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ABSTRACT

The aims of this sutdy was to investgate the action mechanism of polycation on the g~
glucan synthetaseII (GS1I) related to cell wall synthesis in suspension cultured carrot cells.
In the suspension cultured cells treated with poly-L-lysine(12 # M) and poly-L-ornithine
(12 z M) having ploycationic nature, GSII activity increased about 40% and 50% than that
of the control respectively. And similar response was observed when ATP and NaF were
treated. On the other hand, ploy—L-lysine and ploy—L—ornithine did not affect the membrane
permeability. Phorbol-12-myristate—13-acetate(TPA), activator of protein kinase, increased
about 35% and 1-(5-isoquinolinyl sulfonyl)-2-methyl-piperrazine(H-7), inhibitor of protein
kinase, decreased about 30% of GSII activity than that of control. These results suggest
that polycation plays a role in the cell wall synthesis by increasing GS 1I activity through
phosphorylation.
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AR AEye AEAAE 243 Qe SlE
AESH M2 AFPIEZH - Aol Al 3
ool tigr REw 7 Bul ohe} FxA<l 3|
Z k1) ol#d AEHY YA AEEEE F
g A BAE FAo $-A20R Agsjeo} & Fo
g BAoz galA glrh(2,3). AE AXY 74 A4
2= cellulose®} hemicellulose 2 calloser= -
glucan synthetase(GS)ell 9Jste] FHAATI(4,5).
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AEY A #9sh= GS+ 2AE99 gA==
E2e we} Fglucan synthetase(GSI)9} 4
glucan synthetasell (GSII)& }yolrlm GSI&
2% A9 ZAA) @ coated vesicle Sl EAslL 8
-1,4- glucan®.2 o]Fo3l cellulose FAlel]l Fhed
Foh(6). 9 GSII& L Aqte] 28, 51,3
—glucan®. 2 o]F#o)Al callose §Asle] Fofic}
(7.8). 53] AZAYA YA AEHuel| 53
H 2 cellulose2] AFA|Q callosew A|EY Wtz
4] BAolnl, Axrt 228 3BTt Dol
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= gH(9).

AlEo| 4 Ca’*& second messenger =+ signal
substanceZA] L 8 4o] AZE 1 ¢)em(3,10),
“stimulus—response coupling” &3} 2 # target
enzymes Z2Ash= AR de|A gich(11). 1 of
EAQ A2 Aok 53 A EAA] Ca*t o]
AEY FAELQ GSU 9 4L Z7MA Az
FAE FAEL(11), T d3AA A Cae
s AEY o] FA1x|9c}(13,14). E& pro-
tein kinaset= Ca’*ol| 2]3] 1 &Alo] &A1 n, o]
2 Qlete QabsE oA ole EAT 49 &
Aell GeL ] AcH(1,15).

&# polyamine& AEFH FF U " AENA
2] £x5o] gl AEdAMe A} 4y 3 &
3o glo] AAZAEAZA 24819 (16,17), E3)
thrfefol 9] EAoz childal dike] §§AI(18,
19) @ frAHE-AS SA43ebm(20), M2 SA3A
f2(21) e} FABA(22), Y A5(23) Fol=
Fofgict

wela AE7bA] LEIY B (12,13,14) 904
Ca** 3} polyamineo] Al E¥ A A9l GSII 9 &
A& A8l AxY FAS FAEHeRR o)F
o] AAZ ofd Aoz AEy Ao 285}
SAE doprr| HaliA B dPede Cattt
polyamine®] A% 3htal tirjcfol e EAS
21 chitosan(A-1,4-linked glucosamine)3} poly—
L-lysine ¥ poly-L-ornithineg ARL-3sle] o]5 &
Ho| BHRIAE FAlA A do] AE R £
o Qg MEd FAHEAE A3 A ¢ <)
4|, B+ portein kinase® %3k 91413} Aol 9
& AEy FAFY A4S A F=AE pro-
tein kinase® AA(TPA)9 AAA) (H-7)& o]
3l 1 AL7|AE ZARIEEN tlofeldnt
Az g7 AAE sl s

g Y

AHE

2 e 2 RE {713 A EE B aAu |
oA wloget F AA wjokuiRZ ArhulokA)A 100
strokes/min. 2.2 27°C <5olA] zehajolsie] Al
PAE2 ARt bl EEL 14ds 3
712 3o Aldf wioksid e APAEE AM-F o
€ AR AEES BobA FHAE RS FE

3] A Aztsirt

Korean J. Biotechnol. Bioeng.

S SIEHHQEM =2 SZH QY

A sfeful R A el AR FA 60 A
vlekgl w2 Fetuf oA £5-8 phosphate free 4
wekul A2 &A 3U7 wikF F KH,PO,9 &
F=7b 0.2mM HA uhs A ujeku Ao A 242]7F
wfoFatsdct. detulofA £52 phosphate free uj%]
& M43 F phophate free v z]oll 4 47} wjofA|
7 b A dAMAR FAA whokstsdch AR
AAwfefl 2 2 F7) AAE wiFd R Akotch(24,
25).

HZW ®x cHiA stef &5

il A A2 Lowry 5(26) 9] WS o] 43l
chest o] AHE shgch AESS Whatman
glass filtere] ®olA] 1 gl 70% ethanol® T
H AL o} acetonel® ARA|Ach Az AT
E3} glass filterZ 1 M NaOH £902 &7 85C
oA 90 &<t dAdt oS A A =
A A S ZHech(27).

B-glucan synthetase] £&u} &M =3
Cerenius®} Soderhael®] #}S dH $A3}1o]
w4e) 23 B934 ARskni(7). AR
ZZd0o 1M sucrose, 4mM Na,EDTA, 1mM
DTT, 25uM GTP o] 3% 0.IM Tris S5
(pH 8.0)& ARg-3isict. whdd Sa& od& A
22 ZHeA oFdls 6,800ge A 1587 A
& 1 AedS o] 40,000g04] 4587 AR
gl A de AHES Tris =Nl Hebslo] 25
A2 ARt 54 WS 553 2Ea49 200
18] uridine diphospho—D-[ U-CJglucose7} Z3}
g Tris S-S 27T llA 247 w7k &4
RS- 228 98 1 ml9 trichloroacetic acid®& A
718 & & Eghsted 0]78 Whatman GF/C glass
filter2 of3}gk F uhg-slx] ok 7145 AFE o
7] 8814 10% trichloroacetic acid £4-& 3ml¥
34, 96% ethanolZ 3ml# 3H AAslgic}. o]
glass filterZ 28l & 15ml9) scintillation cocktail
solution(PPO, POPOP, toluene, triton X-100)¢]]
Y 1A17F o]AF ulbx]gl & scintillation counter &

RS 23ahsch.

e 53
Young 5(28)9] W& A5l ofgn 7o)
Algstict. dehijoR 5 RolA] 1500g® S
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b AAEeste oA 2opal MEES incomplete
medium(1mM NaH,PO,, 2% sucrose, pH 5.5)2.&
49 AAsdch o] AEEL 203 FoF A7)
% incomplete medium > 2 ekX ), e &
A3} incopmlete medium 0.8 o] Fo]z Lalo) &
SlckZE Y& ¥ 100CHA Bugdd E59
T4 587 WhAska, 10,000g04 287 GAE
23 g 2 AFSE 260nmellA] spectrophoto-
meter 2. 23 3}Hr},

Chitosan2] =

Young 5-(28) 9] whlell oJ8) ARd7|28e 2
E% chitosang thg3} 7o) A zsle] Ao ALS-
gdct. 1g chitosang 90ml 0.1N acetic acidelA)
A% AoiZea sheEet $AT ohe 284 21
& AAF7] 83k 27,000g0)4 2087 94)3e)
A7 F 4598 5N NaOHZ pH 8.00] & w7t
A A7bste] AMES TSI} of7]4) dojxl A
Aee AERE 54 SF02 283 AHe 3
et 714 dojal HAHMEL 0.1N acetic acidol
o] Fo ¥ FHFR 4Y o FAsk acetic

acidE A|AF ok AM-sHc)
Az o 2%

S BEHNQAM ZO SxH et

AR eFul Ao A Hehloka 2 &4 6 A
wiofgt o debulof A £E-2 phosphate free o}
A P22 FA 3U7E wlekd & KH,PO,9| 3
FE57t 0.2mM A vke dgugeku o)A 244)
Zb wjoFstglet. detujo M| E5-8 phosphate free
2|2 Al 4% F phospate free wi=|oll4] 4417}
A o A dAel MR FAA elekstelc)
A QA AZ 3] A HRE vjoFd g ARghe},

el R 2 Axy Ao g Azt a7
o lelA AAg AE2 deiA gl 2 o) A
A dehlFAEe A AT AEFAHE o]Fn
g, EAR FE A3} AEYe 7ix3 9)1,
Ad = AEF-A7 Alzbo] FAlel] doju}r] wFo]
tH29). 9 2|2 RE 73 vk EE &
ANt ¥ AEFIIS AN w(24) S
o3ty MEES FAAL do] AEY FHEA
o} 84 wistel gk A4S 7stuA} shedct. o
2|g QA WS o] &Sy A Er} BEo] o
23 AA7) @AS EA4S 2 59 (30), oRE
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o) AEZo] 2HA Y i AAF|BZH FANL
g 7] vk2 Ao AEF7)7} P32A "ep(31).
g2by AEd FAE9 s gkl §4e Gl A
Zlell dejumg Ao ALAS 7]5)7] SjsiA &
Aol AMEE E YehoRdEs Exujore
A s1odct.

etolofdoll o GSII 9 A& Zuisl: glg
Ak wjek 109 7ol 4,080cpm/mg protein® 2. 7}
4 EobA (Fig. 1)o]s} 2E AYL 1047} ekt
el A ES AT 2 Alghct

s |

Enzyme Activity
10°X cpm/mg protein
™ ~
§

Is) ' 1 A
0 5 10 15 days

Fig. I. The changes of the Sglucan synthetasell
activity carrot suspension cultured cells on
the time course.

A HehlokAlze A ke ok 27
of Egkot wiok 109 o]% REj:= 6.5mg/g. fr.
wti dAsdch(Fig. 2).
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Fig. 2. The changes of protein content of carrot sus-
pension cultured cells on the time course
after subculture to the new medium.
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Chzidol=0| 8t GS1I gHdo| ¥t

o debulola| Eel| Babgko] 77} 25,0009 12
£ M2} poly-L-lysine®} poly-L—ornithine& R
sho] 447} St wjekA7) F GSII o &A% 24
g 73} Table 1o] 4] vebd upelzkoe] thrlogol -9
EXS 7} poly-L-lysine?] 7- 50%, poly-L—
ornithine 40% A= Z18Aol 3=HAt}. &
# thrjoFolee] EAo] Q& lysined} ornithined
A AY dgke nAA Yokt ojHT A
= poly-I-lysinez} poly—L-ornithinee] protein
kinase?] #4e ZAstgrhe Hi(32)E L3

Table 1. The effect of poly-L-lysine, polyL-ornithine,
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2 tjrlefol 2] B2 potein kinaseel %
< u)d Qa3 HAE F8 GSI1 9 $4E 3T
Az Aru.

g3 tirjofo] 2] EAE 74l chitosang el
FAZ 1g} lmg, 2mgs 7247 AAS o 10%
o] FEAa¥Ao) ZAHUrH(Table 1). =%
chitosan3} poly-L-lysine % poly-L-ornithine&
opAE 1get 27t Img Aelstel 4412 B4 &
ehijoFdt F RS AT A 7zl v
opzbe] Z71e Bl B Z wiske oA Wit
(Table 2). Chitosan % A] t}7hefe] &9} EA& 744l

lysine and ornithine on S-glucan synthetase 1l activity of

carrot suspension cultured celis. The cells were incubated for 4hr at 27C in BS medium. [*Cl-
UDPGlucose used as a substrate and [ “Clglucan formed was measrued. Poly-1L-lysine and poly-1-or-

nithine were treated Img(122 M) per g fr. w.

Treatment

GSTI activity(cpm/mg protein)

cpm % control
None 4,080 100

polyL-1ysine(M.W,, 25,000) 6,208 1520
poly—L—ornithine(M.W., 25,000) 5,785 1420
lysine, 1 #M 3,641 89.2
10 uM 3,698 90.6
100 4 M 4,072 9.8
Ornithine, 1 ¢ M 4,300 105.4
10 4 M 4,141 1015
100 uM 4,161 102.0
Chitosan{1mg/gfr.w) 4370 1070
Chitosan(2mg/gfr.w) 4474 1100

Table 2. The effect of chitosan, polyL-lysine and
poly-L-omnithine on membrane permeability
of carrot suspension cultured cells. The
cells were incubated for 4hr at 27C in BS
medium. Each treatment used 1mg per gf.
w. The O.D. value measured at 260nm.

Treatment Membrane Permeability
None 0.34
Chitosan 0.37
Poly-1-lysine 039
PolyL-ornithine 0.38

2AZ A AEH el 74 A3l polygalacturonated]
Agse] gEAGAL A 7E FHE 4HA <
©1}(28,33) poly-L-lysines} poly-L-ornithine}
g o dehleAzd e el R
odgke m|x|#] koteh(Table 2). A= 534
ol ojsle] oFolo] MEWR flEAl =M
58] FAHLTH] Lok thlekel &) 54
o2 Qa3 FAL 53 Fhe FHAY WY &
e} A2 g}, Chitosano] S EAZAY) $31
go] thE tirjofol &9 EAL #T Sl EAET

2. o]§+= chitosano] wh#A & <A (proteolyt-
ic step)oll F-2 Fojate] LB @S V| A
= ¥(33)& 38 2w o] GSII+ proteolytic
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stepRrhe QAEIHAS 53 E4a8AY 2ol
£ A% FANNA F+= At AlaEr.

ATP2} NaFof 2§t GSI1 gHdol s}

4719 Azpgol A chrpefoldol ot GSII &4
9] 0] qlatstel 9k A E dolR 7] A
child olabsiaiAo] o3 iks AT F=
ATP¢} phophatase®] &4 JA|-E2ql NaF(34)
Z AzlsiAM d=hekst A ImMe] AEFelA
dz7He} 30% Ax GSIY #4e] FA1H it
(Table 3). o]&= ATP$} NaF7} qlitslat A& 53
GS9 #AS FAd= E3(35)9 dAsn
ATP7} protein kinase@ Aol 7|odalmzs A= gl
A5t AL FAAA AEY AR o] F
Thhe Aolet AR E.

Table 3. The effect of ATP and sodium fluoride
(NaF) on S-glucan synthetase Il activity of
carrot suspension cultured cells. The cells
were incubated for 4hr at 27C in B5 medi-
um. [“CIHUDPGlucose used as a substrate
and [“Clglucan formed was measrued.

GSII Activity(cpm/mg protein)
Treatment
cpm % control
None 4,080 100
ATP,0.5mM 4,520 111
1mM 5,277 129
NaF, 1mM 5,568 137
10mM 5,119 126

TPA, H-7 28t GS11 9 gMH3S|

9j9) AsEol|A] thrjofolo] GSII & Ao 0w
3 7)zto 2 ks nHEAE doliy] $3 ZeE
protein kinase®] #AJA|Ql phorbol-12-myristate-
13-acetate(TPA) 2} AA8]  1-(b-isoquinolinyl
sulfonyl)-2-methyl-piperrazine(H-7) & fehjjo}
A Eel| Azlsled 417} ok wjekst okg- GSII 9 &
g 23 702 (Table 4) TPA+: izl vl
35% Ax a4284L F7MFer H-7-& ¢ 30%
AT AAA)F) o)== Catoll 93] protein kinase
o FAjo] EAlE|girhs AMI(37,38) & s B
A7) Az Sl A cprjekolo] GSII & SAlE Z313}
9wl 74 protein kinased 3 Ak} S #A
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GSII 9] S S7MIA T+ A2} Algdrt

Table 4. The effect of ATP and H-7 on Sglucan
synthetasell activity of carrot suspension
cultured cells. The cells were incubated for
4hr at 27C in BS medium. [“C}
UDPGlucose used as a substrate and [“C]
glucan formed was measrued.

GSII Activity(cpm/mg protein)
Treatment
cpm % control
None 4,080 100
ATP, 104 M 5,541 1358
H-7, 25u M 2,803 68.7

2,6-dichlorobenzonitrile(DCB)0f| 2|8t GSII A
9| #3s}

Cellulose®} §4 dala|l DCB= Al EujoA 1
N A= polypeptided AYe 444 whdz
Azt AEEd A FAA L Axd A&
Aashes BARA(36) 9 ez 1L%
Imgell A 10mg7hA] o8] =& HElsA] 44)3
oF "okt As BE Aeleld dRTEo
40~50% A= GSIe FAE A=
(Table 5). o]+ calloser} 8 Al¥-ol A FEs) A
< DCB7} oAgchkes ARAle #adA]A B cellu-
lose] g4 $utoliz} GSII 9] &4& AAFlRE

Table 5. The effect of 2,6-dichlorobenzonitrile on 3~
glucan synthetasell activity of carrot sus-
pension cultured cells. The cells were incu-
bated for 4hr at 27C in B5 medium. [*C]-
UDPGlucose used as a substrate and [“C]
glucan formed was measrued.

Treatment GSII Activity(cpm/mg protein)
cpm % control
None 4080 10
2,6-dichlorobenzonitrile
Img /L 2636 65
2mg/L 209 51
smg/L 2220 iy
10mg/ L 2,025 50
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W o] FAo oslA FA=EE calloser} cellulose AP
o) AFAeh= AM(9)S FeAA F= Adtel A
g9} =3 DCBe A ghefol= ke o3 o] ¥e 19919d% wSHEAY e AZA)
< " dslek(Fig. 3) sl AfFLA e ATLA ofsio] o]
Aowl w8 B3l b =g,
i A3
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