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Effects of Methylglyoxal-bis (Guanylhydrazone) and Ethylene Synthesis Inhibitors
on Adventitious Root Formation from Soybean Cotyledon
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The effect of methylglyoxal-bis (guanylhydrazone) (MGBG) and ethylene synthesis inhibitors on adventitious root
formation from soybean cotyledon in relation to ethylene production and endogenous polyamine content was
investigated. Cotyledon explants cultured on rooting medium formed numerous adventitious roots on the cut surfaces after
2 weeks of culture, However, when cultured on rooting medium supplemented with MGBG, the root formation was
strongly inhibited, its inhibitory effect was reversed when cultured on medium with MGBG + spermine, MGBG + CoCl,
and MGBG + spermine+CoCl,. A slight reversion of the rooting inhibition was observed in 108 M MGBG + 105 M
spermine treatment, whereas it caused a significant effect in 108 M MGBG + 105 M spermine + 104 M CoCl, treatment.
Ethylene production and endogenous polyamine content was investigated in 103 M MGBG, 102 M MGBG + 105 M
spermine, 103 M MGBG + 104 M CoCl, and 102 M MGBG + 105 M spermine + 104 M CoCl, treatments. Ethylene
production was highest in 103 M MGBG treatment, whereas spermidine and spermine levels was lowest. Ethylene
changes in 103 M MGBG + 105 M spermine treatment was higher than control. In 102 M MGBG + 105 M spermine + 104
M CoCl, treatment, ethylene production was lowest, whereas polyamine level was highest.
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LA AEo] YA} g Ao ks g vl 9 AAM Axe A AT ¥dA] . Hd=Ed

= AE 2202 (Yang and Hoffman, 1984; Reid, 1987) SAMCS 2 HE ACC synthase (EC 44.1.14)¢] 98} 1-
JZ7h3E(Linkins et al, 1973)3 =% (Krishnamorthy, aminocyclopropane-1-carboxylic acid (ACC)E A &% Foj

1970y A AL AL FAAT)E AR d8A 9k
% polyamine> AEe] A, UF Fo A=A HA
Fodsle= Ao g od#jA] 9)=d(Palavan-Unsal and Galston,
1982: Shen and Galston, 1985), ¥-AZ A= Hedsle
&2 &7)(Jarvis et al, 1983), B(Jarvis et al, 1985), ¥
UF(Biondi et al, 1990) FoA ¥HZ AL AT =
ez oA gl

ol &l polyamine> FF & HFEHI S-
adenosylmethionine (SAM)..2 2E] WAHB S o] £ EA

ACC oxidased] 2|3t ZAEHw(Adams and Yang, 1977:
Yang and Hoffman, 1984), polyamine- arginine?} omnithine
o] A} putrescineo] &A% T(Evans and Malmberg, 1989) o]
o] A Al putrescineo] decarboxylated SAMe| 2}3}o]
spermidine®} spermine.®. & Z 85 c}(Smith, 1985). 3+ o]
3k o=l F polyamine?] AFF HA;AJo] ofsle] Parkd}
Lee(1990) & g wi kM Eeol[A] polyamines} o A3+
o] 4% AAAHeR AAYI 3¢ 2}, Biondi F(1990)
2 Prunus avium & A 3] A E 9 polyamines}
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ojeAde] A5 AAHLZ 2] vkl sy

ole] me} & GF% oA} polyamineo] B F 23 ¥
AT A vAEe 43 FALE ol BI] 93FH
methylglyoxal-bis (guanylhydrazone)(MGBG) ) g]A]&] A
= A AA7} spermined]] &J3te] FEA o2 IEY AL
27 Z(Han et al, 194) o= 34 5-S MGBGe £
A2t F AT P MY B 9%E 7™ CoCLE
MGBG$} spermine E3txg] ol A Aejsle] FAZL §
Aol m2 o= 3} polyamine FFHIZ Al

HE o Y
M8z o #2

Agel A" o % S Glycine max L. 4" )& 744
& FE AT NE Fok ol AMgEY. FAE A
k] dielA 547 el Al fAEY AYE F 3
mme] HHOZ whse] AFFE AAT 1A o] ztzt
2 Asled 25 + 1°C Aol A i oFsiglch

MGBGel| w3t oddl MsjA|e & xAlslr] 93}
7 A FAT YA wiA(Ha et al, 191) & H2F2 3
o] MGBGel| wigt polyamine®] F-A 3% Azt AP
23} (Han et al, 1994)5 <A4Z 103 M MGBG A g] -]
Jdedadl A A#Ael CoCl, aminooxyacetic acid(AOA),
AgNOs & 106-103 M =2 77 718l 2574 ok
A FAT I EEAE A =3 MGBGe] g
spermine?} CoClL2] °38-& ZAL3}7] $lste] MGBGe] gt
el iAo off At W3t A¥ A FAL HA
38 71 £7t E49 CoCLE 103 M MGBG A8+
7 103 M MGBGS$} 10° M spermine E£§a 8] Fo] w2
2 AEste 257k wiekspdA AL IFREAE 2AE)
oot ol A3} polyamine FEF FAbe HAT A
o] gelE: v} 64 71X EE R 2AbEgHh

s

O Elail AHA{2E

2. ooo

iV

o 2T 103 M2} MGBG$} 105 M2] spermine % 10-4
M2 CoClE w4 =+ E£4 AHest WiAE 10 mLA ¥
20 mL9| viale] W% 2p] A 05 g& W2 oS AYE
np 2 o} kAo A 3A|ZF wioFgt ol vial 9] 7)A 1
mLE FA7]2 A F38le] Gas Chromatograph(Shimadzu
GC-3BF, Flame Ionization Detector, Alumina Column: 100°
C, air: 04 Kg - ecm? carrier: 2 Kg - cm?, Hz: 05 Kg - em-
)2 A eksledoH(Yu and Yang, 1979).

Polyamine2| =&1} H2f

Putrescine, spermidine Y spermine®] FeFH3I}E ZA}s)Y)
Azt A F Age AAF 500 mgo] ice-cold®] 5%
perchloric acid(PCA) 25 mLZE @3 homogenizer2 -4 3}3}
F 12000xg2 2087 AARe3le] 1 YL AR
2 Al4359g 29, polyamine® AL thin layer
chromatography(TLC)E ] 83} Goren 5(1982)2] u} o]
w}2f electronic photofluorimeter{excitation: 350 nm, emission:
50 nm)ol | HFFES 2Hste] WY

z  a
MGBGO| CHaF Ol Mafm|e] st

FAL ¥4 dal7t 7b Alg 108 M MGBGell CoCl,
AOA, AgNO3 59 odadl A4S 2o FEH2 A
st FRAT YA A & FA3IATH(Table 1).
7+ A FelAel AT P4 BE &3 103 M MGBG
o] ACAS =82 7 g 3% 104 MelA 13% A
=2 34T I% Ayt B wen, CoClLd A4=
104 Me|A o 20%2 2 AT FolA 7H3 FAT 3
B &7 e AgNOs9] 7= 106 MejA g4 734
< & ) delgod g7t yoldsE HAE ¥
Aol o qAFHAY 24y AH o] FHAFsI e

MGBGO|| CHS} PolyamineZ} CoCl,2| &t

= 24 RAT YA MGBGe] o3t polyamine®]
S ZAbst A¥(Han et al, 1994)& ZAZ 108 M
MGBGe|| 105 M spermined A A= F FAZ 3%
37 748 Eokd CoCly(Table 1)E 22 §7 A
slo] AT FAL st cHFigure 1, Table 2). CoCl,
Exo ul XAZ P4 Ax: 279} vlwstd CoCl
=7F 74l wel BRAE FAo] dAlHel 104 M A
2 Aol e BT vlaste of 8% FATe] FAHU

Table 1. Effect of 103 M MGBG and ethylene inhibiters on
adventitious root numbers formed from soybean cotyledonary
segments after 2 weeks of incubation.

Concentration (M)

Treatment
0 106 105 104 103
Number of adventitious roots:
Control 71+ 23
MGBG 11 + 062 - - - -
MGBG + AOA - 54 £ 123 76 +323 102 + 114 98 + 209
MGBG + CoCl, 72 + 025 112 + 321 152 + 361 necrosis

MGBG + AgNOs 66 + 212 0 0 DeCrosis

aMean + SE.



Figure 1. Effect of MGBG, spermine and CoCL2 on adventitious root
formation from soybean cotyledonary segments after 2 weeks of
incubation. A, Control: B, 103 M MGBG: C, 103 M MGBG +
105 M spermine: D, 103 M MGBG + 104M CoCl,: E, 103 M
MGBG + 10 M spermine + 104 M CoCl,.

Table 2. Effect of 103 M MGBG, 10° M spermine and CoCl, on
adventitious root numbers formed from soybean cotyledonary
segments after 2 weeks of incubation.

Concentration (M)

Treatment
0 10-6 105 104 103
Number of adventitious roots*

Control 71 £ 232

MGBG+spermine 92 + 086

MGBG +spermine

+CoCl, - 92 £ 025 172 + 321 232 + 561 necrosis
aMean + S.E.

om, 103 M HA = ALl FAHA g
MGBG$} spermine &g 22 Fof 104 M CoCLE §H7 Ag
g A o8 ATy vlad A FHZ ¥4 &
A=l o 3% AHxe FATo FAHFHULH, MGBGS}
spermine &3 e FR o} 25 F7}stgich

3l A% ZE AT F MGBG @542 T
A ek 717§ g A vebdel(Figue 2). 28 A
el A wiok 1ol oA ke FA3] Frletd
7 wiet 29l HAH 8] R, oA e 3del= 34
3 F7ele ARE Helon, 3 o Felle EE AT
A AAH R Zpadke AEgE 2o MGBG ARTE
W 3o 2 TRt oD B o] 24 F= F7H3H4
2w, MGBG¢} spermine EFA T dRTEHAE o
¥, MGBG AFEAE w2 AFE By MGBG
% CoCl, A7 Wi 3d7HA & d&FRe o=
A dAE A vehdor, 44 o Fer dETE
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Figure 2. Changes in ethylene production on the effect of 103 M
MGBG, 105 M spermine and 104 M CoCl, during the formation of

adventitious root from soybean cotyledonary segments.

% ¥7 vebdh. MGBG, spermine @ CoCl, 327+
MGBGS$} CoCl, &322+ fAs AgS Relosl af
G 39 o] FHEE odd A F] sy, ZE A
g FAM oED AR Fe] A Wl

Polyamine atgf 5|

Putrescine §H3-2 2E A2} FoA W} 59744 F7Fst
A=HFigure 3). i} 397} putrescine FaFo] 2T
Hlgte] ZE AP ToM FA Jebted, MGBG A7t
Wk 59 o] F putrescine FFo] 7Y ¥ MGBGS}
spermine EA T wiF 5U7MA] A& Ftsiol A
8191, MGBGY} spermines CoCls} 37 =g A$e
27 59 o) F Zasiylek =8l MGBGE} CoCl, E&A
T 39 o|F £ 3} ¢l en], MGBG, spermine %
CoCl, &A= W 3d7HA F53 F 44 £F5
FrAE e, ok 597 putrescine §HeFe] EE AT
FolA 71 A Vet

Spermidine 332 ZE X2 7oA MGBG @542 T8
o A VeI, BE AT FolA FADL 3] Fe] A
Z9tyl MGBG, spermine @ CoCl, &E3A ] FeA
spermidine &2Fo] 7}A E9koH(Figure 3). MGBG$S
spermine E3FA = Wik 3U7HA F718EE 1 o] F 5
Ad7HA grasiglen, 59 o] Fel: R A3 Frlshe
73S Hvh. MGBGY CoCl, &£3AeF= MGBG#
spermine E§X 2|79} W3 A XA spermidine
9] k2 oA A Yehyde
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Figure 3. Changes in putrescine (PUT), spermidine (SPD) and
spermine (SPM) content on the effect of 103 M MGBG, 10° M
spermine and 104 M CoCl, during the formation of adventitious

root from soybean cotyledonary segments.

Spermine -2 7 A FolA wjoF 19 ol F Z W3}
AsicHFigure 3). 2E A2} oM spermine - A=
wef 19 o] F4E dA ¢FE FAsN E Wiyl Ad
oo, HxF-9 MGBG @5+ ulsle] spermined}
CoCl, E2}Tol4 spermine o] Hz|s] et ©f
FolM MGBG Agjol o3t FAT 9AA $ALZ 355
o] 7} =t¥ MGBG, spermine ¥ CoCl, E&j2] T
spermine ko] 71 A vebem, MGBG @A+
¢ spermine ¥3Fe) 7HA ook

Polyamine &l2HH|

FAZ A el F3F h2TE 7R 7 AYTY F
AL ¥4 A=xe| ot polyamine?] FFu|F xAMEAT
(Table 3). Spermidine®} spermine ko]l o3} putrescine
2Fu) (PUT/SPD+SPM) = MGBG Al FolA] 714 274
Bt AL 3] 8o 71 FUY MGBG, spermine ¥

CoCl, EgA2]FolA 718 @A velde}. Spermidinee] o

Table 3. Polyamine ratios during adventitious root formation from
soybean cotyledonary segments treated with 10-3 M MGBG, 105 M
spermine and 104 M CoCl, after 6 days of incubation.

Incubation days

Treatment
0 1 2 3 4 5 6
PUT=/SPDb+SPMe¢
Control 117 0% L2 121 173 162 175
MGBG 117 149 15 1% 25 298 339
MGBG+Spermine o7 1r 101 131 146 166 124
MGBG+CoCl, 117 106 09 130 150 157 132
MGBG+Spermine+CoCl, 117 104 093 126 151 164 119
PUT/SPD
Control 206 160 161 1% 276 259 274
MGBG 206 276 28 348 400 54 612
MGBG+Spermine 206 190 189 206 24 293 197
MGBG+CoCl, 2060 193 173 211 260 277 225
MGBG+Spermine+CoCl, 206 187 146 187 251 284 186
PUT/SPM
Control 270 24 274 314 465 432 486
MGBG 270 326 339 442 51 657 759
MGBG+Spermine 270 243 250 357 365 382 336
MGBG+CoCl, 270 234 232 343 351 362 319
MGBG+Spermine+CoCl, 270 235 25 38 381 391 334
SPD/SPM
Control 131 146 170 161 168 167 177
MGBG 131 118 18 1z 1R 121 1A
MGBG+Spermine 131 18 148 174 149 130 170
MGBG+CoClz 131 12 135 163 135 131 142

MGBG+Spermine+CoCl, 131 126 177 206 152 138 180

aPUT, putrescine: bSPD, spermidine: <SPM, spermine.

gl putrescine®] ¥ &Fv](PUT/SPD)$} sperminee] o 8t
putrescine®] #3w])(PUT/SPM)9] 7Z-+-X MGBG A #]77}
o2 A Fol wlsled 28] oA ¥A JEpytch A
spermineo]| 38} spermidine®] &E])(SPD/SPM): )&=
9} MGBG, spermine % CoCl, EFHZ TN 713 =4
vhebd 3, vk 2 MGBG Aol Me 7Hg @A el
m FAL 35 Axd uet FIE Fokste AdE
el gl

LIS

MGBGE o€a &3 polyamine A2 HAFA <
SAM®| wjAtstA o 2H4-8lE E4ql SAMDCS] 45 9o
A) g2 24 polyamine AL # 33} 2 % (Alhonen-Hongisto
et al, 1980; Biondi et al, 1990) MGBGe]| £]3} polyamine
WA 2] A= odd HAE SV Aoz 355
™ (Lee and Park, 1991), o[®] o= F7}7k $AZ P4
AA2ld Aol Han 5(194)2 F2& TA= ¥ 4
FollME MGBG AT & AslAE & Hz)ste
AL 3 85E& FASIGHTable 1). 2 A3} ¥4 3



Ega= CoCly EFAYTFAM 7P 4 vebded o
¥ A= MGBGo| 23le] oddlo] Frlxe] HAH
AT Aol oA AR o5t FEHoE 3EY
4 AAbgier =3 MGBGe] 2lste] A FAZ HA4o
spermineo] &]3le] F-E-AH o2 3|E-% Han 5(1994)9 AY
Azks} dAshe $AT IE5E FAsigicHTable 2). of
23 AgAAE B2 MGBGS spermine E3HA] 2] ¢l
¥AZ %50 2 B4 o= Asfael CoChE ¥
=HE AHestd FAL F8eE 2ARE Z3KTable 2),
MGBGS$} spermine &g 7ol 104 M CoCLE 7 A2
& AP FoM FAT 3850 7 goked, o=g 2
3}z AT YAl spermine ¥ ohz} JEHAE HA 3}
2 S FHY 4+ AgoH o g S 9
sl ogddll AJAJks}t W4 polyaminee] §eF W3S AL
sl9dth. MGBG Az]FelA o=l Aol 7H
spermidine 2 spermine §EF-E 712} wiolom, putrescine ¥
22 g xfEgE FUAE g A TFEoe Witked
(Figure 2, 3), ¢]#8t A3} Botha®} Whitehead(1992)2] A
YA MGBGe] Slshod ofelal A4 el Zhabcke As)
o} A8ty w3 FAZ 3 ETFe] v delbd
MGMGS$} spermine &332l 7 2 MGBG# CoCl, £33
2ol Ae odal Az wslefe] A Vel
ov, polyamine #&3 WHI}FAE FALEIG . A
MGBGS$} spermine @ 104 M CoCl, &34 ] FolA & od
9 AAeko] 7} YA Yepbd Hbs(Figure 2) polyamine?]
g 713 A Jepded (Figure 3), o[2jd A8 ZAs}
t oldal 4493 polyamine A3 el 33 FHHe] e 2
F(Lee and Park, 191)ol] m]F¢] CoCl7} €&l AL o
A5}l polyamine Y& 27442 A2 2k

AE2] 713h2-3HA] polyamine FFule] dF dTE
Friedman 5-(1982)o] %% #pjS F-A 3AJA] competent
timee) 24A]7HDhindsa et al, 1987) ¢]%¢] spermidines] v}
8} putrescine 8#u] S FAREE u} 9o} o F AIAH] 7
2 Han(19%)o] F-AZ 3AL 93 competent timeo]
F ol g, ol 2AZ 7 AuTe) ¥
§4 AEd TE 7 polyamines] Ypu|E EAISHAT
(Table 3).

Spermidine¥} spermine F2Fell )& putrescine FgFH|
(PUT/SPD+SPM): MGBG X Fo A 714 =4 Jehgt
I spermidines] @3} putrescine ¥aFu])(PUT/SPD) 2}t
spermines] TH&} putrescine FEFH] (PUT/SPM)e] A$:=
MGBG A TN 714 34 debge o= 2de
MGBG #2]4] spermidine} spermine®] 4442 *A|51917]
w22 A& ¥ ch B3 spermineol] g} spermidine ¥
(SPD/SPM)+= HAT gA5o| 7P 43s d2TolA
4 B 2 oy FAT Al il ¢l wel

A vebge oleigt Ao o ASielA polyamine A3
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A& Ae]g Han}t Jo(199) 9] Ay HAas} g3, 55
2 o]L3 HATL A (Jarvis et al, 1983; Tiburcio et al,
1989) A= A2 dA] A

o] Ay Azl FEE F3le A polyamineo|
AT AR SR AT £FoA] BT FA ] Fhodsld,
53] o9 e 3} spermine®] HA{ FFo] FAT YA F
S8y AlaEn. zed oEde] FAT A w3
TFAAQ 7|2F o}z BEHsiuz EPESA vy F
o] Bep FAAH] Gt iAol & Aoz ARy
=3

H 2

MGBGe} o&a Haj#7}F 5 2 FHL Ao vl
Ae s dotByzl oddl JA4FI WA polyamine
geks A A F A AE9E AT 34 A
277F wioksiA [AS AT g2 o] RATel FAH
%121} 103 M MGBGE Agjshd AT Aol 72 o
A=k 28 MGBG + spermine, MGBG + CoCl, 2
MGBG + spermine + CoCLE ¥=4WZ A3 A% A
Z 34 A7t 329 103 M MGBGe)| spermined
FEHE A 3¢ 10° M2] spermine ¢ H2A] g4
325¢d} 103 M MGBG + 105 M spermine + 104 M
CoCl, M & FollAE FAE 3850 108 M MGBG + 105
M spermine ] F-of| v]3le] 3] Frbsioich =3k o
A AAFs} polyamine L 103 M MGBG, 1023 M
MGBG + 105 M spermine, 103 M MGBG + 104 M CoCl,
% 103 M MGBG + 10> M spermine + 104 M CoCl, &
Foll M 2ARE A3 103 M MGBG 95 A FolA o
A PAako] 71 E9kow, spermidines} spermine?] -
744 woteh $ADE ATl tha 333 103 M MGBG
+ 105 M spermine EFA 2] T ] oidd PAFL o
2F30E gda A Jeidoh $AT 385l A ¥
obdl 103 M MGBG + 105 M spermine + 104 M CoCl, &
AT LA BAFLE 7 EA e,
polyamine ¥ 7H4 ¥4 vebd.

AME 2 d7E 1089 E B8 2447 A4 98
A9.
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