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ABSTRACT

The effect of polyamine and Ca’* on D-glucose-6-phosphate cyclohydrolase activity was
studied in Daucus carota root. The enzyme activity was reduced in response to increase in
concentration of Ca®*, not the Ca?"-calmodulin complex. The inhibition effect due to Ca?*
was reversed by polyamine, especially remarkable at low concentration of Ca?*. The effect of
the Ca** on the enzyme seemed to compete wth polyamine according to the Lineweaver-Burk
plot. The enzyme activity from carrot root protoplast cultured in the prescence of verapamil
was higher than that of the control. Such cumulative results suggest that the inhibition by the
Ca®* and enhancement or reversal by polyamine could regulate the biosynthesis of pectin and

hemicellulose to some extent.
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Axy T4 AELF hemicellulose} pectind vh32] F717 A 2ol ¢ste] A} F,
D-glucose-6-phosphatecl] | myoinositol & &4 9t ¥ UDP-D-glucuronic acid® A== myo-
inositol4+8}7 Z(Ruberry and Northcote, 1970; Loewus and Loewus, 1974)2} D-glucose-6-
phosphatesll 4 UDP-glucose® Z3H3t v}-f UDP-D-glucuronic acid® ##k=]+= UDP-D-
glucose4kEL7d £ (Ruberry, 1972;Roberts and Cetorelli, 1973)¢1th. o|=HA] ¢4 " UDP-D-
glucuronic acid+= hemicelluloseg} pectin®] A TEH R o] Z-5 ch(Hall et al;1982). ©]2I 7k A
Aze AEL Tl @l 2= =2 (Daucus carota L)} 7%= myo-inositolAHE7 22 4 3}
A % vh(Loewus and Loewus, 1974;Rosenfield et al; 1978).
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3 Car' 2 AEA o FrAd4Fe sty ’ﬂ?'iﬂﬂi"-l Txol el aela gk o

3t gL Frh(Hepler and Wayne, 1985). F&F4 2 & 1= Ca*"-pectin cross linkage s o] F
o Az AL FrEdte] A zToh A T2k AFES AFAF| L A 22 A A Fhod T
auxin®] ZHgell & Cao| 20| U 9%t} (Levine and Dalgamo, 1983; Cleland and Rayle, 1977).
T35 gzl 24 9] s Ae] ATHAT &E gl gel Al 7l = £ & S Frl(Soll and Bottger,
1982). 1.9jol] 4l £ to] 2 pHel X, Gk £7 54 dF2 e FH opylslE Al E
2] & A2 oA sle T A5l MDP(Clarkson and Hanson, 1980).48 2] & S= ol 4] Ca+
& AE9 "é"‘c}ﬂ]- ahek ol oY A WSl 3 AgHd] 22 A 7ol dgo] R
% e (Robinson and Jaffe, 1975; Hale and Roux, 1980). 53] Al Wl Ca?*e] T =71 o5 7k 4
24 7es 2E3E F8 8902 ¥usT 9l om(Williamson, 1981), Al EW Ca*2
calmodulin@} 2 319 Ca*' —calmodulin®-3H4l & H 8¢ 2 24 secondary messenger® =&
ghel(Rasmussen, 1970; Marme and Dieter, 1983; Lukas ef al., 1984). Ca** — calmodulin=-&+4]
L B F40 B34S E25k= 2 22 NAD" kinase, NAD' oxidoreductase 52| & A %24«
oy lz,lu]-(Marmc and Dieter, 1982;Dieter and Marme, 1984;Hills and Beevers,
1986;Putman-Evans and Cormier, 1987).

Cho & (1986)2 A1 &3 A A4zHdEA 2 Feqt ¥E s polyamine (Bagni et al., 1981;
Galston and Kaur-Sawhney, 1982; Seratini-Fracassini et al., 1984)0] =2 £ -glucan synth-
etase®} D-glucose-6-phosphate cyclohydrolase® &4 i]—‘]?SFa in vitroll 4 B3 SH9iTth. o]
o FEAA L AT A e FALEA 42 oA TEA, deldom Fag

dgS sk Ca?*o] D-glucose-6-phosphate cyclohydrolase™d xg Oﬂ o)A = ks asta
polyamine3} calmodulin®] —.1'7—}' -’}—XH Al Carto] o] FEAof mv]x 5 g Fabdle] Cat e
AT, 4B =g 985 A ek

B 9y

ME. T (Daucus carota 1.)°] ¥2] & A}1E5ked Cho 5 (1985)2] whi =l o] 2% cellulase
R-10, 1% macerozyme R-10 0.7M manniml& ARgale] 03 A=) Lalsle] ufoFshgl ek
7o 8, gEReldd F53% 2E4LYA CatE FEHE(10—0.01lmM)A B ek
polyamine (1~0.0lmM)=} Ca** (10~0. OlmM)% Aol A skgdch xak 22 dk A ala)
2 ulf oFul X (Ca?*, 3mM el verapamﬂ(lmM)'% 2] st 447 °E'5']'°ﬂ v}

D-glucose-6-phosphate cyclohydrolase®=Z7} 24 £, §4 99 F%52 [oewusét Loewus(1971)
ol il o @ wlzBalo] 4 cell-free extracts 32 Foll DEAE-cellulose column{10X300mm )
o8 By5d sigich. §49 B4 FAH2 ChoT (1986)dl A2t Ze| Barnews (1970)3
Donahue®} Henry(1981)%] vk o2 & Auk-3 £ A7k A48 5219 A Chens(1956)
o woz gkl TERAE 2P0k
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oL, Fig. 2. Effect of verapamil on carrot root protoplasts
- -6 -5 -4 -3 -2 glucosc—6—phosphate cyclohydrolase activity
as function of the time course. Verapamil used
log CaCl; ( M) was 107% M, respectively.
Fig. 1. Effect of Ca®* on carrot root D—glucose— (*) control
6—phosphate cyclohydrolase activity. (©) verapamil

#, 1mM CaClL:3 # 2]5193-2 Wl & 20%, 10mM CaCLg Heldtgd& & 10% 3 =2 348
4o] 4% 9 vk(Fig.1.).

247 2] AA G35 HE A 4] BAFL] $l5he] B el 24 & AP AA E ok
o} Az AGAFI A ELAA o g Carre| dikE FAGe F, wokhel =
3mM2] Ca?*o] Z 5+ 2.8 (Williamson, 1981) verapamil® Z+-2 Ca?* channel blockcr% Bl ] of
B Helshe BEa2A e 985S 248190k 1mMe] verapamil g W x)eol] 22|34 E = o
ZFol] uahed wof 29do]| A uk F e E2E4o] S8 vhFig. 2). ©] & verapamildl |3}
o] WA 2H AETHE Caé Ao|E AuFR R Carol] 98 EAHA A 7F dofrtx
ok) w)-§¢] Ao = FZ=v} Glucose-6-phosphate cyclohydrolasest] o3 Ca?* 9| o] 2] gt 2§
o] calmodulin®} complex s ©] Fo] &5} free ionAe] & 2hE-3hex & &3]7] flste] ¥
Bglgk Ao calmodulind Ca** 3k Bl A sle) T434¢ 2R3 ek I 25 calmo-
dulinS A A eS¢ o= T A4l 2ol & AR Xtk ol = Ca¥ol free
ionAtel] 2 o] AATAE dAsE 222 & 45 eh(Table 1). ]9} o] frec Ca?*o| HAEA

< o)
EE _ll"

Table 1. The effect of Ca?* and calmodulin on carrot root D—glucose—6—phosphate cyclohydrolase

activity
Treatment Relative activity (%)
Control 100
CaM™ 95
CaCl 0.01 mM 100
1 mM 70
CaCl: 0.01 mM+CaM 97
1 mM+CaM 60

*(CaM:Calmodulin, 5unit.
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Fig. 3. Effect of concentrations of Ca®* and spermine Fig. 4. Effect of Ca®* and spermidine on carrot root
on carrot root D—glucose—6--phosphate cyc- D—glucose—6—phosphate c¢yclohydrolase
lohydrolase activity. activity.

Concentrations of spermine are O;ll—l, 10 Concentrations of spermine are 0;#——® 10
= M0, 107 MO-—0, 107 MO = MO0, 107 MO——0, 107 M;O
—1O, respectively. —(, respectively.

of 8-S FE 79t caster bean?] neutral lipase(Hills and Beevers, 1987)2} soybean®|
protein kinase (Harmon et al., 1987)5l 4% 2 ek

Cho% (1986)4ll 41+ D-glucose-6-phosphate cyclohydrolase®] Z4j¢] polyamined] 2|8] 4]
Falel A¥AANA A et 535 A)A pHoll 4 okel-& 42L& vebl = polyamine
o] E4d| wel (Galston and Kaur-Sawhney, 1982;Altman et al., 1982;.Fuhrer et al., 1982)
diamine$] putrescine® ™ triamine9] spermidineEL\- tetramine$} sperminedl] 4 ¥ 5 E3 7 =2
Ao® vag uf gleh ubslel] ofo]&fel Car'E o9} Wil 2 TLIAHE AR
(Figs. 1,2)%335 B4 Polyamme-‘»ﬂ- Ca* & A7 ¥EHE F4d Hst2=2H
polyamine Ca"*"l 4328 Fol Jabs] T st chest 22 43S sgeh Fig 38
Ca?* 3} spermined 554 & 2] 591& # D-glucose-6-phosphate cyclohyclrolaseﬁ“* e}
W Aolrh Ca' 2 FEIF FolRe] wel 540 B4L AA 3w spermined ¥l 2z
AP T AE Cartell o AR T4 B4HL 3847 = A4S debll 2 spermined] ¥
£7F imME = 0. ImM7H 0. 0lmME =L 318 A7k FHIY I 53] Ca'8 FEF AFEL
o) 3] 2-F 3} WA 5L5 ) Fig. 49} Fig. 55 Ca?* 7 spermidine, putrescined 77 FA4]ol &
2] 5}91 2 @ 9] D-glucose-6-phosphate cyclohydrolase®Al & v}eldl Zlol et o]-F A= Fig.3
ol 412 Azhe} A2 w43l 7S vebdirh. Fg.62 Fig. 3, 4, 5%] 2% Lineweaver-Burk
plotdted D-glucose-6-chosphate cyclohydrolaseell ®j & Ca**3} polyamine®| 4% Z-8-& Z4}
g Aojok. Z 0] 59 AL YA T Ao shi AAA A4S vebiEh
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Fig. 5. Effcct of Ca®™ and putrescine on carrot root Fig. 6. Effect of Ca?* and polyamines on carrot root

D—glucose—6—phosphate cyclohydrolase D—glucose—6—phosphate ¢yclohydrolase
activity. activity.”

Concentrations of spermine arc ;4 A, 10 A:  —log[polyamine]

TS MAe AL 107 MpA— A, 1070 MGA a) spermidine b) sperminc c) putrescine
——4, respectively. Plot based on PFigure 3, 4 and 5.

ol 4kl AsbE Car'e] AA A Ao Fao| x4 HIlE Felgtchs ¥ 2 (Wolff and
Cook, 1975; Galston et al.,1982)
negative sited] polyaminest 73 7

2#8le Ca**e] D-glucose-6-phosphate cyclohydrolase®]
o8 &ALt Wl T2 2 2&E vk polyaminee] 533 &
Ao Ao AFFo A T4 A2 Goll o gtets B (Corley et al., 1983)2F Ca**
- polyamineol Ao thste] Azl g8 Frp= 2.7 (Kauss and Jeblick, 1986) 7} =
2 Ay AE Cat' e free®] 2224 D-glucose-6-phosphate cyclohydrolase@4] & < ) 5
o polyamine¥= A2 ZAH Agoll 23t BATAL ZA¢ct Y Agch

=
=3
A

£ 2

-2 (Daucus carota L.)#2] 2 ¥-#] - D-glucosc-6-phosphate cyclohydrolase®] &4 =] & Ca**3t
polyamine®] 3 3F-& ZAHEHgch

Ca™*d FE(1#M~10mM)7F S7Harell =fef Bae) 248 Zr4A17]1 5 dH o]E Ca**—calmodulin
complex® 4512 L frec Car* 0.2 4§35 3 Zeh Car'oll A% HLHA 74 E3lE polyamine
o) S5kl 54D, el8 R Habe Caol 25 S5 2§ 43 AAsHs ek Lineweaver-Burk plotd sh

(=)
polyamines}t Ca?*-2- o] Hol t)dled AR Aql b o B ALt Z 22 A}5 g vl Verapamil® 7t 3lell
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