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Effects of Polyamine Inhibitors and Polyamines
on the Adventitious Root Formation from Soybean Cotyledons
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In order to study on the effect of polyamine inhibitors and polyamines on adventitious root formation, the correlation
between adventitious root formation and polyamine levels were investigated in cultured soybean (Glycine max L)
cotyledons. Adventitious root formation was inhibited in medium containing 104 - 10-2 M polyamine inhibitors such as
a-difluoromethylornithine (DFMO), e-difluoromethylarginine (DFMA), cyclohexylammonium sulfate (CHA),
dicyclohexyl-amine (DCHA) and methylglyoxal-bis (guanylhydrazone) (MGBG). An inhibitory effects at 102 M MGBG
were much higher than other treatments. Treatment with 103 M MGBG plus 105 M spermine led to reversal of the effects
of MGBG alone. The polyamine levels were sharply increased in the first few days in each treatment compared to control.
The remarkably increasing polyamine contents were observed in medium supplemented spermine.
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Jarvis £(1985)-& Phaseolus aureusel]| A polyamineo] -4
T Frx8 27 AFHAA A Aol dglom,
Friedman 5(1985)2 *%2] &}uwj&6|A indole-3-butyric
acid(IBA)ell 23t ¥4 JAA 24 W polyamine?] <)ol
F7ra shgioh 28y o|2|3t polyamine> 1 A FHA
A& v ZA A8 B3 A glovt s[fe] B3 24 A
Sl daiME ob FEF A7) o] FA sUA ok

Al Eo]| 42| polyamine A &A4]-2 arginines} ornithine¢]
arginine decarboxylase(ADC) £} omithine decarboxylase(ODC)
£ E3}o] putrescineo] A= ¥ (Evans and Malmberg,

1989) e]u) A A= putrescined S-adenosyl-methionine
decarboxylase(SAMDC)¢l] 2}3}e] spermidine¥} spermine. Z
A 3k=1H(Smith, 1985). o]={gt HA Al polyamine®] A
< A= EA=Z a-difluoromethylornithine (DFMO), «
difluoromethylarginine(DFMA), cyclohexylammonium sulfate
(CHA), e-dicyclohexyl-amine(DCHA) 2% methylglyoxal-bis
(guanylhydrazone) (MGBG) %o| ¢2x ¢lxd DFMO:
ODCE ##l(Metcalf, 1987)5t12 DFMAX ADCE A3
(Kallio, 1981)3}ed putrescine®] A& A &)3ps CHA
(Evans and Malmberg, 1989) 2} DCHA(Biond et al, 1990)=
spermidines] §AE Asshe Aoz BeA Yo wa
MGBG*= spermidine®} spermine?] ‘Al Q83 &
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3 SAMDCE oA|sted o] &2 A& Adfste Aoz
<2{# ¢]c}(Alhonen-Hongisto et al, 1980). 28|22
polyamine®] A3+ HA £AE H3ted o]2f3t polyamine
4 AAAE H-3] A4t 23 o polyamine §F&
dfAE A 4 A HzzE FAT FAA poly-
amine®] 2h-4- ofsflof] Ego] & ol

olo] we} ¥ A¥-E polyamine 34| 2} polyamineo] -
A2 WAl viAE e Yok LA AT B4l &
olgt dF Y AHE o]43td FAL YA vA:
polyamine #| 8] ¢ 8L ZA}st t}E, spermidined}
spermine #| 3] A<l MGBG¢| putrescine, spermidine ¥
spermine 5-2] polyamine$ §7 A2jsle] MGBGS| A<
A4 AAlel o3t polyamine?| F-A 35 &3} §A 2}
d A% W] polyamine geFate] AAE 2}y

ME Wy

Al
=

]

AME 2 J|=HiR|

N (Glycine max L. cv. ‘AY') FAE 1Y% & A
FUo2NE FoF whol Atsle] QbAoA 5Y7F ol A
720 F F 3mme ¢ HAE e ALY A2 A
9gjom, 5x106 M NAAZ} 5% 107 M kinetin®. 3 ZAJsh &
A A WA (Ha et al, 1990)& 7]z AF EH|
o2} polyamine I polyamine ¥4 A& = HE A
2| 5be] AR}

Polyamine X{s{jA] &k TA}

Putrescine g4 #8)4)¢] DFMO2} DFMA, spermidine &
A A sjA|¢] DCHA$} CHA % spermidines} spermine 4]
XalAlel MGBGE 104-102 M SE2 ¥RT 94 ¥
of §A Az2]ated polyamine A A A7t FAL Aol

o X o ekg 2Rk
MGBGO]| CHet Polyamine &k ZA}

Spermidine®} spermine®] 3tAl A ¢l MGBGE A2
4o o2 polyamine AslA19] 3% A} Aol aheh 4
AZ PAo] 93] GAE 105 M MGBGe] putrescine,
spermidine, spermined- 7tz 106-5x102 M 58 ¥A 2
A wizlel @A Aelsle] polyaminee] MGBGS] FA
Aol Yt 3% Koe 2Abskch

Polyamine &l2F H15} ZTA}

MGBGo]| 98} polyamine®] o338k ZA} 7 wje| whe} AL
A 3o E3E B9l 10° M spermined- 7]E2 8 e
¥4 =% putrescines} spermidined Zt7zF 103 M MGBG7}
e FAT A Al $A Aelzted A AHE W
kstiA A: f polyamine §ef M-S 2AFsI oL

Polyamine2| =&} Mzt
Polyamine®] %3} A=k Goren $(1982)¢] vl o]
4-3ld polyamined TLCZ #2]3t 3 ethylacetate 4 mLE

£-Z ]9 electron photoflorometer (A EX=360, A EM=500)¢]|
A 9% =z 24
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HA4 34 WAl polyamine §43 AHe|AE A es}ed
HET 1 79, 718 AFe 270 AL B
A HAZ A A4 HEE z2AECHTable 1), A2

Table 1. Effect of polyamine inhibitors on adventitous roots formation from soybean cotyledons after 2 weeks of oncubation.

Concentration(M)
Treatment
0 10-4 5x10+4 10-3 5x103 102
Adventious root numbers*
Control 68.8+3.2 - - - - -
DFMO+DFMA - 42.8+4.3 39.2+36 33.7+39 12407 03102
DCHA 23322 187+25 143+21 52408 23106
CHA - 295+39 190+26 80+14 25408 06+0.1
MGBG 235435 125+1.3 08+05 necrosis necrosis

*Mean+S. E. M.
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Table 2. Effect of polyamine and 10-3 M MGBG on adventious roots formation from soybean cotyledons after 2 weeks of incubation.

Concentration (M)

Preatment 0 106 10 104 103 102
Adventious root numbers*
Control 688+32 - - - - -
Putrescine - 09+04 08403 24403 17405 1.8+04
Spermidine - 28407 27108 20+02 05+02 Necrosis
Spermine - 33+04 84+18 55%09 10401 necrosis
* Mean+S. E. M.

EE A= FAA BT FAol dAEAEY 104 Mol
= DCHA¢} CHA %% 2|77} DFMOg} DFMA &4
ZiiHLE‘:} FAT YA A A2t AM E& ATt
2Tl vlste] 38% A= A" o Hlste] 2 6% o
5% A= qAHALH 5x103 M ool Ao ¢4A
3 FAT fAol A wEe #E AA H=Ex
CHA, DCHA ¥ DFMO$} DFMAZE & A+ £tk
&9 MGBG #2179 #A2 YA A3 AF=e 104 Mo
Al DCHA A2|+¢ Hledtgdoy s27t $748es F
7t e 103 M A4 o2 AzTde g 4] 54
< Ao AsEUA L 5x103 M MGBG o] 49 Fxo
A Aol #ekdo

MGBGO]| CHEF polyaminel| &t

A& o83 polyamine zjsjA|e] AY A} ¥
< k3] 9Ag 10° M MGBGE Egshe=
HHZI of Z+7+] polyamines WEZ Aeldle] ¥
=2 f#A3}9dvH(Table 2). Putrescine EA] #]
103 M FxollA ozt FAT §Ae] 3 EH9)
99 FEoME MGBG F5 AT} 855}
AT A5 297 A9 g9 102 M A oM
FAZE Ao AL 235 g7 vjYAH o Z B FE o]
vhebyte}. Spermidine F-A] X2}t putrescine 4] AT
9} ¥lwsle] 106-104 M F=o|A oF 2-37]2] F-A o
YA} Aasgon 102 M A FodAe 2y AH
o] FAtsteiet. &t spermine FA| A FollME G
polyamine X e} 7R} F-AZo] wol A=Y EH 10° M
spermine X 2]A] F-A o] 7} vhol A E o] 2T ¥
sled 12% A= 3|EFHoH 104 M A E H&
polyamine®] 2|79} w]@slo] 2] AT FAfo] YA
At 102 M A=Al 2k FHo| FAapsiet
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Putrescine it Hi§}

J27< FA4T ¥A4F9 MGBG A7 9 MGBGe}
polyamine FA] *2]F-o| A putrescine ¥aF W3} FFS 2
polyamine A A2 F7} ME A debgoH
MGBG AHe|T& b4 Aelstsle(Fig 1).

| &7-2 putrescine FeF> wiok 192 F71 ol F dA s}
A A4E Wb MGBG M2+ wiok 1gee 2732
putrescine &rako] wHolor} 1 o] F FZ23}e] wjok 3o
2o vt 16w F7hak F 2 W3t o &9
putrescine FA] A2l wjF 19 FF o F sHud
%7+t 2.0 spermidine -$-A] A2} -2} spermine FA| ]
T 20U ool fabste] Wik 2974 §E5 ol
o F2Egl e putrescine FaE A Wi 7S B3
o) MGBGS} spermine®| $A] A2 77F 744 gobM wied
2ol 2Tl vlste] 34wy 7hF F7bsidok
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Figure 1. Changes in putrescine contents on the effect of 103 M
MGBG and 10-5 M polyamines during the formation of adventitious
roots in soybean cotyledon.
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Spermidine &2 B3}

27 9 ZE A2 FA veld spermidine FaF W3}
AL Thae] Aol7h IAeH(Fig. 2). AETNME W 1
dA Tha F7IE F wd FHA w3 gle] A £F
& fAst9en MGBG AT A A F3ko
HxFHet woton putrescine T4 A TE AR A=
Fob Ak S vebigieh €8 spermidine $A] A2
T3} spermine FA AT FARE FFE vehdiof
spermidine FA| X2] 72 7% sk 1] 2Tl wj3t
o 156 F3 ol F Fastderl W 6del oAl £t
&92n spermine $Al HelFv ZE AT T M ¥
obA wje} 297kA] 2Tl wiste] 2u) FFF ol F i
sactzh ek 69 GAl FF3AR
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Figure 2. Changes in spermidine contents on the effect of 10-3 M
MGBG and 105 M polyamines during the formation of adventitious
roots in soybean cotyledon.

Spermine &2k 8435}

MGBG# spermine §-A] A5 A g o229} v
7 A2l 7o)A vpehd spermined] F H3 FAZ HE
FrAbstdeH(Fig. 3). d2TFelAE A 2s ga Fls)
T %S Bolen|, MGBG AHzT 94 e Wz F
o] ot dAH s Frlehe AFE Heid ey A2
Fofl wlsted Aujek 717 F<k w2 b putrescine §A]
A 2] 7t spermine §4 AT WA W FA> dx

T} fASht spermine k-2 vha E9ket 3HH spermine
A AT W 29717 2ol w)ste] 20 JlEF ¥
3 ol F Al At} 6dA oA Flsle A
vehiiglen et #4-& Fstod spermine o] 71
Fut
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Figure 3. Changes in spermine contents on the effect of 103 M
MGBG and 10> M polyamines during the formation of adventitious
roots in soybean cotyledon.
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o5 Aol A2 polyamine FA A ajAle] 2 FAL
A 94 DFMOst DFMA =+ DCHAY CHAXRtl:=
MGBG7} o &E#A-eloA] 103 M MGBGAA] #AZ §
Aol Brh AA|EE o2 vepgei(Table 1). 53] F34
2 YAE s dAd MGBGE spermidine¥} spermine
FA A#Al ol =2 MGBGo| &3t AT FA JAl=
polyamine & A7}sle 2% W H2] spermidinee]i}
spermine & FAsA YAT A JA7) 35E A
2 7|9k o]ol polyamineo] -7 Ao wlA &= A}
E oo} Hy| $8 whie] d&kez ¥AT PA o] A
gAFe" 103 M MGBGS} 37 putrescine, spermidine,
spermine 5-¢] polyamined 77 &3 Azste AT ¥
Aol wAe FaE 2

MGBGel| 93t ¥4 34 Q)= 105 M spermines A
F3 FxolA putrescinec]1} spermidine A e]F-eff ¥]3}e]
FAZ YAse] AfHez 3)EFH=H(Table 2), o]



g spermine®] F-AL A FE EI: Kakkarel Rai
(1987)7} Phaselous vulgaris 3w &:el|A] spermine A &|7} %
AT 78 F7MAIvE A ® X3 ahelA oY
gAY AHE wleko 2 o F-A <) spermine A 2}7} o7
FAT Aol FesteA] dol B st d2TFE ]
a8 7 ATl A g AT oE A dH WY
polyamine ¥ W35 ZAl3F A3}, MGBG A T¢ 75
putrescine - x 79 vlwste] FA epbd wid
spermidine®} spermine®] & WA yJehdeh(Fig 1).
A4 o] 7% putrescine FFo] A viehd 7 diamine
] putrescine®] #-3 H4 diamine oxidase?} MGBGe) <] 38}
o] &) A}o]m(Yanagisawa et al, 1981), spermidinez}
spermine §gke] w2 A-E MGBGe| 2|8}e] spermidines}
spermine®] Al AZ7} A 7] W] E.2.2 (Alhonen-
Hongisto et al, 1980) FA¥lch =3} spermidines] v]s}ed
spermine §aFo] A A2 wgtd, |71 MGBGY}
SAMDC®] #X48 7}¥3slA Ase spermidined
spermine®] WAjH FE BT ZH4A]F]A) 8 spermine]
b2 ©% FAAEH: Torigianis} Scocianti(1990)] 2
she} QA ssieh

3 MGBGE 28 spermidineo|i} spermine®] A4
RS W2 ethylene A4S ZAHATI7NE sped (Lee
and Park, 1988), o} F #}4jo] MGBGE A=lgt 7359 ¥
Apgd zel ethyleneS A 2|8k %ol 9le}A] polyamine®] ¥
§ WS $AD S dehiteh F o AUz
ethylene %2} A] putrescine> FZ8} 3 spermidine} spermine
< #7238 (Lee and Chu, 1992), H 5 #4 AHe] A5
X MGBG * 32 putrescine(Fig. 1)-2 F%3}} spermidine
(Fig. 2)3} spermine(Fig. 3)- 7taslgie) =3t o] A4 o
Az A3 A vy g5 2y AYeY Hee §
AT Aol T3] gAFH

MGBGe®]| 77+2] polyamines &3 Afste] 27 W
polyamine ¥%-& WA ZE o, putrescine FF(Fig. 1)
2T Hlste] RE A FeA FU%3L spermidine(Fig.
2)9] 7-+% spermindine FA] A 2]F-2} spermine FA] A 2|
T EF TR g5l usten, 1 $7t FAE A
gl ot A 3¥A- spermine FA] HE|TFoAul 3E
=91 eH(Table 2). 28] 3 o] 7% sperminette] FA3HA
Fgol FFALd (Fig 3), oJ=4 MGBGel| 2J3te] o
AL A% A9 FAZ A5 spermive Aol 3}
of F-3H2g 35, o|uf K-U3}A spermine FaFutol
F58t= 722 n]Fo] spermined] ¥ F7P7 A ¥
A3 WA Fho] USE & 4 U 2B ¥ AYgx
el A2 7% putrescine - F53 uhH sperm-
idines} spermine F7slE FAHS JEMH o9 2z
98] A1A-L ethylene®] ZH Aol 2&-o)v} putrescined
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spermidine ¥+ ¥ 3} ¥ .o} spermine®] 7hAe} WA 3
o] 9l A2z vpehtAl(Lee and Chu, 1992) A2 3§
A& spermine §HeF F7lel S Hbe whd, B z}qixe
A2 2.3]8 spermine®] FF Fraol & e AR
vhebdel o[ H B Adx AR 9 MGBGe| 93 4
= 34 JAA el polyamine §F W3} w]Ld AL
vepd i FAZ A A AR HE A
o]t A#HE veplolA] FAL YA A o spermine T
o] F7kat ubd ¥ Az AAAoE 2w R 7HAEE
Aol EAAelet & 4 9leh o] 24 spermineo] z}Z Al
Aol FAZ A Wt FoF A4S e AL &
T oded B39 A7 Ay AHe AT Ao dME
o]2|g spermine®] F#F W3Tro T YA A oA
o} 3185 F83] A9 4 9ok F spermineo] o3 ¥
AL ¥4 IF AFde dE2TFo) vlst FE3R Zen
=3 spermine FFE fE T wldle wj§ & Aoz
u] o] ethylene §, & 2.4l 23 44 4= & 7o
2 2234,

8198 de Agazio(191) %= spermidine x| polyamine 3}eF
o] 713y 3192 GalstonZ} Kaur-Sawhney(1990)
ADCE 2EH A EA2A Gofst oY ATl uh$-3led
AEo] AEHAS Hhom FA3lE o] putrescines 3]
AAdste ADCe] 4 F7lel] oe gy $4E S8
o3 s, ol=gt dA FAe] FAT YA 3
S A F AE Aoldt B APeME spermidined EE
spermine X} 2] Al o] & putrescine ko] FrlEgoem g
ADC 84 7Pt FAT 34 R3S ez 1)
t oo webd FAZ Aol g spermined] =}
4ol SlE 722 7| EHY spermined 7| H3 53]
AT A nt BolslA 2H4sl= A o] ohz 449
Bz ADFAANE AZEDE EA5E ALE nFo
(Dumortier et al, 1983) spermine2- H-A 2 A ol|ul Eo| 3}
A Z4st7] Boe Qb AlE 29 E31(Heimer et
al, 1979: Phillips et al, 1987) 5 2z}5 22 HAZ 3 Al
Fef3te Zos FAEH.

o] e Aot FE& F3he] MGBGY 93l i F #
4 A" FAT 3§45 A7} sperminel] &3l F-E
Aoz 3EHE AL 23 W spermine §F F7le}
o] 9l L= A7sn, oo #3} spermine¥} ethylened]
Aol A& 77} oS B4F oz Asdy.
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Polyamine g4 #8j#] 9} polyamineo] -3 3 Ao nf
A oS Aotz U F 2 AL o] &3} 5x10-
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6 M NAASF 5x107 M kinetin®.2 ZAg B4 A )
Aol polyamine §r4d #siA} ¢} polyamined 3 2isted poly-
amine A#Alo o FAZ YA A FAT FA¥
3 8- Zabstgch AT ¥A iAol e-difluorometh-
ylornithine (DFMO), a-difluoromethylarginine (DFMA),
cyclohexyl ammonium sulfate(CHA), dicyclohexylamine
(DCHA) % methylglyoxal-bis (guanylhydrazone) (MGBG)
E.e] polyamine 4 AHAL 104-102 M $E2 98 =
&4 Aes 45 103 M MGBGAM FAZ 34l 7+
7‘" AAFgon 103 M MGBGe| 7 polyamined #2]3t
ZAz} spermine 105 Mg §A] A FAZ A 5ol o
3145 lc). Polyamine 332 dj 2Tl vlsle] 2+ AT
ol Al Wik 27]ell 73] 57}81912™ spermine 54| A2
Tl A 7+ polyamine §Fe] F7}7t 7H} @A s

Al A}
B d7s 190U 283 szaedFaAgn 2

SJae] SeHgGIe. AT Aol AR,

I =
ol 8 & d
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