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Tsuyoshi WaTaNABE, Yoshitada NamIKAwA,
Izumi SaiTo’, and Toshihide TAKAsAWA
(0 0020040 0 0300)

u 0

O0O0O0OO0O0DOOoOoO sclerotinia trifoliorum000000000000000, 000020
OO00000DOO0O0D0O0OO00O0On0 (PGase) DODOOOOOOOCO S, trifoliorumO0O00O0O0O
O0000000000001000 (boOOooOo), 200004500 (OODODO)ODOO
OO0002p00000000 PGaseJDO O, 00ODO30.8+0.4 U/mL (00O 0ODO462mL, Total
activity 14 200U), 36.5+ 0.9 U/mL (O 0O O O454mL, Total activity 16 600U) OO0, OO
00000 PGaseODOOOODOODOODODOOODOOOODODOODOODOD Bio-Gel P-O
DcUlU00O00OOO0ObOObDOobDObUObOobOO, bobg20b0b0obo0on PGase O
gbooboboboboboboboo, ooboboboob2000 PGase D OOOs0000
g,so0gooooobobooooobobobogoobooboobooo, boboboooboobo
gboooooooboobobobo, bobobobobo, b0o00 PGased O O15003500
gbobobobozboboobooboobooboobooobobobO, 4sbossn0nooobo
gboooboopHOOODODOODO, 0000 PGaseO ODODODO pHO45000, 2000004.0
oot bobo, ooboboboobuobo20b0booboooboobonon PGased OO
gbooooobooboboo

000000 Sclerotinia trifoliorum, OO0, OO0O000OOOO00OO, 0000, 0000000

15

O 0

Sclerotinia trifoliorumd 00000 (Ascomyconia)ll
OO0 (Discomycetes)d O OO0OOO (Helotiales)O
O0OO00O (Sclerotiniaceae) DO OO OODOODOOOO
O00DoOoO0oogoois0200, 00oo0ooooooo
O0000o0o0o0,330000000000 (Matsuura
1946), S. trifoliorum 00 000000000000
0000000 oooooo, oooooooooog

ooooooooooooooooooo, ooooo
oooooo, 0000ooo, 00O, 000000 oOO
gooooOoOoOoOoOoOopoOooOooooooooooo
000000, 00opoooo0o00ooooooooo
gooooo, s triffliorumd 0000000000
JO0o0ooooooogn (Matsumoto 1994)0

S. trifoliorumO00CO000O, OOOOO (WoOO
ooo, 000, 000000, oooooOo, ooo
oooooo, ooogoooooo, gooo, ooo

goooooooooo
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0), 00000 (oobboo, 00o00),00ooad
00 (doOooodo0) booooooooooogao

S. trifoliorumO00000000ODOOO, OO0O0O
gdddoooooooooooooooobo bbb ob
ooooooooo, bobooo, Ooooooooo
goooooooob, booo, bbbooogoob
dddoooooooooooooooooooboon
go

S. trifoliorum 000000000 O0O0O00ODODOO0O
00oo0oooooooooooono (o) oooa
oo oooooooooooo obon
Jodoooooooooooooooooboobob
dddoooooooooooooooooooboon
oo oo ooooooooooboobob
dddoooooooooooooooooooboon
oo ooooobobbb
(PGase) O, 000000, 000D00O0DOO (DOOO
O00) O0D0o0oo0oOoood (Bateman and Basham
1976)0

odopooodob-ooooooo (b-GA) Oa -0O,
dddoooooooooooooooooooboon
U, 0doooobbbboooodoooooooob
ogoooooooooooooog, gooooooob
goooooooobboooooobo,ooooo,
ddddooooooooooooooob oboobon
gooooooooobo, ooobbouooog, oo
ogooooo, obbooooooooooooooon o
goooobbobbooooooooogoooooobo,
ddddoooooooooooooooob ooboon
gooooooooobbooooon a-0,0000
dddoooooooooooooooooooboon
gooooooooo

00000,0000000 (Takahashi et al. 2002;
Nagai et al. 2000; Takasawa et al. 1997; Waksman
et al. 1991; Kester and Visser 1990; Schejter and Mar-
cus 1988) , OO (Roberts et al. 1988; Nasuno and
Starr 1966), 0 O (Gognies 2001; Blanco et al. 1994),
00O (Kapoor et al. 2000; Pathak et al. 2000; Bonghi
et al. 1992; DellaPenna et al. 1986) 0 O 0O O (Stepha-
nie et al. 2002) DO 0OO0OO0OOOOOOOOOOO
ao

oodd, PGase O OOODO, OOODODOOOODO
ddddoooooooooooooooooooboon
ooo0ooooo, s, trifcliorumO 00000000
goooobbo000dooooo, oooooonb
00000 PGaseOODDOOOOO, OO0 (@O) O
OO0 (o0) 000000 PGaseODOOOOOOO

oooo oo

goddl ool ooooooooooooooooo
doooooooooo (Watanabe et al. 2003) O
gooooooo

ggobooon

oo

0000000000000 00O00 Potato-
Dextrose-Agar (O O PDA) (Difco Laboratories); O
J00o0doogoogg (0oOoog); Coomassie Bril-
liant Blue (OO CBB) G-250 (DO OOOOOO, O
000000 Lot No. MOR3031); 000 OO (85%
(w/w)), OOO0O0OO OO (99.8% (w/w)), OOO0O
Joodd OoOo (90.0% (w/w)), Hyflo Super-Cel,
ooo 0Oo0O,000o0o0o0o oo,ooooo o
oooooo, 00 0ODoOO0OO0oO0O,000000O0oO
OoO,00o0o0oo0oo0 oo,ooooocog @)
00000 (DoDooooooouoo) oo, oOO
() oooooo12000 OO, 000O0O0UOOO
000 0000 (oboooo);,boooooooo
(D-GA) D000, 0D00OooooooO (8O PGA)
(From orange; Loss on drying 7.2%; Purity 89%), 3-
[N-Morpholino] propane sulfonic acid (O O MOPS),
O -[N-Morpholino]ethanesulfonic acid (O O MES),
Bovine Serum Albumin (O O BSA) (Crystallized
and lyophilized) (Sigma)Q

ooooo

PDAOOOOOO: PDAOD3.9g00000000
0 (QOOD0) lomLO0000000000, OO0
0000000 (1210 (ca.2.2kg/er) , 2000) OO0
000000000000 00000020mLO PDA
00Ooo0o0oo, S. trifllioumO000000O0 S.
trifoliorum 0, OO0 PDADODOD0200000000
oooo

0000000000 000:0000000070g
0DOo1lomLOO00000, OO0, 000500mL 00
0000000, 00000000000000000
000000000000000000, PDAODOO
0000000000000 000000000000
0016000, 200 0000450000000

ooooooo

0000000000000 (Takeuchi 2002) 000
00000000000000000, 10mMO000
000-00 (pH45) 000 (OO S. buffer) 200mL
ooooo
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0000000000 (PGase) OO OO

PGase DO, 0DODODODO22mL (0% (w/v)
PGA-0.IMODOODOODOODOO (pH45) OOODODO
Ooo20mL, OOOOOO S. buffer 0.2mL) O (OO
0000001 L) OOD00O0ODOOD0ODOO0ODOOO0DOO
00000 (Ikuma et al. 2001; Ikeura et al. 2003)
ooooooo, boboooooooooooooob
rate-assay 0 (0, 3, 0O 0OD0O0O) DODOOOOODOO
000000 UntOD0D0OO0000O0OOM mol/mind
googo

Bio-Gel P-0 DGOOOOOOODOODODOO
O00O0D0O0O0O0O400mL (Total activity 12 320U)
0020000 0000350mL (Total activity 14
7000) OOOCO0O, 00000 S. bufferO00 000
Bio-Gel P-O DGO OO (@ 4.4cmx 94cm, 0O OO0
0O 429mL) OO0, 02400000 (O 400mL) O S.
buffer0 00000000 0D0000O0O0OODOODO
Doooooo20nmO0000 (Aw) OOODOOO
OO00o0oooooemLO000000000000O0
00 (Pharmacia-LKB) OO O0OO0O, 000000
O0000 PGaseDOODOOOOD OO, ODO0ODOO
o0ooooooooooooooooooono (Co-
35M0O, M&S Instruments Inc.) OO0 OO0O0 PGase
O0oo0oo0ooo0o, 0ooooooog (oooo
441mL, O 232U;200 00 584mL, 13 666U)0

pHO OO

0000200000000 PGaseOOOOOOODO
00000000 Bio-Gel P-0 DGOOOOOOOO,
pH3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.00 0 7.50 00
000000 pH3.0, 3.5004.00000000.AM OC
OD00O00-HCIOOOO, pH4.5, 500 05.500.1M
0000000-000000, pH6.00 O06.500.1M
MES-NaOH 0 0 0 O, pH7.00 0 7.50 0.IM MOPS-
NaOHOOOODOOODOOD ODOO0O0O0O022mL (0%
(w/v) PGAOODOOOmL, 0000002mLO0 S
buffer 0.18mL) 0 (0O0OO0OOOO0O10pL) OO0
D40000000

ooooo

0000000000000000 Bio-Gel P-0 DG
00000, 20000000002000000000
0000, 0000000000000, 000000
000000000 O0O0000O00oO7000000,
0% (w/v) PGA-0.IMOOOOOODO-00 (pH4.5)
O0000000mLOOOO0OO00.02mL OO S.

buffer 0.18mLO OO 0O22mLO (DOODOOCOODO10
pL) OPGaseOODOOOOOODOD

gbooobd

obOo0obz20000000 PGaseOOOOODOO
O Bio-Gel P-0 DGUOOOOOOOOOOSO000O
OOoO0OO0O03p00000, PGaseOOOOOO% (w/v)
PGA-0.IM OOO0OOOD-00 (pH45) DOOOO
gbodOmLOO0OO0OOD0OOMZMLOODOO, 22mL O
(CoOooOooOopi1p L) ODDOOD4000O0O0O0OD0

U U

godoodddoood PpGased g
gddleo0og00400000oooooOO
000 PGase 0O ODODOOO30.8+ 0.4U/mL (DO O
0 462mL, Total activity 14 230U) , 36.5+ 0.9U/mL
(00O 00O454mL, Total activity 16 570U) OO0, 20
O00o0doOo PGase 000000 O20% 00000

pHO OO

00000000000 pHOOODOOOOOOOO
00000000 pHOOOOOOOOO0OODO0O00 O
00000000 000020000000000000
PGase 00 pHOOD0OODOOOOOOOODOOODO
00000000000 PGase JODODOO pHO pH
45000, 20000 pH4.0O O OO0 0OODO0O pH4S
00000000000000002000000000,
OpHO (pH3.004.0) 000D 0OODO00OOOOOO,
00 pHO (pH5506.5) 0000000000000

12 ! T T T T

o
=

N
=

Relative activity(%o)

0
O0. 000000000 S. trifoliorum OO0 O O 200
Alfalfad 000 0O Bio-Gel P-0 DGO OOO D PGase
O (pH450000) O pHOOODOO.

—&— 5°C Alfalfa Bio-Gel P-6 DG ;E1EE 5.
(@ R , 20 °C Alfalfa Bio-Gel P-6 DG ;& £ E
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gooon

googz000boobooooobobogobonoog
PGase DD DO UOOUOODOOOOOOOOODODODODO
O, 0070000000 pH4502.2mL 00O PGase
gbooooooooo

ooooooDbobo, obbo020000000 PGase
gboobgoooooosobon, booboooobo
boboooooobobobooobooboobon

12 —

0
S2

N
==

Relative activity (%)

% 20 40 60
Temperature(°C)

00. 00O0o0oOoooog s. trifoliorum 00 Alfalfa0 00O
000 Bio-Gel P-O0 DGOOOOODO200AIfalfa0O000O
00 PGased O (00 C00O00) 00O00OO0OOOO.

5 °C Alfalfa Bio-Gel P-6 DG EMEE 5.
----- O, 20°C Alfalfa 35 E M H &,

gooon

OOoOoo20000 Bio-Gel P-O0 DGOOOOOOO
gbobgooooooboboboooo, oboobo
OoO0ooO0oooo (oo-ss0) o3poooog, 2.2mL
gbo400000000000O0O0

OOoOoo20000 Bio-Gel P-O0 DGOOOOOOO
0, 0000000000000000000000
(0O) oooooooooooooooooogis
g-3sggpopooooboooboooboooooo
oooooobooooboOoO0, boooo4000D00
gboobog, 2000b00bobogooosooogbg
oOooooOo0O, 0bo0obboOoobooooosebog
gboobogooooo, ssgbuogooooooonbo
oooooo

oooo oo

—
N

]
)

Remaining activity(%0)

40t -
0 1 1 1 1 1 1 1 1
5 20 40 60
Temperature(°C)

00. 000000000 S. trifoliorum 0000200 Al
falfa0 0 0000 Bio-Gel P-0 DG 00000 PGase 0O
0000000000 00000 PGase 0000 000100%
000000000O00.

—@—, 5°C Alfalfa Bio-Gel P-6 DG &£ E %

----- O-=-+- 20 °C Alfalfa Bio-Gel P-6 DG ;& E 4.

U U

Joooooooooo s. trifoliorumO, OOOO
goooooooobo, booobbooooooo,
dobdddddooooo ooooooooooooo
gooooo, b0 ooooobboo
00000000, 00 (0) 0000 (0O) OO0
oo ooo oo
PGaseUOODODOODOooooooo, ooooooodg
ogdooooooooobooboo, Obboono PGase
googozoooobss4nudonooooo ooon
gooodoboboboboouoouoooboboboo
PGaseO OO d200 000081000 00O000O0O0
O00000D00OPGase000OO200PGase 0 OO0
gooooooobooooooooooobooo, oo
gooooooooooog, ooooooobboo
goddddooooooooooooooooo

ooodooooooooooDoooo (0boo1.33
U/mL; 200 0 O 1.62U/mL) (Watanabe et al. 2003)
00, 00000000000 DbOo0DbOO0n PGase
ogoooooo, booooooooooooobooo
doo30o0ooo0000 oooO S. trifoliorum OO
godddddooooooooooooooooooo
gooooooooo oo, goooooobobooo,
goodboooooboooooooooboobi1oooon
(Darvill 1980) , D00 OOoOoOoOOoOOoOOOOOOOO
gdodddddoooooooooooooooooo
goddddoooooooooooooooboobo

S. trifcliorum 0000000000 OO0OOODOOO
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goboo, obooboobooooboob, bbo
O0000 PGased, 200000000000 0ODO
goboooob, ob, 0bobobobooboobobo
000 O0O00Ooooooo Bio-Gel P-O DGOOODO
gzoogooooooboboboon, boboobo
Ooooooooboooosooooooooooong
gboobgoboobobobobogoosobonb, bobo
Oo0Ooo0OoobDOoboo0ooOoobDOooboDoOgn PGase
g, o0booooobo0oooooooono, 20000
PGase O ODUOODODOOODOOODOODOOD, OODO
gboooooooooboboboooooboobgo

OO0, 000020000 Bio-Gel P-ODGLOOOCOO
gbooboooog, obob pGasell, DOOOODOO
gboboooooo, boboboboooboooobo
goooobobooooboobD ooobooo, 2000
gbobooobooobo, obobooboooobo
gboobooboooooboboboo, oobooooobo
OOoDb20000 PGaseO OO0 OO OOODOODOO,
U000 PGase DO OSOOOOOOOOOOO, O
O00 PGase DD ODODOOOOBOOOODOODOOD O
Ob0ooooogo pPGaseO OO, OOOOO2000
OPGaseDODOODOOOODOOO, DOODO
gboooooooboobobobobooooogoo
oo, bbb, oobooboobooboobbo
ooooogo

OOooOo20000 Bio Gel P-ODGOOO pHODO
ooboooOo,b0b000 PGaseOODODOO pHOA45, 20
oooboodpHO40000, DOODOOODODOOO
gboooboooboobobob2ob0obooogog
PGase O ODUOODODO, DO0OOODOOODOOOODO
gob, bbooobobobboog pGased OO OO
gbooooobooboboo

gobooooooogo, 00ooobooonD (ooboo
200) o000, 000oooOoooOoOoOoOoooooo
gbobobobobpHOOOOODODODODO
gbobooooobooobob, boboooooobo
gboboooooobobobooo, boboobo
gbobooboobbobobo, oboooooboobo
gboooooooboobobobobooooobogoo
00000 ooooooooooog s. trifoliorum
gbooboooooobobob, boboboooobo
gboooooobooboboboboooobooobogooo
ooooo

gooooo, boobobooboooboboboob
goobooooo pGase D OOO0O0O, ODDOOOO
gbooodoboooboo, oboobooboboog,
gbooooobooboboboboboooobooDo

gooo
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Summary

In order to clarify cold adaptation phenomenon
of the
Sclerotinia trifoliorum, the properties of polygalact-

psychrotrophic facultative snow mold
uronase (PGase) activity produced in 500 -and 200 -
culture were examined in the crude extracts. S.
trifoliorum was cultured in the alfalfa medium at
50 for 160 days and at 200 for 45 days. The
PGase activities in the crude extracts of the 50 -
and 200 -culture were 30.8+ 0.4 U/mL (Extracted
volume, 462 mL; Total activity, 14 200 U ), 36.5+
0.9U/mL (Extracted volume, 454 mL; Total activity,
16 600 U), respectively. It was shown that PGase
production did not remarkably decrease in the low-
temperature environment. After desalting of these
crude extracts by the Bio-Gel P-6 DG gel filtration
chromatography, the properties of PGase activities
of the 500 -and 200 -culture desalting fractions were
examined. As to the temperature dependence, the
optimum temperature for the enzyme reaction at
pH 4.5 was 500 for both 50 -and 200 -culture.
Both cultures were compared by the relative activ-
ity against the activity at 5000, and both depend-
ency-curves almost agreed within an experimental
error. In the thermostability, compared with the 20
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O -culture by remaining activity, the 50 -culture
PGase activity showed slightly more instability at
150 -3500, but a little more stability at 450 -5500 .
For the pH dependence, the optimum pH of 50 -
culture PGase activity was 4.5, and 200 -culture
was 4.0. Therefore, this fact shows that PGase
isoenzymes produced by 500 -and 200 -culture were
different from each other.

Key words[ Sclerotinia trifoliorum; psychrotroph;
polygalacturonase; cold adaptaition;cell
wall degrading enzyme
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