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AE 20 2RH #4718 BH4s A £ A
5o wa} ¢ A F(embryogenic cell, EC)9} B4y
A E(nonembryognic cell, NEC)2 /& 4 9o nj(Nabors
et al, 1983), o|2|¢ Belxe] Fejg} AR F44 @
o oA AZ 2 AolE WHFTHChen and Luth,
1987). 28 ECZ9] f718°] AZ81 NECES] Aggo]
w2 H9} 22 F8 FAEAMY ECEY we7|% 7374
o2 AL Fusle Mg FF MEe B HA%
23 98 Agde AEF T FWHLE 7Hu
Ak AF7RA ECY SA49 #¢ dF2E F2 ECZRY
23 NECZ 9] 2ot £33 Z(Chibbar er al.. 1988:
Franz et al., 1989; Joersbo er al., 1989) 594 o] Fojz] oo,
EC¢ NECY Ade F2 ¥efa Ao 9sied 715dAut
ety A7 =29 of¢ f-E3ith ECoF NECe Azl 4
seka atojo) thaiMe @l 94 (Chen and Luth, 1987:
Stirn and Jacobsen, 1987), <€ A A(Wann e ol 1987).
A4k 24 (Warren and Fowler, 1979), antigen (Kiyosuc et
al.. 19%0), polyamine &%{Montague & al. 1978, 1979) o]
Higo] JAT FEAY Wolw TATA Y AelF |
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BAE 4 9 ¥A @MFL peroxidase isozyme(Kay and
Basile, 1987; Fransz et al., 1989; Joersbo er al., 1989), esterase
isozyme(Chibbar et al., 1988), acid phosphatase(Franz er al.,
1989), malate dehydrogenase(Rao et al., 1990), glutamate deh-
ydrogenase(Franz er al, 1989) 59 28 P& L4389 I
FAAZ 4 3 G77F AEHAR T e 2wy
Aol g4 @¥d 48 P S #AF ECY S4d
B¢ d7E v nAE Aotk AFL FAH AT
chel g whg o] 23 ¢] W3S wEd|(Kumar and Gupt, 1985),
peroxidases 21Z¢] 437 F3o] FAHE Fa=E 23N
1% 5ol w2 ohgstA UE(Amison and Boll. 1976
Bassiri and Calson, 1979). AAE wjdA} Bl 27 AFE
24 ¢34 9ri{Wochok and Burleson, 1974; Krsnik-Rasol
a al. 1982). 3], esterase 7] AEoA AAL w4y
A9 gt EXApzA GHA glon] Yot F3
B SeiEverett e al. 1985 Chibbar er al. 1989 Coppens
and Dewitte. 1990). Acid phosphatases= Franz 5{(1989)°1
] AAL sy GAM 525 LEHE FHELE
B 5o 9low malate dehydrogenases= Rao 5(1990)0] &
Faol ] ECS NECS Eo]R wEgtg Bug v lrh

2 AzdMe o 4EEA2EE §7)8 3y Bois
B4 A aoM SoldtA W s peroxidase, esterase,
acid phosphatase, malate dehydrogenase & &49 48
FA FHLE vlm, E48d EC ZAA dlZdz A
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Bl(Oryza sativa L. cv. Kye Hwa) %522 70%(v/v) etha-
nol#} 5%(v/v) sodium hypochlorite £lo] 24z} 1087 A3
& 2a4E 38 A3 o 2 mgL 24-D, 0.5 mg/L kinetin,
3% sucrose, 0.8% agarose”} 77}H MS(Murashige and Skoog,
1962) LA A/Zsted 27C Faehstoll A W katod on,
2% % wl(cmbryo)Z5-H #7128 #g]23HS Nabors 5(1983)
o W0 2 HRUR G3lol A et FY A9 wiA)A
2% Aoz 4% 5o WY

ey HE] Bletufet

EC9} NECZ A¥d A#2E 2 mg/L 2, 4-D, 6 mM pro-
line, 200 mg/L casein hydrolysate?} F7}€ N6 fAu] =2
$7 120 pmo 7 FAz AN BehjFRRon, 159
Aoz WAS @ FEA Hzol U Mxde] ¥
T 7E ) wi A Al ks A a5 ch(Vasil and Vasil,
1984).

Peroxidase F£& % g4 £H

Peroxidase #2% AT 42 Grisond Pilot(1985)2]
PR AMEHeH, 72 AEE GAARER wRA
71 T 66 mM U2 ApH 6015 F7Ht 12,000 gof A
1587 A8 se 4Adg zasdoz Abgant §4
= 40 mM A8 (pH 65), 10 mM guaiacol#
Z2E49¢ F715k 30CAA w27 4 10 mM HO0.5
A7keke 470 nmolM FEEE FHsiEc gud FBe
FEuuAz BSAE AMEale] Bradford(1976) W o2 A
3k

Esterase =2 3 #MT £H

Esterase®] &3 w34 ZA= Coppensd Gillis(1987)9)
B S AgEe Adsgon 2 A58 Sl o) 43}
opA A7) & 100 mM Tris-HCl $3-89(pH 72)& #7}3}
12000g°1M 587 Q4% st dojzl g FELY
o2 AMgEldTh &4 AEE 100 mM QakekELl(pH
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60) 7|22 A g-naphtylacetate® AF8-314X fast blue RR
saltE FH7hale] 30CHA ¥R & 200 nmol A EHEE
E43}Ah
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Acid phosphatase =23} -2 Z#| = Pauld#} Williamson
(19879 W& wigsle) Argatgon] 24 A EE WA
o]g3ke] mFAZ] & 1 mM EDTA, 0.1 mM PMSF(phenyl-
methyl sulfonyl fluoride). 5 mM DTT7} E7F 100 mM Tris-
HCl ¢589pH 80)2 H7Ftd 10000g91A4 10871 94
Ra5le dojrl 4ANE 2ELAYo T AMLHY) 2259
#4 @4%% p-nitrophenol phosphate(pNPP)E 7|FZ A}
83l &4 WS AAEQ p-nitrophenol B4R F3to 2 A
2233199tk 1 mM pNPP7} 284 50 mM Na-citrate $34
(pH 46)] F4AS 718l 25To M WAHE p-nitrophe-
nole] EFT@70 nm)E &ysigoerd A9 | unite 25
Tl A 12 Foke] 1 umole] p-nitrophenots AAlshe= &9
Fo g AR
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Malate dehydrogenase £& 9 #AMT

Malate dehydrogenase %3 A% 232 Queiroz-Cla-
ret9} Queiroz(1992)9] S H¥sle Alg3lgon XES
02 M Tris #5-8A(pH 7.5)% EFste] vifd thg 10000
gl A 1SR fadeale dojd dAAs "}%3}9&5}- %
Az 242 1.5 mM NADHE §8 Tris $45-&4(pH 7.5)
o 76 mM oxaloacetale® E3HA|7] 25C, 340 nmolA &3
sttt A4S 1 wits 18 F<¢F 1 pmole] NADHE 7
aA7le Bador FAsYh

SHH WIYE ¥ #4 H4y

SAY A719 %L Stegman} Park(1979)9) whd& w &3
of AlgetRo.m 1% ampholite(Bio Rad, pl 3-10)8 FaHsl=
6% acrylamide gel& AME-sled 200 Voll A 3A17E 400 Vel A
17 Botk 4T sol A Aasbda oju) s e (] M
HiPO: &5 494¢& 02 M NaOHEZ Apg3te] AA8sich
Peroxidase isozymed] €4 H42 Chen E(1970)) S
Heddted AHEstgen 50 mM QlAtgESA(pH 7007 1%
guaiacol, 02% H,0,2 E3slo] B9t} Esteraged) WA
282 Tanksley$t Orton(1983)2] wPH & W se dAlskg
o1 g-naphthyl acetate®t p-naphthyl acetate 0.05%. fast blue
RR salt 001%7} 7M. 100 mM Tris-HCl $+%8%(pH 7.0)
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Fig. 1. Comparison of embryogenic (E) callus and non-
cmbryogenic (NE) callus induced from rice mature seed
on MS solid medium containing 2 mg/L. 24-D, 0.5 mg/L
kinctin. E callus appears white and compact whercas NE
callus yellow to translucent and crystalline.

of X Bk-2 x| A HhalEled o 7% acetic acidel A A B 17
z g LS}ﬁiE} Acid phosphatase &4 €42 Franz 5(1989)
o wrile wdsle] AR50 01 M MgCh, a-naphthyl
acetale 005%, fast blue RR salt 001%7} A7}E | M Na-ace-
tate HE-2A(pH 4.8)e1 4 WH&-A1A <1319 th Malate dehy-
drogenase &4 942 Rao F(190)¢] HE wadto A
23lgem 01 M MgCl, 2 mM malate, | mM NAD. 0.5
mM  MTT(3-(4.5-Dimethylthiazol-2-yl)-2,5-diphenyl tetra
zolium bromide), 0.1 mM PMS(phenazine methosulfate)’}
T3 02 M Tris $5£A(pH 70)elA ¥H&A1AH S20st9
olu) | pH T HEDEAL s BRaon,
EFEHA 2= phycocyanin(pl 445, 465, 4.75), B-lactoglobu-
lin B(pl 5.1), bovine carbonic anhydrase(pl 6.0), human car-
bonic anhydrase(pl 6.5), equine myoglobin(pl 6.8, 7.0), human
hemoglobin A(pl 7.1), human hemoglobin C(pl 7.5, lentil
lectin(pl 7.8, 8, 8.2). cytochrome c(pl 9.6)2 z+z} A}&-sigich.

2 =
A2 7 ¥ Y

Age e degAsts gy FH2E F1d7] 9§
H %215 24-D 2 mg/L ¥ kinetin 05 mg/L7} #7FE MS
WRlo] xgstel 27C GAElAM wjYgs B deHoz
3 ed oA s e Ropg Huey
Aere] £ 2RI FEYUACKEE 1) olg v A2
20p A W ~E 24-D 2 mg/L. proline 6 mM. 200

Fig. 2. Embryogenic cell suspension cultures were establi-
shed in N6 liquid medium after 4 months induced from
rice mature-seed derived embryogenic callus. Cells of em-
bryogenic suspension culture were composed of densely
cytoplasmic and rounded.

Fig. 3. Nonembryogenic cell suspension cultures were es-
tabilished in N6 medium after 4 months induced from
rice mature-seed denived noncmbryogenic callus. Cells of
nonembryogenic suspension culture were composed of
large and elongated.

mg/L casein hydrolysate?} H7}d N6 vl Ao &4 374Y ot
B LY A% ey Bead fAdAE AEL) 29
83 5 Fke] W2 AAshs ATSo] dolAATFig
2), Bl Beize wrle AEde] 1 AEIL A
A8 vlad zgfA Adste AEEel dehdthFg 3).

Peroxidase S|4 &
ECe} NECY peroxidase £ 84 9AS &oisly] 95y

FA4 A719%58 diFig 4), perox1dase %%’-];i./’t ko

pl 3-109) WA Dok UEAT WEhsh BE 1
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Fig. 4. Peroxidase isozyme pattern analysed on isoelectric
focusing in a pH range 3-10 from embryogenic (E) cells
and non-embryogenic (NE) cells of rice.

Table 1. The enzyme activities of peroxidase and esterase
in embryogenic (E) and nonembryogenic (NE) suspension
cultured cells

Enzyme Cell Protein (mg) Aze/min
Peroxidase E 0.17 0.84
NE 0.16 0.38
Esterase E 0.15 1.35
NE 0.13 0.33
g Whe Eo|Ae slojx ECe NECY FEz Aol

HoFgt £ we 56 g0 ECE 167), NECE 13712

Uehgon 127)9) wzsl 38R0z vehyt B3 pl 51

56, 64% EColl 31014, pl 7.1 NECo] §lojA] 242 o] Al
F3& Mﬁi\'—} Fg pl 3-5 HY9) FHELEL 1)
gAjo] kA vERbE W, pl 67 W9l %-‘?435:%
o §48 HoRg Fie X4 23 A3 E
NECET} 84 o) %7 veldoi(Table 1).

r1r o %o 2

Esterase SH&EL &

Esterase §9] 8.4 948 ECsh NECY 714 #4138 2ol &
HojFoted 53] ECe NECEG @& W=sd 5ol
223 7 MsBAdS el ohFig, 5). o-Naphthyl acetate®]
dald A 14749 BEE FEH02 Ve AD pl 60, 70,
825 ECoA mj$ Eoldon LJrE}LLE} B-Naphthyl acetate
G JaA= 13749 Wert FFH 02 el pl 70
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section A

section B

Fig. 5. Characterization of esterase isozyme patiern analy-
sed on isoelectric focusing in a pH range 3-10 from emb-
ryogenic (E) cells and nonembryogenic (NE) cells of rice.
Section A is stained with g-naphthyl acetate, and section
B is stained with B-naphthyl acetate.

Fig. 6. Acid phosphatase isozyme pattern analysed on
isoelectric focusing in a pH range 3-10 from embryogenic
(E) cells and non-embrvogenic (NE) cells of rce.

o] ECHA Eoldez HaAgglen AutFozn ECx
NECET #4 o] 73 M=g4e BodF9u Table 1<
EC9} NECo] W2 esterase FAEE 238 A72 ECA

H g8 Aoz vehyt

Acid phosphatase SE4 o4 9 gMT =3
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(Arnison and Boll. 1976; Everett er al., 1985; Coppens and
Gillis, 1987). o] 13} esterase =9 &4 Y EC 5o] sh=obial
o] ofF AT w4 Y 2HIAR FEgriy
39+t (Coppens and Gillis, 1987), o] A Wiz} &
FAAGA g Boldez UERtE esterase TIEAY
Wedds &L o AEegA] ECet NEC 34 I
o|F ECo] AME w24l A28t NECY 7|#Egel] glojA
7zt M2 gE 5ol3el A2l 24E UEhle ok d este-
rase SHAEAE ool P wial S5 e
83 FAR Aoz Atk

EC% NEC9 acid phosphatase &4 4te Wiz &
o)A Az AN A7 HolE BT pl 55 65
7F ECl SlojA Fold o2 Vel Ed 22 WAL E
B, Franz 5(1989)¢ ECY Eo] W=7l AAE it
AdA vehd W= okt fARHA EAske Aoz By
stgon, B 4% 43 vgd ECY Eo] WiEs 1%
FA% FARRE Aow Algd

%3 malate dehydrogenaset 3 7709 M=% 37)e) Wicrt
ECo| Bo)Foz Aoz ECS NECY W= kol
A g2 Reg 2H9lE=d, Rao S(190)% ECS NEC
Apolol A ztzt BolH ol Wog wgated Bud v} gt} £9]
pl 48, 54% v okdt MEEYE BojFa §lof ECoAT
Boldoz ZAshs AR F4x gou pl 54= ECH
Eo|HolHA Wy Zd e G4 HoFL glo] ECY
AgeA EAS Yehlle 79 WER AR

o|&8 &4 9% glutamate dehydrogenase, alcohol deh-
ydrogenase 50] EAE gl o kdlelel uAA) S5 FAA
o BIi(Bverett e al, 1985)9}E 2o WAt FEE 3}
o] & & J%ed, ol FFolu wiY 24 T ue
cheFstA Sshks ATE Hox)w T3 Blo glojx ECS
NEC 49| 844 59 A%E UE o) uas Bos

yEsty gick

A olelgt WA M Xo g 7| 2 ofefEA g
QA EC9 NECE 593 genotype, explant 12|31 FY3
jgzdo2 Ry o] FYH vzt Bike
o] 838 Jefe] AZYAE ETEIL o|HI FHAL THY
Aol Eddl Aol HeEAozm HEIE EAL = ECY
NECY] &o] i do] AL fAe] Bodhs A= thE 34
T A 1;!%41:}% A& P& 9on(Chen and
Luthe, 1987), 2% B1S& AAX oA HAo] FHodsd=
574 vA5e FHFS Aot i) Ao ojs] ECH
EAE Ae® B8 =H|(Giuliano and Terzi, 1985; Wilde
et al, 1989), & A% A% yepd ojeg 45 Aol
ECe WE g &4o] ANE W2y S §& HEA 7
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£3te) dag k= B(Coppens and Dewitte, 1990)5 12i g
1 EC% NECY| o|% 747} A= g #3133 S 2jn|s}n
53] ECelq Yt So| Woe 7hst Wiegy agx
B 808A Fo) ofrin AAME w4 B9 9 R}
g 7

Ao g AgHE
olggt 2= ¥ AL wigA Ao th EC} NECE
FAAE 27) Wjak@Ae TAAEA AFEE £ Y2 Ao
GO oeid ¥ HE Aole] dejH 1aln Bahyo] dud

EC 3 NECA g 94 2 §329 % 477} v
o e olRolAck B doe AR

Ab A

E d7E 19949 FEAE 70 (941-0500-022-2) Aol
o FAEUFU A7 Adel ZA=HUL.
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Table 2. The enzyme activities of acid phosphatase and
malate dehydrogenase in embryogenic (E) and nonembr-
yogenic (NE) suspension cultured cells

Enzyme Cell Protein Total  Specific
(mg) activity activity
(unit)  (unit/mg)

Acid phosphatase E 427 6.7 1.57
NE 387 42 1.09
Malate dehydrogenase E 4.29 22 0.51
NE 394 19 048

Fig. 7. Profile of malate dehydrogenase isozymes were
visualized with seperation on isoelectric focusing in a pH
range 3-10 from embryogenic (E) cells and nonembryoge-
nic (NE) cells of rcc.

Acid phosphatase & &4 %2 EC NECY $loj4
AR Uehdo2i WEde 2 A8 Holx gt}
(Fig 6). & 6719 W=7} vebden o)F pl 55, 659 ¥Wl=7}
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Hla g EAE BoFid 24T 2447 ECOA ¢
2 Zeg veEytthTable 2).

Malate dehydrogenase S(E4 24 o FME =X

Malate dehydrogenase 5H a4 4ol slojA & 79
W=7h ek om(Fig 7) EC4 NECE 49 WEg 2§
S MR WETE ECYl Seoldeg uehit) ECY Sol
WeEF pl 485 pl 50& w9 34A YebdAS pl 54¢]
Hes oy 4% 248 BAFYth §4x8 243 43
ECA 7t o] 5& A0 feligtiTable 2).
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ABSTRACT

Embryogenic cell (EC) suspension cultures derived from mature seed-embryo of rice (Ovyza
sativa L. cv. Kye Hwa) were used for the expression patterns of isozyme and enzyme activity.
EC suspension cultures were composed of cells that were densely cytoplasmic, potentially
embryogenic. However, nonembryogenic cell (NEC) cultures were composed of large, elongated
and vacuolated cells. These cells were analyzed for the isozyme pattern and enzyme activity
of EC and NEC. Isozyme pattems of peroxidase, esterase, acid phosphatase and malate
dehydrogenase exhibited striking difference in the total number of bands, specificity and inten-
sity of band. Also, these isozymes showed very high activity in the EC. Specific band, band
activity and higher enzyme activity of isozyme in EC was absent or low in NEC, which
may indicate an association of these specific isozymes with morphological characterization
and totipotency of embryogenic cells. These results indicate that specific pattern and activity
of enzyme in EC could probably be used as a biochemical marker of EC in rice.
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