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Effects of Cyclohexylamine and Polyamines
on the Adventitious Root Formation from Soybean Cotyledons
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In order to study the effect of cyclohexylamine (CHA) and polyamines during adventitious root formation, the correlation
of adventitious root formation with endogenous polyamine content was investigated in inoculated soybean cotyledons at
the rooting medijum supplemented with CHA, spermidine and spermine. Adventitious root formation was inhibited in

medium containing 10~ — 102 M CHA. Adventitious root formation was not formed in treatment with 102 M CHA plus
polyamine. It was inhibited in 25 x 10°M CHA alone and reversed in 25 X 103 M CHA plus 10™ M spermine.
Putrescine content was lower in 102 M CHA and 102M CHA plus 104 M spermine treatment than in control after 3 days of

incubation. However, it was higherin 2.5 x 103 M CHA and 25 x 10°M CHA plus 10™ M spermine treatment than in
control. Spermine content was higher in all CHA treatments than in control, while spermidine content was lower than in

control.
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Cyclohexylamine (CHA)-2 spermidine synthase 2}8-& %
8} 3}ed, spermidine®] §H3& AA|8}al 2 A2 spermine?]
FAE A HE ez g2 )oK Evans and Malmverg,
1989). Han 5(1994)¢) A# ZAz o F ¢ AHeA
polyamine A A A¢ CHAS methylglyoxal-bis
(guanylhydrazone) [MGBGle] ¥4 §AL oA g
stgdeh. o] AFeAM HAZ Ao v A=A
MGBGS®]| putrescineo]t} spermdine ¥ spermineg 3 7}s}
= A% spermine AjA] vha FAT Ao IEFHYE,
£ Ao MGBGRYE b4 FAT P49 A=
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7} okl CHAE AHeggoezy 22 spermidinedt
spermine®] FFS Agate] FHT YA S AL,
spermidine®} spermineS 2}7Z} FEWE FA] 28] s}y
spermidine¥} spermine¢] A HA 3] Bof v]H = oS
gl o, ol AW polyamine] ke FA ek
Wg Zaslsieh
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CHAZ} A7 Aqdde] FAT P4l A 3PS
ZA4F o2, Y-S HA wiA(Ha et al, 19)S 272
sted, BRI HAo] o 77% JAIF 25 x 103 M CHA%}
FAT PAo] 9AF] dalg 102 M CHA HejT 7z
106 -103 M#] spermidine®} spermines £3§ A&l 64
7+ wieFslmi A Z2 polyamine §H2F W35S ZAbajgch

Polyamine2| =&1} &2t

g% #2912l 4145 500 mgel] ice-cold 5% perchloric acid
(PCA) 25 mLE Y3 homogenizer2 T4 33 3 12000 x
g & 087 AT 2 AAYE ABYLE AR
9] 21, polyamine®] A &2 thin layer chromatography
(TLC)E o] &3led Goren 5-(1982)9] wlel| u}e} electronic
photofluorimeter (excitation: 350 nm, emission: 500 nm)ej] A
HYPES 295k YPsielch

Z
B2 MO 0|X|= CHA2} Polyamine?| &t

A5 Age] A FAuAlo] CHAS polyamined %5
=2 EgAlsld 257 AAH R fAsdA AT
¥4 A=E A9 cHFig. 1, Table 1).

CHA REX2A)= 103 M, 25 x 103 M2 5 x 103 M
A FAM 2zt 79%, 82% 9 9% BEZ HAT FAo

Figure 1. Effect of CHA and spermine on adventitious root
formation from soybean cotyledonary segments after 2 weeks of
incubation. A, Control: B, 25 x 103 M CHA: C, 25 x 103 M
CHA + 104 M spermine: D, 102 M CHA: E, 102 M CHA +
104 M spermine.

AAAN L, 102 M Al Fol e FA o] JAHA st
o},

CHAS®} spermidine &8z Aldl= 103 M CHAd
spermidined- =¥ g A Ag)sl A$ 104 M spermidine
EgA ] Fol A FAZe] 71 Wol Ao} ¢ 3% HE
9o, CHA g5Ag TR oF 18% A= FA o] 3
29tk 25 x 103 M CHAY 7A$% 104 M spermidine
TAAYTFAA CHA @5 AgFRel o 17% 24T
3 EFeick =3 5 x 103 M CHA¢| spermidined- %%
2 34 Mg A9= ZE A7) CHA 95 Ag79
Hj&ste] AT 3SEAA7L A ¢l 102 M CHA
spermidines 7 Aeldt A= 5 HelFo vpRsA
2 FAZe PAFHA gaed, WiANR w]Ae EA9
B o] #AF

CHAS$} spermine &£z Fo|A 103 M CHA¢)
spermineS ¥ =HE g7 A eld 7% 106 M spermineci| A
FAZe) 7 wel HAE o 19% I EHIAL FE7}
FoMaE AT 385 A eI 103 M spermined]]
e FAI2e] YAHA gster 25 x 103 M CHA4|
spermine$ ¥ W2 7 Mg 74+ 104 M sperminec]]
A ek 2% HA Lol 3EHY 5 x 103 M CHAd
spermine S FEHE 317 Ae]d 39+ 105 M spermineo]]
Mot FAZ 38| o FFHAUL 2 9 FEAAAME
S5 T A EAZo] HAHAH 102 M CHA
o spermines FEWE A AHd A 45 AT
vpZFA 2 FA ol HA HA Aok wiA R n|A| 9
EAE] WEEHE o] 2L

Putrescine &2t 5}
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Table 1. Effect of CHA, spermidine and spermine on adventitious root numbers formed from soybean cotyledonary segments after 2 weeks of

incubation (No. of adventitious roots*).

Concentration (M)

Treatment 10% 105 10+ 109
Control 710 £ 23 - - - -
103 M CHA 155 + 36 - - - -
103 M CHA
+ Spermidine - 186 + 23 192 + 33 280 + 28 132 + 27
+ Spermine - 203 + 42 186 + 27 123 + 37 21 £ 07
25 x 103 M CHA 123 % 25 - - - -
25 x 103 M CHA
+ Spermidine - 173 + 51 192 + 31 242 + 38 102 + 34
+ Spermine - 236 + 50 267 + 4.2 3H2 + 50 26 £ 10
5x 103MCHA 50 + 18 - - - -
5 x 103 M CHA
+ Spermidine 63 + 12 76 + 12 81 £ 30 74 + 19
+ Spermine - 85 + 26 146 + 40 132 + 18 1.2 + 079
102 M CHA none - - - -
102 M CHA
+ Spermidine 0 0 0 0
+ Spermine 0 0 0 0
*Mean + SE.
g z79 25x103 M CHA AT+ AR&EHLE L
putcscive 134e] 71515125, 107 M CHA AS)F o o7 PR

Fx7)d FFsAvrt Aasld s (Fig 2). 2T WY
1 o] F 4d7HA] A4 F7siczt Wik 59 ol F v 3t
Askgiem, 25 x 10° M CHA A2)F%= wje} 193E o
Z T8} putrescine ¥gko] A)&H o7 Zrislgch 25 X
103 M CHAS$} 104 M spermine &3 A2} Foll= wjok 19
of 25 x 103 M CHA He]|FHc} Z7ksled, wjofF 59 o]
Folle o& A tRoh & 3%S Bk

102 M CHA AT+ ok 1974 S7kslcirh 1 o ¥
A& Fashe 33E Bolom, Mok 3 ofF: T
o} putrescine ¥Fo] WA Jehygch 102 M CHAg} 104 M
spermine &3 2] F& 102 M CHA A Fol|A 9} fAst
78S Koo, putrescine FF-2 tha FA vehych

Spermidine &2k 5}

A w71t Fsted HE2F A spermidine §HeFe] 7%
A ek (Fig 2). A2TE ek 19 ofF A& Frlsle
78-g vehd ubd, 25 x 103 M CHA AMe7& 927
B} spermidine §rko] WbI vk 3AR = Zrlsicr}
743k 25 x 103 M CHA¢} 104 M spermine £33
2T Wl 347HA] F7lsleh ool ¥ Ao, 10
2 M CHA AgTx= wiF 19 ol F A& ztisdes A%S
Hold RE A FFolA spermidine ko] 7H @A v
et} 102 M CHAS} 104 M spermine &34 8] F3= ujok

0; 102 M CHA
A;107 MCHA + 10 MSPX
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Figure 2. Changes in putrescine (PUT), spermidine (SPD), and
spermine (SPM) content on the effect of CHA and spermine during
the formation of adventitious root from soybean cotyledonary
segments.
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1ol FAA Fadt o] F 24422 F4skgt.

Spermine StaftHs}

2E AYFFeA W 198 AL 92T
spermine g&Fo] 7P WA Jebe(Fig 2). 25 x 108 M
CHA A2}7-e wiof 29 o] ¥ spermine o] A& 73}
ojom, 25 x 104 M CHAS} 104 M spermine &34 e F
= ok 18] o] F A4 Zrlakeich 102 M CHAS 104 M
spermine &8t 2] 9] spermine &8-S 102 M CHAR Y
o Upehgd, vjok 206 B2 Fck 4], 25 X 109 M
CHA AjF3co= 2w A% F43] F71sksieh

o #

CHAo)| spermidine®} spermine2 72tz #2jsle] AT
HAREE FAEE AI(Fig. 1, Table 1) 25 x 10° M
CHAS} spermine &&A 2] 7ol AT A 3]5-5e] 7}
2 =orch o] XY 25 x 103 M CHA Ao 2o]3le] F-A
T Aol JA|A] spermidinet} spermineo] o) H o g F-
AL A 5 qost & Ae: nlFe 1AAHE
spermidine .t} spermineo| =& AT FAo Tofdt
Aoz FAE 5 9Jsich =3 spermidines]] 93t x A
o) HA ol Rl ojdt A spermidined]
spermine® 2 A 3E o] ¥AZ PAE A AYE A
Zs}A gheh ey 108 Me] 3% spermine A 24|l &
HAZ Aol CHA @5 HeAliat 843 dAl=Ee A
o2 Jehged, oA FAHT PA ol polyamine?] F=
of we} F7hshe Aol ofqel polyamine®] Ffrot 1 A
R FosdE AL vl oo ot AL HA
W W 2403 polyamine £5o FF WAl 3
A2 Pl slAE JR ] sAae) A5 A
polyamine #HeF2 FA}sted(Fig. 2) competent timegl wjoF 4
¢J(Han et al, 1994) & F4lo.2 1maslgivh

Putrescine g&ke] W3} fip2 Y z+¥e}l CHA SR
7b e 3U7kA BE A Jeigted, wof 445EE F
A A A7} AsA] g2 25 x 103 M CHA &= A
279 25 x 103 M CHAS%} spermine EgA 2|7+ 2+
2% spermine?] FEo A glol WETE putrescine
Feol Zohsach olHR e sl 23 UG o4
& CHA(Altamura et al, 1991)1} polyamine(Torrigiani et al,
1993) 2] AgojMg vpartA 2 FAL P A el wd
F7]ol putrescine 3}eFe] WxFHt CHA A2l 7t Fohe
Ao} dAsl=y), o]72> CHA7} spermidine synthase®
JA|8 A3} (Evans and Malmberg, 1989)Q] RAe2 A7t
o}k g B Aol AT Ao AsA A= 102

Table 2. Ratios of polyamines during adventitious root formation
from soybean cotyledonary segments treated with CHA and spermine
for 6 days of incubation. PUT, Putrescine: SPD, spermidine: SPM,

spermine.

Incubation Days

Treatment  —3 1 2 3 4 5 6
PUT/SPD+SPM
Control 17 0% L2 12 173 162 17

25x10* M CHA 117 162 1% 12 137 136 140
25x103 M CHA 117 18 13% 118 116 131 13
+104 M SPM

102 M CHA 117 28 090 062 060 055 038
102 M CHA

+104 M SPM 117 28 090 066 063 055 052

PUT/SPD
Control 206 160 161 196 276 239 274
25x108 M CHA 206 321 304 329 508 576 6l
25x103 M CHA 206 367 308 332 393 A&I1 540

+104 M SPM

102 M CHA 206 578 509 3% 438 513 58

102 M CHA

+104 M SPM 206 5% 506 441 452 448 471
PUT/SPM

Control 270 234 274 314 465 432 486

25x103 M CHA 270 327 2% 1% 18 178 18

25x103 M CHA 270 391 240 18 165 177 18
+104 M SPM

102 M CHA 270 54 110 074 069 061 064
102 M CHA 270 554 109 078 074 063 059
+104 M SPM

SPD/SPM
170 161 168 167 177
097 039 037 031 030
078 05 042 035 033

Control 131 146

25x103 M CHA 131 102

25x108 M CHA 131 107
+10¢ M SPM

102 M CHA 131 0% 02 019 016 012 01
102 M CHA 131 093 02 018 016 014 013
+10¢ M SPM

M CHA 2|7+ spermine X2¢} FA glo] wik 39 o
Foll xR} putrescine F3Fo] HAEUNEH, ol 2lg A
A2 p]Fo] =3 CHA el 23]8 putrescine &
Z 8}A17] 9, spermine A 7}ell = B3R FA o] HEHA
Esl= A2 =8t CHA Ao 9]3F putrescine 7Fa9t &
o] 9l A2 woEH.

Spermidine ¥aFe] WafAe BE A FoA HETE
t} spermidine®] ko] A b, o]2}dl spermidine
o ek wiste] wE ¥AIT AL Altamura 5(1991) 3
Torrigiani 5-(1993)¢] Ao} HA] U3} a2l FAT
A FB=o] 7R gl 25 x 103 M CHA$} spermine



g FollM A 2T H522 spermidine?] §eFe] ¥,
2 ohgo] 25 x 103 M CHA ©EXe7d:d, o34
FAZ 3{AA| spermidine®] F3Foll Wz st FATo| F
AEE 4 F At

Spermine §3¢] WIFFL P ETol| w]ste] TE Az
TollA Z2A F7rstd e, o7& Altman 5(1983)¢] CHA
#2]A] spermineo] F7het A A el dAgct 1 &
APAAE FAD YATFU A&7 29 spermine ¢
o] glxFEe gy 25 x 103 M CHA A4 25
X 103 M CHAS$} spermine £ )79 FATL PAL o]
2o Aol £3] 102 M CHA Az} 102 M CHA%
spermine E§ A 2] ol A o] B} Y53] spermine §aFo]
BTN E BT FAL) F4HA g2 AR nF
o] spermine 57}7} & CHAel| ¢|3te] A€ FHT A4
< 3 EA7)E Aol obet A& §ako] spermineo] FA
T A 58] st &S AAkgEt d7lch Han
(1994)2 MGBGe| 23t A A A A polyamineZ:
spermine?to] FA T F| R A7} glon, o] BTl ¥
8lo] putrescine®} spermidine ek yrglul Wlm spermine
e w3 e, o]24 MGBGY CHA Sl <3}
of df-F apgfel FAZ o] A€ o FAZL FES 9
3ted A& polyamine % spermine H7}7} EFA o[w, o]

& AW AHA spermine FF FA17} FHEHoF k=
A& 4 4 ddeh 2=t} o] - spermidine] v} spermine
Atz B8t FAT JAo] 2T #5222 &
A 9+ 71 CHAY polyamine®] #7}7} ©143] polyamine
g wistol9el|o] o} GFgE AL 7Y A2 F
A

Santos 5-(1993)2 A1E-2] 7]|#E3}4| 7t polyamine &3
Ble A=A ste] A Ew) P4 A spermidine} spermine FF
o] 38l putrescine ¥ekB]E FA}E}9ow, Friedman =
(1982) & =% 3wl FAZ 3AA] competent time?] 244
7H(Dhindsa, et al, 1987) o] %2 spermidines] ¢ 3t
putrescine®] FEFu|E ZARIEY, ol & 2AZ A 3
= YAol L YETFE VTR 74 AT FAT
AA xo w2 polyamine®] &2F8)|E ZA}ske](Table 2)
competent timed] 44X-Ele] Feku)E 2A]oa vakslgoh

Spermidine®} spermine Z¥¢l |3 putrescine & ek
(PUT/SPD + SPM)7} b &F o= & Wiyl oot &
AT Aol 9w 102 CHA g spermine A7} A&
/2 #5228 A3 7ol ot FAT JAA =S Uk
© 25 x 108 M CHA ¥ spermine #7104 = o -9
H)gled oha B2 pEolEH, ol FuelA ¥AHZ I
A Al Putrescine &HeFu]7} =9kl 71 (Tiburcio et al, 1989)3}
9] 2] 3lc}. Spermidinee]] T3} putrescine ¥}akv](PUT/SPD)
v HETIAM 9] & H3rt gdd Al vlgled CHAE
ke AdTE 3] Frletaen, FAS ¥4 Ax

i oL
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of whE d#HA4L HAE 4+ ¢t Spermineo] =3
putrescine 30| (PUT/SPM) &= o) 2304 2 H|&o] =1
wjek Aol wel Frkstled, FA4E GAH =7 Wk
25 x 10% M CHA % X spermine Y7} 7o M= o2
Foll vlgle] 1/3-172 522 ¥AT Ao AN 102
M CHAE Egsh= AgF7}t 1/8-1/6 5 7ol bt
27 248k} 3 sperminecl] 8}t spermidine §a}
H(SPT/SPM)+= 7H¢ HAZ d4gel FUdd dz+71 &
FH7h Al wotom, =3 A2 dF £5& fAs
o 2 v FAT ¥4 S we} 25 x 109 M CHA
9} spermine E3A e+, 25 x 103 M CHA @&+,
102 M CHA®} spermine &&=+ ¢ 102 M CHA =&
22T wolsdeh o] 23 spermidinecl] w3t putrescine ¥3f
Bl7F #A2 HAH =) el 9l ¥ ubsbed spermine
& 71E22 3 gl dAZ dFA o] AdleH, 53
spermines]] | & spermidine?| gaFul7} HAZ HA A xe}
g2 et olBdt AAE 555 o] 438 Javis 5(1983)3%
Tiburcio 5(1989)2] ¥+ 3 A3} polyamine # a4 Al
Az} Kaur-Sawhney 5(1985)9] A@A39} A2 93
&}9itk & putrescineo|v} spermidine]] @&t 7} polyamine®)
Faule AT P43 FHhse dAA el g ubd
spermineo]| T gt spermidine®] FaFul= HAZ FAA x|
opet Zhaste] FAke] FAZ FA TN A Pk,
FRT Pl 4T Frlsldch

o] 2] AgAze} FEL F3lo] tlF A3{oA CHA<
o5 #4 YA = spermine 7ol 2)she] FEHw,
competent time ©]3¢] putrescine?] Z7}7} BT AL
%712 Hbd spermidine®] 7+4:9} spermine F7h= F-A
A4S AAssle. 18] spermine ako|v} spermineo]]
Y&t spermidine?] v FAHZE HAo delAY FQ
A®7FE $Us AL Vg

b3 [®)
N

Cyclohexylamine(CHA) o} 2]3F XA 447} spermidine
2} spermineol] ¥ FAZ FA 3] Fo) nlAE JgSs o
of Bzt djF Akq] HH-L o] &3l AU 9] polyamine
ks AN A2 A WAl CHAS =g 2
3} 102 M CHA A2 A) o= spermidine¢]1} spermines 3%t
Aol B8t FALo]l FAHR gtk =3 25
x 10% M CHA sr5xelrlol= FAT Aol JAIEHAL
uh, 104 M spermine EFHYAlole FAT %o 3B
$]9lc}. Putrescine 32 ¥A o] HAHA kel 102 M
CHA 2% A2+ 9 102 M CHAS} 104 M spermine &3
A FollMe e 3¢ o] F HEFHG sl A gt ¥
Qo] Tha YHHAT, YA H%5ol A EUW 25
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x 103 M CHAS} 104 M spermine £33 2] Fol A= o2
TR 2o g3 el o Spermidine g3 ZE A
2l ol A qRTEG delr] FaFo] RE&4F AT ¥
o] 7YY 00, sperminee] FFE HE:Fo] ulsfo] 2
He] ol A FH 3] FrrEe] 2Tl vlste] Fake] ¥
$E FAT gA4o] JAHAYk
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