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ABSTRACT

The effect of polyamines and methylglyoxal bis(guanylhydrazone)(MGBG) on the activity of dia-
mine oxidase was studied in soybean (Glycine max) seedlings. 1072 M of putrescine, spermidine,
and spermine inhibited diamine oxidase activity, whereas 107 M putrescine increased enzyme
activity. These results suggest that diamine oxidase can be induced by a specific substrate, putres-
cine. The content of putrescine was increased In response to the increase in concentratioin of
MGBG. In wvitro, 40% of the diamine oxidase activity was inhibited by 107°M MGBG. In wvivo,
the diamine oxidase activity was increased by a low concentrration of MGBG. It was suggested
that MGBG inhibited the formation of spermidine and that the accumulated putrescine induced
diamine oxidase, whereas the diamine oxidase acitivity was inhibited by a high concentration of
MGBG. It is suggested that a high cocentralion of MGBG increases the putrescine comtent by
inhibiting diamine oxidase activity which is responsible for putrescine degradation.

M E

Polyamine& &E, 45 9 n|AE4 A== E22
Az ke Fed =A9LS shs ez 49
(Tabor and Tabor, 1984). Polyamine Fof £3}e B
o= FZ putrescine, spermidine=}, spermine®] ¢l.2™,
A2]3 pHell4] polycation® 2 A&t Az clepalt
£ol-2A AAA Fx, A, 7156 g v|idz
o4#4 ek (Smith, 1985). o &5, polyamine2 =49
phosphate group® H3tste 23§ Hale] 2}, 33 F=o

¥oAFE A= o 7u)(880510) % SaE A gl
il ety {33t
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2382 v] A} Polyamines B3] sl4F FoflA] GC7} B2

DNA 4§l od2] 7}2] RNAS} shahdbcl e B =9] o m(Iga-
rashi ef al., 1982) polypeptide A& Z=zlA)zlcli o
21 H H(Igarashi ef al, 1978).

=3 polyamine-2 A #|vhalE 3] §Hlc). o &S, sper-
mine thylakoid membrane®} A &-slel membraneg 3t
AeA17c 3 B =9 Popovic ef al., 1979). o gt B-
glucan synthetase, B-1,4-endoglucanase -2 4 TAHL
771z 238" vp gl (Cho ef al., 1985, 1988).

Smith(1982) = putrescinee] #Aa] 5 Z5AE2] Aats
314 7lvlz Byslgl. Huhtinen $(1982)-2 orni-
thine® putrescine Alnus glutinosa®} A incana®} me-
sophyll protoplastell4] A £Ed-2 Z215}=]gk, spermi-
dines} spermine-& HEAAEL Z=A8)7] Hok= 239
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& velfictz B wsteth Bagni 5(1983)-2 Quha
2 AlEA A polyamines] Frw= ByslA sk
Aol A Eotx R a1t}
olel Ze AAWNS polyamine®] FEE FAR Lo}
Ealadol 23] <fgkS wred), polyamined Ffse=
B Aol putrescined E#] 5k diamine oxidase®) sper-
midine, spermine2 &3]5}= polyamine oxidase?} &)
gt o] 4w BiFo 4] £, 58 2pid
X3 (Smith, 1970), #Hele] 7F, AlE% (Kaur-Sawhney
et al., 1981) A & AL Vepdchy nuH v 9o
Hill(1971)-&- 2oz 9% EEZA diamine oxidases
westAl HAste o] Art P o2& Eiels A
14 » usieie). E£% Yanagisawa S(1981)-& &5 Alwj
Zof| 4] diamine oxidase”} & i o] 3%2 A Il
B 23te ). Diamine oxidase= putrescine % ¢}t]2} ca-
daverine, spermidine=} spermineX E#5}7] wlFej A
FU ¢ polyamine ¥EE ZA3cky ¥ aF uwp g)or]
(Smith, 1985; Federico and Angelini, 1986) Sarivastava
=(1977)-2 %Akl 4] diamine oxidaser] putrescine=}
spermidine]] ¢]s] f=Hcly B waleich o|dle] o &
A [AAS] AR #ZHEsle) tryptamined [AAZ A
FHA 7= FAFtl= Bax glch(Srivastava el al.,
1977).

3hH, methylglyoxal bis{guanylhytdrazone) (MGBG)+
S {4 E-ol 4] spermidines} spermine §HAlel] ok
decarboxylated s-adenosylmethionine2 A= T4mal
s-adenoxylmethionine decarboxylase (SAMDC) 2] 3| 7
2 4= AL B opJzH(Smith, 1985; Suzuki and Hira-
sawa, 1980), 259] AMlEol4d putrescined 2=
diamine oxidase$] QAAE= &8 9l (VYnagisawa ef
al., 1981). MGBG:= A& F<ke] A4#AS oasis] o]}
Ze H§ale gpermidines)] ¢# i) B w st
gl = (Galsky and Kulpa, 1983), ¥-%¢) 2e] 342 4
eln Bl FAe 27] DA oA polyamines Z7}4)
oe R e leb(Jarivis ef al, 1983). L#v A7)
AA A7t putrescines] Fekol w2 o Ha}h g4 ==
FalEre] Ao A= Akae] A4z FA of B
B3 A7 9 E7 AFH e

H AFE HF 4] oA putrescine Ee] & A<l dia-
mine oxidases] 4L AAaA FoF A2 diamine
oxidase®] 7)& & 24351 polyamines A 3he] 7)Ao
g Z4 e fr=f Faslaa) st} =] polyamine 2
g B ise #A-S oAk MGBGZ} putrescine
8] %9 diamine oxidase?] FA¢] v]zE FTkS T2
3 AE BHA o R-F doly 1zl dgch
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AEAE. AT A= Kange Cho(1990) 4 =y
& A3t AT (Glcine max) & FHFE AAE
A2l FFel 242170 debFglet. o19A Mg o
5 v A MR " A 4]e 713 20T
el el A FizhEds AR T A

< AATL FAES PR A AMskedch

Polyamine ™ MGBG #&l. 4547 AZA|7 5SS
sslo] Al A7t §48-2 9dglrh 5 mM potassium
phosphate(pH 5.5), 0.1% Tween80e] polyamine E=
MGBGE # F5EZ YoF 100m/ £ Ag-L Al
718 FA% 10ge 23 20Tl A 9-124]7F 9k 4413
FE) FHA woksledct AE]89L putrescine, sper-
midine, spermineS z}zt & 7 107°M, 10 ¢ M, 1072
M=A stgw, MGBGE= 107°M, 10°°M, 107*'M, 1073
M=A stelch

Polyamine & %l Hztb

Wi

fle

Polyamine F& o A=
Goren 5(1982)9) #hH& wWHaslod Algsart Sl
32 s AEAE 02g9 5% perchloric acid 1mi
7}ale] AP o)43le] ulsign) vla)gas 12,000
Xg2 2087 s1algelsle] o A3eds Aaglen i)
4shedeth #l9] LE 3L 4T A pafaledch Ak A
24 200 Wb £39 NaCO; 200 e Brhgh 3 2 40)
el A 12412 o] 4 b E]sled dansylation ]} ub
2% AlE9] 100 W proline(100 mg/ml) < Hrlspe] A&
oA 308zt dHF & 2hg-3R] o2 dansylchloride &
A Astg ek Dansylpolyamine-2 300 W #A 02 23]
o] & 200 WE silica gel 60 plates] AAstgch AR
chloroform: triethylamine(25 : 2v/v) 2 T3 =78
2 F3slyeh

Plates] w}eld dansylpolylamine band3 x}2)&el)A
E7 Ags) vlwsle] FoUl F ethylacetate® £54|7
excitation: 360 nm, emission: 500 nmE H P} g =]
3tk

Diamine oxidase®] HM|Z=. Diamine oxidase: Smith
(1983) ¢} W& Wdste] F&sidrh 22 50 mM po-
tassium phosphate (pH 6.5)2] skag942 7lgt & iz}
Abttg Algste] wld sl ol e ) Fe) A=
AE F 12,000X gl A 308-7F fAlEa]de] o Az
waed Argdlglcl RE FAle 4TeAA sl

Diamine oxidase2| ®H|.  Diamine oxidases] Mzl
Kang®} Cho(1989)%] ®hgel wet AAstedch

Diamine oxidase2| &4 £ Diamine oxidase2]
2442 Smith(1983) 2] 4h-& W3l sle] S3slgd o, pu-

]
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Fig. 1. Change in putrescine content in the soybean see-
dlings without cotyledons as a function of seed germina-
tion.
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Fig. 2. Change in diamine oxidase activity in the soybean
seedlings without cotyledons as a function of seed germi-
nation.

trescine2- 7]& 2 AR8-5}e] &Aool sl wEs H.O.7}
peroxidaseo] £]&te] guaiacolo] tetraguaiacol® 4+3}E|=
HEE 470 nmol| A FRE2] ZUME SAHstoh A v
2ol 50 mM potassium phosphate #Z&-2-<4(pH 7.5)7}
20 mM guaiacol ¥ 5 unit peroxidase®} 4L E s}
0.95 mle] A sheict

49 w22 100 mM putrescine 50 W2 spste] A=t
shedth 49 1lunits 470 nmellA] 12 F9F F4: &
10 WistA b= B4 <o ® Asch

cen) Mek 2 Age] BE A gdae BF
Lowry(1951) ez A=kdlgy, 4o Iyl
& oz algsle] 540 nmell A FAFIch

Az ¥ af

S MEEE 9 putrescinee2| EH2knl diamine oxi-
dase2| M HEl.  dNT(Glycine max) e HAAAH F
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Table 1. Effect of polyamine on diamine oxidase activity
in soybean seedlings without cotyledons

Polyamine Cone.(M) Diamine oxidase
Control 100
Putrescine 1078 156
104 103
1072 22
Spermidine 1078 85
1074 79
10-2 25
Spermine 1076 105
107 54
1072 20

Various concentrations of polyamine were treated with exci-
sed soybean seedlings without cotyledons. Enzyme activities
were measured 9 h after polyamine treatment.

of, Atd& AT FA Eoll A putrescine?d] T2 el s
A2 484)7igkel Hme] ek vely e, A7l
Askgtel] olal zhisled 120413 o]FE 9A FES
2z shedh(Fig. 1). 39, putrescine Fs| &4 9] diamine
oxidase®] FA)L o} Azt F Zrlsle] 120 A7HfA
H o2 #A48 B 4 gl Az} g wet Ao
Ze x5 $A39HFig 2). 0|2 AfE Heol ol
z.7]ol = putrescine ¥8ko] Fo} A|7te] 7 Fle) wle}
Zradts, =3 o] A7) putrescine 8] &<l diamine
oxidase®] &Ale] &A vehloz o] @4y} A& put-
rescine?] ez Adl| Feiq zlo B AlgFch
Polyamine0| diamine oxidase®| §4lof Olxl= H&k
4597 437 N (Glycine max) 2] A& AAY F
AlEd polyamineS FEE=E ¥t F diamine oxi-
dases] A= 3E Fag A3 1072 MY putrescine, spe-
rmidine 28] spermined AU wel] BF <f
80% AAAME vhelyEd o= Z=ke] polyamine 7
o 1% EAgAe] opdrt Alg Rl 9bE 107¢M#] put-
rescine2 A2} 52 diamine oxidases] &Aie] Z7lsh=
Aoz BFEEd(Table 1), o] 71Hf 2 a0}
fEgohe A AAlE Fa gich o)e e Za=
2k= 219 9] diamine oxidaser} putrescine} spermidine«]]
o3 s==vhe B3 (Srivastava ef al., 1977)9 Adolst
=gt el%izled o] diamine oxidases] ¥t 71A Eo]Ae)
B Bl glenz 7laAEe)Ae] Aol adE a4
Frzo HalAde A5 5 gk e J5FedA A S
AAF 5424 diamine oxidase™ polyamines(putres-

F !

cine, spermidine, spermine) %el4] putrescinecl] £]#]4]
T fEHE AR ARdch
MGBGZ} putrescine X 2} diamine oxidase2| ghdo]]
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Table 2. Effect of MGBG on putrescine content in soy-
bean seedlings without cotyledons

Putrescine contents

Cong. of

MGBG (M) nmole/g. fresh wt (%)
Control 137.6% 11 (100)
1076 1574+ 7 (114)
10-5 1752+ 8 (127)
104 195,83+ 10 (142)
103 20669 (150)

Various concentrations of MGBG were treated with excised
soybean seedlings without cotyledons. Enzyme activities
were measured 9 h after MGBG treatment.

Table 3. Effect of MGBG on the purified diamine oxidase
activity from soybean seedlings without cotyledons

Concentration of Relative Activity

MGBG (M) (%)
Control 100
10-¢ 99
103 86
104 80
103 63
Olxl= g MGBG~} polyamine D]ALe] HAAA= B

28 olF gg dFr) Al =g A vk MGBG>T putrescine
=9 Es|E4e diamine oxiadased] mR= ¢d3ke] AF
E ol dwAe] deAd A AT AAe B
A 92 Aok B Aol AE 4597 A o
T2 Ag-g AAT FAE] MGBGE A3 o
putrescine =2 W35 B Az MGBGY F=7}
=7} 2 putrescined] §Hefo] Zrl5l= Zlo g2 F49)
diamine oxidase2] 34 Zhiof 7]=1EF A QRS otolr 7]
fa) ¢4 B2 &A% diamine oxidased] Ao n]X=
o3 8kL olu gl E A3 oA A3 diamine oxidase:
polyacrylamide gel A4bel 4] 4] w] & v}el) oo, Ralake
70,000 dalton® £ Kangz} Cho(1989)2] Z=}e} < x| shql
). AA15l diamine oxidaser= MGBG®) F=7} Z7}g ]
e} &Aje] zha-gled 1073 Mol Al 43849 oF 40%7)
Hase AxE vbedck(Table 3), o]¢} zhe Hi:
ST Al Eelj A 2] AAF diamine oxidaser} MGBGe)
s A= Yanagisawa(1981) 2] B el <=5t
MGBG= % A& 2 oz} diFs wSdla Ee
A7} diamine oxidase?d] ZAE ATt = AL &
glaledc) In vitroolA] diamine oxidase?] #AL =o
FEql 107°M MGBGe] 98 JA=EE 72 Hel in
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Table 4. Effect of MGBG on diamine oxidase activity
from soybean seedlings without cotyledons incubated for

12 h in buffer containing various concentrations of
MGBG

Concentration of Relative Activity

MGBG M) (%)
Control 100
1076 120.0
10-® 175.0
1074 175
1073 N.D.

N.D.: not detected.

vivoA| M 52 =2 MGBGe) 24 diamine oxidase2)
ZAe] dAE 7oz Arsgoh 4547k A7) o

o] Al AAI H4]%e) MGBGE == xaar

% diamine oxidase?) TA4-L& FHA F=}, 1075 10°°M
MGBG €=R|A]«|= S-adenosylmethionine decarboxylase
(SAMMDC) 2} &4 «jAldche= B st ¢iek(Pegg, 1983;
Suzuki and Hirasawa, 1980). SAMDCXE putrescine 2.2
8 spermidine FHsh= HAd el B2
diamine oxidases] #Ale] &rhdk o] 8= SAMDCY &
4] 4 7} purescine® ZHE| spermidine 4L A5tz
°]2 I8l putrescinesfe] Z7}=lo] =2 putrescinee)
diamine oxidaseE FE8l= 722 AlBFHr) o9 e
A7z Table 13 YA 3tqr). shlwh, 107 MAAHE dia-
mine oxidase2] #Ao] FA5] Frrdte] 1073 Mel4xe
A2 B34S EHe 5 glodch(Table 4). o9} e 2
= g2 MGBG #2)A] putrescine®] Z71: putres-
cine] E3]3F.4:¢] diamine oxidase?] Ao 7]213}
T Aog Atzdc)

5 @

HFe) 2gE AAG 2504 polyamine® methyl-
glyoxal bis(guanylhydrazone) (MGBG)7} diamine oxi-
dased] Zde) v]A o 98-S malsle ohgd e A E
24vk 1072M#] putrescine, spermidine=} spermine2-
He)std L dollis diamine oxidase?] FAle] ok 80% o
AF el 104 M2] putrescine Helgled-S weols &
28] FAe] FrlH Q). ol 7]A FelAe] & putres-
cineel] &)%) diamine oxidaser} =2 5 sivlz ALE R}
MGBGY F=7} 3713 wet putrescine FHako] 27}
=} In vitrool 4] diamine oxidase?] EA4-2 107 Ms)
MGBG A <F 40% A= ¢}k In vivod) 4 diamine oxi-
dase?] 4.2 AExs] MGBGA Zriggsd], o=
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MGBG>} putrescine ® ¥ 5 spermidine 34J-& < 4] 5}
o] als] =A% putrescine®] putrescine 2 Z5E| sper-
midine A& oAzl )& <s &AH putrescineo]
diamine oxidase® Fesl=s AL E AlaEd ¥, 3F
=2 MGBGo) 4+ diamine oxidase?] &4do] b=k
mebd] %2 e8] MGBGe] £]8] putrescine®] taFe] &
715 71-& MGBG7} pulrescine® 53] 5H= diamine oxi-
dase®] AL AAsk=H 7)elde AR ALFEFCL

g a2 = 9
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