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Gene Expression in Transformed Higher Plants
Il. Effect of Ca®* on B-Glucan Synthetase Il Activity and Changes of
Peroxidase Pattern in Transformed Potato Tuber
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ABSTRACT

The hairy root was induced from potato tuber disc by infection of A. rhizogenes. The detection
of the agropine and mannopine by paper electrophoresis confirmed that induced hairy root was
transformed by A. vhizogenes. The aclivity of peroxidase was the highest at 5 weeks and isozyme
pattern of peroxidase revealed 3 cathodic bands and 2 anodic bands and new C, band (pI 4.6)
was ohserved at 7 weeks after cultivation in hairy root with isoelectric focusing, To study the
effect of Ca** on cell wall formation In hairy root, channel blocker of Ca’*t was treated. The
activity of B-glucan synthetase II(GS II) related to cell wall synthesis was inhibited by about
50% 1n diltiazem and flunarizine treatment than that of control, but stimulated in CaCl, treatment.
Therefore these results showed that Ca®* might be an effective factor in the cell wall formation.
The activity of GS II by NaF treatment was increased by about 30%. This result suggested that
the activity of GS II is changed through phosphorylation process.
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Ca*t& Ag2 A sy I Y& Fo] =
HEAe) 7o A=, 44, Ax 47, AEEd, 49
A % =3}, 2y 5 43eEez Fod g 9o
(Veluthambi and Poovaiah, 1984; Lee ef al., 1983). &k
Ca**2 calcium pectic acid®] o2 AE® Fzo) o
3-8 Fv(Stoddart and Narthcote, 1987) =3], pectin
kg JL2EAv| e difste] Axe] ARAE Vehd

B AT 19909 FaY 72t ey R el o5k
A9,
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A gtc}(Levine and Dalgarno, 1983). & Ca*™ & second
messener X+ signal substance Z4{(Veluthambi and
Poovaiah, 1984) stimulus-response coupling £33 242
# target enzyme-2 243 FHeww oA gk 2
HEAel 424 protein kinase® Cal*el 2l# 7 Z
o] ZFH, o] aldlte] Ql4kdks deoA o EAF
E49] A d3kE m 3K Gregory ef al, 1988). =3t
Ca¥™ 2 4A pHell M A2 Aol dojsle fie] &
-2 oAAe7|= gth(Bates and Ray, 1981).

h& peroxidase= AZ9 AAa} UFs =Hsh= F
2% 547 o83 glev](Seeni and Gnanam, 1981),
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phenol sH4tE = TAAe] 4t} pyridoxals} ==isl s}
Eo| akgl, B4s A S ot 7]EE vkAle =
® 7% ¢]t}(Chibbar and Van Huystee, 1984; Pedreno et
al., 1987; Johnson-Flanagen and Owens, 1985; Ueng and
Daly, 1985). Isozyme © 24 peroxidased] 7% 54
W ool%we] Wils Ags A, 4597 g TF
ahey o4 Eul ol Fa, AT WA, T TE
EQD AEAY 53 4yAAe #F 5& DEIE
AER D]%ELL sJeh(Wetter and Dyck, 1983).
weli] B odTE A shizogenes Ass A DA A
Zale] hairy rootd HEA1A F4AZ o Calrel 4
5o AAn Eiel Fag 2gs st Az P4
Feldt= B-glucan synthetase II (GS I ZAe] <
w¥ EMdon #8351=2Z Ca®4] channel blockerE
AR A AR Crre] AR FESIg o, Ca’F el
GS9] ZAde oW BHo DasterE FAFLEH
Az A FHAde] B aF elAE AR sl

A#z} 25 Hgell A EA4EE oeafdE Belx peroxi-
dase isozyme W =4 kS WHIIZA FUTh
Mz o
AlEx|E Y AR BFE,  Hary roots #x37] 9

a4} 2F2M(Solanum tuberosum L. cv Dejima) 7% 2%
sodium hypochlorite £-eol] 2087k 9 AF¢ &+ 77
42 33 A Lom FAR 2 27 Aol 2X10°
/mi$) Agrobacterium vhizogenes T< AHAFsle] 27TeA
shufjelaloin), o) W) ARl FEE A vhizogenes A2 TFA}
ez %) (2% sucrose, 1.4% agar)ell 4] 4847} ==t ajoF
gl AE3edch

=% hairy roots Adsle] AE BEEe] HrHZA
er2 MS(300 mg/l cefotaxime, 3% sucrose, pH 58) #f
#olla] F& AAF F, A4Ae] F2 hairy root Tt 2o}
FAA 7L Bo] glR] w2 oA wi=|e]A] Fg woFsidch

Opine 244,  wiokg hairy roots] HAHAE {75
afoly A} Petit 2(1986)2] H-S 3ol opines
&5tk 19 hairy rootZ 1%(v/v) HCl# 95% etha-
nol 3mle& Arlsld vl = 4188 g F AAAS
A Az7]oA sk Z4A20 5 10 W # 5kl Whatman
3MM paperel FAste] 3 7|4 E AAE AHEE
1,500 Vol 4] 5087 AAstedch A7) Sl formic acid
acetic acid : HZOE- 30:60:9109] vl&= =Alstgch A
7|dF0] Bt F 4 A0.25g AgNO; in 200 m/ ace-
ton) ¢ 3 4AZ F, of BN B(2% NaOH in 30% metha-
nol) o] 2] ZAZ WA Ak AE FAAF F NH,
OHZ &2 AgNO:E Ao 5% Na5,0, Sl
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GS FE0 g4 £, Cerenius®} Soderhael(1984)
8] Bl e 2 hairy rootE WZTE AHsta 2 FA 9
ks e (1 mM sucrose, 4 mM Na-EDTA, 1mM DTT, 20
mM GTP Ze] &% 0.1M Tris buffer, pH 8.0)2} &
gheled e gt g o] vl 6,800 X gol A 1577k 4
AFejstz 2 AAld-s oAl 40,000 X gl A 453 24
Faley de AVEL Tris FAL Al g4
Yoz Abgstglth Aaube-e 200 Wel TEAYT 800
we Tris F&5(0.02 pCi2] uridine diphospho-D-[U-4#C
glucose specific activity 223 mCi/mmol)-& 27T o] 4] 247t

S A ZHG A4S X5 98 1ml/g] 10% trichloroa-
cetic acidZ 715k & 2 Fg3le] ¢]71-2 Whatman GF/C
glass filter® of3}8l & wh-g-3tA] ghg 7|42 A3 7
25 4] 10% trichloroacetic acid &< 3m/4 A, 96%
ethanol2 3m/¥ A& slgich o] glass filterS zF 22 &
10 m/8] scintillation cocktail solutions]] @3 14]7F o)Ak
H}z]5k & scintillation counter® ¥RA5S EAF¢dth
Al ke Lowry $(1951)9] WS ]-&3tuh

Peroxidase 4 =Honl SHE H7|I9E Peroxi-
dase TAE= Grison¥} Pilot(1985) w-& $=3sle] 2}
222 50 mM phosphate buffer(pH 6.0) ol 4] #2847
F 24000 gell A 2087 YAER]e] AANE BEL
dez Abgslgdc. Bse ZAHEE 40mM phosphate
buffer(pH 6.5), 10 mM guaiacol, 100 W ZE4L-S H7)
so] AA H37} 3misA sled 1087 #HSAIZ & 10
mM H:0,3 #H7}ste] 470 nme] el F2=E &7
sk o] W Ade] M= 1¥7 FREe HEIE A
stedc) =3 533 A7)dEe Stegemans} Park(1979)
= Coppens$} Gillis(1987) ¢ wHH-& #3359 0.1% am-
pholine(pH 3.5-10)-2 718 6% acrylamide gelsl 10%
sucrose’} F7FE FEAL] 200 WS FA sk 100 Vel 4
1417k 200 Vell 4] 342k ek "AAFH o, o= e
0.01M H:;PO, 23 &rjZ+= 02M NaOHE A3}z,
ZAA ArldEe] By gels LY AA peroxidase isoz-
yme %kAFE #isled v 7 band®] pH 7wl IEF stan-
dard(Bio-Rad pl 4.6-9.6) % o]43le] &R sleic)h

Peroxidase 2,  S43 AH7|odFo] #yd geld 50
mM phosphate buffer(pH 6.0)#)| 1% guaiacole] E3F=
o gmidl 3087 At IF 0.2% HO, €98 2mig
A7kele] veld bandE Z=AREIATE ©] o bandi= 15%
ol el sHatElmz W= FA] BEsg)

Hot Y DY
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f3d

A HE & bandE el

=L
h=1
=

Hairy root2] v 2¢T} opine =41, Z¥2}(Solannum tu-
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Fig. 1. Hairy root induced from potato tuber. a, Hairy
root induced from potato tuber after 3 weeks inoculation
with A. rhizogenes; b, Hairy root cultured in liquid MS
medium after 4 weeks culture.

berosum) ¥ 73el| A. rhizogenesZ 7JZ5to] wlok 245 B
hairy root7} 2% 9.om(Fig 1la) At 241277 2=
=% hairy roots FAA 7 So] 9)x] ke v o4
457k wlokg Ax= Fig 1be} zotcl.

A. rhizogenes®] Ri-plasmid®] T-DNAe= opineo]ele

E44 obnl o] A4S ol AEAd N $4
A v e oduz E5d 3352 Agrobacterias)
saslyl drdod olfEE F29 ofoF yFadelti
=

£8] A rhizogenes Ay= agropine typeo i & dx sy
hairy rool= T-DNA®] 2&e)] o8 agropine® manno-
pineS A43tu}ar obed A g ch(Petit ef al., 1986), whala]
hairy root®] @448 JBg odolw 7] £Js]4) opine 34
TFE ¥ A A8t 37 qE opineo] HEHA| o
gkor} hairy rootell 4 mannopine® agrpinec] H&3
Ak (Fig. 2). 1% =% hairy root7} &z 3lo] ol
& 4 7 slsich

B-Glucan synthetase IT AT, Fig. 3= hairy root2]
Az YAeo] Fhedal= B-glucan synthetase 1(GS 1) 2
FAdel digt Cat* o] &A=E Yeldch Hairy rootel] Cat' £
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M

Fig. 2. Opine test of hairy root induced from potato tu-
ber by paper electrophoresis. C, conirol; H, hairy root;
A, agropine: M, mannopine.

0.01mM, 0.1 mM, 1 mM¥ 2zt Jejste] 44]2F S et
iefato] GS IT 248 4 Zgste] HFghe ulwgh st
0.1mMe] Ca?™ 2] Fel| e ) ZFHTt 60% HE, 001
mM7} 1 mMol A& zZHzh 10%, 20% = EF3lEgdr) o]i=
Ca’" o] second messenger® A 4| Fijjel 4] oFo]fo] =4
28 Q4RE B A4} 21 o THAge Hae
deA A4 248 F347 5 il A(Paliyath and
Poovaiah, 1938) 3} <)z{ & A¢ o 7] =24 pro-
tein kinase7} Fedsl= GS II 4o ke mlaldt= ¥ v

(Kato. 1981)5 Za¥  hairy rootell 4% u]2=8k ofal
LE Aol o] Zrlsl Aew AlgEch

4 hairy root 44 sjA|el= 7B o7 (Cpite] @
FHe elenz pygygen Caivel ATE ¥ o5l
A Ee] Catto] ahaeg JAxsl= 100 uM 2] flunarizine-&
Aelatsl S ) 55% AE, Ca? 2] channel blockeral 0.1
mM diltiazem-& Az|etsd-g o 45% AR FL DAo)
77t ZAstgch(Table 1). ©]2te Z3be Cheong =
(1991) ] Bwefael o] A2ue) Cate) zteg ol4
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Fig. 3. The effect of Ca?™ on B-glucan synthetase II acti-
vity in hairy root induced from potato tuber. The hairy
root was incubated for 4 h at 27C in MS medium treated
CaClz.

Table 1. The effects of diltiazem and flunarizine on GS
II activity in potato hairy root. The hairy root was incu-
bated for 4 h at 27C in MS medium

GS IT activity (cpm/mg protein)

Treatment
cpm % control
Control 2,309 125 100
Fluparizine 10puM  1,400L£ 80 61
100uM  1,069* 112 47
Diltiazem  0.1mM 1,297+ 326 56
1mM  1,600% 249 69

Ao 2 GS 119 FAe] i 7o v|Fe] Ho}
Cat*e] Axw Ao st GS 119 XS &304
k= 7% AR LE AAREFR oo

g, GS 119 #4393} 7218 golr7) 93] phospha-
tased] AAA| ] NaF& =zlsled GS I AW E FAH T
A 1mM M)l d2TE 30% FE o] &
A= ek (Fig. 4). ol'= NaF7} 9145 #3e 28] fao]
LA-g 52 e 2.3 (Paliyath and Poovaiah, 1088) &
23 % o phoshatase?] B4 JAFezy A o4zt
AL E2AAA BL FAo] T ZlelEln AlaRclh
uj2bi] hairy root wicke] el Ca*t& 9l4bz #HH L
3 GS I #4€ 347 Ao=2 A=k

Peroxidase §4. Fig.5= AR hairy root
WAl ohAlel) alg} peroxidase 42 =Aslgrh hairy

Fig. 4. The effect of sodium fluoride (NaF) on GS II ac-
tivity in hairy root induced from potato tuber. The hairy
root was incubated for 4 h at 27C in MS medium treated
NaF.
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Fig. 5. The changes on activity of peroxidase in hairy
root induced by A. rhizogenes from potato tuber.

rooto A2] peroxidase B4 wlof 15 thit EAdo]
Qi cdr} wlof 2558 AR Frletden) wjek
S5Falel= L8vl o4t aa4-dAo] Frlalych ol=igr &
Ao Wsle AMAF-9] 71385, ) e oFA) £.9] shoot
& A, Shamout £ =] wlF calluse] w3 d]A peroxi-
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Fig. 6. Isozyme patterns of peroxidase in hairy root in-
duced by A. rhizogenes by isoelectric focusing. Lane M,
pH marker; Lane 1-7, cultivation periods in suspension
culture medium from 1 to 7 weeks; —, new band.

I

dase Ao ZF7le}l LA 9o EIFHeE ede
shie) BE4oz AL Eilel widMe] FEEHT U5E
R o3t (Berger ef al., 1985, Kochba et al., 1977). 21
#]1} 65 ol4F vl ekl hairy rootell A& peroxidase & o]
A4 F 9= o)]& peroxidaser} auxing] Al e] FeidlT
glem, 53] auxine] £3halell H4 whaild gaje] Hat
Aol o3tk mzlckz ¥ 7 (Katsuaki, 1982) 8 w&jsle
o o]z& &ATA Zh4 = hairy root wjoFa] ]Fef 49
auxine$] Z-Fo] & gy HELE Alg=), geo g
WA auxine ekS ZHRste] vz elgle] o] FHAG
AdE & 7 o= dzdch

Peroxidase Isozyme &k  ZH 2Ae)i 2F 4205
Fz3sle] 5HY HA7] JFg 3 b peroxidased H4
A]# proxidase isozyme Z-7he] T4 H-S golrgirh 15
uleF= hairy rootell A= pl 7.13} 7.08] % bandzt viEld
ke 253 o)A vlekd hairy rootel]l = anodic bandE°]
vElgte v, 45 wlek3] hairy roote] 4= pl 6.0, 5.1%) ca-
thodic band7} vie}ston], ajek 755 o pl 4.69] =2
band7} vlEhdcl(Fig. 6). o)A A2 t}3 band k42
#alel peroxidasez} Z2k Solgk Auld 24 viehilof
Alg2] Halel whdle] ok v ¥ oz} Palatnik &
(1984) ) &5t A FEfo] £t mRNAE
tion Ate]E

9] adenyla-
W 3lA)7) 6 22 peroxidasert ME }E
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WAl wd zRE DT g AL A ok 53
peroxidase®] 4 wdl= Hrdyx £ Wge} o
A2 5l A1 2 BIREH S 2 g

52 A #% band?] $=7) #7}8}3(Kay and Basile, 1987),
o] A& °'*454 band: shoott} L3-8lAlel] E == &
24 A ze) %3 d2gcts B 2(Chandra and Worley,
1973)-% ixd® of =% peroxidase isozymeL 7z}
Filo] F2§ = seisielel AkzEd)

5 e

212 Solannum tuberosum cv. Dejima) =73l A. rhizo-
HEste] shhelld 4F Z-b okt & hairy
root= F+=3k¢ch F=% hairy rooti= opine 42
agropine® mannopinee] ZH&Ee] o] FHHS
galslgion, o]o w2 ] 43}ahaiql W
&t pcrox1dase A3 isozyme P4 Hl
v} hairy root®] peroxidase A4S wjokF 554 7}#k
=9k o] W] peroxidase isozyme %A 3709 ca-
thodic band2} 2708) anodic band vlebdch = wiek 7
Fael pl 469 A2 C, band7} Zal=dek

&3, hairy rootell 4] AE¥ e hojsi f-glucan
synthetase I1(GS II)e tigk Ca** channel blockera! dil-
tiazem™} flunarizine ==z]§ A= GS 112] X 50%
A Frazg end, CaCl, Al Frlskd s o=
Ca* o) A2d YAo] Hdoislz 222 A4gthe AS
& g Agleh =3 NaF Aol 2= GS I F4e] 30
Zrbeld e ol U4kE AL Fd Do) wsEE
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