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ABSTRACT

The effect of Ca?* and polyamines on the activity of £ -glucan synthetase Il (GSII) related to
cell wall synthesis was studied in carrot suspension culrured cells.

The activity of GS Il is four times higher than that of 5 -glucan synthetasc I in carror sus-
pension culrured cells and in vitro experiment, the activity of GSII was increased in response to
increase in concentration of Ca** and polyamines. When carrot suspension cultured cells were
mcubated together with Ca** and polyarnines, the GSII activity was high at 0.1mM of Ca**
and 1 mM of purrescine.

Also, polycationic poly-L-lysine and poly-L-ornithine increased about 50% the GSII activicy
than that of the control, respectively. These results may imply that Ca®™ and polyamines were
related to the enzyme activity as a polycationic nature. In addition, verapamil as the calcium

channel blocker and flunarizine as an antagonist of calcium mechanism in cytoplasm decreased

2+

GSII activity ramarkably, Ca?* and calmodulin stimulated GSII activicy as Ca®~ of free ion
rather than Ca** calmodulin complex.

The effect of 2,4-D on the GSII activity in culture medurmn is shown to be low at 0.1mg per
liter and GSII activity increased about 30% more than that of the O.1mg/! at the range of 0.3-
1.0mg per literc.

Cummulative results suggest that Ca®* and polyfamines stimulare the cell wall synthesis by
means of the enhancement of GSII activity responsible for synthesizing the cell wall compo-

Ticnts.
A 2

£ -glucan synthetase (GS)= A £ T4 AE5 cellulose4} hemicellulose % callose® T4
skl sked ek (Ray ef al., 1969; Bonner and Varner, 1976). o] A T8 Ao el st GS
= E2A 94 A 5= E4o web f-glucan synthetase I(GSD)# £ -glucan synthetase [[ (GS
2 Feol=xn, GSIE &34, a8 Y coated vesicle 5ol ZA b2 £-1 4-glucan?| cel-
lulose §Adell ol dtel. GSI(EC 2.4.1.34)= & & 2ol A8l F-1,3-glucan?l cellulose
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9} callosedtA o] Fhe] B1 3 (Cerenius and Soderhiel, 1984; Lutteneger and Nevins, 1985), A &
¥ 2] cellulose T4 422 95% o] A& 2| dl= glucans T4 §Hek(Van der Wounde et.al.,
1974), 53 AT o] F-HH & callosed] 42 Al EH BeaA g SHo)d AT 24
2] repair mechanism®l] #ed 5171 % e} (Kauss and Jeblick, 1986).

AEd gl A Cat e TAA, AZAA, Al2Ed, 9¥ARTF, =3}, &Sl A s
(Veluthambi and Poovaiah, 1984a), AEdY 7o A, Ao ® Fog JFL T}
(Hepler and Wayne, 1985). # ¢l = Ca*"°] second messenger E+= signal substance 2 4] h-4-
5}™ (Veluthambi and Poovaiah, 1984b), Ca**¢ll 2]3l ‘stimulus-response coupling’ &35 <
2.A target enzymeS £A Fteb= A o) ok (Kauss, 1987). ©] 23k 2§ Ca>* 2 calmodulin®]
B & o] To] ELEA ] Q93ES v)A A 2] 442 A 2 224 protein kinase®t ox-
idoreductased] &4 U <l &bz} Fo) L o] o] vH(Marmé, 1982; Lukas et al., 1984). 218w} 9k =
Al calmodulin=t £33 & o] F4 FE ThA A Eds AR zlloﬂ Ha H 3 glet
(Kauss, 1987). =& Ca?* -2 calcium pectic acid®] @ 224 A =Y T Fo] J 3L 5o
(Rasmussen, 1983; Stoddare et al., 1967), 53 pectin E]—'ﬂ’i——] carboxyl group3 A €5l Al

zo] ZAA4-L vehiA ""}'EHchme and Dalgarnao, 1983).

Polyamine2- 4 £ A4 2L 24 =il A 5 9 442 ¢4 Y mitotic activityE F7H41 A T+
A ZEA A A A Fag JEL §ho}(Palavan and Galston, 1982). ©] # & polyamine-2-
isoleucyl-tRNA synthetase(Igarashi; et al., 1978), 6-phosphogluconate, glucose-6-phosphate de-
hydrogenase(Mita and Yasumazu, 1980), RNase(Altman, 1982) & vt A <l 4ksle] wAl sl
protein kinase®] &4 & 57+4] 71 vl (delta Fuente, 1984; Veluthambi and Poovaiah 1984b).

weld L d 75 2 £9 J e oFA] polyaminedt Ca?*o] AlE ¥ gAld] 3o sh= GS
19 4o w3t 542 7FA) T 2835 dotrR 7] 8 o8] vhrloko] & al-&a) 4
I A8 oro} Mgkow], EFF Cato] free ion W2l = calmodulin® 2-§Ha] & o] £y 4 A&

=19 o3 el Car*2] channel blocker$} antagonistE AF-&all 4 Ca2t2] Al =8 F4id] 7] H]
£ g3kg Tkl stg ek

W= g

e

= 2Z (Daucus carota L) -2 = H-¥] X3 callusE B53 el oF v 2| (Dodds and
Roberts, 1982)ll 4 3 =kl °h(120rpm/mm)o1-n% 149 mhe} Al oo okgl F A 252 Ll 4
Zo] Ak BEl 104 Al T 5E Lobd AP B R AREEg

MEP MH.  [nvito AR 2 T bl o) 2o 4] FE7F 2 E 4ol Ca¥ 7 polyamine
2 0.1mM~10mM H = 27 Xl gk E3 AAW 4702 Cat 3 polyamine
10mM~1mM A 23] A 4417} EqF 30rpm/mine & £Eo] Foi4) wjokA]Z] o} AT E
Z 243ty ed, wrhoFol &4l poly-L-lysine3} poly-L-ornithineS 43 =l 24l £ 1g% lmg4
74 8] 3ke] Carto] vhrhokol-2d H40 =24 GSIl gt 7L-§-°-1-‘f—a ebolr gbcf, =3t Ca”ﬁl
channel blocker} antagonist 2] I chelating agent& X 2l 4] 2+ A o2 Ca>*9 E 3-8

9k © ], Ca**-calmodulin 2§87 E4£3 A4 o)A &= J3FL B 9l calmoduhng‘ 5,
10unit®d ZF2F 2 2] 5+9 oh{Leshem et al., 1984; Raghothama et al. , 1985).
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Gse| =&t #4x £H.  Ray F(1977)3} Cereniuse} Soderhiel(1984)2] wby & 48 5335
o E4AFEIHN BAEE FANY A AP L Wik AT E EFH42 45 e}
<+ AR 2 FFE A A A7) 3 2 FA S wha o 3 BgEle] wRRabE alg sleich mhgg)
°}-& 1M sucrose, 4mM Na: EDTA, 1mM DTT, 2SmM GTP, 58mM MgClse| %= 0.1M
Tris$38 (pHS8.0) & AH&-st vt mllld Sl & UYdE A2 A4 8L 6,80Xg
ol A 15447t A A 22l 3k 4k o2 £ls] 40,000X g o] A 4587k Al Belsi4 @& YA 2L
TrishZYol] A etsle] TEAR &3 vh Azl 4L 2722 e 222 Ao 35
R o] A 441 3k F-k Wl oFAIRL vhg A7) of AR o s A4S 2E8be B4 A1E5)
et

EAREE2 200mle] ELFE 7} 800mle] Tris% 8 (0.02 £ Ci2l uridine diphospho-D-
[U-4C] glucose, speaﬁc activity 223mCi/mmol, ICN, Ca?*, polyamines)& 27°Coll 4 24] 7k 9k
Sz, A4S FAE Y9 Iml® 10% trichloroacetic acid S & 7F&k & 2 &3bslgd o),
o] A& Whatman GF/C glass filter & o 35 T qbSalx] e AL A A o] 9 A
10% trichloroacetic acid LB 02 3mld AW, 96% cthanol ® 3ml<4 Al ¥ Al F sty ek 9
glass fileer & &= ¥ 15ml9] scintillajion cocktailell 2 i 1*] 7k o] A} v} ]’5}' F scintillation
counter(PACKARD, TRI-CARB 4530)2 uhAb52S 23519l o).
N E Mgk sk R Towry$(1951)9] why & ‘3’]%5]-04 14 A 3Fshed ot

g sl oE

Polyamine? Ca*"-& whZ8eloll 4] F&q GST 4] 4L 21478 1, 15 A=) wok4 A
Fyo] APl de} B4 FAo] St RT3 oH(Cho et al., 1985; Lee ef al., 1987).
whet A Al 2y A6 s ste T4 FAE B 98] o2l oka] =2 & whej okl
polyamine@ Ca?*¢] GSII ¢ &4 vl 4 3=t poly-L-lysinem} poly-L-ornithineo| ¢« &t
FaFo 2 RALA | A&t T TEstn=} stk

-z 3 e ok Toll A GST 3 GST ¢ HA =S 2419 0 (Fig.1) GST o 246 GsIx
o4l A5 o] B2 ALz vfebe o)t Arbe g2l 4 Bobs GS TGS 2
A9 Aol 7t H A vk (Lee et al., 1987) v 528t b4 B oo B Aol 4= oM e H4e] ¥
2 GSIIoll o 8 Ca** 3} polyamine®| of -3 # gkl

In vitroAd B 2 2 o2 sl ubu] of4] Tof| 4] 58 2 E 4ol Ca* 5 225l GSIQ 24 =
2 24819 vh(Fig.2), Ca**€ 0.1mM, 1mM, 10mM 28 &) & =T 2t 7 20, 30,
40%4 45 F7HA7 ok 3 B57] £l Aol Ca™-& 0.01mM, 0.1mM, 1mM 27 X 2| s 4
48 7F Bk i ok 7] ohg HAEA L ST Z 3 0. 1mMl A 2R o] 20 H T EALA
4 224527 0.00mM3}F 1imMell A= 2270, 90% 3 5 F 714 Z vH(Fig.3). olofze &
S in vitro AP A Erel W4l L YL By =d o] T4 4SS B8 covalent
modifications 4. 2A FAZA S &2 471+ 2 22 A= o} (Kauss, 1987; Paliyath, 1988).

In virro 4 & o 4 polyamine®] GSII #A46l ]3] & 43 Fxrt Zolted wel(0.1mM~
10mM) F21 4% 2 o] Foll 4 spermineo] 7H2+ 3-34-7]- *5k v (Fig.4). Spermine®] 2| 72| 7
4 0.1mM=} ImMell Al HE-T R} 22 39, 494, spermidine- 29, 3wl FALHS =
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gt B57] Ll ofulf 21¢f] polyamine2 0.01lmM~1mM< 2Haz- 2 28] 4] 44] 2k Zab w oka] 7]

.3 4% Z3}0.01mM, 0.01mM, ImM-$ A & & putrescined & T-oll "1 =
#7230, 50, 80% B =4 Hhe] DAL A 2o spermidined] A-$E A7 70, 40,
20% A =4 F7HAIF =k LB 3 spermine-S ImMA &l Foll Awk o] ZFH ) 20485 G435
AE S7HEE L2 TR A= E F240) 9 eH(Figs. 5,6,7). o= in vitro(Fig.4)el] 4]
2} in vivool 4 B4 o] polyamineol] s 4 47 7145 2™ 1mM9] Ca** 5} putre-
scine A 2| Tofl A Z2EA 9] Fxl-go] A fabstA] Jebytoh. el 4 Car* 3} polyamine, &
3l putrescineo] Az Wl A csl 2] B4 & £2 4715 W42 Kausso} Jeblick(1986)2] 2 2he}
@astgl e, Carr A el ol A el 2hal7tA 2 polyamines] wlrheko] &4 B4 0 24 G2
S F24 7= Aoz Aled e
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Table 1. Effect of poly-L-lysine and poly-L-ornithine on GSII activity of carrot suspension cultured cells,
The cells were incubated for 4hr in B5 medium. ["C[—UDP glucose was uscd as a substrate and [“C] glu-

can formed was measured. Poly-L-lysine and poly-L-omnithine were treated Img per gram cell fresh

weight
Addition GSU activity(cpm/mg protein)
i cprn % control
None | 4,080 100
Poly-L-Lysine(M.W., 25,900) 6,208 152
Poly-L-Omithine(M.W., 25,000) 5,785 142

&

ol ¥ Al Ca**3} polyamineo| mhrbofo] 24 54 024 T AL HA o] AL5lex 5 go}
8] ©lz}okel-24l poly-L-lysine=} poly-L-omithines AF-8-&0 4 GSII 249 HE2 oo} Bt
c}h(Tablel). B57] 2w okul zjel] Hx}gko] 25,0009 poly-L-lysine® poly-L-ornithined 44 ] 2F
AZ 1g% Img(12 xM)E A28 A3} | E2 T2} 40% o] A8 BAEAE ZA50}, o
B -1,4-glucan?] callose®] &4 & o] 5 B2 o] 22 47v}s W (Kohle e al., 1984,1985) &)
Wl st A5 vebleh o] 8@ AL cloteke] o] 9g A ube] Bals kAl A A Euke
2o QALY FEE oo o] 2ld AXTLWNY Ca* BT EE F/HAIAA F7HE Cartel
GSToll &AA Zgal 4 E4£BA-L £k Rarl 920 (Kauss and Jeblick, 1986), =
th2 7hg4 -2 poly-L-lysine3}+ poly-L-ornithine®] Ca?*-dependent protein kinase 3 24 314] 3
2 2 A (Polya and Micucci, 1985) P2 0.2 GSH T4l AL v = Aoz 455}
o] = lysine®} ornithine® M B &A1 GSTE Aol obF8l & v)== E5 .2 (Polya
and Micucci, 1985), APTH 2] A| BLE A o] F71xR 0] ol & fubals} T gl vh(Palyath and
Poovaiah, 1988).

et gk Aol = 98 Catv e FE=7F imMe) Fhsle] 922 R Ca** 2 channel blocker
£ o34l verapamil¥} diltiazem(Saunder and Hepler, 1982; Marme , 1986)3} chelating agentd!
EGTAE A # A GSTT & #AE A8 H(Table 2). 0.1mMZ 1mM#] verapamil= 100
aM9 flunarizine S M 2] B & wll & 2k 40% A EY ELFAH L AA A7 2d diltiazem 7
EGTA= %718 oA & l‘l’—?if‘}- ol = geh oF4] Carto] GST & A& 574417 7] =) -Fol 2}
AR,

o] gk Ca**e] free ion &2 ZH&-3EX] Et calmodulin®} 4314l & of Fof 4 o gF-& uj x|
=25 dotr] 1A 1mME Cate] &5 857 E il Al o] calmodulin & Suni,
10unit(Leshem et al., 1984; Raghothama et al., 1985)8 Zr= & wl&l] A 44] 7k Fb o) okt oL
BAFBNEE AT A7 SunicE MG AP Tl Al 2TRoL16%H ) BTN F
721 Zvh, B3 calmodulin®] antagonist?l chlorpromazine(Raghothama et al., 1985)% 100 2 M
2 Aeld g 10%0) WY E4ATAHY AA S 2.9 b (Table 3). 2 F743] calmodulin® .5
AEFTANA &5, 55, 27 T2, AFAY o, $FF5AA R FE Hee Caal
calmodulin®] 43+ & o] F¢] NAD" kinase, Ca’*, Mg®*-ATPase protein kinase, NAD" ox-
idoreductasecl] ZH-8-3k= 22 e A ol-=w (Marme , 1986; Cheung, 1983), w2 3 ghuff oF
A Zoll A ekzhe] EALA Y Frle GST ol Ca 3 calmodulin®] E-&hal & o] 20 4 2481

¥

e
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Table 2. Effect of diltiazem, verapamil, flunarizine and EGTA on GSII acrivity of carrot suspension cul-
tured cells. The cells were incubated for 4ht in B5 medium. [“C]— UDP glucose was used as a

substrate and [“C] glucan formed was measured

o T GSiI_;t—i-vity(cpm/mg protein)
Treatment —_—
cpm %ocontrol

© None 4,080 100
Diltlazem, 0.1 mM 3,245 30
1 mM 3,614 39
Verapamil, 0.1 mM 2,355 58
1 mM 2,655 65
Flunarizine, 10 u M 3,434 34
100 u M 2,398 35
EGTA, 10u4M 3,623 39

_W0pM 3,501 86

Table 3. Effect of Ca’* — calmodulin complex and chlorpromazine on GSII activity of carrot suspension
cultured cells. The cells were incubated for 4hr in BS medium. {#C]—UDP glucose was used as

a substrate and [“C] glucan formed was measured

GSII acrivity(cp/mg protein)
Treatment —
cpm Y control

~ None S 4,080 100
Calmodulin, Sunit 4,733 116
10 unit 4,170 102
Chlorpramazine, 102 M 4,097 100.4
100 « M - 3,713 91

Table 4. Effect of 2,412 on GSII activity of carrot suspension cultured cells, The cells were incubated for

4hr in B5 medium. [#C]—UDP glucose was used as a substrate and [#C) glucan formed was me-

asured
Addition (1L medium) GSII activity(ch/mg protein) o
- B _ cpIn [ % control o
2,4D, 0.1 mg 4,080 100
0.3 mg 3,221 128
0.5 mg 5,000 123
_1.0mg - 5,284 130

t}7] Bl protein kinase2} & H Ao 2§5he GSI o] gl 43 7 3A g 53 covalent
modifications ¥ oA FAZAH E21L 2AF AT =xch AT GSOY LAl Ca
8} L free ion o2 A A-E35b thul ok Fofl 4 calmodulin®] £ f-7= oA 7l 3H

A 314 gk
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3=l B57] L oful 2l ofl = 2,4-D2] A e €7 0.1mg/1~1mg/1R 2o gl &b 2,4-D
o w5 H3l7 GST Y 240 o2& dgFE dotnr] $148 ¥ =117 0.1mg, 0.3mg, 0.5mg,
1.0mgS 727 2 23 A wiokat A =l 0.1mg & &l T2+t 0.3, 0.5, 1.0mg A =l 7ol 4 20~30%
Ao} § AT F7H8 7P Zel(Table 4). o1 3 2,4-D4 GST 44 A2 AW Al
A5}t 7458k o] & 2,4-D7} microsome 2 E F8 Cate] #-F-& £ 417 ¢ 2 A (Paliyath
and Poovaiath, 1988) Al =& W 2] Ca?* 5 X7} F7H5ked 23 Catto] 424 o 2HL31E 2L
2 Az oh webd GST Al 7h3k dgke] A2 0.1mg/19] 2.4-DF M43k 47w kvl
A2 AL-gstgl e

ol Aol A -2 AR & @l Ca?* 7} Polyamine-> vhrhofo| &4 SA4/ 024 GSI[ L4 &
2714 o) gt FAE2 AL GST 2l covalent modificationol] Zhod 3h= Q1 Abd}ol] o 3F-&
PRl 24 FHEE Ca*t free ion2 B TATAH S FxAQ 24 A=Y F4d| 7o 5le
2} AFRe] o

= 2

w2 2( Daucus carota L.) 8 eHl ok 4| Toll 4 Ca?* 3} polyaminee] Al T8 44 Fed sl A -glucan synth-
ctase 1 & Aol v]alE oF BkS a5l e

R 3 b ok Zofl = £ -glucan synthetase [ (GS 1) &4 ¢] £ -glucan synthetase I (GS 1 )2} 4u)
A5 o £ in viro AW A Car*3h polyamine’s 57+ S7HE el GSI S @4 S 3744,
ehZ &) ehul ok s Zoll Ca?* 3 polyamined A 2| sked i oFgl 24 GS 2] 842 0.1mM Ca** 3 imM put-
rescine®] 2] Foll 4 713 F9ket.

3} v}7hake]| 291 poly-L-lysine® poly-L-omithine-2 A2 50% 4 52 GST B4 & 443 & o
£ Ca2*5} polyamineo] vhriefo]l 24 EA40 24 FL£B4E X7l Ao gl

k3 Ca?*#| channel blocker® 4] verapamil®} Ca**2| mechanim antagonistd! flunarizine-& GSII ] 4
4 A8 A5k F.eH Ca?t 3t calmodulin®] EAd] 7] A] = o SR Ca?*-calmodulin =3Ha] 29| 28
Brohs Cat*ol free ion o & GS[[ & T4 L £21471E A2 eyt

o oful 2 Wl 2] 2,4 D7F GST & &4dell mlA] & 3L 0.1mg/10l 4 713 w9k oo 0.3mg/l~1.0mg/1#]
5ol AL vho] 30% AE HEATA L o431 0h

o] 4ke] A3l 2 H ol Ca?* 3t polyamine-Z 4| ¥ Aol B = GSTY T4+ Az 224 42
W PA4L FrrAA ST bz,
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