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ABSTRACT

The effect of polyamine on chlorophyll amount, chloroplast peroxidase and chloroplast thylakoid
protein in rice leaf segments which were grown for 10 days(16 hrs, light : 8 hrs, dark) in a hormone-
free MS medium containing polyamine was studied. Polyamine treatment increased the chlorophyll
contents compared with the control in rice leaf segments. Especially spermine was most effective. Also,
in rice leaf segments treated with polyamine chloroplast peroxidase activity was higher than in the
control. The treatment with ImM of spermidine increased the enzyme activity by 100%. In polyamine
treatment and control two major polypeptide bands corresponding to 56 and 25Kd molecular weight
were clearly resolved with other minor bands by SDS-PAGE in the insoluble protein fraction. However,
in these bands(56, 25Kd), the total area of protein in treating with polyamine were higher than that of
the control. These results suggest that polyamine was an important factor in the chloroplast

development of rice seedlings.
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2 DNA, RNA 9| g8 F7M071e Ao oA
aic}(12, 13).

A Zof) AAba} Bstol] Bal¥] §48 42|A pero-
xidaser= ZA3 7@l we} SolatA vehir,
HEAF} vgZezlo}l, gEAd £z AE9
713 B9o w2} S5 FHEA S Hebdc
(14, 15,16). ]2 & 7]3 uhdA] peroxidase &
e zAse] ARE FAAI|AY GAS A3
Z|#83s  scb(17,18). =& Kuroda. &
(15)& 9J24 &7} chloroplast peroxidase] &
At DA AA7E ke Rastglen, thyla-
koidgtel] &3} chlorophyll a/be 3¥ 3 53}
A& F43k= chlorophyll a/b binding protein}
Agste] 429 B3} 715& FHsh= F2 o
& go(19).
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& z2AQAE A Ry] fl8) Wl AEE AYASE
2 3}9] polyamined) 9Jg @454 = B chloro-
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e AeEy zafe] Ad" MS wjA|d4
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A e o ARg APARE A3}
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2 ke o AL 80% acetoneo & wia
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Schulers} Zielinski(21)¢) wel w2} vl A
Ho B HE HEAZ 3239 Nettleton 5(22)9)
uhel] olaf 3% (w/v) Ficoll 9AE2|E o]45}e
#58 intact GEAS dglch. o AH(lg AA
2k)-2- Waring blender Yol 20ml¢] ¥z45 :&4
932 (25mM  Hepes-NaOH, 0.25M  sucrose,
2mM EDTA, pH 7.6)3 #4 Y1 3408 10&
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7} 23] wialsleon], o] ulAAS Nylon cloth®
oJ#}A}7A ozl AT 4,000xgel 4 1087 U4
B3l crude PEA pelletd dsir}. o] pellet
2 Imle d=g 939 (25mM Tris-HC,
0.5M sucrose, ImM EDTA, pH 7.8) o2 #&A]7]
1 o] dgtel-2 3% (w/v) Ficoll¥ (3%, w/v, Fi-
coll, 25mM Tris-HC], 0.5M sucrose, 1mM EDTA,
pH 7.8) 10mle] 4330 Rz loadingdt th&
A1) (1,500xg, 10min.)3le] o] o}A] &
A7l ¥ 3% Ficolldez A|9Al-elstgdc}. o

2 intact Q=4 pellets 10mle] eHg gz
o2 A3l Ficolle] AAR #5T HSA
pellet& 4t}

Thylakiod membrane F&&

Nettleton 5(22)] #ptiel aheh chg3} o] 4|
#5tgde). 543 QEA pellets 2mé 9 lysis 2
Zoll (25mM Tris-HCl, 5mM MgS0,, 12mM KCl,
0.04%, v/v, mercaptoethanol, pH 7.6)¢l &=
A AEA o2 ey F 1,500xgel 4 1087+ ¢
ARzt de ASAE vy Fe pellets
lysis 3o 2 g o] AHse tyhlakoid A&
Z A3t

Chloroplast peroxidase &4 &3

#4548 45 A pellet g 2ml o lysis 439
(25mM Tris-HCl, 5mM MgSO0,, 12mM KCl, 0.04%,
v/v, mercaptoethanol, pH 7.6)o] ¥etA]A AHFE-H
o2 A= F 1,500xgel 4 1087 dAE-=]5H
qe ATole 2FAYeRE A4, Peroxi-
dase ¥4-& Grisond} Pilet(18)¢] & A3}
o ZAs}g]on, 40mM phosphate buffer(pHS.
5), 10mM guaiacol, 100/ =&AL A5ty
AA F7b 3mé A st 1087 AR F
10mM H,0,% #7Fste] 410nme} spaold 4=
2 2495 old ans HEE 187 FY=
o] Wstg A3lHct.

Tylakoid membrane CHHZELS| M7 |HEX 2N

Tylakoid membrane g2l A7jdFH L4
Laemmli(23) ¢} "ol we} SDS-PAGE %o=
A et ghlA A)89) 0.12M Tris-HCl 3
(4%, w/v, SDS, 10%, 2-mercaptoethanol, 20%,
v/v, glycerol, 2mg/m¢ bromophenol bue, pH
6.8)% U ¥IZ 4 § 100T 9] F2ellA 5%
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Table 1. Changes of chlorophyll contents in rice leaf segments. The rice was germinated for 10 days(16hrs, light:
8hrs, dark) in hormone free MS medium treated with polyamine.

Treatment chlorophyll 2 chlorophyll b chlorophyll a+b
ng/g. fr. w. mg/g. fr. w. ng/g. fr. w.

Control 1.20 0.43 1.63
Putrescine 0.01mM 1.27 0.43 1.70
0.1lmM 1.36 0.52 1.88

1mM 1.22 045 1.67

Spermidine 0.01mM 1.42 0.41 1.83
0.1mM 1.46 056 202

ImM 1.31 0.59 1.90

Spermine 0.01mM 1.26 0.48 1.74
0.1mM 143 0.57 2.00

ImM 1.35 0.46 1.81

7t Fehsla o] A8F 12.5%9) polyacrylamide
gelel loadingste] A7|g53ldct. ojd Erjet
marker 2 4] BSA(36Kd), Egg Albumin(45Kd),
Glyceraldehyde-3-phosphate dehydrogenase(36Kd),
Carbonic anhydrase(29Kd), Trypsinogen(24Kd)
2 ¢-Lactalbumin(14.2Kd)E A3t 0 m, geli}
oA E2}5 A band5& Coomassie Brilliant
Blue R d43 % =tAx7A Densitometerg A}
4, 520nmel| 4] scanning3d}<jich.

Az g 2%

HEA Blako| i)

Table 12 W& polyamineo] ¥+ ¥z Hegsn
Z2yo] Aoxl MSujz|ellA] 10 Fob wopAyat
(light, 16hrs : dark, 8hrs) A}l %, o A4

24 =2 248 7o polyamined AHr}3t
A % =7l uls polyamine Hz|Fofl4 1
gheko| =gk}, w3k chlorophyll a 7} bel] w]s] A
o2 3u) AR A Jehdon, 53 0.1mM
spermidinecl| 4] Q=4 & §ebo| 2.02mg/g. f. w.,
0.ImM sperminedl] 4] 2.0mg/g. f. w. B4 =T
(1.63mg/g. f. w.)oll wlaf 20% °]4 F7l5bgic}. o]
2§t A3 polyamineo] AjAete] FAARZ Q)
Ao Fol¥ groupy At tF2E A3
AI71 Q5420 928 WRsle 23E 247
< &9 ok 71%E Jehins, 9, 24), AlxA
A AEEd 2 7|13 23 YA Fojgis )
&9 o7 ZA}(25)F 1 & o polyamineo]

54 g SR dEA 2de 23

3 AoZ ARt =g chlorophyll aZ e
chloropyll b7} §49%]7] w-Fo|| chlorophyll a2
ol AA 384 TS H9shA Ho(19) &
Alg As}se} 7o} chlorophyll a9 ko] chloro-
phyll b B} 34 E=gkdd Aoz oA}, A
polyamineo] 7|3HEsHE E21A)zlcke A (4,5)
£ 333 & o polyamineo] Q&4 Tk Z7}
Ao 2H FHA 7179 Fa7 FE o )
T2 AEE sl o Alzdr).

Chloroplast peroxidase &2 Hi3|

Fig. 1, 2, 3-& W& polyaminee] =& |5
I 32Fo] Aoy MSujz|o4 104 <} wlo}Ay
A (light, 16hrs : dark, 8hrs) |71 3 o] Auld)4]
peroxidase &4& &A% A2 polyamine Xz
77} 2Tl Ho) Aoz Eshoo], 53
0.01mM putrescines} spermineel| A= ¢ 70%,
ImM spermidine- 100% o]A+e] FAL- &xlsty
oh. AlZe] 2sho} WP FA7} o peroxidase
+ AE 2713F 45 A EA3cn &4 qle
m(15, 17, 18), 94549 $4< <9 (kinetin
S)e® 74217 u) chloroplast peroxidase &4
o] F7htchs R (15)9 £ A Ao 4] poly-
amineo] £ £2J3} J=ZA)9] peroxidase &AL
S7HIFER A FAAA 2 0 o] =4 W)
A% peroxidase®] £AE AT £ 9w, 4
A3}l A epd upel zre] polyamineo] chloro-
plast peroxidase #4¢ 22X)71 Az =4 et
o] Z713+ A3} (Table 1)= Kuroda 5(15)¢] ®x
gt 9184 §eks} chloroplast peroxidase @43}9]
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Fig 1. Changes of chloroplast peroxidase activity
in rice leaf segments. The rice was
germinated for 10 days(16hrs, light:8hrs,
dark) in hormone free MS medium treated
with putrescine.
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Fig. 2. Changes of chloroplast peroxidase activity
in rice .leaf segments. The rice was
germinated for 10 days(16hrs, light:8hrs,
dark) in hormone free MS medium treated
with spermidine.
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Fig, 3. Changes of chloroplast peroxidase activity
in rice leaf segments. The rice was
germinated for 10 days(16hrs, light:8hrs,
dark) in hormone free MS medium treated
with spermine.

FA7L 2AFE A F oo} oY Ade
AFARS] 7)@EEL, o) whek A E2] shoot A
3} 72 AE w2l A peroxidase #Ale] F7}
3o} 71(26) 3} polyamineo| ATPase$} pero-
xidase9} 7+ membrane-bound enzyme& Z A3

e 2(27)9 % YA o F Q).

Thylakoid membrane protein Z=A2| H3}

Fig. 4,5, 6, 7& WdollA 454 & 78 ¥
A Z7}247 9 polyamine % (0.1mM)E MS uj
Ao Azlate] WE 10d FoF wol AR F
thylakoid membrane] kAl =Ao] wigE 2

7302 polyamine AHz]T7-e} tjETFelA] BF Hl%
g} okAke] 56Kde} 256Kd¢} major band & °4911:}.
a2t 7t polyamine #2749} d&F-o|4 band
peak?] ol 9lglom, of kAl bandE 9 total
aread] o]4 56Kd band?| 7$¢ spermidines}
spermineo] ¢ 20% A%, 25Kd band®] A$ BE
polyaminee| 10% ojW¢] 715 B oo} (Table 2).
YRR J25 A AXANA A=A, &
A€ ‘4“%"52'3 AEA 2 o]Fso| 7 ¥-Eo® i
=, g2 49} chlorophyll protein complex(CP)
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Fig 4. SDS-polyacrylamide gel electrophoretic scan
of thylakoid membrane protein of rice leaf
segments gerainated for 10days in hormone
free MS medium. Each gels were scanned at
520nm after coomassie Brilliant Blue R

staining.
Putrescine
E ,
S hi
Ca) v '
3 i i
= I i
£ ' '
8 |
3 | il
< ’ 1 [
[ ]
! \ PP
PNy ,l S [ 3
SN e~ APEN ) N
i '~ ! (N
/ W LAY
v s6kd 3kd

Fig 5. SDS-polyacrylamide gel electrophoretic scan
of thylakoid membrane protein of rice leaf
segments germinated for 10days in hormone
free MS medium treated with 0.ImM
putrescine. Each gels were scanned at 520nm
after Coomassie Brilliant Blue R staining,
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Fig. 6. SDS-polyacrylamide gel electrophoretic scan
of thylakoid membrane protein of rice leaf
segments germinated for 10days in hormone
free MS medium treated with 0.lmM
spermidine. Each gels were scanned at 520nm
after Coomassie Brilliant Blue R staining.
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Fig 7. SDS-polyacrylamide gel electrophoretic scan
of thylakoid membrane protein of rice leaf
segments germinated for 10days in hormone
free MS medium treated with O.ImM
spermine. Each gels were scanned at 520nm
after Coomassie Brilliant Blue R staining.

lakoid membrane whilAle 2 A §As}o) 4] Nett-
leton 5(22)¢] ¥1% 242 & w 56Kd¢] band
= CF(coupling factor, H*-ATPase), 25Kd¢]
bandt LHCP(light harvesting chlorophyll a/b
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Table 2. Comparision of total area(%) of thylakoid
membrane protein in rice leaf segments.
The rice was germinated for 10 days
(16hrs, light:8hrs, dark) in hormone free
MS medium treated with polyamine. Each
value was calculated at 520nm by

densitometer.
T . Total Area®)
reatmen S6Kd 25Kd
Control 31.36 30.29
Putrescine(0.1mM) 3195 3646
Spermidime(0.1mM) 51.46 34.34
Spermine(0.1mM) 45.68 35.22

protein complex)®] apoprotein®.Z o] ARXM o]
LHCP apoprotein-&- thylakoid membrane?] <}#
S $3lA] chlorophyll a, b7} ¥l x] g 2 s}y
(19), & APAHFA polyamined] &gt =4
ghekol Z7}(Table 1)2} 37 thylakoid membrane
protein®] major bandE-9] total area?] Z7}7} o
ot} 71E9] MuEF 2HE kAR Ho] Foir). o
= 99 k35 oAAZ o LHCP apoprotein?)
W3yl ZeoJu= 7(22)% £ u thylakoid mem-
brane?] gtAo] 9le] wiedel] F 93 Qqlo B =4
#& & 5 sleh. webA] polyamine Hejof w2 3
gl7e} 275 wiws) nel Aoz 2 W
7 et Auxeoz CF(56Kd)et LHCP
(25Kd)7} #7718 e, chlorophyll be] =717}
LHCPS] F7te} 34 deojus CPe AL
chlorophyll a®] Ao o)s ZA=I= A}A(19)
< 228 £ o polyamineo] dE4 & F7}
A7) A3} (Table 1)9} X5t} o)+ polyamine
o] thylakoid membrane 2] 9} 3}9} & o thy-
lakoid membrane g 2lg Zx1x])71 0 244 ¢ v}
o) FpzZQ) J5A F3lofl 7]ofsls Ao Alm
et

2 o

32 80] AE1 polyamineo] =¥ E xz]F
MSuR|ellA 109 E<b wolAA(light, 16hrs ;
dark, 8hrs) XA d& o ¢ AHA 24 §
%2 polyamine Xe}¢7} tETol Hls) Egtow,
spermine(0.01mM, 0.1mM, ImM)e} 7} &3}
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oj9jr}. &# chloroplast peroxidase?] #AJL
polyamine 277} 2ol nls] Hutdoz &
stor, £3) ImM spermidine Az]7-= <k 100%
A 8AL Z71AFcl. SDS-PAGEY] <3
chloroplast thylakoid membrane protein¢] band&
244G 75} polyamine AH2jel 2ol 56,
25Kd 9] major band& ¢¢]le™ o] band59] total
area+ polyamine 37} |27 ¥} ©] =9}t
ok oleidt AFAEL W FAEA d2A W
polyamineo] 238+ a7 243k Ao 2 Atz Hr},

A
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