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Relationships Between Pathogenicity and Activities of
Polygalacturonase, Laccase, and B-Glucosidase Produced by
Botrytis cinerea
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ABSTRACT : Activities of polygalacturonase, laccase, and intra- and extra-cellular B-glu-
cosidase produced by 20 Botrytis cinerea isolates in liquid culture media containing cucumber
cell wall as a carbon source were measured and their relationships to the pathogenicity were
analyzed. Ne significant correlations between these enzyme activities and the pathogenicity of
B. cinerea were found. Mycelial growth rate on Bavendamm media, however, was highly cor-
related with the pathogenicity (r =0.522) among these isolates. Immuno-blot analysis of the cul-
ture filtrate using antibody against exo-polygalacturonase revealed that only one band with
molecular weight of 66 kDa was detected among 34 tested isolates. It appears that these en-
zymes may not be primary factors in dermining the pathogenicity of B. cinerea.
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A1 8ql R0], BvlE Q7 Fr] o YHYIFE 2=
FEBd Aoz A2 A 2702 WE F War
ing blender2 vhaf3}lon], vifgt Al A ¥-9
2] 367} =& acetone-S H715be} 5% 4 AAAA
. M5 W & o}A] nylon Ao A=2w g
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42 248 A]d oS acetone2Z A 9lE, 60°C
NA 24X 7 AEAF] F GARAPLE $2 AR AE
Y PES 2o uiR|e Hriste] AYel A4
shodTh(6).
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A4S 1unitE et

zt 542 3AS polygalacturonase F9]E 49
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x12) st} o] & TTBSZ 1087 33 MMsz al-
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phosphatase buffer{0.1 M Tris-HCY(pH 9.5), 0.15 M NaCl,
5 mM MgClL)ell 5§ x| F 34z}

Laccase @A} XA} Bavendamm agar plate(0.5%
tannic acid, 1.5% malt extract, 2% Bacto agar)el] PDA
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(NH,),SO,, 0.6% KH,PO,, 0.05% MgSO, - THOE &
3tsle] pH 4.52 243 vkl 100 mio] A7 5 mm
A} disc 10718 A$3ted 20°CollA] 447 160 rpm
o2 Aguioksidct. it AL F3O cheese
cloth2 Ze| FALE AAL ¥ ¢ wjefod g Ax
o] EABA FAo o] g3t Mxu AagAde
cheese clothZ AZ A ZE 33 2FH,s 283 A
% 0.1 M acetate buffer(pH 5.0) 4225} sea sand-S &
99 92 APEE sk ¥, slaE EAAE
12,000 ipm 2. 2. 3087} 0°CollA dAl&elste Qo]
A AHsYelix e 8¢ F493te) AYsdch1s).

B-glucosidase VA& FA37] AR 71A2E 025
M B-phenyl-D-glucoside-E 0.1 M acetate buffer(pH 4.0)
o o ARt GelA S vk 2E A 250
W=t 7)A49 250 pE 30°CollA] 3087k Wh-A|7
F copper reagent(28 g Na,HPO,, 24 g rochell salt, 1
N NaOH 100 ml, 10% CuSO, 80 m/, 180 g Na,SO,L)
500 pig A7t Whg-& AA A7), oA 100°C
oA 1087t @A AL 2 A3l ¥ arsenomolyb-
date solution[aisenomolybdate reagent(50 g ammoni-
um molybdase, ¥¢] H,SO, 42 ml, 6 g Na,HAsO,H,O/
L):H;S0, = 1:2] 500 pig A7kl ch21). Aol of
2} AE5E AR A 520 el FHES
A3t A4 whgo] YHEL DglucoseE XF
AT gl I FA o g AAF S v, unit $]2)
RREZAA 1882t 1pmole] ghicosed MAddh=
Ergew Aosgct. N AUFL Bradford WH(2)
o wje} Pl e oju) XFE PYAUL BSAE AHE3}
At

EARN. doiAl 28 Y ZARAHL AAANgR
EA ¥4 Ae) 2] Minitab 24 = 2 798¢ o]-2-3}dc}.

4 o

5o Yy, A vl 200 F59 o
A& 2o frRAN AAT A} WYdMe] o ¢
g Ao} At jgel g 4.75ems] FF F
hodgt HAAE Jehliglsdl, o Fellad KCs, IM
43, T91-1 52 HukR| Fo] 4.3 cm o4} 22 Wi glA o]
743182 FC122, NS1. 25 WA % <oF3id
t}(Table 1).

Polygalacturonaseo] #34 4! i@y 4.
2o] AL KU stado Hrislo ulokg
207) FF9] wieFed A2 PG A2 IM4 5o
A} 42| specific activity7} 14.86 unit 2 714} Gty
BT30000)4] = 124.37 unit2 7F4 Ekch. 30 unit o] 3}
 #F7} 370, 30~50 unitd] FF7} 147), 50 unit o]
el #4571 37) olsich(Table 1). L0], EvltE, H7]
oA F2lH W UAJo] 737t FFof 3t FFE Y
Adsle] ghro g Q0] EvlE, Hr] AlE¥HS
A7}, vkt ¥ wijafo] 2] polygalacturonase2] 4
£ Ao e 675 3 W YA e] 743 KC6,
IM43, CS107 39} oFg} FC122, BC5, NSt #&71
de gades HrHE 7 riFe MXY F5Hel o
£ PGE 847 wHUA Jhle 94 e Aelrt
slodch(Table 2). 22)v}, KC6, FC122 F39} JMA43,
BC5 @559 7% Lol & viarde g 7t 3l
A& HHAo] ¥ FF7} v] 733} polygalacturo-
nase A)-& ¥l o} CS107, NS1 759 79+ o]
213 7o) e, A& J1FA XS o8
Sz £33 A 4AY 5 gt

Y laccase #4. 7z FFE2 WdAe] o &
TFE9] laccase?] 4 & A3 A9 &4 FF F
BY33 #F7} 025322 714 #37 BT300 35+
0.008% 7}4 Ygktl(Table 1). FFE 3 @Ale] 0.1
o]3fal Zie] 107), 0.1~0.291 FF7} 874, 0.2 olAFal
5 270 olie}.

34 B-glucosidase M. 7+ dF9 P-gl-
cosidase2] 84-& 243 A7 extra-cellular £ 42 A
 FC122 33+ ¥Ade] §idlz KT433 ¢+ 0.032
Z 714 =90}, Intracellular £ 42 79 G A] FC122
7t 0.092 &) Jgkon JT104 T35 0.3252
713 F3kch(Table 1).
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Table 1. Pathogenicity and mycelial growth related with polygalacturonase, laccase and B-glucosidase activity of Bo-

trytis cinerea

B-Glucosidase activity

Isolates ‘Patho-genicity' Mycbelia.l P.o!ygcalacturonase Laccase acti?/ity (U/mg prot)
(Lesion diameter, cm) growth’ (cm) activity® (U/mg prot.) (A A486/min) -
extra intra
KCé 4.73 44 35.99 0.043 0.021 0.131
S1 3.48 29 49.00 0.067 0.002 0232
BY6 3.25 45 45.84 0.104 0.014 0.211
BY2 3.10 4.0 46.39 0.067 0.015 0.067
BY33 2.83 45 43.25 0.253 0.019 0.146
BY3 2.40 45 31.86 0.069 0.016 0.090
FC122 0.25 1.8 46.80 0.006 0.000 0.033
M43 4.68 4.0 49.34 0.143 0.010 0.062
T91-1 4.30 42 33.37 0.205 0.019 0.073
BT300 4.18 44 124.37 0.008 0.024 0.194
IM1 4.05 31 57.63 0.075 0.014 0.194
IT106 3.85 4.0 36.08 0.125 0.013 0.166
JT101 3.70 44 33.39 0.120 0.025 0.092
M3 3.65 39 39.56 0.129 0.016 0.288
M4 3.58 47 14.86 0.172 0.010 0.122
M2 348 3.0 51.91 0.086 0.021 0.125
JT104 3.30 45 28.79 0.101 0.018 0.325
KT433 2.85 4.6 20.51 0.121 0030 - 0120
JM42 2.23 24 38.41 0.025 0.025 0.153
BCS 1.70 35 3017 0.022 0.009 0.082

* Diameter of necrotic lesions of cucumber leaves inoculated with agar discs (¢ =5 mm) of the pathogen was measured 3

days after inoculation at 20 C.

* Mycelial growth on Bavendamm media for 5 days after inoculation.
¢ Polygalacturonase activity was determined 10 days after inoculation of Botrytis cinerea isolates in minimal media con-

taining cucumber cell wall (5 g/L) as a carbon source.

EollA 218 207) FF4] LolfRl i HYA
3} polygalacturonase, laccase, B-glucosidase ¥4 7+
ol ABAAE Table 1 AoHE o] g3t} AL
o] A3 Table 37} 2o}, 249 £2RAT B4
Afolelli ABALI} B 0.5 o]5F2 42 40] 91
2}, BolStAE laccaseBAl-S EA s HA oA
A4-¥ Bavendamm v Xl 2] WAF FAAA A
ZE 1205228 ¥ AL ARARA(p=0.05F A
#H3tdet

Polygalacturonase2| #F4 pattern. 347 5
2] exo-PG F91 84 pattem-® TARR} A4 Fig 13
o] #F 2 FT Aole @Yz, ohit 66kDa A
X 3719] 1 band¥t &=}

T @

oje] 715-olA Be2]® B. cinerea®] WU Ao] H#F
W2 tleksted oo, citrus pectin WAl 7]|FAlE Fo

el 20lHEHS Yo AHrEHElx po-
lygalacturonase &4Jo] ¥-2]7|F-o= Ao #5E
2 ookl o] A= 3 5(5)8 R ke
A FHo] HAFe] A Y-S AR
S by & 5 Qlel(T). IFEE £ V)5
A48 3 7)}8be] polygalacturonase FAIA o} 41
Aol AL 1A e, 715 A2y e
W39 7rek @A) polygalacturonase A o]
Ui F3AR A S S 5 Uit ol A=
o] Aol ¥Ao] WA Y| F G¥L x| X3}
A £ HUA 89102 o8 factorr} EA o
#esly] dEoz A7y, 13). €3 F5FE exo-
polygalacturonase % &4-9] pattern-g& HIAYA blot-
ting W o 2 vyt Az, GA U4 kel ¢4
o] BE FFeollA A9 Al e B

F5 W laccase A& Fej7|5, WAl gl
o] t}eslglc}. B. cinerea’} A3 laccase= 715
Al Eol| A AAbE = cucumbitacinel] £] 5] 3Ado] A=)
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Table 2. Effect of carbon sources on the production of polygalacturonase by Botrytis cinerea isolates in minimal media

Isolate Host Pathogenicity” Carbon source® Total activity Total protein Specific activity
(lesion diameter, cm) (host cell wall) W) (mg) (U/mg)
KC6 cucumber 473 T 152.25 6.63 22.96
S 71.19 5.86 12.15
C 111.33 212 52.51
FC122 cucumber 0.25 T 147.67 7.08 20.86
S 63.60 3.77 16.87
C 74.09 3.58 20.70
M43 tomato 4.68 T 175.34 7.24 24.22
S 87.17 6.43 13.57
C 164.94 235 70.19
BCS tomato 1.70 T 172.39 428 40.28
S 94.37 4.22 22.36
C 49.83 2.10 23.73
CS107 strawberry 4.18 T 164.47 6.44 25.54
S 130.96 443 29.56
C 51.40 1.38 37.24
NSt strawberry 0.77 T 147.36 4.87 30.57
S 86.35 4.99 17.30
C 103.00 278 37.05

* Diameter of necrotic lesions of cucumber leaves inoculated with agar discs (¢ = S mm) of the pathogen was measured

3 days after inoculation at 20 C.

*0.5 gram (d.w) of host cell wall preparation was added to 100 ml minimal media. T; tomato, S; strawberry, C; cu-

cumber.

ALz @A glon} FFHE o] 4B Ax
< W44 7o FA ) difAE o Rad vprl ¢
th(16,25,26). o] Aie AWFFe] WLFe] 715
A F o= Ax YAge] A2HE Fol AE Hoz
FAHGNLER A 1244 8112 ohd e A7

Hek21). 22, laccase 4 24 24 2 w4

Table 3. Correlation between pathogenicity and several
enzyme activities and mycelial growth rate of 20 Botrytis
cinerea isolates

Enzyme activity Correlation coefficient Significance

Polygalacturonase 0.206 ns
Laccase 0.361 ns
B-Glucosidase
extra- 0.307 ns
intra- 0.275 ns
Mycelial growth* 0.522 s{(p=0.05)

* Mycelial growth on Bavendamm media for 5 days at 20
°C.
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Fig. 1. Immuno-blot analysis pattern of exo-polygalac-
turonase produced by 33 Botrytis cinerea isolates and 1
Botrytis squamosa isolate using polyclonal antibody
(PGIV). B. cinerea isolates (start from lane 1 to 33): KC
6, S1, BY2, BY33, BY3, FC122, IM43, T91-1, BT300,
IT106, IM3, M4, IM2, JT101, JT104, IM42, BCS5, CS
107, DS522, GI4-3, DJ49, GJ5-2, SC34, NS111, SC171,
NS53, DS473, NS1, NH32, PT33, CA36, SW31, KCTC
1937. B. squamosa isolate: CN25 (34).
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2L Ao £ AP 2olHlxy
& Qo= o4yt w5 Aol ik wol
Ax B AYAe o7 7lFad 23 200 FF
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AA gqleg g3l Aol ohdrl AZGHL)
Bavendamm i 2] of| 4] 2] FFAMEA A 2ot WA =
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idase % vlaslo 2 WA A4 218 F9 ¥ ¢
A &7 A=

2 a7 2AFHE 2 A AYFFoy i gl
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o pe] WAl 8 8-S ¢ e g 3.

2 9
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g e ollA] okt H WA falo] sle Aoz
2]zl polygalacturonase, laccase, p-glucosidase2] 2}
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2ok =3 o] 7t 335t o 3ETE
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