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ABSTRACT

Effects of putrescine, spermidine and spermine on the activity of D-glucose-6-phosphate
cyclohydrolase in the Daucus carota L. protoplast cultured for 4 days and effects of
polyamines on the incorporation of D-[u-14CJ-glucose treated to protoplasts in culitre-
medium were investigated. The activity of D-glucose-6-phosphate cyclohydrolase was
increased by polyamines and among them spermine was the most efiective. Polyamines
increased protein synthesis and this due to the increasing effect of the polyamines on the
synthesis of glycoprotein which is one of cell wall components. The synthesis of cell
polysaccharides, such as pectic substances, hemicelluloses and celluloses was increased by
polyamines, which stimulated synthesis of pectin substances and hemicellulose more
greatly than that of cellulose, and spermidine was the most effective. In the light of
the above results it seems that the polyamines increase cell wall regeneration by the

stimulation of enzyme activilies which synihesize cell wall components.
A =

Celluloset f-glucan synthetasee] ¢]sto] A% 5. (Ray et al., 1964; Ray, 1973), hemi-
celluloses} pectind & oh-g= 28 Frkx 2o 9sle] g4}k, =, D-glucese-6-pho-
sphatecl| 4] myo-inositol g ¥ A8 & UDP-D-glucuronic acid® 7 #5 & myo-inositol 413}
7 2 (Ruberry and Northcote, 1970; Loewus and Loewus, 1974)%} D-glucose-g-phosphate
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o 4/ UDP-glucose® A 33} =}-2 UDP-D-glucurenic acid® ©}4 A 3= = UDP-D-glucose
A-374 2 (Ruberry, 1972: Roberts and Cetorelli, 1973)%5¢]th. o|gA 45 UDP-D-
glucuronic acid hemicelluloses} pecting 9] A FEA 2 o] &= ch(Hall et ol., 1982). =&
b o]z §AART AEE wek vhEr gEo A= myo-inositol A Re] st
hemicelluloses] pectinZ o] %Al = t}(Rosenfield et al., 1978). D-glucose-6-phosphate cyc-
lohydrolasei= myo-inositol A&7 29 R =14 3}%7‘5}&'— _§‘_/‘— o] v} (Loewus and Loewus,
1974). % ZM g3t S AANA AzHe] AAHE AL d48 79 AENA 2ol
%45 o L (Nagata and Takebe, 1970; Horine and Ruesmk, 1972; Takeuchi and Koma-
mine, 1978 a,b; Asamizu and Nishi, 1980), A4 % A4 multilamellae +2F v}
(Willison and Cockirg, 1972). 32 48 A A oA celluloses] FAEFEE wet 27w =
ZHr, fjek ¢+ d2 HEELL st A7 A celluloser} zE2F-& 7HEx(Asamizu ef
al., 1977), = Atole]| hemicelluloseg} pectindg £-o] 3 Fate] AxwL T4 Tvh(Asamizu
and Nishi, 1980). 2z} olejgt Az FHYEAES F43A4= 2 249 A A
Astets dFE 28 BH @rd(Takeuchi and Komamine, 1978b; Asamizu and Nishi,
1980).

A ¥ (Cho et al., 1985)0 A= A& AAZAEFLE F23F 9¥L¢ 3t polyamine
(Bagni et al., 1981; Galston and Kaur-Sawhney, 1982; Seriafini-Fracassini ez al., 1984)¢]
922 p-glucan synthetase® ¥4 3 AgSe Bushdarh wehs 2 dFoAE hemi-
celluloses} pectind P49 F8 Faql D-glucose-6-phosphate cyclohydrolases] &Aoo =)
%% polyamines] o #g ZAbalz D-(U-“Cl-glucose® A3te] AxE FAE4d
incorporation®| = wWAL g e ZAFo EA A 2w A "X polyamines] F£-7]7He]

ARE A slzat 34 h
HE MR B g

aama. 22 (Daucus carota L.)8] 32 & A-53e] A 2(Cho e al., 1985)o] A8}
o] AFAAE 3t o F3tg .

MyTe ME BT el £55 ZHi Y putrescine, spermidine, spermineg- 107°
M, 107°M, 10*M, 10°Mz A=gstgan, Foig 4924 H = polyamine" 107 M &
A#lete] 497 W k3 A] D-glucose-6-phosphate cyclohydrolase 34 & A 54 o),

g, 4.52x 1078 Mg D-{U-4C)-glucosc (227 mC;i/m mole) S 15 pCrd wj k4l Hﬁ}«ﬂ 1
A7k YHAAE o] Fste] 4 AEY AEe] incorporationg] “Ce HJ‘”‘]‘?:TEQ“E' A4t
D-glucose-6-phosphate cyclohydrolase &0 24 %%, Loewuss} Loewus (1971)9] wWg o
g o] A cell-free extractd d-& o}& DEAE-cellulose column (10X300mm)o 2 H
$43}slo] Barnett$(1970)% Donahuest Henry(1981)¢] B 2.2 &Lvl-$¢ A2 vhe 4
Ag #7)q4g Chens (1956)9 B o2 Azstd T84 e 2AsYs F Zxu
22 0, 1mM EDTA, 1.0mM ammonium aeetate, 5 mM Tris-HCI $-3-& (pH 8)¢] 5 mM
NAD*$} 5 mM glueose-6-phosphateg 3 7131 3 800 ulE 3 8bo 200 8] E49 & EF4
A 37°Coll 4] 147t ¥-2AZ .o 0.2mie] 20 % TCA (trichloracetic acid)E o] F4ul
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% FAAZ F H44AE(5,000xg)Eke] A A
NalO,%- 0.5ml o] 37°Ce] A 14 7 wk2-A gt o9 dh&FAEZLE I M NaS0; 1 mle
A 7}8te] myo-inositol-1-phosphates] 4] 9l 4+¢ EFHAZ k. A4F L 2.5 % ammonium
molybdate : 6N HpSO, : 10 % ascorbic acid: ZF4=1:1:1:29 nv$=2 &£gd5 2=
SN 2mlet ¢l AR R 2mle EFste 37°CollA 24 7F AT F 820nmel 4 FHEE
=439 ch. D-glucose-6-phosphate cyclohydrolase #4432 187k A= Fr7el g ¢
< 4 mgFd nmol® B FYEE EA S

CHi &l LH 0| incorporationE H-lemcine &%. Polyaminee] 453 3 A o okl 3H-
leucine (146.5 Ci/nmol) 0.5 uCi/mle A7bstod QFAAE 1A¥H 402 HFF ol 2
AELE GPAAE Tt W FB o 338 AAHFGE. G E 5% TCAE gcle
TCA insoluble £ & ¢} 0.5 N NaOH= R =) sto] 184 71 37°Cel A} uhA Az th. o] TCA
insolulde E-#ofl A o4 8k2 Z3dle] liquid scintillation counter(Packard Tricard 300)= b
AEEE S
W waigo &1 gf2tEE. DeverS(1968) 7 Asamizug}l Nishi(1970)9] wlg] o2 4

O

H
AR R GRS ‘—Jr-ﬂ} ol Alxy £98¢ 93=, 2 £4Fd incorporations] 5914
&£%e 245k o)d YEAA A 2o unlabelled carrierz. Wz 3gg EFste] =}
3 3t 53 o

O Az 9ia Az gdae Jxzy AZE protease Mo F  30°Co A 184 7
w47 F 10,000} gE 2087 442 T 4L AHgstgct. Protease £9-2 50 mM
Tris-HCl 2}2 (pH 7.2) 10mle] protease 50 mg, toluene 25 g% & 7l8le] Ag-3-<d v},
AlZr o 2 incorporations]l F$QA ok AR A 1mle] ethanol 1ml, triton
X-100-toluene-ppo-popop cocktail -4 15mle E@ete WAl g 2748

@ Alzd AASGHE AEH ARE protease® A= 33 10,000 gol A 2087 LA F
1%t 3 A 52 Bichner funnels] 4 50 mM Tris-HCl 93891 (pH 2) o2 23, ethanol,
acetone, petroleum etherz 747 33 A st ch. o] AHEo] 729% 4L HArsd 20°C
ol A 447k WA T F 20008 FFHFTE 3% F4-Eqe] HA HA4q oL 120°Cel A 147
autoclavestel sl 2a) ARk o ASEd 49 AR Ao PAFBE FF A

@ Pectin : Pectind 2 Al2Y AH thgdfe] 50mM Nap-EDTAS z stz ¢l 50
mM =358 (pH 4.5)¢ 1009 (V/W) #7718 F Y 2pghg o] &-3be] 100°Col A 44 7k
25995 $25¢ Whatman paper (No. D2 ashshd o & 2008 (V/V)8) 25
w4 847 54 FA e o BN AFE Aokl BASRE FA gk

@ Hemicellulose: Hemicelluloses] &2 599 249 KOH 204 Ei oz 1}FolA
A&t 5% KOH &84 £33 Nay-EDTAZE He)g oabgd] 1008 (V/W)S 5%
KOH g4 Hrtetz d&7tad 449 F A= E ol d2sto 27°Co A 2447
¢ AAAM FEtd. FEF % Whatman paper (No. 1)2 o #35}o§ o]z} g 6N
Wzao s S5A7 wha 2006 (V 1 FFFA 4847k T FAFH . 24 % KOH
44 8.2 59% KOHR A3 Fo 10094 (V/W)e] 24 %5 KOHE # 7]—?:.]—1 A=)
2 a2 PEste] AartaE: F3F ] T 27°Coll A 244 7F Fb En’-a—fﬂﬂﬂr 22
Whatman paper (No. D% 51315 ek & 6N W2 Lo $8H42 & 2009 (V/V)

7
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2804 4847 Bt FAsG . 5% 24 % KOH §8l4 £de] incorporationd -F
A28 Be pecting A% & PYLE FAsHoA

® Cellulose: Cellulose¥ 24 9% KOHZ g o 31 E-¢ Bichner funneld] 4 FFa2
A A st Aoz cellulose® incorporations] F9 49 e Az AA thFFelAs &
& Pgez 2ARg.

ECP (extracellular polysaccharide)2| £o|2 smtm®. WA 2 F¥s5lw= ECPE 40 ml 8]
AYAA H=HEE LS 2,000xgol A 1087F fA4 =93 FASL 2009 (V/V)S Tl A
8A T T4 2990 ECPZ £99 SAAL9 e FAL 29 Imlg 3
B AxY 2@ 2o wygewn 2ASET. @wad AP Lowrys(1951) % Bradford
(1976)9] ¥y 2.2 w4 A s gch.

a3

fim o}

ng

At

A

D-glucose-6-phosphate cyclohydrolasedil 0/% = polyamine® sk  Polyamine cellulose
#4524 p-glucan synthetasd] FA4L £3 AHo2Z(Cho e al., 1985) polyamineo]
hemicellulose$} pecting ¢] 34 &9 D-glucose-6-phosphate cyclohydrolase®] Ao = o
So p|A et 2A8 AZY AAe BAE polyamines) 244 FohrwwA shgheh

24 BzHelA de 2EAY] polyamineg FEE H =3t D-glucose-6-pho-
sphate cyclohydrolase?] 84 ¢ zAbstgdot(Fig. 1). Polyamined A el d}wl sz |3t
o FEZsld wel gaBAo] BF Furetgrh F putrescine 107 Mzt 107 Moj 4| o
2T AR A7 2,309 202 HLBH0] Z 1oy spermidines] B9 1075 Mol
A 1,49, 107*Mel A 3w, 1073MelA] 3,8 = 22t Hrlelelvl. Spermines] g A&
1073 Mej| A 714 E2 4.4 ZH571E e v

40 asf -1
— ! A
— " 50 ,/ \\ A,
'c = , VAV
— 02l & ! i
Q = 1 .
f '
S 30 2 (AN 0.5
2 8 | “so- ,,/ d
o p o [ —_
- or 81 /1N E
,_g :‘510— {//./ 1 E
I-E 20 J// e \‘x-‘___. 4]
E = o 10 30 50
c'.:'.' E (Fraction Number)
_ =
g S Fig. 2. Chromalography in DEAE-cellulose of
c = 30~70% saturated ammoninm sulfate
= G = = fraction from Daucus carota extracts.
: = = = Protein, measured by absobance at 280
cont. 10 10" 10 10 nm, is indicated by dashed line and
Polyamines ( M) . . .o
enryme activity (e—+—s) is also indi-
Fig. 1. Effect of polyamines on the activity of cated. The DEAE-cellulose column was
D-glucose-6-phosphate  cyclohydrolase. developed with a linear gradient of
control, EEE ; putrestine, = ; NaCl concentrations (0~0.5M). Each

spermidine, [ ; spermine, ] tube collected by 8ml.
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Fig. 4. Efect of polyamines on carrot root pro-
toplast D-glucose-6-phosphate cyclohy-
drolase on the time course.

Polyamines used are 107*M, respectively.
control, »; putrescine, &;
spermidine, ¢; spermine, o,

=3 25492 DEAE-cellulose column
oF £IAA M FL FLEHE vE
i 0.12M NaCle] $8E&-& def (Fig, 2),
D-glucose-6-phosphate cyclohydrolases]
AL &A%y (Fig. 3). = A=, 107 M
9] polyaminee] 4 7173 =& F28AL 1}
B glo, spermined 58 9%, spermidine
2. 41 95, putrescine® 32 %8 A HIHE
B9, o|=ld A4E f-glucan synthetase
8] A% dAstEe= (Cho et al.,
1085), polyamined] Z R wial #i9
FHEFI AR Aelgt A2 A== pHe
A gAsE =& polyamines] EAof whz}
(Galston and Kaur-Sawhney, 1982; Altman
et al., 1682; Fuhrer ef al., 1982) diamine
¢] putrescine ¥t} triamineo) spermidinez}
tetramineg] spermines| A T &L FHeF
AR ¥4,
cyclohydrolases] A4S 713 2347 =

D-glucose- 6 -phosphate

15H .
L)
an
B
E
= F 12 1
=3
-
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Fig. 5. Effect of polyamines on *H-leucine in-
corportion into protein in carrot root
protoplast on the time course.
Polyamines used are 10~*M, respectively.
control, ; putrescine, 4;
spermidine, o; spermine, o,
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(1073 M) ¢ polyamined protoplast #] o] A =]3t in viveo A AEH A wE
polyamined] < 3& zAS G eH(Fig 4). d&Tel A o) oF 240 7bA shakebA Z7)shA]
o 1 & FEEY W g 39 FoE F wsks BeolA ggkvt. ol AFAA wf ol A
cellulose?] 2EF27t Wi F 3de] oj= A= o] Fojx 4dA K AZLEe] G4 4
o] v}z (Asamizu et al., 1977), w]FE7|e] #BA R Ax¥e] F= 1,3-, =% 1,4-linkage
9] glucane & 4= v (Takeuchi and Komamine; 1981) f-glucan synthetase £ = o ¢
295 23 Ee A (Cho et al., 1985)% .o} D-glucose-6-phosphtae cyclohydrolases] &
A% cellulose 2224 o] FAE 7] AFae wlg 2444 713 & Aeg A4}, =2
@), polyamined A3t o)el@t 7 o] W& £F5 g2 spermined] &FAI} s1 HA
stsdch. ol=l gk EA4EAo] dig polyamined] < o] polyamineo] 2j&t HaAA 9 A
o]8e] &HAY de nove synthesiso] = %S HAEAEF Lolrr] 98l 3H-leucined:
polyamines} &7 A=jste JPAAE v Fstz o4 w4 incorporationy *He| WAt
T¥e &4 59 (Fig. b). Putrescinel djzT9 W2 Ao|r gldert w9 34t 44
Ao spermine Z7t 99% 13 %, sperm1dme—~ 21 %% 41 %A E 9 Qo] *H-leucine?)
incorporationo] ZF-7tstgieh. oleld AdE el AYAA ol A9} Lol polyaminee]
DNAsgl RNA 9 =diz 5o <48 %25_/‘] 7] 22 (Kaur-Sawhney et al., 1980) ZL%8A4
Fub ol#t Za9] §4 = polyamined] 93te] FAH-& ngel.

ol 1
kB
s i
&
> 3 -
340 1 riz i ]
S £
- -
) =
o = E
=27 I
x n=
= =
= 1} 4
il ]
] —_— h 1 il L L
0 1 2 3 4 0 . " 1 A
Time of Culture (days} Time of Culture {days )

Fig. 6. Effect of polyamines on the incorpo- Pig. 7. Effects of polyamines on the incorporation
rationrate of radioactive glucose into cell rate of radioactive glucose into total
wall associated protein of carrot proto- cell wall polysaccharides of ecarrot pro-
plasts, toplasts.
conirol, ; purescine, a; control, ; putrescine, 2;

spermidine, ©; spermine, o, spermidine, ©; spermine, o,
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N 2529 MU 0|Xl S polyamine] ¥gk, 99 ZAF9 7ol polyamineo] f-glucan
synthetase®] 24% Z 714 7]32(Cho et al, 1985), D-glucose-6-phosphate cyclohydrolase
9 BAL ZrATE AF o] ZEE P4 wah cellulose, hemicellulose, pectin® -
o oo]9 g Alrd JEELEY FHAE GgE FAolv 4 7 polyamine (1072 M)
7 D-[U-"Cl-glucoses 43 dA o Fde] Aejsted sl Fstd A A2 G A= incorpo-
rationsl “Ce] WAL 279k Th

Putrescines} spermineg X =3y | Z 7ol A9 v £q Aot b Lo, spermidine
A e e w3 2ol 1081 A = FA 8] FolstE e i 39 Tl Shatetdloh(Fig. 6).
AEA Y o xAxwe glycoproteing 2~10% AX Ffsta, o] glycoporotein Z-o
hydroxyplolineo] 30 % Ax =z o] ¢ =o ol (Talmadge er al., 1973). =Z#d 9]
glycoprotein2 Al Z¥ 8 A23-¢ ZA3NE d A3 dgAEEe] 534S vehdA Fo
(Lamport, 1970). Polyamine& =#lzo] *H-leucines] imcorporationg- %— 7k A (Fig. 5)
g2 §AL =X Ay 22 (Bagni et al., 1981; Igarish ez al., 1981; Bradley et al., 1984)
ARAAANA AZHoe] AL »] AEHY dAg FA=E FAgcds A 4=

g A4 ol g9 WA glucoses] & £ s A} polyamined] st AZ
W AH e FAel EF FoE 9tk &, putrescined wjok 29d7tAlE dzToh ¥
thE o]l & vehilA ggAT 2 F FEE vl 39 Fele =T 2o 100% A%
Z71A A}, Spermidine - w ¢k 296 66 %, w9k 3hel, 186 %, Wl 4del& 166 % A
A Z718kg v, Spermine A2 iz dZ Tl Hlstel vk 2d A E AEZTE FASHA
o}, wlek 39 FollE 51 %. W oF 49 Fofl =84 % A= FrHAlF . Putrescine} spermine

. 6l J
15 u
o &
- =
c H
Z =2 s .
Sw| N
E S B
5 iF |
H =
o -
.o e =
= - 2 J
—- 5§ _
1r -_’___{—Z J
0 1 2 3 4 o 1 2 3 4
Time of Culture (days) Tima af Cultura {days)

Fig. 8 Effects of polyamines on the incorpo- Fig. 9. Effects of polyamines on the incorpo-
ration rate of radioactive glucose into ration rate of radioactive glucose into
EDTA-soluble fraction of carrot pro- 5% KOH-soluble fraction of carrot
toplasts. protoplasts.
control, »; putrescine, &; control, ; putrescine, a;

spermidine, o; spermine, o, spermidine, o; spermine, o,
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o ) =T u]Ele] H] ok 29 i;‘—oﬂ Azge A3+ 44 vgfe $4¢ FHA0E

#lel. spermidine& #j oF —"‘it- 2E Zs1A A Fig. 7). =8 pectind #4]-2 putrescines]
g sle] djoF 3d e 7 C:i—,— 1117 % A X2 57 =9 o0 spermidines] )& 4 & ol
oF 290 e 140 %, 3‘” ] 183 25, 494 3o 242 % wZzle] 7ia §3sF # vt Spermine
Al dteiAe A g 28 FAA T A2T v sohg ot o 3056 20 %2 aym
Az wf 44 Fol = 162 A = F5FFH ,,11:]-. g pectind Ao dHE AAAA AL
of 279} putrescine I spermidine-& ®oF 3UA ] A Edm 2T e A %1:013” L
vt spermidine - ®f &k 4L A 7bA] A L5} pectingd F4-& FIAH(Fig. 8).

5% KOH &34 hemicellulose £3E2] 4L putrescines] spermined] 2]&}o] uj ok&

3dAAE daTe FAL B e ez, wWoE 49 = 30 %4} 60 %A= A7 F
78 itk Spermidines] 98] ¥ %k 29 40 %2 Frlokd W] FE 396 200 B2
FEeg L MFT 44 E 222 % A= Fo1ed ek (Fig. 9).

24 % KOH 23 49 hemicellulose 28 E &4 o k& 29 71x = polyamined] < gko]
Ag dgevt putrescined A= shwl vl ¢F 3l 24 %, 4dolE 0% AE A4 Fob
s+ ¢}, Spermined] FE )} 1A wkoka, spermidined] &1 A4 Eol Bl GFE 3dd =
107 %, 49°lE 100% A= 24 F71= Hop(Fig. 10).

gted, cellulose ¥4 .2 putrescine X =)o ote] o FE 37 A= fz=T-5) AL
Got WjgkE 494 E 26 A X Foslach 28 L} spermidine A )= o] %% 2971
ok 20 9% RA=Z cellulose F4¢ FAARLMY, MFF 3LAE 126 %A= FFTAAL
F 496 133 %A= F7AATh Spermined celluloses] F4& W& 27 ¥ 8 F7}

of

=3
—

> 2 34
B o2 rfr Sk

3 b ]
3
|
| ~
= o
= = 2
1';," - 32
-H 2 - ‘3 I3
: i E
= — E
2 5 =
= [r -
z =1
\
' _
|
‘
L ‘ -
0 1 2 3 3 1 2 3 4
Timo of Cuolture {days) Time of Cultura (days)
Fig. 10. Effects of polyamines on the incorpo- Fig. 11. Effecis of polyamines on the incorpo-
ration rate of radicaclive glucosze into ration rate of radioactive glucose into
24% EKOH-soluble [raction of carrot 24% KOH-insoluble fraction of carrot
protoplasts. protoplasts.
control, #; putrescine, 4; control, «; putrescines, &;

spermidine, ©; spermine, o. spermidine, o; spermine, 0.
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ot z gdE 2A god@Eig. (D,
o] 48] A shol A8} 7o) polyamine pectinZ 3} hemicellulose B cellulose 5] A EH
B S Aubges #AAH o I S A= spermidines] b EFHE o] 9T,
& polyamine cellulosed] @A et u] AFAA JdFal pectined I} hemxcellulose.‘]
R4 He ZAAAT. 22 callussl AR AzHe AAAZD wie] = cellulose
%4 ¥.oh % pectinZ 3} hemicellulosed] g4 e¢] 1] o] =9 o (Asamizu and Nishi; 1980),
Catharanthus roseuss T2 v st e oo = cellulosex vl hemicelluloses} pectinl €]
g o] gho] o] Fo} g v(Amino ef al., 1985).

Polyamines] A% & FAse fafd 4ol vAE wut A gon
Fol A gk o] polyamineo] A2 e FAH}E I35 F4& FAANE AL
polyaminee] FFANE H2F wo) NE B2 AFS F2F Az EU4A
B A#AANE 143k Ay o (Altman et al., 1982; Galston and Kaur-Sawhney, 1982) A
ZHAg fal3 dAL 4 Eeted Foh. Bl o= polyamine2 DNAg RNAS3 73
A AEgetd 250 TRE dAF AAFZ A3e 27470 (Kavr-Sawhney et al.,
1980; Altman et al, 1982) gl A& FhA & 22 A 5] =(Bagni et al., 1981; Igarish ez al,
1981; Bradley et al., 1984) &9 A= #A 7 gedz 44F 4 doh. 2 THR
v} = polyaminee] p-glucan synthetase(Cho er al., 1985)$} D-glucose-6-phosphate cyclohy-
drolase (Fig. 1,3, 4)59 4L =747, = A7 cellulosest hemicellulose L pectingd
59 R4ol FALT 4AR, ol £
FAAE NPT Aol A 293 324 n}
o Az e 74 ok dFe 947 Fig.
6,7,8) E4849 ZFHA(Cho et al., 1985;

Figs L3,07 T5H AF AR Fo2 Bt ]
}— .;}_ :

Extracellular volysaccharide® giatwds). ,.*_i

dFAzE Az FA Ayede : 1 1
2 ei—a]%-}huﬂ oquF FAEL FIRY I

v Fzt AAEde FA%e 8L E7,|

= Twﬂ W AEHe AR Wy X

2 ¥uid s etz JAsw gloh(Becker ///

et al., 1964; Bauer et al., 1973). Vinca 2L R
roseas A g FE o] AMEZFELde]l F4 »

a7 Qeluke Azjd] ECP7 ol 444 | J
o] (Takeuchi and Komamine, 1980a,b) =i 0 . " " "
kA7 7F A whup ECP7 5714 o] Time of Culture (days)

oy AEdA Bz =9ci(Asamizu and Fig. 12. Effects of polyamines on the incorpo-
i 10 Masds o o, 950, 2 23
A A= vfore] ZFe] e} ECP Fadol control, e; putrescine, &; ‘

759 polyamined 2o g3t v 5 spermidine, ©; spermine, o,
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Z s 5|9 v}, =, putrescines}: spermineg =5 ECP a2 297 A& 25 Ao
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