAEAGASEFYERNESM SRR ES SRS, pH HEHH NS
i, RN TREE(DO) RERMABMAEKANESWIIET B4, & 2.0% (85 ) iR
Fel, B AU MR pHEH 5.3~5.8, 5% pHEME 5.8 E T, B R RN EEEEREAETY
B4 4 600 ~ 800cm®/min B 40~ 601/ min, BE& A F £ K W8I0 AR FE L EE AR,
H3% 24d 5, BB IEH TR R 102 A/ml, IS SBHEEEHESMATHFELE &4
TR AR 64%, BT BRIERER.

SEVA PR, PRATRRND, 4 M SR, KR RS

AIFHFHARRYHARIRNRT I — T EE RS, Akl e~ FMAEE+
SEREES, B e EE RS AT REN BT 2 RIEA LMl ERHTR
bEFHLERNR, NHAEDRESRHATERERERXARBRERTR, E-RNTEN
XHTEMBENIEFZ— FEERNBFPHTERER SN LEEMMIBER
W, EES, BEREFMAEMENERNNBEFHERE . HE N FEERRE LM R
EU BATEREERE SRS, WA RRMEENE, EEW, B0 E L0 E NS
EHRERRBEETH TR R NRE, HTMARERRA B ST BRIV EESHF
R RN BITEMERBPE RN B, R EY RN B R RN B R
EEME pH B RESRERGMERS LA ERET RETE EHEESRRD
mr. '

1 ##E Tz
1.1 ESHE
i Y S E S (Apium gravelens L.)AMEW I TTHTE T B4,

1.2 BREMERGERT
@ GERNAESSHEN AT, BEANSEFEREXEANTEER

AXT 1995 1 A 3 HIEH.
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HEE, HOMETEERAEEFE T (MS+1. 0mg/L GA; +3.0% B + 0.68% 3
BIER—TAE, M FEEE TR S - 10mm A, BFESREFHEPR(MS+1.
Omg/L2.4-D+3.0% HE+0.68% i), B HHAL. —MHE BHESESHR
B AR SR AP AR S S 1 35, AR5 E 1000/ min FIEHIESR, 4k U%E N 8
+2d/time, — T HEREABRBIERES, b T FEZKE, A 80 B MWL i, A A&
2,4-D S FRE(MS + 500meg/L KBREH +0.5me/LKT + 500mg/L PRO+2.0%
A R i 23 3, XEER B AR SR B R A,
1.3 &9 NERE
REHEAARE LH R B &AM AT AT 210 F50% 2. 0L YRS REE, fEdk
AR 250, LIEEBUY 2.0, #H RE5H 5 AHH S0, 9 Bliissh B e s R,
AR pH HATEE, Hbnl 3 A2%08 PID B, BESH FHERN AT R THE
v, SR PIRUANER B . BATEE T — MBI — A S R A, H A,
EBE N 1.
‘ 1.4 BEHEE
1.4.1 BRW%. FEEERIERA
B,
1.4.2 ##E: THEANEERE
LS M Pt N EAIEHE 0.5L &
50.0g( fresh Weight ) #7 B 1k 8 15 20 49,
WAEMELY N 2.5%,
1.4.3 FRNFRBEER. bATES
FoKEHTE 25 £ 1CTH, BkRKER
EH13£2C,
1.4.4 EWNEpHEES. mEmzE
LA 0. 1mol/L NaOH, ##|32 F pH5.3
~6.0,
1.4.5 BEMEDO®EH. BEFRRE
B1 ATFEEERANEESHESEZa7er KURERAH, 3 HTESE LM
Fig.1 Figure of bioredctor used in celery embryos R 3, DO = #) B EH 40% ~ 60% 4+
L. Foam probe, 2.Heater resistance, K. '
1.4.6 WMHERELASE. PkEs
0~ 60r/ min, S & 600~ 800cm®/ min
9. Temperature module, 10. pH module, 1.4:7 RN FRELEE AR Tt
11. Foam module, 12. Peristaltic pump YRR H B '
1.5 RENRERATHINELR
% CES, 91 HEN IR TS T rhit B8R, R E 98 7~ 12mm B RN 2% ¥
EEHPER RS, BB HOREZ AR, A 2%CaCl, IFRT, Smin-20min JF,
B, S EE AT BHRATHTHEMTFRENEGALRE /2R

3. Thermoneter, 4.pH electrade,
3.Oxygen electrode, 6. Mainframe top box,
7. Speed/ Agitation module, 8. Oxygen module,
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B, S TEEREEERET, RRWE LA,

2 HEREAN
2.1 iES, BHRIES DO HEEL
P T ARTE 48 M A 4 B 7 SO B 704, TIT SORBLAR 39 0y oK, R A R ) A ke e

W, BERE G SOR LB & 07 B, HRAEdh 2B 2 BrR

F ] 2 AL 3 R AR R ds i,

P # 800cm’/ min, I 60r/min, LLiF R
 spheanans EOBAMAAS R, R IERERY
.g 40 ottty | g 800 ‘:§ BR A 6d f5, B EERE Z 401/ min; 10d
ol tmerhessed s LR LR GBS THE 600cn/
5 10l i 1o 5 mins 35 20d BUS, i 9 BB ok Ak
e s T B U 56 I, 438 S F 800crn’ /min,

ta DO EHRYZE IR E 3 R B

ERAR, BUEFE 40% ~70% MBS

H 2 FHARREE I REAR S LR TR BE SRR L G B, 76 4 A O O N R 8 R (8 1

Fig.2 Operated curve of air rate and agitated speed

ZEEE 3d), B HE AT T HR Rk, X
ILpr B g M A i, SRR B, DO EH
60% THE 43%; 7% 3d E 64, DO &
BT REHLET LE BT 3d SR8, ﬁiﬁﬁéﬁlﬁﬂﬂ’jﬁcﬁLﬁﬂi@ % od WM HEE THBZE 40/ min,
FESE 6d 25 10d, DO E AR F A E, B TR B AGHE ; £55 10d BHE -3,
TESE 10d 25 20d, DO EHEE T RIREAA
i 2R B Bl KA i 2h 2 A, AR E
PR, AR 43% —49% Z[7]; 5
dz)E, ERBAESEN. s THHR &
BRI R AT IR, Bk 2 A e A L
X BFEREBELA BEASEKRE

@ Curve of agitated speed

A Curve of air rate
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DO/%
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1

| T |
02 4 6 8.1

012 14 16 18 20 22 24

ifd

800cm®/min, T DO B # EF 3T, X
Ui P FE R BR Y e AR B, BB R 3 I,
2.2 RRuESYP pH ANl

N # P 0. 1mel/L H,SO, A
0. 1mol/ L NaOH ¥ 753 pH 18, IZ & 75 E

H3 FRMER NS 8 DOREIMR (o5 3 % 6 0 > 7, 6 4 2R FALEPH
Fig.3 Curve of the value of DO '

R 2d 5 3d, pH EAE T FE, H A6 NaOH BH 0, FEE Y s, e 43

®—® Replace media

@ - @Decrease air or agitated speed

pH M S,

i & 4 BTN, 7E R R #EA R Y35 A9 56
1d, pH EH ¥ E8THY 5.8 FRE 6.0, B85
A

W18, AR 0 pH 1B bR BE A8, NaOH AR B0, 7858 3d FE it B e HE 35 5 2 3T, pH
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EREFLAAHETHR. EHRER I CZE—CHER. pHEFE LA, 1L, HiZEiHR
B,
BrRA, TN BTEER 2 at, 40 A 0, pH B T M, HEFHEres e, 4
B A N AR R TR B, pH EAE FREE T L#, pH MR 5 M 4+
EREEEE X,
2.3 EAEESSREMBENHEE
BRAEFIRPEE 2nl, MEERETRESBRREYESRNE S fir . BEY
IHFEB LRI H, RS H &SR A ERNERH FHRERMSEEEER RN, B
HEEA R LR R TR R, P E R 3 1d B — kK IEnE., BERaLE R, RWHE
TRERCT-GE, AR AL S HR, R ERR RS 89 BB 6 O, X ERTE T RE R O, PRI AN AE
. R, BRAOKRDEESATFHERYEBRRHE X,
HENETEMEEEE AR M
W ERERT(C2~5), £ ERHEE £,
630fy ; ) FE 54,55 6d W, A4 B b i R AR,
““g_gg&mw\w“\ 5 14d FF UL B O RIER B E B BER
I N B T E‘%,_E%%f%ﬂﬂ7ﬁjiﬁﬂﬁo BER Al A, |
Hd MM A K 2 R, A, Bl
HEEAUEREEFEZAERERNY AT
4 BERRARAE R d ARt pH EAE e BT AYEMENFANE, EER
Fig.4 The operated value of pH in bioreactor  20d LLJS, BEE W ERA HIR, (AL MERY

@—® The natural chang 5f i R EHASEBRBENER, EWEME
@ @ Replace media of fluid-add NaOH £. B, EE%EE%#’iﬁﬁkjﬁ?%%ﬂ%
., BRI TN 2.

B2, £V RN B PES ey b

2,50 . o, 40t (E] 2 55.5h, £ EM 50.0g
% | ME 255.8g, RIFHM S 5, LAEKER
Pl 5 h0.30/d, '
£ 1% 1% 2.4 MR EEPER SRR PR
. ’.\ | ™ 5 oRiEE |
3" \J ' SRR IE AR, AR
9,50 bl 2.0% (8 E) T E 100r/min, W5 pH
o C {E5.85, W FARFOREE pH R

: AR — A, KRR EIR LR
s RERRHRREWRELHR @y petiE, Yhk ik L% 7~ 12mm f
Fig.5 Substrate depletion and the change of FOFRHBR IR 60 4, 236 3 48, FIRT R
- biomass culture in blorejctor : R 5e EP?)EiEJI‘E F%H B?J‘EH)SUUJ\%EE

@ —® Substrate depletion

0.-® Fumee et Wbk, 5% k[0 1HE T TR E S,
FEBWA LT 1/2MS 8 BT A,
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— A R GE T HWE AR, [F] B LU o DA W 7 e B AR R I R A T R R I () L e 3R
B AR A R ) AR R, R IR 1 TR
® 1 EANBIEFERNER

Table 1  Comparison of the result culture in bioreacter and flask shake

Comparisen item Flask shake Bioreactor
Inccutum/g* ml™ 2.0x10% 50107
Diouble time/h . 104 : 55.5
Yield of hiomass/g{L-d)™" 1.30 5.03
Defferatuation time of emhryos/d 30 25
Norrmal number of embryos(No. /ml) 130 02
Time of replace medivm/d 8+2 : 3x1
Frequency of normat embryos/ % 68 46
. Frequency of germinate/ % 80 64

TER R FS R, B9 24d DUE, B N 50.0g BE N E 255.8¢, I INT 4 5%, Nt
6] 55.5h, LA N 0.3, FRIRREE B H 102n0/ml, IR R K 64 % ;4
P2 T, FEE B By 3%, #4100/ min, H:F R 2.0%, ¥53% 30d &, E#EMN 2.0 X
10%g/ml & 5.8 x 107g/ml, BN T 2 5%, (it (R 104h, A K EE N 0.16d 7,
Fr#RIEAE 2 H N 130no/ml, AR RE % F h 80 %

FFLL, 76 [ R 5% o FE 3 4 130 ) FE 7 ) 1 21 0 A 45 A 90 L 2 v, S M A S B, T
TR FRATIN A, BRI E A, et A, A R EEER, HE, i PR ST
FRET, BU ) LA, R A B R BT U0 AR BURK, BT ATE R R ER AL R ARG B SR B SR
515 5 RN, s 72 5 b 28 P B gnid, SR AR Ko b, IR Y, a0, LR A M 5 &
LA IRE , BOER A PSR TR R R B, IR R R, AT
b2 Tt B AR R R R
3 9 W

SE B 5 A N B A RS SR TR B R A AR A kB R, AR T B R
M, RS R R R PIEEE(DO) MR AR 4 b B A R e, ] A A R, TR
R b R R AE R AR R j’a’\FﬂSﬂIEﬂﬁcﬂﬁif’ﬁ&ﬁtﬁ%&dm%o AT H
FTHMERHTEFEE T SEENEL.

TEL 4 20 B R BB 6 E ARk, HRE S BB, Hegarg 1039, ﬁ%fﬂiﬂﬂﬁ‘é&ﬁr‘%&
HARZHESFERNERBEEREZRNY 4.38 x10°m/sM, RITA LR Pz
TEE A 40--60r/ min, SEIHEET, A& T, 8RS, ARILEAZHE, HERT AW
Wi, #ER, DO H TR, B ER R, 3 R# A LB RE, DO ELF 4R
Af, PRBGAT AR ZEE SR A pH {E R R e, BiER pH EEER 5.3~6.0
2. IEFFEDAILE pH E K 5.8, MH RAL A& & LR 2 H#E, pH ER AW Bk,
Bt R R de T 8 3R B pH H AR TR 2 th F’nﬂﬁﬁrﬁ%ﬁﬁﬁf&?&"ﬁﬁi%ﬁﬂtﬁ
H, MR ENT 6.0g/L B, RIRAHEAZIE, B R i R A SR A
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AL P AR R R A TE R R T RREMI R LE. SRR
FERWULD LR RFREHHRLE, RERFEE TR AN 8K, 3
WYASBNEYARESLER, RMEREEFTHFTHE 2L ERNZANNFIR
AR REEF ] -G KRB IEFHER, BEIEH. 7. EZ0,

. & ¥ x &
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Scale-up Culture of Celery Somatic Embryogenesis in Bioreactor
Bi Jingxiu  Quyang Fan Liu Dehua
(Institute of Chemical Matallurgy, Academia Sinica, Beijing 100080)
Gou Zhongchen  Gui Yaoling  Yang Yinggen
( Institute of Botany, Academin Srinica, Beijing 100040}

Abstract The suspension of embfyogenic callus of celery obtained from subculture and selection by
the replacement of solid-liquid medium, were in-ocu]ateci to the low-shear stress stir bioreactor (LH
Series 210, England)}. Alarge number of normal embryos were produced in the differetiation medium
(MS+ KTO0. 5mg/ L + CH500mg/L) after 24 days culture. In our research work, we mainly re-
searched the operating conditions of bioreactor, it inclucled that: the air flow rate and agitator rate,
the value of pH and DO and their controllings, we also described the growth curve and obtained
growth kinetics parameters from them. the results were that under the inoculum of 2.0% (F resh
Weight) the better scope of the initial value of pH was within 5.3~5.8, it was oontfollgd about 5.
8 by fluid-addling NaOH and HCl during culture; the scope of air flow rate and agitator rate was
seperataly 600~ 800cm®/min and 40 ~60r/min. The number of mormal embryos was 102No. /ml
after 24 days culture, the germinated frequency of artificial, wrapped by Na-alginate was about

64 %, this result in bioreactor was closed to the result of shake flask.

Key words Celery, somatic embryogenesis, bioreactor, scale-up culture
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