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[BEIUAEB=ARRAEZEHEFE ZER MSEEER, H00.5ppm 2,4-D & 0.5 ppm BA,
AEBEFENR, FRSHEMEE L, BURHN 1 ppm NAA & 1 ppm BA A SR AR SHEBEE
ERMTDZ 2EEES | ATEEHEE,. BECRAES. MRETEEUER 3%(wWv)FRE
BERE , SAEYRESETRERER , BUBILERE 30/50 rev/min MEBRRIEETEERK
AU |, #AfE SCV 3 660 ( mL/1300mL ) .
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[Abstract] Hypocotyls and cotyledons from mature embryos of Acer buergerianum Mig. var. formo-
sanum (Hayata) Sasaki cultured in M S basal medium supplemented with 0.5 ppm 2,4-D and 0.5 ppm BA
could obtain the best callus induction rate. To obtain maximum fresh weight increase, We cultured callus
in MS basal medium supplemented with 1 ppm NAA and 1 ppm BA. Green and compact callus was
produced from cells cultured in MS basal medium supplemented with TDZ. The better result for suspen-
sion culture was 3% (w/v) sucrose. Two-step process (30/50 rev/min) cultured in the bioreactor could
obtain the better cell massyield [SCV =660 (mL/1300mL)] .

[Key words] Acer buergerianum, callus, cell suspension culture, bioreactor.

. 8IS WY 2 ABEEWE , King and Morehart
(1987 ) SFERIZE Acer rubrumL. FHEHHE

EE=-AEERER K AZEBBEEE, #. Wilson (1976 ) ., Stevenson et al. ( 1986 )
EHREEEEALRBE , BERIABRES R Lietal. (1990 ) ¥% Acer pseudoplatanusL.
WBEMoE (B, M, 1996 ) ., EEEHEER SOZHRE. Kern and Meyer ( 1986 ) 5538 Acer

lEy s BRERAREL IR E.

Graduate Student, Department of Forestry, National Taiwan University.
2ETABABRARAE  BAEE,

Professor, Department of Forestry, National Taiwan University, Correspondent Author.



_40_

freemannii ZFE 4 & Wilhelm ( 1999 ) FFE
Acer pseudoplatanus L. AR ESF 84,
REABREYRE 2 CERPTFERN —
FERMBE 2 RHRES. REERTRENS
SENE AR EARBAT R 2 AT R, tnAE Y AERT
A, OERE @R £, RERERAFEZ
3% ( James, 2000 ) , MBS EBTERIEE
REMEBEECEES R,

YRS BRI MAEERETRSE
EBFE  AMUFFHROERBE , ME
. EHE. B%. BEEBNFERTEH
BMAMEIARN , HMigEEEE, EVER
REH, FEREEANFEURISERSES
B4 (Auge 1995)

FRARRE-RRAREE=ARAMEE
ZHAREBE , ENAFAEE =S RAMKE
FERSEMRE  YRAENRERRET
BERN , ETAEREE  UHERFBESE
ERARRERA,
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EE=-ARRAETFHRREBEOF 8 AKE
BEXEREAZZE K BEFEEMABLURK
ERERAEN 4°CkiEP |, LUEFER.

() BYFREHBHE

BEBEREE—EAZETRE , Ui
HER , EITRKEE 24 /N, UHE 1400
TH-AHER (PELBRENT )BE5 S
2, 70%BREE 3 P&, 3%NaOCl ( 100ml
H0—37 Tween20 3B 25 7 B 1T 7R EH
B, OAEBRHUBERERRESR. ETX
EHBHRRERRESPUEEIFE=R,

(1) EEEBFES
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HERCETEERRETKEMKER
i, KFEHRERZHZ MS ( Murashige and
Skoog, 1962 ) IFEEF | #5E 5 REUREAMK
BRRRTERRRR. BFERMK®BIT ,
WKFIEZERETEEYERAEEZ MS 5
BEEGP, HERER 25°CHE (27 uE m?
s%, 16 hr XBH ) . R ZEYERAGTE =
HER
1. 0.1~5 ppm 2,4-D,
2. 0.1~5 ppm NAA,
3.05ppm2,4-D % 0.1~1 ppm BA 244,
4.0.5ppm 2,4-D % 0.1~1 ppm TDZ Z &

BHEEEAS 3% (whv) ., #FFE 0.7% (whv)
( Pronadisa) , pH{E 5.7, £120°C , BHh 1.2
kglem® THE 15 288, AFEHBR 50m =
AR (Kimax ) &, SHEAAHN 25 ml
EEH , EE o EEiER  EE 5K

(V) Belle 8t

BFEHBEEBN 05g(BHE ) , B
FLAMS AEBIEERZ 125 m =AM
f, ORI
1. 0.1~0.5 ppm 2,4-D £& 0~1 ppm BA Z &
2. 0.1~0.5 ppm 2,4-D B& 0~0.5 ppm TDZ Z#H
=

3. 0.5~1 ppm NAA E2 0~1 ppm BA 28 &

4. 0.5~1 ppm NAA B2 0~0.5 ppm TDZ 2 fH &4
BEEBEEs S E,

EXBRETEE 30 X, SEAEMEHIEET
EHEE, 5125 m = A#AREE A 50mL
BEE  BE3NR,

(V) et s

WEMEN 1 g 2BEEBISER MS R
REEERM 1 ppm NAA & 0.5 ppm BA 2 125
ml = AR , 15 K& , BL 60 mesh BB
EARREEN , WA E MR (B 1) #1T
%L 1 ppm NAA X 1 ppm BA A =EREE
FERE [1%. 3%, 5% (wiv) ] #ITHEE | %
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EMERERE 00 rpm EZEER. (HOTECH,
orbital shaker mode : 722 ) , 12 &EiBEH Bl SCV
( settled cell volume )ZB - KAIMRERE.
125ml = A HRREARE AL Soml HEEIEER |
EE 3R, BPYE , 0 X% , REARLER

%o

(VI) KEETE

2NFBHNEY) R FERR( BELLCO Glass,
INC, MICROCARRIER SPINNER FLASK )
(B 2)AA 1200ml $HER(MSEHER 1
ppm NAA & 1 ppm BA, 3% sucrose ) , JHE Al
FEpHEZE ST, FIEERHAE , BUBEE
ERREEEE 3%, SCV &5 12 ( mi/1sml )
HWE , ERREEREEAARESS , I
=\FREERF , B 1.30( rev/imin ) B#
IR E, 230 (rev/imin ) EURIGE ALL 0.22
um SEREIRE 2 ME R ( EYELA aeration unit
MAU-1, TOKYO RIKAKIKAI CO., L.T.D., ar
pressure 0.1 kg/cm?, air flow 0.45 ml/min ) 3%
#, 3.30 (revimin ) ELRETIRE , ElRE
RESHEENE K BEENEEHRE 50

2 2L BRAENEYRERZEFTE
Fig. 2 A design chart of stirred bioreactor
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£, SUREh A NE B HFE R W E 50% , M
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TR BEE0XRE , BRA 24D BB
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24-D EBEE 0.1 ppm BRAERER 2ER
B&.

3.1 24DEBA S TDZ &L, BL 0.5 ppm
24-DEE05ppmBA 4 |, IEEE AL E
FERHRE  1E 0%, FEHCBEAEE
TRAKEE, REBEMN , BEE auxin B
cytokinin ZEABEPEETERBERR,

4 BEFEARUBEDERATERERE
BBz, MESAEEEERTFETSES
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(Il EmEAHETE

1.auxin £2 cytokinin Z#&

() auxin E& cytokinin Z A& HET , FiE
BEECHEGEBMEREENZE
R, BELEE 30 RENFHUHEM
£ , 2,4-D H cytokinin 214 , L 05
ppm 2,4-D E& 1 ppm BA & FISHIE
SHEBEHERA , 52068 g, T NAA
£2 cytokinin #24 BILL , 0.5 ppm NAA E2
1ppm BA FIfS 2 B EHEMEE 2093 ¢
B Ko

(QBAE TDZHEEHEBMERR LEH
TR, LBATME , BWE 24D =R
NAA ZH#E  BEEBREXERER
KE® , T TDZ 2 2,4-D 5 NAA 21
& EEHANERRNEXRER , B
EESEEN, AR RTEER

BEE-ARRSARTERMRETIEE

e (E4).
2.2,4-D B BA 5 TDZ 2 B &% fE

(1)2,4-D B BA ZIEREXRBHER
7,18 24D EFERMEZFER , M BA
AEMEEEZER (X2) , UBEFHS
SR e 2,4-D B BA 2 ERNE ,
"RAB24DEET 05ppm, BARBE
£ 1 ppm RREEE S B 88 5E,

(224-DETDZEBBEENRBYERFE

(%3) , UABPMEFHEEIEREE
BiRE ,24DETDZ 2#HEH 24D
SBFE 0.5ppm B TDZ R 0.1ppm 84
BEESHEBEE, (X4)

3.NAA E BA 5 TDZ Z & FE

(L)NAA B2 BA BREEHXRBMEX5),
MEZRNMNEFEELIEREEEMR
4, BL 0.5 ppm NAA B2 0.1 ppm BA,

£1 TREEE 24-D. NAA, 24DHEEBAR24DHEE TDZ HAB=AMITHA 7 EEEERETS

Table1l Cadlus induction rate of hypocotyl and cotyledon of Acer buergerianum Mig. var. formosanum
(Hayata) Sasaki cultured in M'S medium supplemented with different concentration of 2.4-D, NAA,
combination of 2,4-D and BA and combination 2,4-D and TDZ

YL RAGEERE EERESE
2,4-D NAA BA TDZ il FE
ppm ppm ppm ppm FEE (%) FBEE (%)

— 16.17 6.7
0.1 13.3 6.7

0.5 33.3 20

1 40 20

3 6.7 10

- 5 3.3 0

0.1 - 23.3 20
05 50 36.7
1 33.3 23.3
3 10 33.3

5 - - 0 0
05 - 0.1 56.7 26.7
05 - 0.5 70 433

05 - 1 - 63.3 40

05 - 0.1 60 40
05 05 46.7 433
05 1 26.7 23.3
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x2 TREEE24DHEBABSHAE=ARESEAMEREZET O
Table2 The variance analysis of callus proliferation of Acer buergerianum Miq. var. formosanum (Hayata)
Sasaki cultured in the medium supplemented with 2,4-D and BA
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#EIRR BEHE 2be F{&
2,4-D 1 7.58 8.55*
BA 2 57.38 64.7%*
2,4-DxBA 2 2.58 291
B 12 0.89
st 17
*FRRIE SV E KA
** R IRIE 1%MREEE KL

®3 TERE24DETDZ HASHAE=-AMRSABIEE S DT
Table3 The variance analysis of callus proliferation of Acer buergerianum Mig. var. formosanum (Hayata)
Sasaki cultured in the medium supplemented with 2,4-D and TDZ

BERR BEHE =bo F{&E
2,4-D 1 38.37 53.90**
TDZ 2 24.95 35.05**
2,4-DxTDZ 2 6.89 9.67**
M= 12 0.71
e 17
*FRIRIE SV E KA
** RINIE 1%REEE K%
x4 TREBE24DEBAR24DETDZAGHER=-AIEASEBTER 2 FEET T KNSRI

BRERBNFHFEOERERZR
Table4 The effect in combination of 2,4-D and BA, and combination of 2,4-D and TDZ on callus multipli-
cation of Acer buergerianum Miq. var. formosanum (Hayata) Sasaki and results of Duncan’s multi-
plerange test and least squares mean test

2,4-D BA TDZ P E Duncan Lsmeans
ppm ppm ppm g 2,4-D BA
0 - 13.96 13.92¢
16.67b
0.1 0.15 - 1822 (01ppm) Oggprg )
- . 18.07
- ' ( 0.5ppm )
05 005 - 13 gi 17.97a 19.97
' ; : ( 0.5ppm) =fa
1 - 20.68 ( 1ppm)
- 0 13.69 D
0.1 - 0.1 15.7 C
-- 0.5 13.54 D
- 0 14.18 D
0.5 - 0.1 20.23 A
-- 0.5 17.29 B
24-D+BA AN EFZEEME L  BTBERZFRERERTE ERIE s0of@E K

24-D+TDZ HAK/DEAFEEREZE , FRHREZEHESE ASB>C>D , ZRHBERTEERE 5%

BEKE
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x5 TEEBENAAHEBAEGHAE=AMBESHEREESES SN
Table5 Thevariance anaysis of callus multiplication of Acer buergerianum Mig. var. formosanum (Hayata)
Sasaki cultured in the medium supplemented with NAA and BA

ER2RR HHE 55 F{&
NAA 1 545 7.53*
BA 2 93.83 129.83+*
NAAxXBA 2 3.09 4.28*
= 12 0.72
st 17
*RIRIE VR IKAE
** R INIE 1%MREEE K E

#6 TEREBENAAHETDZEGHAE=AMBSHEREESESHN
Table6 Thevariance analysis of callus multiplication of Acer buergerianum Mig. var. formosanum (Hayata)
Sasaki cultured in the medium supplemented with NAA and TDZ

BERR BHE BA FiE
NAA 1 16.92 13.77%
TDZ 2 18.04 14.69**
NAAXTDZ 2 111 0.9
m= 12 1.23
#ET 17
*RINIE SUORAE K AE
RNE 1% KA

0.1 ppm NAA £ 0.5 ppm BA & 0.5 ppm
NAA E2 0.1 ppmBA Z A RBESES
EBETE,

(2QNAA B2 TDZ ZBEBTBME (&
6) , UEBEF S B L LEE NAA B
TDZ ZEBMIE , RRANAABEE
1 ppm, TDZ EBEE 0.1 ppm B&RES
WAMHBEE (R7).

() MRS E

=ETME sucrose BERE 2 £ K
5) , 3L 3% sucrose IEEMERY , REER
LB HBRERETE 12 (mi/15ml ) (B 6) .
N 1% sucrose IFE |, AR ENHERER
BREB 5%fE , EEFED A EAREE
BERR  EEERTHHREESR 5.2
( mi/15ml ), BA 5% sucrose 12 & | #RERZ
SHEHA (lag phase ) HEHHEMAMEER |

BEETE14XRE AREERAFEMNRR

{8 EL 1B E R R {H 8 3% sucrose & |, EER T
HHBRBRE IIE 7.4 ( mI/15ml ) .

(V) KE18%E

ZETRAREESE=AMMRERH
&% pH BB IE 7,

AL MRAEEESE 16 XKHEREE
FAIE N, 58 28 R Ml iR BE 18 hn i =R A 7
&, B E S0 REBEMREREE TE 410

( ml/2300ml )

HER 2 Mg EE R IT B SE 36 XM
BRFEE , BN REREHER 1R, B
HEXSE 46 RiiREHEEZENEXRERTE
B, BRFIBREE 380 ( ml/1300ml ) o

HE 3 ¥ HERERBEFELUER 1,
BEZEEE 38 REKBREEFRSE 50
(revimin) , BREAEEFER MR XELR
5, RALHRREE AE 660( ml/1300ml ) (
8).
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FERVEANZEE

Table7 The effect of combination of NAA and BA and combination of NAA and TDZ on callus multiplica
tion of Acer buergerianum Mig. var. formosanum (Hayata) Sasaki and results of Duncan’s multiple

range test and least squares mean test

NAA BA TDZ fHE Duncan Lsmeans
ppm ppm ppm g NAA TDZ
0 - 12.68 C
0.5 0.5 19.94 B
1 20.93 A
0 13.49 C
1 0.5 19.6 A
1 - 20.76 A
0 12.91 13.42b
05 01 15.47 ( 3%333 ) (Oppm)
05 1351 ' 16.83a
0.1ppm
0 13.93 15.9a ( 0.1ppm)
1 0.1 18.19 ( 1ppm) 14.53a
0.5 15.59 ( 0.5ppm)

NAA+TDZ RAMEHMZBERBZE  RTHEACZFERERERRERRIE SVBEEKE
NAA+BA BRABR/NPHHEEREE  NEHREETHRESB ASB>C, FRHEBERFEERE SHEE

KHE

(TS T8
=

02 4 6 2 101214 16 18 20 22 4 2% 28 30
culture days

B5 TEREREHAEB=AAMRERZ
2

Fig.5 The effect of sucrose concentration on
growth rate on cell suspension culture of
Acer buergerianum Mig. var. formosa-
num (Hayata) Sasaki

=EBHRC pH BERA—FRBETR , 2%
FEsSE SR NmE 0, U8R 1 BEEI8R 3 .2 pH
EREXBMEL. 58k 22 pH EHEEE
REEM , BEEE , AHBRRR TR pH

E5 597, TERAMEER.

IV, 515

FE=ZARZESHEBTEES K EBHFM
auxin, TR FESRHHIFERSABE
4 BHHBRERELL auxin #84 cytokinin 2
BB, W cytokinin HRESEBFEEEREN
MR, FERFEER/ 24-D 05 ppm B BA
05ppm & , BB AREBMFIEZRERS.

cytokinin ¥ S BB H5E , E BA BE
BMEENESEMEERK, 8 TDZ &
0.5 ppm K EB HHERE S EBIETEEE King
and Morehart ( 1987 ) #f3% BA. NAA & 2,4-D
¥ Acer rubrum L. BEBBF A 2B , B
BA. NAA & 24-D IR EHEBTHESER

BELEAERE  BESEAREBEEANR
BEE , HRAHRERALL
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200 ¢

T00E M ADS

400

300 -

200

100

700 [ [—m—rev 30 1 7pH
—a— ren30+air *
BUD F | —e— rev30+revaD
—k— pH_rev30
—se— pH_rew30+air 5
—a#— pH_rev30+revS0
-5
L L i i i L i I i i i L L i i i I i I i i i I i i d
02 46 810121416 182022 2426 283032 34 36 38 40 42 44 46 48 50
culture days

7 ZEFEARNEESE=ARMBERN 2 A HEY R EREMRRLE R MRE pH BRCER
Fig. 7 Three models of cell growth curve and pH value of Acer buergerianum Mig. var. formosanum (Ha

yata) Sasaki cultured in 2L bioreactor

sucrose AHEFHREERNEE KSR
Be— , REBERANTFESEBRRELR
HEE¢E ( Bongaand Aderkas 1993 ) » TEAHFZE
o, Bl 3% sucrose REEHBER , T 1%
sucrose MR = , H Kozai et al. (1988 ) F2A
ERBERKCEYMRREE T HEIAEYE
RERXEERESD , EXAERBHERE
4+  HERTREARDERE CO, RBZULR
Fi®k. 5% sucroseIEER B M2 FRABH
ERERE, TeEE B E sucrose I& 5 T Bl fZ
4R 2BER , Doand Cormier ( 1990 ) 1EEE
# ( Vitisvinifera ) {28 , ¥ESEE sucrose
= mannitol FEBUKRIBE , FEMRLER.

EREBAERHAER=-ARMRERTS
—RFEREF , BAREBRMIEMAREREES
B/, BERBECSERBEERD  #HAREE 3 :
N BRASBEYREENZREER ,
Gathercole et al. ( 1976 ) 3% Acer pseudopla-
tanus SEZMRE , BBEMAREREEN 1%CO,
THEMRIEBIE, () RAZSMAEESIEE
WE , RIEERREFARIEX, Wongsamuth and
Doran( 1994 )FR A EY R FERRIZ B IFFT Y
BAERAPRERZIERE , Ingran and
Mavituna ( 2000 ) 35 7R e 2B ML
BOUHRKERELEYRESNEERR (1)

BERERMBICERSR , FREEREREE
R R ARSI E R MIREIRIT |, SEE 2
FATTREE 2% proteases MG H bR ER
( Piehl et al. 1988 ) .

ZEAFAEE pH EEEIEEREE MM
FE, H5 1A 3 KK pH EHEIR 6, MAR
2 %597, t%& pH H - A B REFMMR D B
AR3 , Goodchild and Givan ( 1990 ) 3% Acer
pseudoplatanus SSE D , HEERZ pH ET
EINE 6 UL, REAMARE ammonium,
glutamine, glutamate & asparagine FT &,

V. #&

AEE-AAALERAEEREY , B¥Ek
R BERLERBETETURERGRRE
B. AR#EKIFEHLSE=AAIBE
M, YRR R IERR KBIEIE |, R K
ETHEEECHE , BEAREET , Mk
REMEBRSEMEEREE , MREZWR
ENEEENRSEBCFES LR B TR
SR Z IR,

E 2

VI, 5|F3E
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1

1 AE=AfZBFMA (bar=1cm)

Fig. 1 Suspension cells of Acer buergerianum
Mig. var. formosanum (Hayata) Sasaki.
(bar = 1cm)

3 BMEEBEERMSEEERRDO0.1 ppm
24D ERERBEBRR (bar=1mm)

Fig. 3 Adventitious rooting from callus cultured
in MS basa medium supplemented with
0.1 ppm 2,4-D (bar = 1 mm)

4 Auxin B2 BA 5 TDZ { & HHESEBT
ERRECHE

Fig. 4 The effect of BA or TDZ combined with
auxin on morphogenesis of callus

6 LA MSIEEERM 1ppm NAA & 1ppm
BA FEAE=-AMMTIEE 30 X2F
7

Fig. 6 Suspension culture of Acer buergerianum
Mig. var. formosanum (Hayata) Sasaki
cultured in MS basal liquid medium sup-
plemented with 1ppm NAA and 1ppm
BA after 30 days

B8 MEABELSE=-AAMTMERR 2L

BHXEYRIERR 50 K2 1B

Fig. 8 Two-step process culture of Acer buer-
gerianum Mig. var. formosanum (Hayata)
Sasaki cultured in 2L stirred bioreactor
after 50 days
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