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Cell Biological Studies on Growth and Development
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ABSTRACT

The effect of polyamine, Ca?* and calmodulin on GS (f-glucan synthetase) activity was
studied in Daucus carota root. The Ca** is shown to have no effect on the GS activity whereas
the GS I activity is increased in responsc to increase in concentration of the Ca®**. When the
protoplasts arc cultured, for 4 days, the GS Il activity increases as a tunction of time
and reaches a maximum after 3 dyays at a time when the network of cellulose microfibrils
is known to be synthesized. The cffect of the Ca®** and ImM spermine on the GS Il aciivity
turns out to be synergistic, especially more synergistic at lower concentration of the Ca**. The
GS 1 activity seems to be enhanced by the Ca*". The GS Il activity in the protoplast treated
by the calcium channel blocker, verapamil, turns out to be lower than that of the control.

Cumnlative results suggest that the Ca?* stimulates the cell wall regeneration via enhance-
ment of the GS I activity responsible for synthesizing the cell wall component throught

synergistic effect with spermine,
M g

AEA 2] A2 AEF cellulose®t hemicellulose’s £ —glucan synthetasesl] ©]dhe] T4
=/ o] (Ray et al., 1969), B —glucan synthetase [ (GS )& 4%, FA A ¥ coated vesicel 5ol
& 5131 1, 4—linkage?] cellulose4dol] g gel. 38 8 —glucan sythetase [ (GS )+ 438
A abol] £33 1, 3—linked glucand] callose® A ¢ll Fof Fhel(Cerenius and Séderhiel, 1984).
Polyamine-2 isoleucyl-tRNA synthetase(Igarashi et al., 1978), 6 —phosphogluconate, glucose-6-
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phosphate dehydrogenase(Mita and Yasumazu, 1980), RNase(Altman, 1982) % GS [ (Cho et 4,
1985)2] Aol dgh& vl vf, E3] protein phosphorylations] A 3= protein kinase®
A& E7 A 7l vh(delta Fuente, 1984;Veluthambi et al., 1984).

s Ca' g A2 EgdATY SR A EA TR A, 3o Fag
9 ¥-& ghet(Hepler and Wayne, 1985). 53] Ca**-& 524 Tl A secondary messenger24] Z
Fgrte o] B Al o] F(Rasmussen, 1970), # & 4 F4 ol A X secondary messenger 4
2 FaAel AFH T el I 4L calmodulin®} complexE H A5t T4 FA ] o ke
T A £ 418 F4 ghrh(Marmé, 1§82;Lukas et al., 1984). =38 Ca*"& calcium pectic acid¥]
salt24] Al £ T2l J & F (Rasmussen, 1983;Stoddart et al., 1967), 53] pectind} &
4] carboxyl group=t 2 33le] Al 2w A4S vhebi Al &vH(Levine and Dalgarno, 1983).
AF71gn} o] ojoll & Ca2*-& 4HpHol| A A 29 Aol Aot B4 AL AA A7) 75 5L
v} (Cleland and Rayle, 1977;Bates and Ray, 1981).

ol 94+ & 443t A4 polyaminest Ca?*-Z Al =¥ HAoll Fogt &S 513 917 «
Toll & A¥d A g2l e e AR E 2ol wWoksld ATy A4 A2 AR
42| 3hs] GST 9 Aol Ca**7) polyamine ¥ Ca*' —calmodulin complex7}t vl %) & o 3¢
golr =t 54 et

Mz R Y

M2, B(Daucus carota L)) -2l & AHE3}ed Chos-(1985)s A9k o) 949243 1
elal A ol oF sl o ot

Mol MF, wheld pelE B Fed 982 255 2E4 spermined
1 xM, 0.01mM, 0.1mM, 1 mME, Ca*£ 0.1mM, 1mM, 10 nMS 27 2j2l sl ch, =45
Ca** —calmodulin complex”t L& #49| Q3F 455 Lol 71918 calmodulin® Sunit %] 2]
519 2. (Leshem ef al., 1984) 214 Q¥ Aalo] Ca?*2 channel blocker?] verapamild 1 mM
Arvekel 47k okl GSIol &S 2 shgeh,

GsIo| =& $MHEH, Raye(1977)# Cerenius®} Soderhiel(1984)) ubyj o2 F A 22q]
4& S48k AgS) 482 F2¥ ARE AR AAea 42 g e
A 8] whsl o 5b Egsle] whalApl R nhs) shg o, whs) B2 1 M sucrose, 4 mM Na:EDTA,
1 mM DTT, 25 #M GTP, 58 mM MgCLs°] £33l 0.1M Tris$hEd (pH8.0)¢ 2519
choab gl §o-& vl Bale R Aol 4 o ahel 2 6,800Xgoll A 1587 AAlHel sl Abs-oH
& vh4] 40,000X goll A 6027 A ERI A QA& pelletd TrisENol| alebstd 2H4LR A}
B5hich. Al 482 vhokd AP LA E 300%gN A 1082 4525 280 (V/ V)9
uhafof 3} E&ste] vl shgich o] vhefel-g Al A ZL wlylos 2FLE oo
F49kgol] 2839 Bk

BEEEE 200 p19) EAFEN ) 800 19 Tristh58(0.02 ci® uridine diphospho-D-

[U-#C] glucose, specific activity 223 mci/mmol, ICN, Ca*, polyamines, verapamil, pH8.0)
£ 27CA A 247 vESAIZ

GS19 2= TristZRel 58 mM MgCLE A 715l GST 9} ¢+ Asteba steth
J44E FAE A8l 1ml® 10 % trichloroacetic acid® A 7ME £ & Etsledel. o)|AL
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Whatman GF/C glass filier® o 73k F 483k 942 7|82 AH) W~ 84 10%
trichloroacetic acid 8802 3ml¥ AW, 96 % ethanolZ 3ml4d AW Al stgch o] glass
filterS % & 10 ml9] scintillaton cocktailsl] 2 3L 14] 7k o] A wbx|]F % scindllation counter-
(PACKARD, TRI-CARB 4530)% #hal5a-8 2484

cHHE Hzh AL Lowrys(1951)¢] 8RS o] &3he] =4 A gks}y v}

a8 A

]

Polyamine©] cellulose §4HAq GSI9 4L w2 Beldl4] £x14]5]=(Cho e dl.,
1985), %4 Bl Cat % AeAHA olAl71d A2 A polyamines] THo| F7HaHY
tH(Cho et al., 1984).

web4] BT GSIY Z4dl polyaminest Ca**2l %435} polyamineEA Al Ca2"9] AA-E £
skl Ae Agel oA 05 Jue eora Ao

Bawelel ) FEMd 2ELP0l Cang HElshel GSIn GsI8 B4 AT
(Fig.1, Fig.2). GSI19 7% Ca*% 0.1mM,1mM M2 # -3 2220 %, 10 %4 DY) &
7Hts-e = mmM""’q 72‘V°l 2718 el GSI9 4L 0.1mMe Caell 4 12 %,
LMol 4] 21 %, 10mMel 4 42 %2 $57t ool weh 5484¢] S8 gleh. =@ 2
Zueol 4 GSI 3 Gsle &4-2 GgslIat GST 2ok 10w o]ate] e e okl ol
A} Chos(1985)8] 2kl o ast4oh,
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Fig. 1. Effect of Ca®* concentrations on carrot root Fig. 2. Effect of Ca®* concentrations on carrot roo.

B -glucan synthetase ] activity. B -glucan synthetase II activity.



176 Korean ].Bot. - Vol.30 No.3

# GSTe AL polyamine ¥ Zote web @A EAHYeA 1 mM?]|
polyamne & & 2 5hgl & 712 yoke}. o] %ol spermine?] L7k 7HA Fokvh(Fig. 3). 1mM
2] spermined # ¥l 3k Ca™* = Azl =2 GSI 9 244 =3 2k(Fg. 4) 0.1 mM~
10 mMe] Car* M e8¢ o Cartel T=7t 0.1mMel A 48, 1 mMel 4 3.8 10 mMell 4 2
AT BAe F/AA%E ol Ca*8] Taol w3k dgke vad $ FEAA SRR
7ok, o) = Car*3t spermine2] synergistic effect =41 Kauss®: jeblick(1986)9—] = 3o}l Q=) 5k
9t

o] 2§t Cao] free ionE1k 2hg5kA EE calmodulin complex-S o] o] BAEA
o 3k vl =x) goluy] 98] A 0.1mM, 1mM, 10mM$| Ca?*8] F =9l 5unit calmodulin
2 L o Catrbd MElak 4% A sho} w|4eqh kAol GSI¢) 41 A3 FH(Fig. 5). =
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Fig. 4. Effect of Ca?" with spermine om carrot root

0 TmM B -glucan synthetase I activity in the presc-
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ence of lmM spermine.

Fig. 3. Effect of putrescine, spermidine and spermine

on carrot root B -glucan synthetase I}

activity. 7
% ;putrescine
Z= ;spermidine &
;spermine 3%
g
g9 °
Fig. 5. Effect of Ca®* with calmodulin on carrot root o E
f ~glucan synthetase [l activity in the presc- E% 4
ence of-5-unit calmodulin. Eﬂg
CONmo calmodulin i
A - 0.imM CaCl:+5 unit calmodulin 3
B : 1mM CaCl+5 unit calmodulin T
0

C :10mM CaCl+5 unit calmodulin
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calmodulinell A Q0] Car* 9 FErt Fobatdl =el 48 BAE SrFstdiedl o€ Ca™
o] frec ion® 24 ZALsl Ao 42 Eeh A F7HA calmodulind 54 E FellA ST,
=2 owEe Fxl, AFHY o, ST EEFE HAeH Cadt calmoduline]
complex & ¢} 50 NAD" kinase, Ca**, Mg"* —ATPasc, protein kinase, NAD" oxidoreductase
o] Zg3He Aoz < 9l x| rk(Marmé, 1985;Cheung, 1983), FZ-2ldl A& calmodulin®]
Ca** 7 complex® o] 52| %1 free ion® 2A GSI S B4 WA s A= A5HA o o
2o AE BT cllsll AE A8 A5E da de Folrh(ddRAste AAGA B

).

zag) 2 Yel Belad Aol A Carrol GSIY Aol Al dgkd AL AL
Z(Fig. 6) 0.1mM, 1mM9) Ca™5Ed A% o L4, 10mMell A+ 2 AT Z4& 5744

Axd o)l% GSIsF W& @b EAstT 9l 22 2 (Tuttenegger and Nevins, 1985) Al £H-&
A AR Ao AT T4 FAL Ak, hZgeldld Corvell Wk GSIY &4e] Hat
oFAb(Rig. 23 ¥l 5 ES Bl T glel, ol gt A A€ 48 B ofsbw A g = Ca
o] sk GSIe ZAe Has xAstgdchFig. 7). 4P A sobAdl £ H Ca?*o] §5
7t 4amMe] TgEle] o= 2 Ca*9 channel blocker® %# A verapamil(Saunders and
Hepler, 1982)% M2l 4 Ca>' o] 9 AA W29 o] 5& shio2d AR Coo] GSII
o] DAl v]AE dare GelrmA shgirh AHFAA AF o2 2Fu A A woF 19 ol
FaE o] 2745l A2t 3l A e AL oo ] mM®| verapamil& ]2
;A worAlg) ATl Aubo® FABHTE FAAZEE 53 wio2dA B¢
60 %2 AT ZAE Bk ol& Carto] A AA wiokAlel GSIO AL F7H417)
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Fig. 7. Effcct of verapamil on cartot root protoplasts

P N : ~glucan synthetase I activity in the presc-
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ence of 1mM verapamil as function of time.
Tig. 6. Effect of Ca?" concentrations on carrot root (O) control

protoplasts 8 -glucan syntherase I activity. (=) verapamil-treated proplasts
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7] @) Folet Ams vk o)#d Ae AP AAE W ksla cellulose®] TZFZ A 0] 33 A o &
LAT o] FolA A 4UA B AlZxEdo]l 443 ol T (Asamizn et e, 1977), ¥ FE 7ol
P AEHL F2 1,3—1,4~linkage®] glucan®® T4 = = (Takeuchi and Komamine,
1981), GSII+= AT HY celluloseTAGEE 95 % )AL A 8= glucans FALH(Van
der Wounde et al., 1974).

w2t Ca?' 3} polyamine® GSI9 AL FXAF oA A2y A4 o FAo 73]
o GSIE free calcium ionoll #la} 1 FAde] Fa =ty Az},

s @

& (Daucus carota L)F-#1 4] AR A ol A A28 A A 2] GST 2 &4l =] polyamine
3 Ca*t 43 ZASIGeh Cate GSTY B4¢ FAA7IA ZPot GSTE 4L
Ca*9] F=7t 71l wel 2AH el AFAAE 49 7bx] i obgl £ GSI] EAdell of
3 Car* 9| A7 A 7ko] 7 shghel] Wl iﬂ-‘] 7= A g om 54 celluose®] 1EZA
o] A o] FelxE 3¢AC] stz 2L 4L vebilsh

ET} polyamine E# 4] Ca?*9] o 3F&- i‘ﬂ 1mM®} spermine-g AP &= Ca>d) -2 5
Eoll 4 #HA3A GSIY BAo] A H1s o) synergistic effect2 4 &2 Ca?* 5o 4
% A5t etk Ca?*3 calmodulind] Eell #]3)= 4 8-2 Ca** —calmodulin complex &3}
7k ohdZ Ca** 2isinte® GSIY 4% FA47+ Ao® vebsiel. Ca*9 channel
baockerdl verapamil® 2| sle] wiokst g AA MM L GSIY FAof HETRE ot}

o]4re] AzLE Rol Ca*& Al XY & T4 AL =t GSTY T4 S sperminest 4F
FAEL R FAAA AZHAL L FAAAT A 25
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