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Inductl on and Cultivation of Somatlc Embryogenic cellsof Celery and Its
Bioreactor Operation Strategy
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Enbryogenesis which resembles a zygotic
embryo of pollinated egg is developed from a
single cell. It is developed via globular, heart
and torpedo embryos and to a maturated
embryo. The embryogenesis frequency (EF)
can be promoted through a medium
optimization, elicitor dosages and controlling
gas composition of the bioreactor. Induction of
embryogenetic cells in large scale bioreactors
IS most important for mass production of
plantlets and development of artificial seeds.
The celery (Tall Utah) was adopted as a model
system to investigate the effective methods for
enhancing embryogenic cells. For medium
optimization, several carbon sources were
compared for obtaining the high total amount
of embryo cells in a cultivating system.
Nitrogen source and some  specific
components, e.g., yeast extract, salicylic acid
and abscisic acid which related the protective
function of plants affecting the embryogenesis
frequency were optimized, ABA (3uM)
enhanced the EF 2.74 folds compared to
control medium.

Performances in embryo induction for
three different types of bioreactor were
compared. For agitated bioreactor, low shear
stress and well dispersion of cells within the



reactor were the essentia issue to be sought.
An impeller like hydrofoil exhibited a mild
shear and well lifting capability. Mist trickling
bioreactor had merits for adhering the cells on

the wire mesh which facilitated the
synchronization of the embryo cells.
Keywords: Embryogenesis, Celery,

Embryogenesis Frequency, Aggregate size
distribution, Bioreactor

=~ PEHd AP

ﬁ%m%iam%ﬁiﬂé%ﬁmw
HEL VB L T id o &7 r}«f H >
(totipotency) » r {54~ o 33 & :}i,{ﬁr’ Bl
SIS S S % = 4 %(somatlc
embryos o Rt imie s & BT R Y N
Py yfA-EA)NZRFALAIHE
S EE SRV 3N S i Rl 1R I S N R F F=373
FEBIAEER2AFFRE T RR
ARBEBA A L2 T 0T rﬂﬁﬂﬁf
4 ¢hg % (Preil and Beck, 1991) » & 17 #735 %
51 km FE ¢ x_ﬁﬁ*ﬁ BOER o Re E A S B8
(Suehara et al. 1995) > 143 p w0 (v & 3 ¥ it
4 A F dIR e

% % (Apium graveolens L.)%# 52 %= 3
% d Williams Collin (1976) #7% % o\ #&
PR EMTEEZ mrko U E SR EM
im e R G RE A 4 F(Kim et al.,
1989) « ABA thi 4r 7 UL H a1k S it
(synchronization » &' 7 & ¥ 9rerg 4 o
Nadel 1990)# F&@ ‘“ABA”’ e B A a
FA AR IR A RE A ::z,: °

ARTE G ‘J‘i*»r";?ﬁ AT
F2 e LR FRBERF e

@ﬁ%ﬂ@ﬁﬁiwwﬁuﬁﬂﬂpma
DR ECRELE S SIS % C17Y
mie E BB N EF X4 AR 2

FRE -
g

= N

lﬁ}b §F$\'Z§§r—« RiFE %
EE T 3
}b -“——‘F Fﬁ%'ib %‘é
(SHz % A > 74 3 %FE#, 75UM 24D,
pH58)> 626 & kBT & iTh & RIS
4o & 20% 12 5 3% #> 1 UM 2,4-D> 0.5 pM
kinetin » pH 5.82. SH% & A i (7 81X

;‘Za-/;é} £l a2 250ml= & 48957 (7 50
ml SH#: % & > 3% 4 » 1 UM 2,4-D, 0.5 uM
kinetin, pH 5.8) » 26°C & & B8 T 3& i 12 % (110
rpm) » & 14% N - X > wm R R R
(inoculum size) = 8-10 % SCV -

12 9% Okamoto et al. (1992)

FLES S mm~~~

W #

i Er & AL 2% Suehara® 2 #%
* 0 WSHE E AV 7 A mannitol 80 g/L,
zeatin 10 ng/L, pH 5.8 < #-5 & 4 15 & 2. ¥ &
(> 180pum, 0.5 g fresh weight) > 48 7
250 mitgsazh s £ L2 &E‘L’l’iﬁi(250 ml)
¢ U260 kPR E (! ]ZOumoI/m 9)
T 3RF A& (110 rpm) 21 % o 12 i+ 4p £ AF TR
5 E R 5 4 $ 3 Bk B (Plankton counting
chamber, A1498):- & #8522 #icp » F ) 4
A 4 (R [ R MEp) o

YRR PR B 2 B R0 e e
z_ b £ 41 * 7 ok R ehFcoll i3 % (2,6,10
W% o 3R 4ot ’E? ¢ A5 A e et
TR M R 14X B hleie ik o R DR
is /}%‘ 4\3",\%:—'}; i §$}§ﬁ’}§i/p Dits m‘%ﬁ"“
# ¢ > 1412000 rpm:h i 3o (Beckman
L8-70M Ultracentrifuge) > 17760 g &t~ 25
Lk A R E e o £ R E
Peirib 2 g E P A F o

2FF RS EN L
G F o F (MEB):

SUICEE 075 S 3 #h i 4 zeatin, ABA,
mannitol 2 30 g/L & #, pH 5.81'r i 7



4 4 7§ ¥ (spraying systems, Wheaton, ILL
Type 1/4 LN1,Orificediam. 0.51mm - /= #60
mL/min> £ B &ceg 55 > &40 § £ % 100

mL/ m > kRiEEZ40umol / m - s 25
C B lAx RiFR 42w BT B R
P2k KA (P AW 516, 24, 30,

34,80 mesh) > 3% & 21 =% {5 #-& f fwre B T
PR RS Ko

WAL F SER) 2 4k (7 iF £
{1 * six flat-blade paddle (200 rpm) ¥
hydrofoil impeller (Lightnin ~ A310,
Rochester)(100 rpm)= fE #4330l 5 £
20.06vwm> LB (4r(1),25 TiEFEE o
BiAR 1

F BAWNIft)F B2 B iTik 2
4ol - #ror 0 0 LSHEE A 7 4r10
ng/L zeatin, 3uM ABA, 30 g/L & #, pH
5 i £5015vwm, kRizit2 B R F
F o

N e .
1. ‘,"ﬁ 4\: ,;c-;l—'— % ¢ 83‘__,}'} fm e o ikt fil]
q«ﬁ%é:‘ AR S| ’]“4“0’ 2, 4,6g/L yeast

extract 0, 0.5, 1.0, 1.5 g/L NH4H,PO, - 5=
il plRme 2GR E
# o ¥ Beckman Model L8-70M S/IN):ig {7 7
HFREBRYS) i AR
Koo BB IR FER S A E LS
Hod Bl-»2H- "é AU BT R Hkm e
PRV ERR e B F R
PR e @ B e 0 IR MR T S 21% Ry
Uit BoE R ﬂ’?l&“ﬁ%«T be ek R e
Hv o HORAE 2 Fa W2 Kt o R R
FP AR e T R 2
,]vzl_»‘}, Ak 2 ﬁmzh%rs Rap 2 4 3
2. ORI HAILF 2 F P
IBWRENE T F A T EE8%Y B
it (mannitol) & #8923 Hie & K2 ik 521

m Fe 2_ Wp

TR E L B R AoBZ AT R AR
Bk PR Mgt IV EiE7.02%
#2104 % > X @ d biomassindex(ss % 21% p
mre s d 2 B '7—’5“'”5'&;'%%%.397’??&’;:
T o UEMRELREAZ AT A TS K
(297 % > fed A RS ST e )% iR
i¢ imve 5 4 (biomass index i 6.9) @ #& % 448
2 8P o
3.3 R b LR

fEA 3 Pin (yeast extract, YE)¥ AL {1 *
A R & T L 3f SR (elicitor) 1 3 4e
2L 2 - X A EH A H (Chen e al.,
2001 BIAVET 1l 3
e 2 [ ] o @ P e 7 S 4] 3f
#oow BRI RFBRESIETE S o gt
# 4 ¢ shsalicylic acid (ki ik, SA)2
HoOox #4411 % 1% 5 3 4 B8 525 2 K i e
#(Luo et al, 2001 - ¥ Blw + wg—] IYE, SA,
YEP(R:# 324 5o fid- o 1t 2 STk 47 )
2 i e 45 § Frfl i v Hd 2 uSA
EAE S TR o - RN EER R RV e S S
g21% p A7 4 £ - YE, YEPéﬁ;‘?]t 4 3av
AR A Ko e g ARS “33‘.;‘7’]: ek B2
T BE o

m e 724 k&

BAERYERTHF LT L kRS
DlfHE 2 3 BB E T FHE RS &

%Xkﬁﬁ%ﬁﬁﬁhﬁibﬂiéﬁ%

(Grimes and Hodges, 1990) & &

NH4HoPO, 3 4c — 12 3k A& (600 mg/L)p% » %8 72
BFAFTRA222(58 % o AR LML
FEp Lt erES I T4 d BB

ﬂ%ﬂﬁﬁi%%&ﬁﬁ$£’fﬁﬂ%m
P i dle s (BI)-

ABAZL & i % A3k - T8
A F R e d R 1 D e pRendg T
u&ﬁ%%ﬁkﬁﬂaﬁ@%%%@iﬁ
SRR A K o i ER A AT 2R
oo & w1213%,8% 2z mannitol 3%, 6 %
FMEB o 2k 47 FER ZABA(O, 1,3,
S5uM)- d B~ ¥ #F R 76 %E E2 Mt E
BaAzmngd F5K; F3%EBLE

T2 by



AAP Mg A 5V EIBT% bz ERBE
mannitol 2_ #8523 33 & Zl_u’ %c% kR

2 ABA (0,1, 3, 5u|v|)h~’ B %*”Lai &
Fod B¥V F,L, &%z 3%E # +1uM ABA
223 % mannitol + 3 UM ABAz F 5 e @ i
Mg iy HiEsw L1562
15.64 % -
A7 FANF EREN A R B
MEENFRERFBECELAD
32— #855 H F)#p(Nagamori et al., 2001) -
WET A HHEyF oo @ B e Fdrfld
g R ER BT 2
¥ ood k- ¥ N 8% 4 F PERE % fesix
flat-blade paddiedg4:# 5 >+ #& & 200 rpm:g
FRAR > J ¥ RNRERZ me FER
FIA A 2w iac LG A= o P
B Y PR LG TR T ¥ - R
FoA AN R BRI K7
o Wi Im e E T R AT o ST & AR
(3 % #E > six flat-blade paddle, 200 rpm) >
2 E i F R 4 2 hydrofoil impeller (100
rpm)it (735 % o
d k- VFIRU3 %EELERZ P %S
EHRBM2ZFLF oa NERMET KA 2
WEE TR RSB 02 38R -
%%ﬁﬁﬁﬁ@gd%ﬂuﬁwm%
L,:\F’ (VAR R S Ll -5 ) ’f‘]’* F D 274
v TR PRI AT \:*Ff%
R S O R L g IF
BN ) ERM S M F RS R
SR AT EE B R R ic % (drought)
By gt #4 o Fe AT
FER AT B FfneEFpes gy
Flemd £ M 118 %Y B ER LR
L3 RF Oy 2 F k£ weggd4r
K301 3 YR HE S AR Y S o BT B AR
SURRE TR T U I U Rt RV SR
FOAWEN IS F BETETLSRPE oY
% PEME 2 B Hpag i 3tproline . & 5 §let et
g kA MR 05 B2 7 (Heldt,
1997) > @ Byt BB 68 R A DR E

Yo mt E B S R ARARR i s A gl
% e A2 & 2 prolin
Fh2 sk (5% & 18 s G 1
FRENAFF BE SR E T
FALLG MY Bt R 5 R g r 0
By R iFme iz 534 o U3 %R
BB AT 2 AR 2 5 5 83% v R G

y 7R

RAE ALK E R B -
2 L b >
REZ e #

FHTEFWLAFERY 2 RiFR

H A E S F REBEEAELIPERET A
P&mﬁ\“‘”#ﬁrﬁﬂ?‘é“&-m’?ii °

Losragdpd o ¥ igd i 4 yeadt
extract?? NH HPO » 2 8 fmie 2_ %24 1 3% 3
o2 Fo I g R geE 2R her
BERFwmE 2 EL G me iRt
ApE s Pt g A

BE A R
TR P Y S DT
oo

3

2. RRFFITE T AR SRR D
847 ~ 3 UM ABA 2 600 mg/L NHH PO =7
REEE: Sk i L7 SR

3. 7 #3 ¥ Alyeast extrac  sdlicylic
acid¥= ¢ Fri|lmie 2 B 4 2 4% 3 WP 2
R B ﬁ e e S P fm e 2[R
ﬁ*ﬁ”ﬁﬁ# o
L_F BEERIFE SN2 5
)2 g@g ) ?%%‘c} FEREAET RS Ao d
hydrofoil 3 5 123 i& fm¥e 5 5% B ~ ol § 1
GRS F N IR U IR AR LS
Li{}i%}ifﬁ °%?Vﬁ%/]¥’m }\‘ 447'*;}%
?%*%‘d Ei%%&&‘:ﬁ%i’tﬁﬂﬂu (= N
SCR LB AR e GRS R
oS ® -HaFHhgelngFling
CRER= DA X:F Nl S

212
PO

AP EARRRAEZ G HGE %

#Ed 0 APk

SN
% elled

K REALL



5L ) FRBHL o
2~ g&{ >

Chen H., Chen F, Chiub F. C. K. and Lob C. M. Y.
(2001) The Effect of Yeast Elicitor on The Growth
and Secondary Metabolism of Hairy Root Cultures of
Salvia miltiorrhiza. Enzyme and Microb Technology,
28: 100-105.

Grimes H. D. and Hodges T. K (1990) The Inorganic
NO*:NH*" Ratio Influences Plant Regeneration and
Auxin Sensitivity in Primary Callus Derived from
Immature Embryos of IndicaRice (Oryza sativa L.). J.
Plant Physiol.,136 : 362-367.

Heldt H. W. (1997), “Nitrate Assimilation ” in Plant
Biochemistry and Molecular Biology, Oxford
University Press, New York, 248-276.

Huang S. Y., Hu J. J. and Wang T. T. (2001) Effect of
Gas Composition on the Cell Growth and L-DOPA
Production in the Suspension Culture of Sizolobium
hasg0o. J. Chin Inst. Chem. Engrs. 32:1-11.

KimY. H., (1989) “Origin of Somatic Embryo in Celery
Tissue Culture”, Hortscience, 24(4), 671-673.

Luo J. P, Jang S. T. and Pan J. L. (2001) Enhanced
Somatic Embryogenesis by Sdlicylic Acid of
Astragalus adsurgens Pall.: Relationship With H,O,

o/

KT

8
7
6
5
4
3.

Embryo frequency (%)

10 -

0.8 -

0.6 -

NH 4H2PO4 concentration (glL)
Bl-  NHHPOL Ok B 5 F R s imme 1t £ 4 G 240 4 & 5 (3
Fy21=)z -

Ratio of cell dry wt. in different
sucrose solution layer

0.0

I Em%
—&— Biomass index

Embryogenesis frequency %

o _ [p] w = ($a] o -~ oo
Biomass index

3%S

8%M 3%G

Additive
®=. % Paﬁﬂilivifl: SeHi 4 F 2wz 4 £ (biomass

index) 3 %% (biomassindex #p& = % 8% mannitol) »

3%L

- 5 % Sucrose solution layer
|:| 10 % Sucrose solution layer
(I 20 % Sucrose solution layer

Production and H,O, - Metabolizing Enzyme
Activities. Plant Science, 161 : 125-132.

Nadel B. L., Altman A. and Ziv M., (1990) “Regulation
of Somatic Embryogenesis in Celery Cdll
Suspension”, Plant Cell Tissue and Organ Cult., 20,
119-124.

Nagamori E., Omote M., Honda H. and Kobayashi T.
(2001) Enhanced and Prolonged Production of
Plantlets Regenerated from Carrot Callus in a
Viscous Additive - Supplemented Medium. Journal
of Biosci. and Bioeng., 91 : 283-287.

Okamoto A. Sakurazawa H. and Kobayashi T., (1992)
“Studies on the Efficient Culture of Suspension
Cultured Celery Cells’, Plant Tissue Culture Lett.,
9(1), 22-26.

Preil W. and Beck A., (1991) “Somatic Embryogenesis
in Bioreactor Culture”, Acta Horticulturae.,, 289,
179-191.

Suehara K. I., Kohketsu K., Uozumi N. and Kobayashi
T., (1995) “Efficient Production of Celery Embryos
and Plantlets Released in Culture of Immobilized Gel
Beads’, J. Ferm. and Bioeng., 79(6), 585-588.

Williams, L. and Collin H.A., (1976) “Embryogenesis
and Plantlet Formation in Tissue Cultures of Celery.
Ann. Bot., 40, 325-332.

< 8~
) n
7F

5]
g °F
= 5 n— 0§ B 5 % Sucrose solution layer
S 4f / [ 10 % Sucrose solution layer
5 u (I 20 % Sucrose solution layer
£ 3=
w

10

0.8

0.6

0.4

0.2

Ratio of cell dry wt. in different
sucrose solution layer

0.0

-1 0 1 2 3 4 5 6 7
Yeast extract concentration (g/L)
Fl= . Yeastextract Jk & 5 F R iF et £ 4 G MRS & F
(BE%21x)z 28
B Em%
—e— Biomass index
9 0.7
8 0.6
L7
> 0.5
g 6 3
3 0.4
5 0 r
g 4 03 E
2
.g 0.2
g 2
1 0.1
0 0
YE YE YE SA SA SA YEP YEP YEP
01 02 03 200 400 600 01 02 03
Additive (YE, YEP : g/50 ml; SA p M)
Wez. 7k Sodr AN A K 2 fwoe 4 £ (biomass

index) g, % (biomassindex #+f& % 5 3 % sucrose) »



I 3% sucrose [ 3% mannitol

16} (@ 6% sucrose 164 222 8% mannitol

14F

= ~

g &1

> >

2 210t

[ [}

S S

o o

I L 8F

= =

o =]

2 = sl

Qo Qo

[ £

w w

-1 0 1 2 3 4 5 6 -1 0 1 2 3 4 5 6
B7.d SH % ANHHPO, 2 k& 5 600 mglL (2 & 3k &) ABACONC. (M) ABAconc. (uM)
FERE 2L IS ESI THsE A0 2 WAR S o Bl it iR ABAER M T Fngd 28k

dtainlesssteel
mesh (16 mesh)

24 mesh

30 mesh

34 mesh

Anti-foam
reagent

Bl- . ®¥EL2 5 F RE (Stirredtank bioreactor) ~ & #E 5 (Airlift) s B E - FF it F RS
(Mist-trickling  bioreactor) 2 f§ &) °

Ao ARBERE I FRAAMAFREN LS F REW AR LB PR A KL 20 o

W52 45 B E STR

f952% 4 & Embryo frequency (%) fm¥e 3 E R Viability (%)

Flat-blade paddie, 200 rpm, 2.75 65.4
8% Mannitol

Flat-blade paddie, 200 rpm, 6.12 79.8
3% Sucrose

Hydrofoil impeller, 100 rpm, 5.84 91

3% Sucrose




2.2 FBRAARBHEEZF IS F BREMR A E 2P BB A I KL 212 o
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8 % Mannitol 3 % Sucrose
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frequency (%) frequency (%)
16 mesh 16.4 0.253 18.4 0.0359
24 mesh 19.1 0.218 9.62 0.212
30 mesh 26.2 0.087 5.68 0.336
34 mesh 24.7 0.095 6.86 0.3913

80 mesh 11.8 0.481 7.55 1.122




