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ABSTRACT

Changes in polyamine titers and enzyme activities during radicle growth of Glycine max were
studied in order to investigate the effect of ferulic acid in regulation of polyamine biosynthesis.
Among eight compounds used, gallic acid stimulated the radicle growth and ferulic acid inhibited
it significantly. During the radicle growth of Glycine max, the content of putrescine was shown the
highest level at the second day, while at the fourth day spermidine was the highest and spermine
followed. Ornithine decarboxylase (ODC, EC 4.1.1.17) seems to be responsible for biosynthesis of
putrescine. As the concentration of ferulic acid (0.001, 0.01, 0.1 mM) treated increased, the con-
tent of spermine was gradually enhanced and putrescine was increased at 0.001~0.01 mM,
decreased after 0.1 mM concentration but spermidine was not affected. Ferulic acid elevated ODC
and S-adenosylmethionine decarboxylase (SAMDC, EC 4.1.1.50) activity. ODC activity was
increased more than 120% and SAMDC activity was increased about 50% more than that of the
control. Diamine oxidase (DAO EC, 1.4.3.6) activities was decreased more than 50% and arginine
decarboxylase (ADC,EC 4.1.1.19) activity was enhanced about 20% at low concentration,
decreased after then.
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o9l o] 2zlth A4+ 82 (Whittaker and Feeny 1971) phenolic compound, terpenoid, flavo-
noid, alkaloid S°] &, ©]E % phenolic compound7} ] E# W A 714 go] &3}
AdFAA Az SARALY] ZHo] #FAFT} (Kim 1993, Rietveld 1983). ]2t phenolic
compound®] #8722 u)$- thFsle] Fxabe] wolet {FTAR, MERE 2 MEHe 7T,
Gl A 5% §484 (Bhowmik and Doll 1984, Del Moral 1972, Duke et al. 1987) %52
A2 A g Yo F&S v e AR g A AU
&3, polyamineS RE B A WHAHE FAEBAR A EZ 227 {418 2871 2E 7L
i e polyamine® 2+ amine?)7} F70¢] putrescine™ A7}l spermidime, & il W]
spermine .2 FEE T (Cohen 1971). 4] &0l A} polyamine& ~xo] 8%, &3} £,
o} ol FA TL WAL A= A FH ) AL A o #ejgi} (Kaur-Sawhney
1988, Sanjeev ef al. 1989, Smith 1985, 1990, Valeria et al. 1990). ©]&] & thALFAA o #
}= FEAF & arginine decarboxylase (ADC, EC 4.1.1.19)¢} ornithine decarboxylase
(ODC, EC 4.1.1.17) 18] 2 S-adenosylmethionine decarboxylase (SAMDC, EC 4.1.1.50) 7}
21tk (Smith 1985). o} 2719 F2 AR YF& et whE Z2| o)A polyamine o] §o]
=31 ADCS} ODCel &A1 2 #Ado] %713t (Cohen e al. 1982) putrescine2 wolx 7] &4
o) A} garo]l FA3| Fvhsta g Fge] AP, A £ osmotic stressoll 23 A Zuljol &3
€t} (Goren ef al. 1982). ADC2} 48 putrescine® ko] F713h wjeh o] 27 stressol
9)3te] Z7lalx %t ODCE stressoll W7HEA] %1l polyamine /doll #od gttt (Bagni 1989,
Fobert and Webb 1988). ©]¢}zto} phenolic compound$} polyamine 2] &¢] Aol A A=
AakE] = A g2 el sl 9L A7 polyamine$ phenolic compound ¢t 2§l A &9 B
3ol Tedsti=d], E3) hydroxycinnamic acid®} Z sl LR AL e 27 U2
o, allelochemicals®] &}¢) alkaloid® ornithine Q. 238 58t} (Martin-Tanguy 1985).
Polyamine 2] 48 & 232 3} phenolic compound®] A% A9} &= B3} polyamine&
Aol A ohE 22 7ol amided g 23l phenolic compound& &4 st A X W thALE
ZAstn AAT o5 Fatel FEg 1ol 28]zt ui gt At of w {3 AA ol
=3

wgtA] B A7E iR §248% 270 8% 2 phenolic compound & X 213ted 71 A &
#7} & ferulic acidE A®sle] 2l €] polyamine©] 4] & A& oA ferulic acide] % &3}
o polyamine | thA}7} o9 7l M =718 polyamine a3t o] Bl &40 84E 5
Feto 2 A dolr gt
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gl 71ck AL o) 9 200 goll &F 4 1,000 mlE ¥ol 80T A 48417 B A &3 v
15,000 rpmoll A 3087 944 28 8 & (Centrikon T-1045, Kontron Co.) 1 &4 & 4C ¥4

itof) BEtEtHE A & Ao AHg-E AT

52| wolel KM=
w3 A9 NE (Glycine max) EAE At 1% sodium hypochlorite & A 2%
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2= F ZHFE 3~53] MlH b petri-dish (27 150 mm)ell 3084 FFst4ch o] &
ol 2 28C incubator (Hotpack, U.S.A) 4ellA 48] wkE9ch 8% 9 phenolic com-
pound (protocathechuic acid, vanillic acid, p-coumaric acid, ferulic acid, gallic acid, caf-
feic acid, chlorogenic acid, cinnamic acid: Sigma Chemical Co., U.S.A)€ 0.1, 1 mM F%
2 2E3Y U F Fx F20] AHE g F 6Lt FoldH g HAASE e 107044 et
F2A 9 dolE mm ¥ 7HX] FH At

Polyamine & % H¥

59 F2A3 A8 A phenolic compoundZ: ferulic acid7} #olo] JolA A &347)
7H4 24 Jelge =2 ferulic acidE 0.001, 0.01, 0.1 mM & ¥5 & 2dsL dEzF2E 5
FFE #Hrlske 64zt wol A3 HASHA d #38 A3l polyamine ¥ %o A&
2 A5}l Polyamine 33 2 A 22 Goren S (1982) 2] whi & H8 sl 4ColA] A8
Ak A& 1g°l 5% perchloric acid 2 mlE 7}alef 2hzlAldg o] 88t 48 b2 12,000 X
gE 3087 YRS 1 4EYE A5 deR ALY RS AlE4Y 1004 dansyl
chloride (5 mg /ml in acetone) 20049 £3}E Na,CO; 1004 & H713 F & 4o 25T F&2H
3loll 4] 16417+ dansylationA| Z el w23 Al # o) 504 proline (100 mg /ml)& H7}ale] A2
ol A 3087 ¢ MEls T wre3tR) %L dansylchlorideE A #3tQth. Dansylpolyamine&
300d WHog F&ste] 20048 Silica gel 60 plated] HAs¥h Asfx chloroform :
triethylamine (25 : 2 v/v)e2 FAHE A8z P4t Plated] el dansyl-
polyamine band& AjA ez HF A9 H|wdte Foldl F test tubed] ¥ 3T ethylacetate
2 82 A)A excitation : 360 nm, emission : 500 nmz PP E = sH T}

4o §8&Y

1) Sa9e M=

1 mM pyridoxal phosphate, 4 mM dithiothreitol, 5 mM ethylenediaminetetra acetic acid
(EDTA)7} 3¢ 50 mM potassium phosphate &2 &9 (pH 7.5)& o] &8l A|8 & 743}
A7 $ 12,000 X goll A 3023 A Ee)dte] 459 E aade 2 AMEETh

2) ADC(arginine decarbxylase)2} ODC(ornithine decarboxylase)2! &4 &%

Arginine decarboxylase$} ornithine decarboxylase® &A1& Altman (1982)¢] W& W g
3te] Ab-gslg ok w82 Warburg flask$te] outer wello] 12.5 mM potassium phosphate
(pH 7.5), 65.M pyridoxal-5-phosphate, 125, M EDTA, 125.M DTT®} 20.M L-[U-“C] argi-
nine (0.1xCi) ¥+ 100M L-[1-¥C] ornithine (0.1,Ci)& sl wrg o] §498 Yol
F 523971 500470 = Al S H, center welloll= 5049 hyamine (methylbenzethonium hydrox-
ide) & #3% Whatmann No. 3 &J#AE W& ¥ parafilme 2 DR &1 37CAA 1A 7 S5t
incubation 3t} ¥H& ¥ 5% perchloric acid (PCA) 2004 & FA712 2YA1A L& A
Z|A17] 1 ornithine ©J\} arginine @ 2 ¥-&] W& ¥ “CO,7} hyamine©l] &5 =2 3 ¥ center
welld]l Qe AAXNE AW 5 mle] WAE ZSHEdo] o] liquid scintillation counter
(Packard) & cpmzt& 2339t £49 1 unitE= 1 Al 7k 1 nmole ¥CO,E A AJste §49)
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3) SAMDC(S-adenosylmethionine decarboxylase)2] &4 &5

SAMDC2] &4 =42 Choi9 Cho (1994)9] ¥ -g ALE-3519 o}, Warburg flask 9] outer
wellol &= &49 3 15 mM 2-mercarptoethanocl, 0.1 mM EDTA”} £33 25 mM Tris buffer
(pH 7.6) 9] wkg-go 18] 1 0,1xCi [carboxyl-*C] SAM (55 mCi /mmole)& gof A 1]
7F 50047 =2 ’o} 1o}, Center wellell = Whatmann No, 3 paper (1.5x1.5cm)E 1 2N
KOH 505 ¥of o327} Z83] 27 s on o] o] %] 713 & ADCe ODCe] &332
FTYstA skt

dat d ng

th 52 F244%A| phenolic compound2| &

8% 9] phenolic compound& 0.17 1 mMMZ ¥ 5 & A3l 59 a4 270 e 3
Ax}, ) zFol) vl AntR o w G2l oAyl JERFo L} gallic acidE thZ el B3}
o] 1.5 o] A+ & &AL UL caffeic acide PR F B AL oF7re] X a7t )
2t} Coumaric acid® 1 mM FEolA e oF7te] £ g 07F Yoy 0.1 mMo| A& 50%9]
A 938 AA@ade] ATk 2849 A= vanillic acid, ferulic acid, chlorogenic acid,
protocatechuic acid, cinnamic acid?] 7z} sxoA Yvelgen 7P dAanst & 1L
ferulic acid® <F 80% <A = ¢t} (Fig. 1). Phenolic compound @] ¥ %7} Z713ke) olal
AAro] AR = B (Kim ef al. 1990, Rietveld 1983)7F 9o} 2 A 3o A gallic acid$}
caffeic acid2 A2} & 65 th45-£ 2 FEol A FEAAo] A= AL p-coumaric acidE 0.1
mMeoll A € A=A} Osborn 5 (1988) # Duke ¥ (1987)2 phenolic compounde] ]t
A Z el A GG o]l g T2 AETH WAE AT AxARMY NEo] FEIIA
7b Eoha s ivh

40

35

NN rmm CJoim FSMEA| polyamined 2t W §4-2| &4
7 #F ¥ 6U3te| polyamine %

o
S
S|

§: § g? & 290"l putrescineo] Hiel 4L 1}et
§ 1 N | Weon Azte] Ao wet BAasdth E
% g r \f | 8l spermidine& 44 Aol e &FHF & e}

5~§_§; §> t Wi, spermined 2, 3, 4l 27 Ekoy}

Hukx oz & wsigle] vl &ttt (Fig. 2).
B, &% ZX M wolz7]d| putrecine >
Fig. 1. Comparison of radicle growth at 3 days spermidine > spermine®| <9 2 putrescine

after sowing Glycine max at 0.1 mM and 1 o] #Hefo] L}EFOM (Sen ef al. 1981) E &

mM concentration of phenolic compounds. . B . ~
Gal, gallic acid; Van, vanilic acid; Caf putrecinee] ¢ MEFI7 BHE WA

caffeic acid: Chl, chlorogenic acid: Fer, 7} 21 3 (Kaur-Sawney et al. 1988) polyamine
ferulic acid; Pro, protocatechuc acid; & /A Z71d 243 Axlg #AR38
Cou, p-coumalic acid; Cont, Control, 2 (Cohen ef al. 1982, Smith 1985) A E5-«

i
Van ' cat Chi. Fer. Pro. Cou. Cin. Cont.
Phanolic compound
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Fig. 3. Comparison of the activities of ODC and

ADC during 6 days after sowing Glycine

max.

Fig. 2. Polyamine content during 6 days after
sowing Glycine max.

o] gt A] 7)o polyamine dHato] A& vehd Ao g Aztdr) Putrescine@/dol 2
= ADCS ODCS 4L wo} & 221} 390 74 Boterw 1% Zasiya #3473 il
o 2% ODCe| &4o] ADCH U} 2vf A% Z7bstd ez (Fig. 3) ODCo €42 ADCH &

Quct 22 Ao 2 A E ¥ O P putrescine ¥42 ODC pathway & ©]§3shs 21& & + 2
ok
AA .

Ferulic acid %{2]|A| polymine2| &&n} S 49| #4

Phenolic compound & 7+4 A & 27} & ferulic acid& 0.001, 0.01, 0.1 mMZ A& 3
& 390 §2& Aale] polyamine #Hekat 1o #aEl® Ghe A& FA3MT Ferulic
acid®) =7} Z7}38bol| we} spermine HE F 02 20% 2 F715+9). 2.9 spermidine & A
o] 7} 1921} putrescine-& 0,001 mM 3} 0.01 mMoll A ggko] ZF7}atitizt 0.1 mM o] =0l
A 24359t (Fig. 4). Phenolic
compound AHY pHE Yelliz 8l
o fFIZAZE HAsHAT polya- 120-
mine % putrescine S *FEo|
A 2713491 & putrescine S 9%
B A9 28 3 acid stress, osmotic
stress, x5 2] G¥ stressel 9} &ho]
Z7}g = ¥ 1 (Young and Galston
1983, Shen and Galston 1985) €} 70|
ferulic acide A4 F 9] stress2 =

125
——
putrescine
e
spermidine
e

1157 | spermine

110+

105

Polyamine contents(% controf)

£3led putrescined] g *Fxol 100;\
A 271X 71 FE7F Z7}8bol| upak 0\_,"

Mzare] ZA gl 1 Sl ol oA 0 0.001 0.01 0.1
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Fig. 4. Effect of various concentrations of ferulic
acid on polyamine content at 3 days after
sowing Glvcine max.
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Table 1. Comparison of fresh weight of radicle and the activities of ADC, ODC, DAQO and SAMDC at
various concentrations of ferulic acid at 3 days after sowing Glycine max

Concentration of Fresh weight of Relative activity ( % )

ferulic acid {mM) radicle (mg /Petri-dish) ADC oDC SAMDC DAO
0.000 0.18 100 100 100 100
0.001 0.30 125 136 110 85
0.010 0.25 112 172 158 72
0.100 0.10 70 231 179 46

£ 0,001 mM3} 0.01 mMel A 271591 0.1 mMe| SEoE hEFRTH Ay o
polyamine &Adol] #adsls §4 0 4L ferulic acidel $57 F7+gel wet ADC2 DAO
o] Aol 7AsYEY ADCE AEEANA F7hstn 0.1 mMe FEAAME AL
(Table 1). %38 ADCY¥ putrescine®] 3teFs} A E ko] wistel e ZeS el 22 (Fig.
4) ADC7} Mo AR Ealo] BAge 228 &£ Uk HET) stressE S o, F 1R
pHU &9 z3 K*, Mgete] A% So| oJsta] ADCe €40] Frieta sgens
(Smith 1985) 2 A3 9] ferulic acid® 52| f2 3o UolA stress2 2§35t A Fx=o
A ADCe] 848 Z7M07)11 L =olA A9 7hhe tiol Ao AdE Aoz &
2 oty ¥ ODCe AL 9= dzyoz % F7td wet 120% = S7hskia
SAMDCS] B4& 50% A% Z71ete 4L BQEd (Table 1) ©]2) sk ODCEA Y F7H=
ferulic acid®] o 23] ADC 84} putrescined] gafo] #AFEE AT W pu-
trescine®l L §x5+7) Y5t ODCY EAo] F7id & 43 Be¥d 2ol FEHUH
i Azt

)

= Z22pe] §A R ferulic acid® #2ste] &2 EW 9] polyamineth Atoll #8t= pu-
trescine, spermidine, spermine®} &3 ADC, ODC, DAO, SAMDC?| &484-& ZALELH
t}, Sz Aol 8% 9] phenolic compound& 2} Ax}, 2o vl&ted gallic acide £
E3E2 BE3 ferulic acidE= 7H @A S 8 AAE Jedth hFERe] F28%0
A polyamine @] &a&-& 2ol putrescineo] 7+ £ 1 thg 49l spermidine, sperm-
ineo] 40|21 en putrescine®] 4 ODC pathwayE o] &3t} Ferulic acid®] =7} &
7}atol| wel spermine?] e HlHA Ao Z F7}8lA I, putrescined 0.0013% 0.01 mMolA
Z=7}51c71 0.1 mMoll A 243819 24 spermidine A9 g &o] gldth a9 42 ODC
9} SAMDC 9] &Ao] Z7st =t ODCol 84-¢ 120% ©173, SAMDCS €42 50%2 S7t
2 B Y1, DAOSH ADC9 84L& 7ZrastHed DAOE 50% o449 Z4g, ADCE T2 FE
oM 20%A = Z71slthr 0.1 mME-E 7HAs7] A2
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