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ABSTRACT

The intracellular localizations of polyamines and their related enzymes were investigated
from young spinach leaves. Polyamines were present in all parts of plant cells, both in the
subcellular organelles and in the soluble fraction of cytoplasm, however, polyamines were
mainly located in the cytosolic fraction. Most activitics of L-arginine decarboxylase(ADC) and
L-ornithine decarboxylase(ODC), two important enxzymes of putrescine and polyamine
biosynthesis, were detected in cytosol fraction, while in subcellular organelles the activites
were very low. Activities of diamine oxidase(DAQ) and polyamine oxidase(PAQ), the
catabolic enzymes of diaminc and polyamine, were not detected in spinach leaves. It was

suggested that polyamines and their related synthetic enzymes were located in the soluble

fraction of cytoplasm.
A =

Polyamine2 AE, FF Y o)A ZF EAste dAzdEA R A A pHel A ko]
202 Apae] SANE @ WA 25p AT DAL LISAATL G414 THL
E7 A7 024 Aol 2edFhol(Altman e al., 1982; Bagni er al.,1982). =38t polyamine-
DNase, RNase5-2] & A3 G40 shil 4 B8 T 42 B4E dAstn g4k & A 517
E gch(Galston et al., 1978; Galston and Kaur-Sawhney, 1980).

o] 2lell = polyamine 4§ A We] TAAHEF o2 A Fol-Earoupdt AFEl HTFEE ]
#4715 (Altman, 1980; 1982 a, b; Naik er al., 198035 A <d 4|3 FrHSmith, 1982,
1985). 53] polyamine 41E2 Eztel Wl A &k xﬂ %‘3 Z %) (Cohen, 1984; Torri-
giani et al., 1987), WZE3] (Jarvis et al., 1985), =k A5l (Bagni et al., 1981; Prakash
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et al., 1988), Hj k4l %E_(Montague et al., 1978; Feirer et al., 1984 )59 vlekdt 755 vbEl
W ot

Polyamine*d 843 ¢ key enzyme2 arginine decarboxylase(ADC)$} ornithine decarboxy-
lase(ODC)E <™ gl o= (Altman, 1982; Cohen, 1982) diamine oxidase(DAO)%}
polyamine oxidase(PAQ)el] 2|3ted Ea = o] pyrroline FA4 st AL 2 &= Y vt(Smith,
1985).

o] Az} Zbo] polyamine?| chekdh el A 7| ol el A o F7) sl o] Fe{A 2 9k
Zeivt, ol FA] vhoFdt 7152 YERl = polyamine®] 4 Eu} F2ol o g T+ 3] ol 9]t
A Z o] t}(Bagni and Fracassini, 1974). w2t4 £ ATl 4= 45244 A 22 polyamine?|
AW EZ9) polyamine®] FA LA ADCo ODC22| 2 2all E43 DAOY PAOS] Al

FarlaE S45E 2480 24 polyamine®] Ve & el F 752 o]sd] =fo] Hi

# shgiet.

Mz 2wy

s

AsiE B Aol A AREEE A 2] (Spinacia oleracea)w Al Foll A TLE AR Aol
4emA =9 A4 T YRt A-E3soE

HExel 22 Al FA Yo 2He] 52 Fel= Tewari(1979)8] 8hy-& ol &3l &=l
el A1ER] Y 100 gl 400ml®] 2mM EDTA, 1mM mercaptoethanol, 0.1% BSA, 0.M
mannitold & 50m M TrisHE&H (pH 7.8)% &3k homogenizer(Nisei AM-8) & 15,
000rpmoll A 1027 TR A4 AT 642 AZ=2 o341 A zooxgoﬂ A SR} A4 el g 4R o
& oh4) 800xgol A 1587 AAET okl & YAEE crudedd T4 2 A-L355F ol P
2 Fe|g GEAloAs 17.5ug/g - fr - wt. 2] chlorophyll°] 7 %]:5] ¢l =d] o]+= entire cellel]
EA 5= chlorophyll®] 68%¢l = 515 o

#of 2l M2 Chen'(1975)% W& 7122 sk Felshch AEA4 1509 %
300ml¥] &8N A(25mM Mes-NaOH pH 6, 20mM KCIl, 20mM MgCl:, 0.6M sucrose,
40% glycerol, 1% monothioglycerol, 10mM Mercaptoethanal, 0.02% Triton X-100)¢] & =&}
o] 2,500zgell A 2087 A Re| 3 AR ES crude¥ 0 7 A}E3Hg v o] Wiyl o2 Fe|d &
ol 4= 0.27mg/g. fr. wtd] DNAZF 2%E¥ o=l o|= entire cell] &4l sk DNA2| 87%¢ll
) skl vt

Mitochondria2 2|  Mitochondria't Douce’5(1977)8] #hed-&- o] £314sf 100 g 2] <&
z| 9loll 400ml2] 0.M mannitol, 4mM cysteine, ImM EDTA, 0.2% BSA, 0.6% PVP7} &=
0mM MOPSE-£8 (pH 7.5)¢ &35+ homogenizer(Nissci AM-8)% 15, 000rpmei] 4 10
27F TRAEAZF 639 A= KA 3,000xgell A 5E7F A Ee] 7 A A 12,000xg

ol 4] 2087+ A4+ ‘5]-"" oh AAESE b4 Y /51'3 Sgolol] geksle] 1, 500xgol A 10
H7 2l A2 gt AbZ g 11, 000xgel] A 15427k G422 dl¢] -2 A EF& crude mitochon-
dria® AFE-3tgirh o] w0 = Fe|g} mitochonclriaoﬂ AE 4dunit/g.fr wt.®] succinate dehyd-
rogenase F4 27} YEHE 2 H o] entire cellll A Vel TABA R 53%¢l 3 woksd
o}
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offt
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Cytosolic fraction] MZ  Cytosolic fraction®] A Z+z Bagni®(1974)¢] #}4& L4 HE
of 288k AlEAY 1g€ 2mM EDTA, 1mM mercaptoethanol, 0.1% BSA, O.M
mamnitole] E&H 50mM Tris-HCI%HZ-8-4 (pH 7.8) 5ml¥ 411 glass homogenizer & "Hﬂ
=10, 000xgel| A 2087 422 gk A2 o & vh4] 100, 000xgel A 9022k &4l Lel gk 44
ol o] cytosolic fraction® 2 A&Etgdel. o] w{o 2 F2e cytosolic fractiondl 4+
DNA2} chlorophyll-& AEFH A ¥UIT RNAT O.21mg/g.fr.wt.7]' vEFYE e ™ succinate
dehydrogenase®] 4] 55 vielhba]l woket

Polyamine?| =% 3 HZ  Thin layer chromatographyoﬂ 213t polyamine?| #E ¥ Az
Gorens (1982)2] why & W sl ARg&sbgiet, 4 5% perchloric acidg 7Fske] =hahaint
& o] g-sled 4Toll A sl shsiet, k& 42 12, OOOxg-§ 2027 dAlEelstel 2 A
S AEHo 2 Agalydet Al A28 100 4o dansyl chloride(5Smg/ml in acetonc) 200 zd
o} 3 E3LE NaCOs 100 118 AP 2 4lof 12417ke] 4 A&l 4 Fxjelsied dAlshd
of, 225l A 2ol 50 «] proline(100mg/ml)-& H7Fshe] 3047k bAoA wpxEF #lAl R
dansyl+ =4 & %35 o] F 100 plE TLC plateoﬂ HAgtgdel, AME] £ALS
Chloroform: Triethylamine(25:2, v/v) 2.2 140 Lo 02 FF4] 8o} w] Taled Fof o]
A ethylacetate 4mlE £Z4] 74 electron photoflorometer( A EX =360, AEM=500)ll 4} & %7
=5 A8k

F

i,

Diamine oxidase, polyamine oxidase2| %£Z L EMTEX  Pigmine oxidase®t polyamine ox-
idase° F%-2 Kaur-Sawhncy$-(1981) 4] 2 {33t 4k&3t9 ek 0.1M K-phosphatest

ol (pH6.5)ell 4o LrapAbErg o] Safed 4| 2% whsl st mhal S8 £ 12, 000xgell A 10
27k AR Ehed QL AR B L T a0 Afelgct. T4 FYEE Smith$(1975)9

\./

uhyl-2 W ete] 2351927, diamined] putrescine™+ polyaminedl spermidine, spermines
Z1A 7 sfe] A4o Y|4 wWHEE H.0.7F peroxidaseo] 2]Fled 3kslst=l A guaiacole]
tetraguaiacol 485 = FEE 415nmell 4 FHEL F7E S B4k 0.
IM K-phosphate$t5-8-o8 (pH6.5) 3} 25mM guaiacold 10¥] 3} 4 3t peroxidase(19units/mg) 2+
EANE do| H3]7} 2, 8ml=l A s} 35+2°Col A 182k A A 2] g oF-, 20mM2] diaminest
polyamine 0.2mlS 7}5}ed _8'_&_3&%—% Azbstgdvh, TAZAEE tetraguaiscold A FE
415nmol) A FA5 Y 45 gL% tetraguaiacol®] &4l 26, 6cm ™ + mM ™ (Chance
and Maehly, 1955)el] 2] 3}od L%é}eit-k.

Arginine decarboxylase, ornithine decarboxylase®| & 2 EMT &H  Arginine decarboxylasc®}
ornithine decarboxylase®] % % T4 % 42 Alman$(1982)%] wydll wie} A& &}l et
422 10mM phosphate buffer(pH 7.2)°ll 0. lmM DTT, 1mM pyridoxal-5’-phosphate, 20mM
Na-EDTASe] 3=l Sefol @1 mh#) 3t 5 12,000xgell A 20422F LA 28k 2 42
£ Fisloz Agalgdeh EARES-E phosphate buffer(pH 7. 2) 300 1, L-{U-4C] ornithine
hydrochloride(Amersham 0.125 #Ci, 285mCi/mmole), L-]U-*C] arginine monohydrochlor-
ide(Amersham 0.125 « Ci, 324mCi/mmole), E 4 200 £ 12cm*?] center well®] 8= flask
off 2% gliconeh & =ke} 37Tl 6027 yb-S4 Ak o)d L% £ “COr2 methylben-
zethonium hydrochloride 100 15 E3] Whatman No. 1 paper(lem x 2em)el] T+ ek 60
¥7F 4k82-417) kg perchloric acid 5% 88 2 2 #hg-S Fx] 4 A A water bathell 302zt %
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4] 7] % whatman paperE cocktail solution'd I liquid scintilation counter(Packard Tricard-300)
2 ks S35k
2 ¥ nF

MZL polyamine®] 2XE  Bagnie(1974)-% Pisum sativum®] etiolated epicotyls®] 73-$-
polyamine-2 particulatc fraction®} soluble fractiondll 25 A 3}zl ul 2 solube fractionsi]
EAE Zlelzta F&3ak ) o, McComnick(1978)2 524 %4 79 spermined of 25
of Wefl EA St bl xl= ribosomeoll 2= o] 914 Foleln Rusly 4 ¥ polyamined)
A Lol ) A= AL DA Yz ek webd Bl Foll Ak o 2 e ok
A F28) o8 o o=l e @34, mitochondria, ¥ 2| cytosolic fractiond E-uldled L
ekell ZA3}= polyamine?] <b& £ 59 eh(Table 1). 1528 Yoll= spermidince] A3l
polyamine?| 60% % 7}2 Bre] ZA 6} spermine 24%, putrescine 16% 9] T2 5 lepyt
o}, o] = Bagni®} Fraassini(1974)7} Al Z2] & A &2 polyamine?] & ZA 8+ 3o} §41s}
125

A E47] 34 polyamine®| FZokatell tlgt od o4 =17 9 =4, mitoochondria, #2]
crude fraction® 24} polyamine?! oF& 43t el ¢l EFof4S ol F w315 &
Ho 288 polyamined] $£EE dolrmzt slgd ot o) F9 crude fractiond] 4 Z3LE 23
.2 ok8] polyamine®] &7 3} 7 WH—roﬂ 4 Z4), mitochondria, ¥ 72 3 clA 717 &=
Ade AYskr] kol dEAdE A4l polyamine?! 1.6% AXr7t stz giglo
spermidine®| 70% & 7+3F BEskel. Mitochondriadl & A A polyamine?] 0.5% & =7} &2 549

polymammev] T4 ¥l 2= spermidine 83%, spermine 17 %] 31 . putrescine- & = = &9k
oh. @l e ZF polyamine}?] 0.3%7F £ 5% 3 mitochondria®] 73-%-} =pakrtx] 2 putres-
cine> A 32| ¥k S spermidinest spermineo] 27 95%, 5%& A Sl AU dF
A, mitochondria L2 Hofl polyamines] F3] H-& ko2 Z3)| 5=
ANt Al polyamine®! 82%7F EAH3FA.25 polyamine®] &4 & putrescinel5%,
spermidine59 %, spermine 26% % spermidinec| 7}Ab Bsgkeh, ol4be]| Anl® A|FA ] A4

2|
polyamine2 % 53|, mitochonria, #-F2] A ZL7[Hef| & T4 EAde 322 elgde

¥k cytosolic fraction
[=]

Table 1. Polyamine contents in the entire ccll and in the subcellular fractions from spinach leaves.

. PUT SPD SPM
Fractions _—
- mmllefgfoowe

entire cell 4,25+0.124 15.5540.10 6.400.117
chloroplast 0.05+0.011 0.300.018 0.0820.02

mitochondria trace® 0.101+0.007 0.02%£0.014
nuclei trace 0.07£0.005 0.003£0.001
__cytosol 3.1740.132 1260£0.101  5,60£0.125

pur: putrescine, spd spermidine, spni: spermine

a: trace means the contents less than 107! pmole/g. fr. wt.

The table shows the results of representative cxperiment that was repeated on two other occasions with
simifar results.
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v ol = fractionol crudedt AojzlE A ) polyamineo] ©}7}oko] 8] 548 71z 1 A 4 7]
8] b HA ZEE 7 3222 cytosoldd] EA] 8t polyamine® 2R ¥ contamination
© bt AE gkl 5] WA 5 gvh del4 A Yol 2 E= polyamlner 7]
Ho] A ZAL goluble fractiondl] 2Este] ol= o2 szl

DAO%} PAO2| EHEEE A X polyamine% diaminedl prutescineS diamine ox-
idase(DAQ)e! 2|8l aminoaldehyde® Eaf == o] =t-g] pyrroline®] & 4 5l v} (Federico and
Angelini, 1988; Galston, 1983). &%, triamineg] spermidine 3 spermine- polyamine ox-
idase(PAO)  ¢]#l 1, 3-diaminopropanc3 pyrroline2.® 2 FtH{Altman et al., 1982;
Birecka et al., 1988). Polyamine oxidasc= ¥ 3} 4 m9—] Qo4 BAES FA el
(Smith, 1977; Federico and Angelini, 1988), *h& %-2 whaled 4l Bo] v} =} ed 4 Bol| 4= &

Ao] vlelvtA] 2 (Galston and Kaur-Sawney,lQSO) ZHd] £ 5= F 40| Kaur-
Sawney et al.,1980). Diamine oxidasct dubH o2 E3lal o4 ZAE EA viehte]
(Galston and Kaur-Sawncy, 1980)4] 2] E=eofl sial A& el 2= groh, xF71x 9
diamine oxidase£} polyamine oxidasedll tﬂﬁl ATEE o] A TEA, o}, E3} 59

A Ago] Vel T4ATDAFY zaPolw wale aEl 2 Zo)ch(Federico et al.,
1985a; Kaur-Sawney, 1981; Lin, 1984; Smith, 1985). =tztA & o Foll 4= 4122 4 2] 4] £
o}

= et

polyaminc®| 2o} ¥ diamine oxidase®} polyamine oxidase?] Al T A X 23 E
X3z} §49] vl(Table 2). v, AlER 9 od de A= polyamine oxidase o] 2Aan
W2l %9k diamine oxidase®] A E s A felyboh

MEZAZ|2E ADCRI ODCe| 22 E F=7 o] 422 7% diamines) putrescine-e o 2.g
ornithine decarboxylase(ODC)4ll #|# L-omithine2 288 34 5 = (Bachrach, 1970; Pegg and
McCann, 1982; Prouty, 1976) putrscine .25 triamine%! spermidine®} terraamine$] sper-
mince] T4 & =H(Altman et al., 1982 Cohen et al., 1982; Smith, 1985). &, 4] sl A&
arginine decarboxylase(ADC)oll &]3ll prtrescineo] AR ehe= ] 1 Al e] et
(Heimer, 1979; Torrigiani ef al., 1987). 12|}, <] ZEd0] GAFHA defvie A A
+ T35 ornithine decarboxylase(QODC)ol| 2]}l putrescine®| ARt <X 9l oh{Cohen
and Mizrahi, 1982; Kaur-Sawney et al., 1982).

= F7h=) 2] arginine decarboxylase®} ornithine decarboxylaseoﬂ it oA T2 A2 A
HEo| dojrhe 2AH0)Y 4 2o #E s} YT o] e (Cohen and Heimer, 1982 Feirer et
al., 1984; Slocum and Galston, 1985)4] ] Al L4738 4T = A de™ 2z Fo)
Kyriakidis(1982)= ¥ 2] & A 5 & ornithine decarboxylase-= M3 DNAE 715 9= A E24
7=l EA 5, arginine decarboxylase+= cytosoloﬂ 28 el 4| 4ksF v} gleh

r]r rL|ru

a z,%o]

jL8

Table 2. DAO and PAQ activities of spinach leaves.

DAO ) PAO
units/mg protein-min

spinach leaves 0.001 ND*

Enzyme activity is expressed as units-mg protein™'»min™' One unit of activity is the amount of enzyme
which produces a AAgs of 0.1 in 1 min.

a: not detected
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Table 3. ADC and ODC activities in the cntire cell and in the subcellular fractions from spinach laves.

Fractions - ADC QDC
nmole*CO:/g. fr.wih
entire cell 10.06£0.013(100%) 4.39+0.016(100%)
chloroplast 0.27£0.004(2.7%) 0.08£0.002(1.8%)
mitochondria 0.21£0.003(2.1%) 0.13£0.001(3.0%)
nuclei 0.19£0.003(1.9%) 0.10%0.001(2.3%)
cytosool 9.463+0.024(94%) 4.040.018(92%)

The table shows the results of representative experiment that was repeated on two other occasions with

similar results.

Table 4. Specific ADC and ODC activities in the entire ccll and in the subcellular {ractions from spinach

leaves.
Fractions ADC ODC —
nmoles" ' CQO2/mg protein - h
entire cell 12.50£0.067(100%) 6.2510.042(100%)
chloroplast 0.30£0.008(2.4%) 0.14+0.003(2.2%)
mitochondria 0.34+0.012(2.7%) 0.18£0.004(2.9%)
nuclei 0.31£0.014(2.5%) 0.16£0.007(2.6%)
cytosol 18.92+0.097(151.3%) 9.540.054(152.6%)

The table shows the results of representative experiment that was repeated on two other occasions with

similar results.

2 ATNAE 8 AFAYS AER 4| E47 38 polyamines] 2 (Table 1)2} ¥
arginine decarboxylase®} ornithine decarboxylasc®] AT 473w TALAHEE golB gir}
(Table 3). 4232 2] ol A= arginine decarboxyalse®l 24 =7} ornithine decarboxylaseg] &
AERct oF 20 wA vebsteh ol 24 AF2 Yl 42 polyamine?] A& F2 arginine
decarboxylase?] 7 BE Fa dojubohz AL o £ Qleh A TL7AEE LG EE 4o
2 arginine decarboxylase®] 7% 9 24, mitochondria, #all4 77 entire cclloll 4 et
T EAEBAES 2.7%, 2.1%, 1.9%2] 2457 VElbEow cytosolol A 94% & & A4
E7F vhebybet. ornithine decarboxylase®] 7% arginine decarboxylasesh 418+ ak4ro 2 4
4 %4, mitochondria, Fell 4 77 Aa] ELFA ] 1.8%, 3.0%, 2.3%2 FAl Vebyto
= cytosolell A 92% 2 o) F-F-0] BATXYE I cytosolic fractionol 4] vhEbstet, EAF arpi
nine decarboxylase®} ornithine decarboxylase®] specific activityS 4+ 8,71 (Tablc 4)entire cell

Al A B} cyrosolic fractiondll A ® BL EATA T} el o) endre collol] A ViER
v Z48AETE F484A55 A3 2o cytosol®} FAIHA Tl T e gpbeellular
organelle?] homogenate7} 4104 9l AFe} ol 7 3 cytosol fraction®] w7 oFo] entire cell® Th
2 Aol Zlalste Aztebn ALERoh ol AHEYE arginine decarboxxylase2
omnithine decarboxylaset= 7 &] w) -20] cytosolel] E-E5 o] ¢l o 5= 9l o= o] Table 1
of] 4] A Ty polyamine®| cytosoldl] X% o] glote AF4el] gt 7 & A48 F= Asiel
S R L
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H 2
"] FA2 oAU S ABR A TLr A EMFE polyamined] ok} polyaminc®] <4 &4l A4 5=
AT AELIAE BYEE 2A4a k. 4239 el A spermidines] 7HAF gk spermine,
putrescinef] 22 polyamince] Eal5tg el 9 F4l, mitochondria, dell 45 23] A9 polyamince]
ZA) 3t S E52] polyamince| cytosolol]l EA &l vl
Polyamine®] ¥4 E43 ADCS ODCE| 7-¢ ADCY B4 =7 ODCEA T el oF 24 AT = 11

Bheh. o] 24, A Yol 42 polyamines] G4L F2 ADCE 4 2E Sl o] Tojxlcke AL @ +
Aok Al zL7304 ADCS) ODCY £33 4w d ADCE A2 % Eall, mitochondna, 3o 4 77+
2.7%, 2.1%, 1.9%4 5+ @& FY =7 Jepyod cytosoldll A& QA EAZH ] 9497 Je)ut
©. ODC®| %% ADCSF 79 f4kik 440 vhebuleh. a4, polyamine?) 28] £49) DAOS PAO
o G AL Yvebba) shgkeh o] AR AslE A FA Aol sl polyamine-2 cytosolel] 4] 4 &

of 2 F4ak£q) cyrosold] Exdlm gt Aow <)
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