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ABSTRACT

The enzyme patterns and the food storage changes in radish(Raphanus sativus L. cv.
Taewang) cotyledons during seedling development were studied. The radish seeds were
germinated for 8 days at 25°C under light (7,000 lux) or dark condition. The lipid and
protein contents per seed were 4.3 mg and 2. 85 mg respectively. In 8-day-old light-grown
seedling, the lipid and protein contents per cotyledon pair were 1.5mg and 2,08 mg;
in 8-day-old dark-grown seedling, they were 0.8 mg and 1.24 mg respectively. The het-
erotrophic phase of seedlings continued for 3 days after sowing and followed by auto-
trophic phase (3~6 day) and semescence phase (6~8 day). The food storage Function
decreased in response to time course. During heterotrophic phase, the activities of gly-
oxysomal enzymes (malate synthetase, isocitrale lyase, and catalase) were high at 2~3
day. Those patterns were somewhat more prominent in darkiiess. During the autotrophic

phase, the activities of peroxysomal enzymes (glycolate oxidase and catalase) increased

at 4~5 day.
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Epee &R oI} SEEe AXEEZ oF F FEL —BNeE W ofFe S
(Bewley and Black, 1978).

FHY FREES S o 48 Sy ERAA WP ESERME T RIBREE
29 #he Yol &) doltrdl, ol @by #3 BEEEET dutstl, A
A, b, sabEt 2o 54 Mz AT fEgelA el 7 olvt(Huang et al., 1983).
o] ik HiMe RIS MRHES AAPs BRE Bihe aFtte T4 de] Sfche
microbodye] #F7#Ege] < 3 v} (Breidenbach, 1976).

4ol oA BeRrRr BT A A FBIFA R A8 & glyoxylate cycled] BEEF
o] FIEStE MMVINSE-S 2 s B33 o glyoxysomeo 2 i dlgl=d 1AL B
9] microbodyift: =l fAet S 7w ¢lLe] o= ¥ vi(Breidenbach and Beevers, 1967;
Breidenbach et al., 1968). ==+ Z%EHs d#EGA4 4=  microbodys B
microbody st f-Abotz 443] HER] T2 T BT glycolatefife] AA D
BisES 7431 glo] leaf peroxisomeo] =z v+ 8l vt (Tolbert et al., 1968).

% Gruber = (1973)& leaf peroxisomee] endoplasmic reticulume 2 2¥E =& A&
FASR T, =% BEhD dAA R BRE £ BES vedls A5 peroxisome
o @ Yol -46-} AT BETE GRS, skl Uit THA ol peros-
somed] EESEIEMC] ol AE Yol 9¢ A& phytochromes} ##Ee AA 7t dFol A
t}(Van Poucke et al., 1959, Schopfer et al ., 1975, 1976). A% WS &4FlE B1s
BAGIA BEFEA g 2olo= U FAs gloxysomes] F¥er AFTAL
ol glo} HARE HHAEL 2 %o peroxisomee 2 ABHA DAh. ze} A= 5
2o R TS TEAA doj e HEe AALE L AW s FEEE o st
= —iRe B A dTE 9L wh o]t (Bewley and Black, 1978).

et £ AdL F °7} BIEslo, TR DEA frEdpEelst ¥ £ dv B K
#ERE W o8 HARMBA & 7A 2] microbodys] ASAl FEiEELE Lot
RaAl, KEE Y Iﬁﬁﬂﬁ dolrte FIER —F FHEAve SheEnd AFE &3y
glyoxysome} peroxisome] #EH:e] sholE HolE Fo Hao wiste] HF ATE AR
Bl vt

ME R A&

e BB L £iEdt. 2 A3 A&t 39 (Rephanus sativas L) = B 4E5F50
0.5 % sodium hypochloride M% of 545%¢ FEREST T AtobAl el AAAE w2 o
#E3te] FHFela Dot EFEES BEES 25£1°CE £ 6}951;— SR
HAPEL Abgate 7,000 luxe] 4& AHA oz zabstgc. BREN)E A2 vinylig
2 de] e AR ger, £FA FES BBREY HTAH FHkstd

Lpm &8 2 sEpese AR W SR T SiEpd FE 204-E R ARELS
HEsFY R, RS 80°Coll A 248 A &2A7 ¥ AT G SiEpERE FaA
A JlEst] Aol g #amstdch

BEE N ERESR AR TEY BEESES Radin(1969)9] Hiké +A5te A85td
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th. 10 mle] methanol-chloroform(2 : 1, v/v) HE"E}}hHﬂ“{EAiﬁﬂ;{oﬂ FEL —EH dol nja
T 5 L500g2 H4pEstd RERSE A3t oA o AAL 24 AgrEEdct ik

ERel FFEe 2M KCl #¥4& 4ol ﬁ%‘ﬁ% Haﬁ'—[?ﬂamﬂﬁtf Heb F A Bl ohA 9l
-Jr]é% 49 iEshe S IEEAMEE fume hoodo] A AzAA HHEESES AT
st ch TES HEAEEL micokjeldahlFiko 2 HiEstg s, o5 Wik EHE UE
2 BSAS E& FlFo2 Lowry 3(1951)9 JFike] waith

BEERe g ¥ pesE.  BFRERY @ FE 20042 5mld 0.05M potassium
phosphate & & (pH 7.5)7 0.5 A4t 2 0.25g9 PVPPE do| 545%¢ ol
Ak ol A2 g PVPPE FHel FFEsts phenolic {440 o5 BERENY ETE
at7] $)3le] ALgstgEd PVPPE RERIE A E3hd BRY mike] @S Fxsid £
1‘““% isocitrate lyase= 6 %, catalase’= 5 9%, glycolate oxidasel= 4 % H &l A 9] iHdE

+ e dens BEEEY fERd 5% PVPPE SEiFste] AME-8hgl o) (Park, 1984).
PVPP~E— A2l dte] w3 BEIES 20,000 gol A 205 T £4 4A4EHS S 2 LB
+ A EEREE WE A-gshalth

Malate synthetase(EC 4.1.3.2)¢] {2 Schnarrenberger F(1971)¢) #d] et
412 nmo] 4 DTNB-CoA complexe] Mpr#e REd@z =374 1 36% 10 cm—iM-1
(Schnarrenberger er al., 1971) % H8 A&359ch

Isocitrate lyase(EC 4.1.3.1)9] & Bajracharya(1974)8] JHikd] S+« 334 nme A
glyoxylate-phenylhydrazine complexe] HEF &S HiEsld = E 554 4 13, 43x 103 cmIM-!
(Hock, 1969) 2 ¥B 4Zs}4 =t

Catalase(EC 1. 11.1.6) E#:® Chance$} Maehly(1955)¢] Frike] whzl 240 nme] 4] Hy0,
9 2R FE HiEstd s, H0.8 EZ 344 0. 44% 10 cn M (Chance and Maehly, 1955)
2 2y LJESAT )

Glycolate oxidase(EC 1.1.31)9 k-2 Bakere} Tolbert(1966)%] Jte whal 324 nmoj
A] glycolate-phenylhydrazine complex?] frpii-2 #lEstd = Z5a4 4 1L7x10 cm™ M
(Baker and Tolbert, 1966) % Y¥ 2234},

Microbody Eiskel 55tz FERIRHS &M BRG] = Aoy vebd + 4
o m2 KEEI A HIES microbodye] el EeEEEIEe] malate synthetase, isocitrate
lyase, catalases} glycolate oxidaseo]| ¥jsted EEEHS ZA 7 9 5% pH, Kmi,
BRI HS) o2 linearity, YﬁﬂiEF%’FEﬂﬁqﬂ] A8 AL @EEsA 23 ETAA =2
REpTol A RS el ohE HEMECY (BEHEY FE F7E A3 A HiEe
2 % AGAAd A AL BEEmEES Basltd o Y A& vmstgen, = A
= &z ek (Park, 1984).

1. 1% pHE= malate synthet.aseg] 7]-% 8.0, isocitrate lyase®] 2% 7.3, catalased] 7

2~ 7.2, glycolate oxidases] 7% 7,55 1}l gk

2. Kmzl& malate synthetase’= 2. 38x 1074 M, isocitrate lyase™ 2.5x 1073 M, catalase
= 0,27x1072 M, glycolate oxidase= 1.92x 1072 Me]gich
Linearity= malate synthetase'= B¥ZEIEW 30 pl7t=], isocitrate lyasei= 60 pi7}=], cat-
alase® 60 pl7h=], glycolate oxidase= 120 pl7bA el o o,

%‘fﬂﬁ
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4 & BRT BT M T 647 o3 = kel BEsg e
5. MRHEEEE] e HEERES BAKRE i mEWAIE Ad 200 &
1 #2092 ¢ & Q9
o 4] BT WEES KIET 2 A0l Aeldel ol FUsaAr

R 2 EE

SRETE BE Y £EN UE R L 9 $Ehe SHE%Y 4Rd ©HE
el BEE olis] et REEES MERE 22 TEES R9 4o, Lpas
BB EEste] Fig ldo] ¥ mate] Vel g,

SCREE S FEREE A 1HESS SR RN ke Solsl ddx o F F
BEEC A MFBEEE 05 %L Loz ko) BEFd =A% 9% g =4 28
EE TR EFig Do B9 okE (Fig 2o % REEMIA AT g B¢
. %3 Fig. 1o]4 He|= At o] FHEL FMEEA 4054 Z75 450
W o4 Aukx ggtert, MEEEC AR A% Solstd sEAAE REEES o 55t
F Reolzch. Wd P Qo F EEEMAA A% S ETFAAE U4 12.5
em AF 233 BEHFNAE A7 16.5cm % Ageh o5 REERS LEEEA A
Sol B FHEHY A% Lol O @RS 2 Hfe gy Fig D ol9pe
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Fig. 1. Developmental changes of hypocotyl Fig. 2. Developmental changes of root length
length from radish seedlings grown in from radish seedlings grown in the
the light (o) and in the dark (). light (o) and in the dark (»).
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Fig. 3. Developmental changes in fresh weight Fig. 4. Developmental changes in dry weight

of cotyledons from radish seedlings of cotyledons from radish seedlings
grown in the light (o) and in the dark grown in the light (¢) and in the dark
(»). ().

§ 4o gibberellin €& BABIA o] = 95 (Lockhart, 1956; 1959; Kende and Lang,
1964; Jones and Lang 1968; Kohler, 1970), # & Kellerg): Coulter(1982) = %2 A--g3t
Ao A THE#S] R A= Yol 23 gibberellin inhibitore] ez 19 Aoz =
=atg ek FE £RECF D XEEESY 4% FF F AF Folstd ¢HAAE
jcﬁ‘éi vhebl o} BT oF 8f5rtH HA ot 7.8¢l A 7 gastgm, ol %%E-J
dol = Ald WelAch e BREET FEY EHEL 208LE A9 5180 9] 8H
cﬂw% AL F fFrbEyrel HA gz FES Wel B BolA orekdh. e FEE
9 e s (Fig. DolA MEES 3% 2BLE A% 2 delio s 48
o] 1/47}zF stell EA ke, StEEBEA A= 4874 £ Tadte A FS Holhit 2F
G728 SFAS e gled ol E F AT FHE Aol ol 93 AAAHA A
el gl

=ek T IrRlEEY BEOEY A7k wE SEBREE dolns] d3le drEe 7
el £EE xAste] Fig. 59 6ol 2 st RERBES BEEECA 272 FFRiEEY
&E #ik(Fig. 5)% 204 s04t0lo] FAT® 7242S vehlo] & & sHAAE %
REES] A9 AT BBEEES oF 35 29 HEEES F$ o 18 %2 REHES]
REAR 7 443 B9 BAIAT. w3 SEAESEY #tFig AT XRER
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Fig. 6. Developmental changes in the total protein content (A) and soluble protein content (B) of
cotyledons from radish seedlings grown in the light (o) and in the dark (e).
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Table 1. Nonsedimentable (20, 000g supernatant) soluble proteim expressed as a percentage of total
radish cotyledonary protein for light- and dark-grown seedlings

ISOCITRATE LYASE ACTIVITY

Total ~ Soluble B ’ ’ Total ~  Soluble
Day Protein Protein or Day Protein Protein o
(light)  (mg/eot.  (mg/cot. % (dark) (mg/cot.  (mg/cot. %
pair) pair) pair) pair)
0 2.854 1. 405 49. 23 — - — -
1 2.748 1.238 45. 06 1 2.763 1.125 40.72
2 2. 508 1.124 44,83 2 2.438 0.912 37.42
3 2. 263 0. 984 43.48 3 2.158 0.740 34. 30
4 2.210 0.933 42,22 4 1.925 0.677 35.17
5 2.213 0.910 41.13 5 1.798 0. 622 34.60
6 2.128 0.832 39.11 6 1.553 0. 526 33- 80
7 2. 047 0. 826 40. 36 7 1.333 0. 444 33.32
8 2.077 0. 801 38.57 8 1. 240 0. 406 32.74

(Fig. 5), KEMHBEHEE 354 F L 2 T42%2 39549 (Fig. 10B) o} = wisys
GGl 2o JFEHEEREY o8] 43R do ’"ﬂ_“:HZ- 7;i°i £ Uk olH
EEEA A¢ KBEEEREY fﬂT@o TREEE A Bvh BMEEENA 553 d&dE
45 veh e (Table 1) o] A& FHERA A FAN S S48 Mol A L= #HE
qd Aoz AsxEd

NRE HREE TR BEEE k. T BT ERUHS BEL EUHRES 2
Ae FALE 23 90 2% microbodys] E¥IEql malate synthetase, isocitrate lyase, catalase
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Fig. 7. Time courses of malate synthetase Fig. 8. Time courses of isocitrate lyase activity
activity in the cotyledons of radish in the cotyledons of radish seedlings
seedlings grown in the dark (¢) and grown in the dark (s) and in the

in the light (o). light (o).
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9} glycolate oxidased] FEsRiGi: BT IFF 8HAR SAE=E 247 sty k.

Glyoxysomes] #§fHe] o] 3lE
Apololl A A 4
2.9 k(Fig. 7,8).
Eoll A ®rt 2B A EA VEres, o]l

malate synthetaseg} isocitrate lyase] jEf:2
S7ketel 283} 3EAbe] A Fke HEIAFIT 8EARA FastE A4S
o] v} I o] A2 malate synthetases) isocitrate lyasefBiko] SfiemE
g}zre EgEEE ] A2l malate synthetases] iso-

1H=} 2H

citrate lyaselEfk e HEEERT Awd oz L& ¢ 4 995

olF FH49 iEtEo] 1M 28 F4 3 sty
BEFRS fEike] Winslgler ol FEY &g w53 Ed
5 8E7ZA JEREEA A R} BEEEE A ol E BRY EH
vt (Fig. 7,8) olAd& Yol o8 f£msls
A = e veEe
Glyoxysome=} peroxisomesq Hikd 23 Bt

F0978)9 APAAR o F
e mad d de 45
o %7
tion &1 o5 BKS Ao

H,0,%

ol7 & 20| & A EEF Becker

Se&g R EYS feedback inhibi-
Ao ALE 9 k(Hock, 1969).
AREHBE S

catalagel=

ERs

G513 9 T& S B¥5 (Beevers, 1979; Yamazaki and Tolbert, 1970)2 =% 3%

1H3} 2B Afe]ol %"7%731 Foteted 2E 3 3HAMOlNA kel HEH:E ved gt Fig 9).
ZEv 4EAAE 2 Ee] BEEEA A vebdod, 2 oolFE kEEEDN o

EtEE R3x, BEREEAE 44 g4
#w peroxisome®] B folshi

3= AgE ek gk
glycolate oxidaseo] fE#:-& SLEEEAN = 2A %

4Ei Ateldl F4 3 Trbeted 5HAA Rkl EEstgoy 2 o] F §HZR) @Z}Z—‘L‘Li Z

#A% Byt 2ot BEEEC) AR 387

oM7)t A #aF FRE AL

| J EES A2 Fig. 10).
53] o] F EERelA HEEES] catalaselfihe 2, 3H Atolol 4] B& EHS Y & o
40 1.0
g
S
" 3OS
H & [
& . 23
a8 aol 55 osl
29 2p & X% 05
3% w8
P H R
50 5
(4]
=
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»
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Fig. 9. Time courses of catalase activity in
the cotyledons of radish seedlings

grown in the dark () and in the
light (o).

0 T N S N R R
o 1t 2 3 4 5 6 7 8
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Fig. 10. Time courses of glycolate oxidase
activity in the cotyledons of radish
seedlings grown in the dark (¢) and
in the light (o).
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A 4R LERE A9 Bne 9 e o« REEEL AL o EEY EHe 20 L
#¥-5 A Asls = peroxisomes] maker enzymee] glycolate oxidase®] #Effo] HEHE
EelA 5H7A F<43 5718 Moz Bol o7& microbodys] 7]%5A Fe] w2 o] &
e de novo IR FERFE A=A EiEe] B2 microbodyd] Yol <3 HEEd B34
& Beevers(1979)e] 98] A7tx M2 A4 £ o] AAEHGor} ofF =eid} %7
= 223 # gl

22 22 glyoxysomee] EE3Eql malate synthetases) isocitrate lyaseo] j&#:o) 2,3Hd] &
K& el gl (Fig. 7,8) mitochondria®] E¥E<Q] malate dehydrogenasefE:z} fumarase
atke] |i(Park, 1980)5E A2 Hol o] A7|o)A glyoxysomes] Hehke] Hhol A&
& T AR =T EBREEAA 3F F 5He] glycolate oxidases] Eiko] Hikq A
(Fig. 10) 2] = malate synthetase} isocitrate lyase®] Efko] 22 A (Fig. 7,8) 2 2 7
Fol % TEAAE 2,351 4 glyoxysomes] Hhgho] dubelddrt, =3 b S =
of 5Hell A& peroxisome®] {Eiho] AE RewZ & 4 gl o]Hd HGEL fERHS B
B3t AAg4Ee 0] (Becker e al., 1978), A A (Hong and Schopfer, 1981), ®=] (Pee
et al., 1982)8] FEe] A9} ol FEENENTS] WHIRH] FHdstE #IEA microbodys) #
BEol W YA #d Ao A& ¢ F ot

o] 49 B&EE fFad & A T8 gy A9 T IRISRERAGS FikelA e
v dgrzq] ﬁ%"c}”ﬂ'c’ EoAFgded, BT 3% 280 LBy s U O #rema
g Holsl A Zste] SHIIBEYH & B u st A3 HolE vehiglr o
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Fig. 11. Developmental changes in glyoxysomal (isocitrate lyase, a-s; catalase, o-#) enzymes
of dark-grown radish cotyledons and peroxisomal(glycolate oxidase, o-o; catalase, o-o)
enzymes of light-grown radish cotyledons during the changes of lipid content (v-v).
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FaEo] A 2] microbody ¥t ¢l B3] = glyoxysomes} peroxisomed] F7EIE B TS BE
HEo] A 9] malate synthetase, isocitrate lyase I catalasefEiks} SepEEEe A9 glycolate
oxidases} catalaseiitg JEHE R ¥ ndled Fig 110 Egeide. o A%z ¥%e,
glyoxysomes] #gfEo] 1H=} 21 Aolel A 43 iEiEfed o} 287 30 Aold A ToRiEkE
g nal ¥, Fole] W 9stad peroxisomed] O E AFTEL ¢ & ALk

IHEE F¢ ﬂjh’ﬁ%—J T AL B3 30 DBRE rrmgigs e FlAd g8 {88
BRI RE7 Yol 98t BirSmEne R#= ARHAEEA 68 LBEFHE T
g TEL FRSRELEAY B AA A4 E AR fddh

A =

B o FL X2 (Raphanus sativus L. cv. Taewang) Fi BLEES SHER 4L 9= 8HE

akel 25°Cel A 7,000 lux9} JORBES BEBER el Wl &3 ik TUHM BIFHE 2 A3
FERY date WESHS. T4 FTER BHE 4.9mg HHEEL 2.85mge = 8HE KEERE]

A% 77 1.5mg, 2.08mgs BREMAAE 47 0.8mg, 1.24mge s A=A T HEDY
BoBEe S5 304 = EEEREES Vel en, 3~6BAAE BIBBEMEET 2R

=8 6~8H7E £ BEBERES Yo AR BHE Aoz Adsty . R ETERE
& A 2~38¢ glyoxysomelss (malate synthetase, isocitrate lyase, catalase) ] fE#ko] §<3% F714)
Qo o IFRAEST LEBELT & Fiks el Qv M EmBEd A 4,58¢ peroxisome
I3 (glycolate oxidase, catalase)7l & IEiES B oo,

g £ ¥ M
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