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ABSTRACT

As a part of the study on the relation between exogenous polyamines and various components
necessary for protein biosynthesis in the germinating maize seeds, the effects of the polyamines
on protein biosynthesis and ribosome activity were investigated. The protein biosynthesis activity
by 5-30 containing all components necessary for protein biosynthesis was increased by exogenous
polyamines, spermidine, spermine and putrescine. As the concentration of polyamine treated was
increased, the optimal Mg®” concentration of in vitro poly U-dependent protein synthesis system
was gradually reduced. However, the optimal Mg®* concentration of poly U-dependent system
containing optimal polyamine was 10 mM regardless of the sort of polyamine. It could be infered
that polyamines play an important part in protein biosynthesis in the higher plant, and that the
role of polyamines take partially the place of Mg** action. The activities of ribosome and S-100
in protein biosynthesis were increased by 46.7% and 17.7% with spermidine, and by 44.1% and
16.2% with spermine, and by 29.1% and 19.3% with putrescine. It could be concluded that the
increase of protein biosynthesis by polyamines in mainly owing to the ribosome activation.
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and Hurwitz, 1977; Igarashi ¢t al., 1975), 308 A4xtelA 4
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and Cohen, 1972), 18] & in wivo~l|4] aminoacyl-tRNA 2
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neki et al, 1975), £33 A= 4Fl(Gross and Rubino,
1989; Twardowski and Szczotka, 1939), o} %= w17

Zof|(Algranati and Goldemberg, 1981) *i3kS Fo 24
tﬂ-'ﬂ“é gadel] Fodgicln B3 glth. ¥4, polya-
mine2 %o ALAHE F7AA ZTEHEEER olv|k
4b2] misincorporation-g ZFiA|715L ZHlE ARE FHEel
deji}z = Frl(Morch and Benicourt, 1980; Tabor and
Tabor, 1982; Kurland, 1982; Hryniewicz and Vonder
Haar, 1983; Ito and Igarashi, 1986). &1} o}&] olm”d
a5 Aag 270 Vet 24 G dsde A
A5 yha] A R ergk o}gh aminoacyl-tRNA7} glH&o
Agste 27 Al AEHL PAAATH o] T4
2% DAAE fefshke R ¥ s giekThompson
et al., 1981; lgarashi and Hashimoto, 1982; Thompson
and Kalim, 1982).
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49 AZE, a2, A 329 43 9 Agd
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g3 Agdsis 2P WA P ok RaEyd
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aeE 2 A7 Ade vl ¢AAE HEX
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0.01uyM CTP, 0.01uM UTP, 1.25uM PEP, 10 yg phos-
phoenolpyruvate kinase, 150 ug tRNA, 200 pug poly U,
Z8] 2 “C-phenylalanine-2- A £k z}+ o}n| 4} 0.0125 uM
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Fig. 1. Optimal spermidine concentration for in vitro pro-
tein synthesis. 5-30 was prepared from the shoots not
treated and treated with 0.1 mM, 0.8 mM or 1.5 mM spe-
rmidine. The reaction mixture contains 6 Ao units of
5-30 and 10 mM MgCl.. Incubation was performed at 35
°C for 60 min.

A17)2 1000014 20% EF FAEHAAY). YHEL
0.05% “C-phenylalanine©] ¥#+¥ 10% TCA £ 6 mLel
HAAl7)| 2 A Ee| Fo] 2l+ aminoacyltRNAS 7}
3417171 A4 90°CA A 1587 Fepsleich T =
0°Coll A Al 158 ZaF W2A)2) g 10,000g¢14 10
= AAEA A2 AAESE 34 0.05% “C-phenylala-
nineo] & 10% TCA S-d Aeha)A 919 2L o
Hem 23 AFsisich 44 & Loz JAHES 005%
2C-phenylalanine®] -2 10% TCA &< 6mLel @=t
271 ¥t Satorius membrane filter SM 11306(pore
size 0.45um)oll <i=stel e faledc) $aA"
dlas 2o TCA S90 2 43]) AA% 5 membrane
filter& F el T2 AEAF] th& scintillation £-<4(PPO
3g POPOP 100 mg, toluene 1,000 mL)sl| 4] 59 8ka}
& Beckman LS 100 Liquid Scintillation counter® 2
Aste] FAR whlAde) ok Aslelth

ChEol Mak  5-30, =lE4-Eeld, 5-1009] A
Warburgs} Christian(1942) shgel) 2lsic}. g+ hg X
Bradford(1976) #FHa} Lowry(1951) =Hdel gslidx A

ZFigdeor TE I BSAT AMgshelth
BR A EE
A MEHdel] FEE DlRl= polyamines] s,

S-300)= 2]®2%, mRNA QY protein factor 5 =hmal o)
el Fddle FAER] B EHE] itk a4
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Fig. 2. Optimal spermine concentration for in wvitro pro-
tein synthesis. 5-30 was prepared from the shoots not
treated and treated with 10 uM, 80 uM or 150 uM sper-
mine. The reaction mixture contains 6 A unils of S-
30 and 10 mM MgCl.. Incubation was performed at 35°C
for 60 min.

oA ggadel ek wlHc)sl ¢eizl(Tabor and Ta-
bor, 1982, 1984) polyamineZo] A1 E]] Spgeel| 4] 2]
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223l AP A (Fig. 2), putrescines 8§ mM= =g
AT M(Fig. 3) e bz A 5S Beict ol
ApAl2 cield 3o o kg w)A & spermidine™} sper-
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M, 8mM 312 #HajFz 9k
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Augt EFE vlH=A] getdEr] $13te] polyamined
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Table 1. Optimum Mg®* concentration for in vifro protein synthesis system including polyamines. 5-30 was prepared
from the shoots not treated(CON) and treated with 0.8 mM spermidine(SPD), 80 uM spermine(SPM) or 8§ mM putres-
cine(PUT). The reaction mixtures contain 6 Asgp units of 5-30. Incubation was performed at 35°C for 60 min

Incomoration and
increase rates

cpm/6 Ass units of $-30

Rate of increase (fold)

Mg?* concentration CON SPD SPM PUT SPD SFM PUT
1mM 240 334 302 228 1.39 1.26 0.95
5mM 390 442 430 460 1.13 1.10 118
10 mM 482 1040. 900 762 2.15 1.38 158
20 mM 496 580 522 550 117 1.05 111
28 |-
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Fig. 3. Optimal putrescine concentration for in vitro pro- 4 ) t ! L ! L
1.0 2.5 5.0 7.5 10.0 12.5 15.0 17,5 20.0

tein synthesis, 5-30 was prepared from the shoots not
treated and treated with 3 mM, 8 mM or 13 mM putres-
cine. The reaction mixture contains 6 Az units of 5-30
and 10 mM MgCl,. Incubation was performed at 35°C
for 60 min.

FEol4 polyamineo] -{# =} e & Zatgo] oS
Fth= 2 125(garashi and Morris, 1984; Mitsui et al.,
1984; Ito and Igarashi, 1990)3} n}FA7}z|z wE4EFe
S5 A= polyamined whid AP £H47)=
27l glvie A ov|ghel w8 A9 Fgg A e
& Mg o]2% %7} polyamine] 7l ulzl 20 mM
14 10 mM=E o]53le] vjehd zle 2 ¥} polyamines]
] il PAE FAA)7)E A5 ¥Rt oh2l Mgt
o3} ojr Ae thHHe] 28g 4 9k AT 9oke
Abd-g s T3 9l o] polyamines] Mg2t o]-23)
A =] 2ggveE B(Rosano and Hurwitz, 1969; At-
kins et al., 1975)%} % Hg=ch

Mg®* 0|2 =&ol| thét polyamine| thx| &af.  Po-

MgCl, concentration ( mM )
O ; 0.1 MM sperrnidine
—ua; 0.amM spermidine A-——a; 1.5 MM spemidine

&—a ; control

Fig. 4. Replaceable effect of spermidine to Mg®* in pro-
tein synthesis activities of 5-30. The reaction mixtures
contain poly U and 6 Asp units of $-30 prepared from
the shoots not treated and treated with 0.1 mM, 0.8 mM
or 1.5 mM spermidine. Incubation was performed at 35°C
for 60 min. @—®, Control; O~0O, 0.1 mM spermidine;
-, 0.8 mM spermidine; A— A, 1.5 mM spermidine.

lyamine2 Mg** o] 23} iz =] 2ha-g & Qe afE
7WA 2 sltkz 2 dFHEE sl o HEkA A
ol zad g A AAE] gobr] 98ted polya-
mineS% FEE thEA HHF ST FRAA 4L S
30% Fejsty AAe oAl g e Mgt o)y ¥
=g wEA R4 sl a F45-8 zabekedt Fig 444
B vhe} 7o polyamined 2 shA @& thzToll A=

s
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values [ x100 )
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1.0 25 5.0 75 100 125 185 175 200
MgCl; concentration ( mM )
*—@ ; control

O—0 ; 10 uM spermine

®——a ; 80uM spermine a—a ; 150uM Spermine
Fig. 6. Replaceable effect of spermine to Mg?* in protein
synthesis activities of 3-30. The reaction mixtures contain
poly U and 6 Ay units of $-30 prepared from the shoots
not treated and treated with 10 uM, 80 uM or 150 uM
spermine. Incubation was performed at 35°C for 60 min.
®-®, Control; O-17, 10 yM spermidine; W—M, 80 M
spermidine; A — A, 150 uM spermidine.

20 mM Mg?* ol mor e wula 452 B
9111, 0.1 mM spermidine-Z #z)g AT 4E 15mM
Mg?* o] 5=+l 4, 0.8 mM spermidines =3 A$=
10mM Mg** o]2¥ %o, 28z 1.5mM spermidined
AT APTAME 75 mM Mgt o] sola] ezl
A %ol #HIA2 Jelytz, =§ spermine®|} putres-
cined HEF APz v FAS BdF 9=
(Figs.5 and 6) o] 4] 7}#] polyamine ®ES-7] Mg+ o]
27 dix=o] A4g = vl ARdE eh) £ 9tk
t}ul 0.8 mMES 1.5 mM spermidineg ==]3F -5 4],
80 pMEr} 150 pM spermine-g Az Ao, 2R
8 mMur} 13 mM puirescine= &gl 5302 o] 85l s
o chila ghadso) ki FAEte Ao JehgEd of
2g} A2 olm) rlAEd) EEo A deizl X 1(Rosano
and Hurwitz, 1969; Atkins et al, 1975)%]8 TE54lE2
i)zl §H4d A o) 4 & polyamine Mg?* o]-& ko] s
tld Ao ngt dAHe Agahe 98 =
AMAS Al F A 9l
2242 S-1002| 4o o|xl&= polyamineEe] Fath
Polyamineo] el gAde] Fo% FAERE 5
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CPM values {x100)

/| 1 1 1 1 1 1
10 25 50 75 10.0 125 150 175 200
MgClz concentration (mM)

*—a ; control b0 ; 3MM putrescine

»—; amM putrescine a—a;13mM putrescine

Fig. 6. Replaceable effect of putrescine to Mg?" in pro-
tein synthesis activities of S-30. The reaction mixtures
contain poly U and 6 Asg units of $5-30 prepared from
the shoots not treated and treated with 3 mM, 8 mM or
13 mM putrescine. Incubation was performed at 35°C for
60 min., @—®, Control; (J—0O, 3mM spermidine; H—H,
8mM spermidine; A— A, 13mM spermidine.

il AEde] B AH RS RolEx] Lol
%, polyamined H=)sx] e ol=T4) 3717 exoge-
nous polyamineg A 2|3 AT welFql ST HE
2k BalEd S302 824 2luss S-1008 Zwlshed
o] 5% AAe thial FAdAe] o]Lsle] polyamines)
AL Aysigch

Polyamine-2 Mg** o]2:% sl Agslz u
2w Y] ZEgS 2314]7]9 308 £kejAe] = 7%
A Ee A et 5 oglng fida gud
45 <432 m)A™(Cohen and Lichtenstein, 1960;
Weiss and Morris, 1973; Igarashi ef al, 1982), =izl
T4 factor52) B4 Koneki et al., 1975; Gross and Ru-
bino, 1989)3} aminoacyl-tRNA synthetase¢] 24 (Lovgren
et al., 1978)e) = Hofgtriz dedx] 9lch Table 204 B
ule} zke] 0.8 mM spermidines A zlg A F=HE 2
24 2P ¥ S51008 ¢]8sgS 74 Y“C-phenylala-
ninee] polyphenylalanine©. 2 A== ke o z=Tof B
sted 2h2h 46.7%, 17.7% tv] wgti, 80 pM spermine2
Aejgk AYpe o 4.1%, 162%8 2715 veEldz,
8 mM putrescine2- 2§ 4G Tl d= 2+t 20.1%, 19.3
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Table 2. Elfect of polyamines on the activities of ribosome and S-100. Ribosome and $-100 were prepared from
the shoots not treated and treated with 0.8 mM spermidine, 80 uM spermine or 8 mM putrescine. The reaction mixtures
contain 10 mM MgCl,, 1 mg ribosome-polysome and 0.51 mg $-100. Incubation was performed at 35°C for 60 min.
The data indicated the mean values of two experiments. * and ** correspond to samples prepared from the shoots
not treated and treated with polyamines, respectively

Incorporation and

increase rates cpm/mg ribosome Rate of increase (%)

Components of Spermidine Spermine Putrescine Spermidine Spermi Putresci
in vitro system (0.8 mM) (80 uM) (8 mM) permicin permine utresane

Ribosome*

S-100* 1070 - 1080 866 0 0 0

Ribosome™**

5-100* 1570 1556 1118 46.7 441 29.1

Ribosome™

S-100** 129 1255 1033 17.7 16.2 19.3

Ribosome** ’

S-100%* 1679 1690 1246 56.9 56.5 43.9

%9 715 B9 4 spermidine .2 A2lE w3 bz gAe] Wedg BE THEAL 2T 9l 5302

S-1008 TAld Aol whatzal g o] Lslg]e AS o]-5-gh whuld 44 %52 polyamineE <l spermidines} spe-
o= vy -Gl ¥)Ele] ok 569%, spermineS =g 7 rmine 2] 3l putrescine?] A7LE <ls] Z7}slelc). Sper-
Selli= ik B6.5% 1|31 putrescined ¥ AL= oF midine gl TE2F Hi=Z2 Z71x e wal poly Uz
43.9%2) Z7lES Bev) olel e Ade TEAE EAqshe DEE 4949 Mg o)R 2 sn= Fx2
4% polyaminee] Mg+ 0] M3 elBbe] Hihsle] & dastdel 22t #HA polyamineES §-5-8 poly U
Aol edgkg Fowa) DA g8 Z2x1a)70, 51000 0 SlE mhul gl 8 HAH Mg" FEE polyamine 52
protein factort} aminoacyl-RNA synthetase S-¢] £4]ej FFe) #A%e) =F 10mM o]¢lc}. Spermines} putres-
E olx AHn o P& Frie AMAE ZEFD 9ok cineo] &l P4y Aol o)A EIE spermidines)

o2 polyamine2 2 ¥l 6082} 405 AT E 77t A48} wlLslgich welA polyammeEt 31“"1 =9 &
TEET 2FY #4L A9 A G4Ae g 2H Ay FAdel Belslm] 2T Mght o]fe] HEHom

stof oji] A9 A7) polyamineo] 95te] HAEHERE WA Ee] zhgebs Guhe Ffdich s YgAe] 7
TEE Aelvh =g w4 42 o} E 3] Z aminoa-  AEAN R S1008 BT spermidinel] o3l 4]
cyl-tRNA A A3 ghala 4 7)) A A akaladel] 2] e 27t 46.7%%} 17.7%, sperminee] 2]l 2l 44.1%<}

polyamine &3} @ 352 AHF&Ae] }eIs polyamine 16.2%, putrescineo] ojs)4] 77+ 29,1%2} 19.3%7} 27}
E55 mAbE] Welopnt EAlge] bzl ghAe] o)gh sl9ic}. PolyamineS-2 =gl 2 R&g HFAdsta)zleny
polyamine®] =H&7|z-% AFs] @al ¢ & ZAe=E 4} il FA4-8 F24700
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