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ABSTRACT: Botrytis cinerea T91-1 has shown to produce at least four different po-
lygalacturonases in a liquid medium containing citrus pectin as a carbon source. One of the en-
zymes, its molecular weight was estimated as 37 kDa by denatured polyacrylamide gel elec-
trophoresis, was purified by a series of procedures including acetone precipitation, ion exchange,
heparin affinity, and reverse phase column chromatographies. By viscometric analysis, the en-
zyme was revealed as an endo-polygalacturonase. The enzyme activity was inhibited by divalent
cations such as Ca*, Co*, and Cu*. Km and Vmax for polygalacturonic acid hydrolysis were 0.33
mg/ml and 28.6 nM/min, respectively. The optimum temperature for enzymatic activity was 55 C
and the enzyme showed optimal pH values between 4.0 and 4.5. The enzyme was stable up to 12
hours in the range of pH 4 to 7 and at the temperature below 30°C. Amino acid sequence from
N-terminal up to 6 amino acids determined by Edman degradation showed little homology with

polygalacturonases from fungi and plants.
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Botrytis cinerea+=
A Adste] AEHE AF-2A 3=
olHE doA, A, 3, Ax ellh-Eol
AL 7 AAA ez gL gl T
(Coley-Smith %, 1980). 53] $=%-0]
v, 5717} A5 7)ol 4] Wi o]
o} 2k (Agrios, 1988; Jarvis, 1977), A4
A we 2 AbgEe] 21 benomyl £-9] 3}ehat
TAl gk Aol ERsle] 2 vbAl diFo)
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o]5 & pectind-2 A E-32] middle lamellas}
12} A2 o] 4 Bo)m galacturonic acid2] po-
lymer® F%A Folo| ule}l 7z}t pectic acid,
pectin, protopectin® 2 F¥-xt}. B. cinerea$}
E WA 2] AlEol A-ls] 4siA

| 28-& Fafsledo} shzul] HE2] A
HYA 2FE pecting E33he ofe] EaFE
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er, 1995). 2152 13} Hlo{¥al pectind F3iol
FAT 4TS & R 7|d=E pectin F3E
2+ polygalacturonases} pectin lyaseo] x4t
(Collmers} Keen, 1986), 7} #1# polygalac-
turonase& ®u|3hd #2140 3 v} pectin ¥
HELE Hujdvtn deAd  gleH(Coopers}
Wood, 1975; Jones %, 1972).

B. cinereav} ¥v)sl= PG z2h87)zbd| o=}
endo-PG¢} exo-PGE Xt} B. cinerea} A
Al AYA AEHS EaEh] 314 endo-
¢} exo-type?] PG7} 25 2H4-8k 71 0 2 F25]%]
Wk, elubd o 2= endo-typed] PGE A ¥¥& 2
sk 7ol FAZE AEA HZ Asisked fEl
& Aolnz, 7+ Z7]ol= endo-PGe] #Hgo]
29838 7o ® o &%t Coopere} Wood, 1975;
Jones &, 1972). HYA-& vell= B FF
4} Heuvel Z-(1990)0] endo-type®] constitutive
PGS ¢4 2e|slel 1, Johnstond} Williamson
(1990)%= ¥-x}efo] 36 kDa o 2 $gt & 7x)9]
endo-PGe} Ex}gko] z+zt 65 kDax} 70 kDagl
ex0-PGE ¢4 ¥elsjed nwskich e, B.
cinerea’= $407 Holsk Alsto] 7+ e Tl up
2} PGe] EAJo] ob& ¥ o}, ok =24 ¥ wha
o] FHox odgks ukon jgoelectric focus-
ingo & Fu|3le] A S I FH R 1659
24E el & 4 glriErrampallie} Kohn,
1995). o]¢} 3lo] vl PGE o= FH I 40}
WAz Fadsle] glom, Welite] AlEA W2
Addahzdl A7 dopll7] slstde Zh2d
o] B4E A, 1 BAE olalske Aol
ahet, 2ol Al EA Wlell A PGe] #8418 dAlsh=

sl o, o] 2 En 2 PGe g3o] Al &4 A9
ol AFAPg AJapelict. B3] o] whlal oA
= ex0-PGe] &A= ¢gfo] ¢l 21}, endo-PG2)
A& AAg o g A gle] endo-PGE] A 43
A odFe] "gAMe] 8A=3m glck(Staplesst
Mayer, 1995).

2 AT = B. cinerear} ¥-H|3H= PG Zo
4] endo-typed] A4 E & AA3I] BAIS =}

Salct.
2 L

Tl HiF A 7K

5 AT ae] gy A7 o
%] gnjeg Rg| 223l Botrytis cinerea T91-
18 papyol AHgslsleh. ] wa vloke
potato dextrose agar(PDA) uf=]ol|A] 3}glon,
20°CollA] 5U7E vkt 3 Alddol ARE3slgict. &
A AARE citrus pectin(Sigmai})ye BArdez
3= A A ¥]2|(0.5% citrus pectin, 1% NaNOs;,
0.5% KH:POs, 0.25% MgSO4+7H:0, 0.1%
CaCly, 0.05% yeast extract)Z 2 L] Erlenmey-
er' flaskel] 600 mi# Qo] dyslz, A7 5mm
o] Al diskE 607) AHF3sle] 20°CellA] 127k
e} vljokslsich(Rha 5, 1994).

Polygalacturonase®| A& =3 4 EHHE
e

e B 2UE PT Ne EPeor: 2
mM EDTA, 20 mM potassium acetate buffer
(pH 4.5), 0.5%(w/v) sodium polygalacturonic
acid g ARE-sksdct. HhE- E3e 1 mig 40°CellA
ole] 1037t A3 § A4S 7Fekar 2037k HE
2]zt o17]¢l] DNS £1(7.5 g 3.5-dinitrosali-
cylic acid, 14 g NaOH, 216.1 g sodium potas-
sium tartrate, 5.9 g NasS:0s5, 5.4 m! phenol/L)
3miE ¥ Fe ollA 582 FATTE el
AR F, 3,000x g2 1087 94 ¥2ek A5
& A% 530nmel FREE Zgsirt
(Miller, 1959). &4 ¥Hg-¢] AAES D-galac-
turonic acidE %F £AZ slo] 3 FFJAL
2 4% shleh Ak BAE 919 W 2
H Z<F 1 umol®] galacturonic acid& AJ4ksl=
£oe lunitem Hojslslch. shud
Bradford(1976)9] ubHol| wel &Aslgd %

A 2 hovine serum albuming A-&-3}eich.
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2.2 AABlg e 2E AL 4°CollA 3313l
o}, Ao g citrus pecting ARSZF wiR| o)A}
1297} vljofgl & cheese clothZ Azl FALE A
A}, o] wiokoide] X712 acetones 30%
Y} HEE 71ste] 3 3087t AR F A
F23le] A5dE slesiodct. 343 A5 o
A] acetoneg 60%(v/vy} HEE )5l F3
3087 A= F ARl AAES 353l
t}. A7 B2 10 mM Hepes buffer(pH 7.0)el]
o] & ammonium sulfateE 1.5 Mo] HEE
ekl 73 WAL AEATE Badloz
A28tk 494 ammonium sulfate F%=7}
1.5 Mo) A 7}sle] 3 15,000% goll4] 1087+
Al sk A5A-E #3ke] 1.5 M ammoni-
um sulfateE ¥33= 10 mM Hepes buffer
(pH 7.0)% v]z] 53 3}= Phenyl-Toyopearl col-
umn(26 mm X 20 cm)el| F¢ldly EUd kLo
o2 Axsely, $39 U 2 2misl 4
402 ammonium sulfate®] =5 1.5 Mol
0 M717] S &g F3o] FHA §-Z31c) 249
gA4o] Jel}= 23S Centriprep 30(Amicon
AHL 2 F&3}v 1.5 M ammonium sulfateE ¥
%+sl= 10 mM Hepes buffer(pH 7.0)2. A% 3}
o}, 22)3 4 £35S 10 mM Hepes buffer(pH
7.002 vlz2] 335l HPLC DEAE-5PW col-
umnol] $¢13F & KCl9] =55 0.1 Mol 0.3
M7HA =4 7] B 1mle] 408 ofals
L&) 54 F4o] Ju FERke Kol 22
Bl o 2 2315 10 mM Hepes buffer(pH 7.0)
2 Az o)gA FHljg A £S5 10
mM Hepes buffer(pH 7.0)2 vlg] =33}=l
Mono Q HR5/5 columndl] 3 3, KCl9) =
£ 02 Mo 0.5 M7l Fo47be £33 1 mle]
02 chilzg g&3l9ich. £ o] gl ¥
Fwrg »ol ¥Z3}7 10 mM Hepes buffer(pH
7.002 AAskct. ©)]F 10mM Hepes buffer
(pH 7.002 ©]g] 333ty HPLC Heparin-5PW
columnel] F=¢}3}e] 5¥7F T AFEH o2 AF
gt &, columne] F&= whulalg B} 1 mlo
o2 Mo 0.2 M7} KCle] 55 o7}
= §=3)ich

e HI

gk 2

2lg Shae] e5E9h #AE SDSTL 29
% 10% polyacrylamide gel electrophoresis&
AAsle] AAstrt. SDS-PAGEE Laemmli
(1970)9) wpiell we} sl o 25 A=
= phosphorylase B(97kDa), bovine serum
albumin(BSA) (66 kDa), ovalbumin(45 kDa).
carbonic anhydrase(31 kDa), trypsin inhibitor
(21.5 kDa)2 AHg-sisicth. #e]g 2ide] F49
gL 72 JeAE @] Asteds 84 9A
< A A3 cHRied9} Collmer, 1985).

gy 83

) x-g- SPS-PAGEE. A7W& ¥, nitrocellu-
lose paper(Schleicher & Schuell)el] 27| ©]%-A]
7] % 5%(w/v)e] skim milk &80 2 A2 3%
t}. o37]6ll TTBS(50 mM Tris(pH 7.5), 150 mM
NaCl, 0.05%(v/v) Tween 20)el] =-¢1 34| & 124]
7} uk2-Al7|z ¢ ¥ c}A] alkaline phosphatase
7} A9 goat anti-rabbit IgGS WH-A1Zict. T
A& 5-bromo-4-chloro-3-indolylphosphate2}
nitroblue tetrazolium-§-8-& AR&-3}e] A3Y3}14d
t}(Harlow2} Lare, 1988).

E49 M =A

%4 A 7|3t endo-PGE] 72 7}E3). modes-
ZARE7) 98, whE-A| 7kl mE viscosity 2] 7h4x
£ 24)slgc}Bateman 5-, 1976). 0.5%(w/v) so-
dium polygalacturenic acidZ 33t 0.1 M po-
tassium acetate buffer(pH 4.5)5 0°C 5Z0l|A]
n]2] u}lx]sl2 Cannon-Fenske viscometer
(Schott Gerate)ell 0.5 unit®] EANE 715 F,
A7 e $25E 393 viscosity & A
t}. Z4e] $A4e mlx= pHY 332 0.1M ci-
trate buffer(pH 3-6), 0.1 M potassium acetate
buffer(pH 4-5), 0.1 M sodium phosphate buff-
er(pH 6-7), 0.1 M Tris-HCl buffer(pH 7-9), 0.1
M glycine-NaOH buffer(pH 9-10)5 A}-4-3}e] &
Ajsich. 149 A PIAE pHE GFE 2+
7t buffere] LAE 16417 5 WA F 34
st A4 246 mliale 229 3 4°Cel
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A T0°CAAS] Yelemaln Ea BHE 2Ha)
AL, A Ao wiAe Lxe) F3e 54
£ —20°Col A T0°C7HA) 2tzke) Lxzel 164171 )
A% F BAE FHaG. o3l A sgoleat
reagent7} F420] LA v = QgL FEF 2
mME 243 of2] 7} Fo| 23} reagent s Hix
A3} 4le] Lol 1083 WA F, 40°Cel4)
20874 7R WEAA B BYE S
200 Kaoftd Viedhd 7122 2143 sodium
polygalacturonic acid®] %7} 0.1 mg/miol+] 6
mg/mll WA EAe] EAE ZAslgaL o)
ZA3E- Lineweaver-Burk ploto 2 &7 Al&3
et

N-Zich ofa| it Mg HA

AAE T Nogdd ofuleal Hd A4 7
Z 73 ZY Al aBEleic}. Edman de-
gradation ¥} ¢ 2 Applied Biosystems model
473A protein sequencer A1-83}5] 0w A2k}

o] geirlel wet papsloic).
i} & pE

Endo-polygalacturonaseQ| 2= x|

Botrytis cinereax %AE 16552 polygalac-
turonase S A} 7 B vHo| glrHMagro =,
1980). o}¥#| tleksl polygalacturonaseEo] 7}
7 ojaja A2l YA Bashy BYE e
7FHe dohiy] fald 5aE ube AAshs Y
o] $-Aslejol sh}, olxl7lA] Ha) HAlE 549
T BA 22 e, gt 9] 450 &
fdAke) AFE1A], 32 glycosylatione]t} pro-
teolysisell g ZAAA| = F9x] ¢}, o)zl 2]
Aol B. cinerea’} ¥1]5H= exo-type?] &4
Q) 66 kDas] whi ol thet A ol urt $Abe
o] 2& 37kDa E4:F A3 Fiivhe A9
H8] ExlgF 37kDa¢9l £4E exo-typed 66
kDa®l #Aael & fAate] AHER F3Hr
(Lee &, 1997).

oja} 7}2] ek4dol| 4 B. cineread wiokslel &

o, polygalacturonase?] & A4S Birgion

citrus pecting ARE-d}31 12207} wiofh 7390
744 E9tHRha £, 1994). o9} & 24
okl A Jaew zalgh A3 37kDa,
45 kDa, 66 kDa#} 70 kDa 5 &43F 471%] o|AF
¢} PG7} FAldl A=l a(Lee 5, 1997), o|F
oA BlaA A Ela o] 2 AoE HulE
£ 37kDa?®] PGS Eelslict. 2408 AA8]
2 A WA DAL B. cinereag sk 3, u)
N& Ho} xrl2- acetoned 7}3te] whAls
AA ATk olwf AA Ez B 53%7} 3)55]
om Az vlge 1.8440h whAS A A7)
2)3}e] ammonium sulfateE x| 7-9-¢]|
22 F4E Al wlAe A=A sk
acetone§ ARE-ZF 7A-5-oll A4 AL 71
Aol APEE D& 4 Ak o9 A sl 2
A ES 10 mM Hepes buffer(pH 7.002 =]
=), o)u) whildle] A S3=A] ¥gkw &
gxjo] Wo] AAEIoY, A S FEY 5
£ A4l whgen gasel AMgalct. 35
& %1% Phenyl-Toyopearl columnol] 54]3}
Gl as Rejdeict. PR &4 242
Fig. 1A¢] 42} ZFolcolumnel] Zgtslx] okghow,
T B4 B S 100%2 H9hs o 4.8%
o] &4 @Awho] columnel 2Ry o F-#2
A2 AR 2 A FYeA AEEN
vt gt aal sz 37kDad] HAv) o= FF
o EA=71E dotrr] $13t columnel 2§
g &4 A R3ukg moli] SDS-polyacryl-
amide gel electrophoresiss}o] TS %a)s)
T EA 94E st 4918 A3, columnel 23
g+ i REolA FapeF 37 kDa#} 66 kDagl &
b HAEE ) olu & Fh B4 1ZE Lee
Z(1997)0] H-ul3gF Ex}eko] 66 kDagl exo-PG2)
Az wgdy £¥E A 2 A+, 66kDa
o] A2 exo-PGY& &  UcHE R 1), o]
AR PANA B2 AA BAAS 2.5%7HL 3%
g, AAEE 043 et 53 S o
AAst7] $8le]  Fig. 1BoA{2} #o] HPLC
DEAE column chromatographyE Al A]5}4ic}.
wz B30 66 kDac exo-PGE 7
Aoz A=}, Lee 5(1997)2] v
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Purification of endo-polygalacturonase from acetone precipitates of Botrytis cinerea T91-1 culture
(A) Phenyl-Toyopearl chromatography, (B) DEAE chromatography on DEAE-5PW

column, (C) ion-exchange chromatography on Mono Q HR5/5 column, and (D) heparin affinity
chromatography on Heparin-5PW column. Polygalacturonase activity (-®-) was traced by measur-
ing the amount of reducing sugars and proteins (---) were monitoring by determining the ab-
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Fig. 1.
filtrates.
sorbance at 280 nm.
el 2]a)ld o)9} 7 A lA] Bx}aF 66 kDao)

ex0-PGE 100 mM ojAke] KCle] &A% wje]
columnel] ZgslA] ¢decty R v AxE o
2 ol & AA3}7] 25l 100 mMe] KClg =3+
3= bufferE AR&slgict. oAkal ule) o] 54
9] B8AL columnedl AdsIA] o= 2337} 250
mM2] KCl FEod $&5E EFx £49
A4S AR 5 U Ao 54 33E Wy
3 ESlz g4 dAaez #A Ay,
columnel| Z3s}A] £l BF A= Al 66
kDa?] exo-PG7} @& 9l columnd] ZAgHst
o= 4 Q4o zqt 37kDag F4v)
FAE g or exo-PGY FAZE AAFHA] o=
& #alalgict. o] AA HFA o F4 YA 3
FEE 0.6% AAA] 9dgkont A wld= 3
Tl 2 epytcl. o] A2 Re] B Ao AA)

1
L

o)

s A4 2] dF9 B. cinerea T91-10014
o A opo] YHHE Aoz FEATh Bh
248 71al 2388 "ol Mono Q HR5/5 column
chromatography 2 A3t A3} Fig. 1Cl|A2}
Zrol zA whe DA peaks WO,
250 mMe] KClol|4] §-55= i £8e4 &
49) B4e B o] A FAelH Hae
22,90 AAE Ao vehtw, 0.18%2] 3585
voleh o]9A HAG Hak ol E Baslgon
2 HPLC Heparin column chromatography=
Jzte] of AAlsAct. DAL Fig 1DAA BE
o] 270¢] 23 o2 JrojH ond, 100 mMe] KCl
BEold 439 vy 28] ix BHL e
ik o]FA dte HFAo=R 15Lo ity
(788 mg protein)ollA] 68xl A A} 20 uge] endo-
PGE ¥¢ich(Table 1).
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Table 1. Purification of extracellular endo-polygalacturonases produced by Botrytis cinerea T91-1
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Total protein

Total activity

Sp. activity Recovery

tive fraction from Phenyl-Toyopearl (lane

Steps (mg) ) (U/mg) @ ol
Culture filtrate 788 12758 16.1 100 1
Acetone precipitation (30-60%) 229 6783 29.6 53 1.84
Phenyl Toyopearl 46.5 323 7.0 2.5 0.43
DEAE-5PW 1.32 79 60 0.6 3.79
Mono-Q HR5/5 0.065 24 369 0.18 22.9
Heparin-5PW 0.02 21 1089.0 0.17 68.0
EH|8l endo-polygalacturonase2| = Ll ME 1 100
A whilAde] S4EE VRS Sste] A !
SDS-polyacrylamide gel electrophoresisE 4 A] wl ; oo 8
sjolch. ARl R e sl wes e 5 “‘*"M -
AR Bag vlwste] B At Fig 20048k o] x 9 8
ulz|et A wA|el HPLC Heparin column g o : 0 2
chromatography 2 <3-& ghwfzl.e ciq] o & vje} H ‘d %
Wl A xR 37kDals Aot :oF o =
Game 5. YA o] 54 B4 et & | O 1
Z #9laly] s WA SDS-polyacrylamide 2} d. +o §
gel electrophoresis #&]sle] A gAayog S -
$Alg A3, Fig 20049) ol a4 o L
0 20 40 60 80 N0 120 10 %0
1 00
KDa ’ B
66 ¢ \ :
43 § 6or {60 ‘g
i;i E]
a1 ? o} lo !
Fig. 2. SDS polyacrylamide gel electrophoresis 20r (/ 120 E
and gctivity staining qf ‘polygalacturonase n/,/
fractions. Acetone precipitates (lane 1), ac- -
5

2), DEAE (lane 3), Mono Q (lane 4) and he-
parin (lane 5) were analyzed in the pres-
ence of B-mercaptoethanol. Purified endo-
polygalacturonase (lane 6) analysed in the
absence of B-mercaptoethanol and activity
stained overlay gel (lane 7) were com-
pared. M: Molecular-weight markers.

0!

0 0 15 20 25 30 B KN
Time (rmin)

Fig. 3. Mode of cleavage of polygalacturonic acid
by purified endo-polygalacturonase (A) and
exo-polygalacturonase (B). Reduction in
viscosity (®) correlated with increase in
reducing sugar (O).
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(lane 7)¢} 42 2] u](lane 6)7} U= 3—.“]@
T Aict. webs] EA13F 37 kDa] PGE & A
Ashick werstelch AT e A g How
°] exo-typel#], endo-typel x5 AA3}7] ¢35}
o 45 riste] Fa 54 WY viscosity2)
Hslel A= gl kg AR s} 24
vAS o= AAIZ Bxgk 66 kDa2 exo-PG
(Lee 5, 1997)9} vl m3le] & A3} Fig. 3|49}
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Zo] exo-PGl ExeF 66kDa?] FAidAMe
viscosity7l 2uts] 7hAsls dbd #te] ofo)
F43) F7kshe S-S ol vlsle, & AY
old ¥2J3 Exlsk 37kDagl Ao 7o
viscosity7} FA3A 7H2FE AZY 4 At
(Fig. 3B). Z42YL 718l 2& 2087k A=
e Al k& 30% G2 nvjssisle
W}, 1u)9) viscosity= ZH7t 8%¢} 45%= F A%
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[ 4
c‘IjllLJ
o 1 N D KN N 80 N B
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Relaive ectivity (%)

0 3% 40 % 6 0

0 4
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Fig. 4. Effects of pH and temperature on the enzymatic activity and stability of purified endo-po-
lygalacturonase. (A) The effects of pH on endo-polygalacturonase activity were measured using 0.1
M of citrate (O), acetone (@), phosphate (), Tris-HCl (a), and Glycine-NaOH (o) buffers, respec-
tively. (B) The effect of temperature on the activity of endo-polygalacturonase. (C) The effect of
PH on the stability of endo-polygalacturonase. (D) The effect of temperature on the stability of en-

do-polygalacturonase.
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Aol % wsich o) Ao ¥ ATl BelR ¥
Atk 37kDa®] 4+ endo-PGYE & 4
FeAn

A’ FaE Fig 4Adxe} zho] pH 4.5004
# el 841& vehlgl2m pH 6.0 o] AtellAe &
4 84S BolA] dstet. AAG Aae vuA F
2 259 55°CollA H el gA-S ngl o (Fig.
4B), B. cinerea’} ulok=EE 2521 20°CollA= &
4 FH o gAle] oF 10% HEE el Jukd
© = polygalacturonase®] &4 4] =28 93
A Lx ulof A Exxc) A3 A4 F2
HR o, 5 Aol vix pHY £59) Q32
o B Fu, SRS 2 e B
ek, T4E o] 714 pHe] buffere)] w3 7
¥ Fig. 4CollX 8} zho] A AIF A 4w AT T4
A= of¢- gkAdEtgl o, pH 8.0 o] dellA= &
A B 84S @olwsich 2avt Hue) &
A& Hol= 50°C o] AdellAl= 16417 W7 ¢
B BAYE obdE] o Bigl o, 30°C o)3le] &
ZollAE vl kAR Ao 2 AaE 9o (Fig. 4D).
o]2{gt pHe} %o gt A ® olv] Buxl
polygalacturonase®] A&z} w9 FA}siict
(Riou %, 1992).
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Table 2. Effects of cations and reagents on the ac-
tivity of polygalacturonases purified
from B. cinerea T91-1

Cations and Relative activity (%)

reagents endoPG exoPG
Control 100 100
CaCl, 71 71
Mn(l, - 44
(NH,),S0, 94 -
CoCl, 33 50
NH,C1 99 88
FeCl, 67 73
MgCl, 97 69
CuSO, 35 58
ZnSO, 74 74
SDS 94 3
EDTA 88 96
PMSF 88 96
DTT 100 96

A A|g endo-PGe] FAe| vixe o= 7}A] F
o] &3} reagentE2] EFE H-x}=k 66 kDa9] ex-
0-PGs2l Bl 23ted Hgrch Table 26 viehdl vle}
o], endo-PG exo-PGe} whitrtx| 2 Co®, Cu®
o} 7E& hel ofolo] EAF wf TA FAo]
50% W93 7}43}9) 2 ) phenylmethylsulfonyl
fludride(PMSF)¢} dithiothreitol(DTT)el| 23}
gAjo] AR ok v]5dt S Bt o
3 A7} ZXE] exo-PG ¥4t o]z} endo-PGE &
4-2] BA) H9)ol serineo|y} cystein} -2 o}v]
A A7 23] A S 4 5 AN
Eo)3} 7L ex0o-PGE 1 mM o]Ake] SDS7} &4
g dolji= 34 GAo] FA JAEE Zles
vehgdouh ® qdela 223 endo-PGellAl=
24 FAe] Wst A%t

A& el 7144l polygalacturonic acid
o N&H K 253 Viax 312 Fig. 5ol 419} 72o] 714
9] 3% ulg} Z4 o] SUIEIGL 3} Al
o olzE AFAQ FAL <& & ULt ol E
Lineweaver-Burk plot22 ‘jlehjo] K, 33}
Vmer #2434, 22 1.1 mg/mls} 250
nmol/mine]| gl B A&e|x A endo-PG2)
Knzhe ¥218F 66 kDag! exo-PG ®r} 3ul] A%
ko), Q1A gl A Aol g A 4 ¢l
ek

250
200
)
= 180
% :b_ 16 4
X 100k -‘: 12¢
2 g
> ER)
g,
50k /
L 1
-1 1 2 3
1(3](mg/mi)"!
1 1 1 L - A
0 1 2 3 4 L) 8 7
IS} (mg/mi)

Fig.5.K, and V,,, value of purified endo-polyga-
lacturonase. (Inset: Lineweaver-Burk plot
of data)
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1 2 3 4 5

Fig. 6. Inmunoblot analysis of polygalacturonas-
es purified from Botrytis cinerea. Acetone
precipitates (3 ug protein, lane 1), purified
endo-polygalacturonase (200 ng protein,
lane 2) and exo-polygalacturonase (200 ng
protein, lane 3) were analyzed using po-
lyclonal antibody against exo-polygalact-
uronase. Acetone precipitates (3 ug pro-
tein) and purified endo-polygalacturonase
(200 ng protein) were blotted using poly-
clonal antibody against endo-polygalact-
uronase. Arrow heads indicate the size
marker proteins; -galactosidase (116 kDa),
phosphorylase B (97.4 kDa), BSA (66.2
kDa), ovalbumin (45 kDa), carbonic anhy-
drase (31 kDa), repectively.

HH|8t Endo-polygalacturonase?| 71X S0|A

£ AAT endoPGe} #2}gF 66 kDag) exo-
PG+ 7]1%Z 9] polygalacturonic acidZ 7|13
Bl FEA AdAo] glemg ould Fxo] A}
o) QlErkE ZASISITh ol $lsto] AbeE 66
kD3l exo-PGE E7]0] F4} slo] AL AS o]
Solo] I YA Bsie NG Az Fig 6ol4l2
7o), exo-PGE ¢14]3}= 8HAl= endo-PGE a4
8}z Zslgici(lane 1, 2). )23 A7 Z2E exo-
types} endo-type®] Ei whilale) oxpzd
Al Aol AL Aoz gddslgdct. gk John-
son3} Williamson(1992)0] B w3+ 36 kDa¢] en-
do-PGE A3 Al AAG 248 Q434
t}(Fig. 6, lane 4, 5). ]2 v|Fo] Bol B oI
Al #2]3t endo-PGE= exo-PGol= 72207 AF

o8 o2 Waksigic. 4AI% endo-PGe) N2
tt opr| At S AT A3}, Ala-Gly-Val-Ile-
Xaa-Phe(Xaa: unknown amino acid)& A= o]

ol&-& Agtr}. o] olvikAl AEE EAEF 66

kDa<gl exo-PGe] N-e} opw]ieat Ad& 233
7= deizl A5 2 AFF F3 polygalac-
turonase S ¥ 3} ofz] 7}x] A e} g3} v

23l9& o) AHsAd-E WAsHA] Eatsdrth(Keons)
Waksman, 1990). B. cinereae’} B& FH{e

PGE ¥ulstnz, 520 w4Relsl ddon
HaEe] gtor), WA ze] AgaAls =7t o

27} Bl (Staplese} Mayer, 1995). B. cinerea &
wjoksbd, PGo] 84L& 7 7)ol Haxlol =
gale g, WAl ze] AtgA 7} sloks F3e] 9l
L= EFala, EHEATS ke A A3}
AF7E F-E3lo] AT AABA L] A7t &
TE 3 gt o2 d QA= Zhzte] AAE AAE
3, ke A7) WaEojof waA FAlolt
olofl thgt Q77| viF3ich B Ao AAE B
2, B okl 45 AAsle] A E Az g
HA, fAx $FelAe A7t #8=E"E  po-
lygalacturonase®] AJe]sta], elshx o3 9

Y 4 9s Aoz Azt

H e

AV & w27 Botrytis cinerea’} #8|3= po-
lygalacturonase2] £$] &4 ZFol|A] endo-types]
polygalacturonase£- Phenyl-Toyopearl column
chromatography2} DEAE-, Mono Q-, heparin-
high performance liquid chromatographyH ¢ 2
ok 68ul] A A3}l sodium dodecylsulfate(SDS)
£ ¥3}3}&= polyacrylamide gel electrophoresis
2 BAsle] ddd vl & st AT 54
2z}eke SDS-polyacrylamide geloll#] 37 kDa
ZA =R o kil 2733} 30°C o] 3}el|A]
etA sl o] 2w A2 pH4.59 55°CE] &=
ol4] #aE it AAE i polygalacturo-
nic acidE- endo-type 2 2 7}5E-al3l8 3, poly-
galacturonic acidel] ™gt KngF#t Vmagh-S 7H2t
1.1 mg/ml3} 250 nmol/mino]git}. N-zghe] o}

b



Endo-polygalacturonase Produced by Plant Pathogenic fungus, Botrytis cinerea 339

oAt 3 AT 2 A, Agol} B
FHolA 278 obvl st Heds) faM0) SRch.
DI-AI.OI =

o] AT 1996 % W8N 7|23t §4 o7
H] (4] 5 BSRI-96-4405)2] 2] 41el| 25k

pid

)
EZn2s

Agrios, G. N. 1988. Plant pathology (3rd ed.).
Academic press Inc., New York.

Bateman, D. F. and Basham, H. G. 1976. De-
gradation of plant cell walls and membranes
by microbial enzymes. in Encyclopedia of plant
physiology (Heitefuss, R, and Williams, P. H.
Ed.) pp 316-355. Springer-verlag, Berlian.

Bradford, M. M. 1976. A rapid and sensitive
method for the quantitation of microgram quan-
tities of protein utilizing the principle of protein-
dye binding. Anal. Biochem. 72: 248-254.

Coley-Smith, J. R., Verhoeff, K. and Jarvis, W.
R. 1980. The biology of Botrytis. Academic
Press, London.

Collmer, A. and Keen, N. T. 1986. The role of
pectic enzymes in plant pathogenesis. Ann.
Rev. Phytopathol. 24: 383-409.

Cooper, R. M. and Wood, R. K. S. 1975. Re-
gulation of synthesis of cell wall-degrading en-
zymes by Verticillum albo-atrum and Fusar-
ium oxysporum f. sp. lycopersici. Physiol,
Plant Pathol. 5: 135-156.

Errampalli, D, and Kohn, L. M. 1995. Com-
parison of pectic zymograms produced by dif-
ferent clones of Sclerotinia sclerotiorum. Phy-
topathol. 85: 292-298.

Harlow, E. and Lane, D. 1988. Antibodies. A la-
boratory nanual, Cold Spring Harbor La-
boratory, Cold Spring Harbor, New York.

Jarvis, W. R. 1977. Botryotinia and Botrytis speci-
es: taxonomy. physiology, and pathogenicity. Re-
search Branch, Canada Dept. of Agri., Ottawa.

Johnston, D. J. and Williamson, B. 1992. Pu-
rification and characterization of four poly-
galacturonases from Botrytis cinerea. Mycol.
Res. 96: 343-349.

dones, T. M., Anderson, A. J. and Albersheim, P.
1972. Host-pathogen interactions. IV. Studies
on the polysaccharide-degrading enzymes

secreted by Fusarium oxysporum f. sp. lyco-
persici, Physiol. Plant. Pathol. 2: 153-166.

Keon, J. P. R. and Waksman, G. 1990. Common
amino acid domain among endopolygalac-
turonase of ascomycete fungi. Appl. Env. Mi-
crob. 56: 2522-2528.

Lacks, S. A. and Springhorn, S. S. 1980. Re-
naturation of enzymes after polyacrylamide
gel electrophoresis in the presence of sodium
dodecylsulfate. J. Biol. Chem. 255: 7467-7473.

Laemmli, U. K. 1970. Cleavage of structural pro-
tein during the assembly of the head of bac-
teriophage T4. Nature. 227: 680-685.

Lee, T, H, Kim, B. Y,, Chung, Y. R, Lee, S. Y,
Lee, C. W. and, Kim, J. W. 1997 Purification
and charaterization of an Exo-polygalacturon-
ase from Botrytis cinerea, Kor. J. Microbiol.
(in press)

Leone, G., Schoffelmeer, E. A. M. and Heuvel, J.
V. D. 1990. Purification and characterization
of a constitutive polygalacturonase associated
with the infeciton process of French bean
leaves by Botrytis cinerea. Can. J. Bot. 68:
1921-1930.

Magro, P., Di, L., Lenna, P., Marciano, P. and
Pallavicini, C. 1980. Variability of polygalac-
turonase and protein isoelectric focusing pat-
terns in Botrytis cinerea isolates. J. Gen. Mi-
crobiol. 120: 105-109.

Miller, G. 1959. Use of dinitrosalicylic acid
reagent for determination of reducing sugar.
Anal. Chem. 31: 107-124.

Rha, Y. J., Kim, J. W., Chung, Y. R., Huh, N. E.
and Cho, K. Y. 1994. Partial purification and
characterization of polygalacturonase produc-
ed by Botrytis cinerea. Kor. J. Plant Pathol.
10: 215-221.

Ried, J. L. and Collmer, A. 1985. Activity stain
for rapid characterization of pectic enzymes
in isoelectric focusing and sodium dodecyl-
sulfate-polyacrylamide gels. Appl. Env. Mi-
crob. 50: 615-622.

Riou, C., Freyssinet, G. and Fevre, M. 1992. Pu-
rification and characterization of extracel-
lular pectinolytic enzymes produced by Sclero-
tinia sclerotiorum. Appl. Env. Microb. 58: 578-
583.

Staples, R. C. and Mayer, A. M. 1995. Putative
virulence factors of Botrytis cinerea acting as
a wound pathogen. FEMS Microbiol. Lett.
134: 1-7.



