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High sensitive colorimetric method for reducing sugar using

ferric iron reagent not affected by the presence of high

quantities of polysaccharide derivatives.

Manami IKEURA, Yoshitada NAMIKAWA, Yuji TAKAHASHI
Keiko Sacisaka, and Toshihide TAKASAWA
(521 @ 200344 A30H)
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Diidk e &, $k (Fe' ) ildE7 = ) v 744 FA 4 voi@aiic LicEchbiaEskcd 3
Park and Johnson (Park, J. T. and Johnson, M. J. 1949. J. Biol. Chem. 181: 149-151) D&k
ZWRL, K2 fEEREA L, LrL, JosEgkRSEchiERE (Tkuma, T., Takeuchi,
K., Takahashi, Y., Sagisaka, K., and Takasawa., T. 2001. Res. Bull. Obihiro Univ. Nat. Sci. 22
1 109-116) 13, FEORICHERIGHAERRE TH 2R Y 752 v o VBB SBIEFEAET 25513
V) VELEEA U S, WHRERIENARRETH - 7o £ D1, a4 Ui < WRTEE
DB ZEIT o 1o mERESk I E T E &L « EKHE 3 (0.16% (w/v) #k a wvy, 0.2%
(w/v) SDS, 0.14% (v/v) Wilg) @ SDS BE 40.3% (w/v) ML, & 3 3 v~ v BE A5
(0.075% (w/v)) b adic, 2GR, RV A7 vo VER200ug FAENCBVLWTIAS,
4IERIDL B~V ) v EREE AL Ui o 7o, BT EBILA 7 = ) v 7 A F & DOBRLETRIG

SOWIHIEER T 525, EEHER SN - 1,

F—v—FEGUHEEREE, SREERDE #ElEEeERE

% E

EICHEOEEFEE L TR E W % Somogyi £
(M) (Shaffer and Somogyi 1933), Somogyi-
Nelson 7 (Fhfaik) (Nelson 1944; Somogyi 1938; 1945;
1952; Hagedon and Jensen 1923) ASBHFE L 72 #k & 38
(720 vT7 LAV v &) ZHV5iHER (Hanes
1929) KOO E & (Folin and Malmros 1929;
Park and Johnson 1949) 75 &E 038 %,

T2 3 E I A ED L 0 IR LD 5 B,
HEOWHNE G Tkt 27> T 5, ik
WERT NN ) E P TEICHEDETHEN 7 = ) T v
fkr s (Fe!) Z7zmy7bh ) o a (Fe') i
BILT A MIGEREARICL TS, T LT, TOHERAED

fe7zua v bh ) v Ak Fe ARG H, Rk Lk
V) EREAE T (690nm) EET B HETH B,
it, 4 (Ikuma et al. 2001) (%, Park-Johnson
(1949) HAWE L, X 0B O & WLE S @R EE &
FERFE LI, ColFETEELHER (D- 752 v
vig (IR D-GA) &) ic>\WT1-18 ug £ TERAFET
bHb, Lo, FORCHEREEEONEICHEHT 2K
HSvavigEnEYEE (9200ug) HET AR
LSRR T 25813~ ) Y ERE DA U
29, FmurhERIC L TR ug THOREERIER T ~ov
) VTR A U ST o Lt E AR ATREIC IS - 72,
COMETE, FERITHG B B & [EEE Lo
ST A ATREIC S B 7o IR R A I LIRET 217 -
720

IR BN R R R
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MKmEEF b U oo BERALY, R 5 v 7 AbA
Vo a Rk, 720 v T AbA ) Y A R, DRIEERER
(I 7 vE=7 £ « 12KFY) #99.0%, Wilkek (1)
T vESY L 12K HEE99.9% HE, T U ) VR
fgr ~ Vo (LUF SDS) Ak, Wilg Ko i
(FIEHiEE T %) ; D-GA « 1KF0#, ®Y 52 vov
ft (Sigma),

D-GA Z#81%
HEOFHR

#0.1mg/mL D-GA A ZRH¥E L, #HHFTcHCT
R Lo
FHEE

A= bIVT S ZTHiK (RI880mL) & A, MEIKEK
g bV o a53lg ZFED, A — bV 5 RITINASESE
WIRfRtR, v 7 b ) £0.65g EARE 2, TD
BHKTILITART v 7 Lie TNER) R MVITA
N5 CTHRIFEL 7oo FRUERE120.531% (w/v) HE/KECTHE
MU @A, 0.066%(w/v) vT v LAY T A TH D,

A = bV T T Rk (91900mL) AN, 7«
v AbH ) v £1.00g & INA ST IEM R, kT2
LIZXRT w7 Lice TNEEEDORY K FILITAND
CTHRIFE LT, BIEEF0.06% (w/v) 7=V v7 1k
BT LTH B,

A= VT AR (F1900mL) % A, E2.8
mL (¥ 2B~y b)) 2INZ, Wk (D) 7vE=v
A12KFY (DIREk Y a woyy) 3.0g ZINMA T, 121
BILL e L2 2 Ic s & B 72, IRIC SDS 4.0g 2Nz
BERL, BIRBMKT2LICART v 7 Lz, TRES
I CHENRLE U foo FREEIF0.16% (w/v) #£3 3 o
v, 0.2%(w/v) SDS, 0.14%(v/v) Wi TH %,
HRAE 3

WA 3 LIE UFMTLL N ORI « L, FRT
HCLRAE L 726
AMFE3 -1 1 0.16% (w/v) 863 3 w3 v (EHEE99.9%
(w/w)), 0.2% (w/v) SDS, 0.14% (v/v) Wil
AF3-2 10.15% (w/v) B3 a w8y (99.0% (w/w)),
0.3% (w/v) SDS, 0.14% (v/v) iil&,

A3 -3 1 0.15% (w/v) #k 3 3 w8 v (EHEEE99.9%
(w/w)), 0.3% (w/v) SDS, 0.14% (v/v) Wil
AFE3 -4 1 0.16% (w/v) 863 3 w3 v (EHEE99.9%
(w/w)), 0.4% (w/v) SDS, 0.14% (v/v) Wil
S35 1 0.1% (w/v) 3 av Ny, 0.3% (w/v)

B wmis ten] - Wik BET - R

SDS, 0.14% (v/v) Wi,

AFE3-6 1 0.075% (w/v) 883 a ws¥v, 0.3% (w/v)
SDS, 0.14% (v/v) Wil

AEE3-T7 10.050% (w/v) 883 a ws¥y, 0.3% (w/v)
SDS, 0.14% (v/v) Wi,

HEBRE

WH 1, 2 KO D-GA RO MR E A — PV
5212 & b, FifEPHEE L Tv BKIBHRI30 L EiR
L, 2 (24-28°C) 1oPfb U 72, 708 D-GA BEHEAHE
DWW TIRFRIRE R —E (30°C) IL72 5 X5 ITHEL
720 #90.1mg/mL D-GA BE#EA R % 0 -90uL (D-GA %
0-9pg BT L H10) 22T ZTholBRE I & 0B
FE500ul ITHi/KTA 27 v 7 LT,

PRITEEE 1 25000l A, L, 53K 2 £500uL N
ZHH L 7o, iSBRE 2100°C T15 HlFRE L, M bE e
INEIThE, T0%—20COEEETH HREHE L Eik
IR L 72,

iz, 3K 3 MIF S EEE 3 22.5mL lnA, #iEL,
30°CTI6 THIHE L 7212, AwZlIE L7z, TOFE%
3 EHIT 3 ML ATV B P,

BREUER

HEIDHER

B SEE R E Sclerotinia nivalis DFEAT %
RV HZ 7 ved—CBEREEPMOREINE (s
EBIBENE Sclerotinia borealis N OV TR VB S E
Sclerotinia sclerotiorum) ZHANRTIERD - fofcdd, 8
S R e E 7 (Ikuma et al. 2001) 12ftd
LERKINER (1% Gw/v) RV A5 27 vo vgRE
i 2.0mL+ BERK0.1mL) 2 5 RERICE Ny T 4 ¥
74 K2 10ul 5 2 £% (Q0ul) 1T L7z GEIcHE
5-14ug)o

T OFEHR, K 3 IINR4S TNV ) TR EA U
WS IE S AR ATREIT TS 5 120 T DI IC 3R
BOCHEEA N AT Z 7w YRPES LTV SHEES N
Too TN SRS T CRINMLE 242 97
VDS O RRASE 3 ORK LA, HFK 3 DR
FFEBRICHB T B0 Y HEEEGERO LB E TOR
IR0 B FE 0 D LE M R O FE T 5 1 2 B R S e ghifg
BV THZITHY T 2 D-GAlu g 47 OWSEE (GR
1) AL LTiT- 7,

BN 3 2 W T D-GA & 0 -15ug GEE 0-9
ug) 1T W TR A TR L ik o4 U B & 2 di <
720 D-GA & 9-15ug 2BV T b 2 HfifiE~v Yy v &
DOWAHEL 5 L1315, D-GA BRI NsE/LT &
1T & B EEHEARI RN DR 18> 5 oo LI EOFER,
TEEERR SR ERIT AT 2 D-GA 24 8 D= 5o K 03 A
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TE58, HHTH L D-GA L0 bEHTHLRY A
50 a vBROGDIE DI A (T 5 2 L
A ST - 72,

D-GA & 0 -15ug 1B % D-GAL ug 472 O
(Factor) 130.0893Cd b #HBIFR%E130.9998& 72, D
D-GA i coBEHFEERIEFFICEVWEEZ SN S, D-
GA 2% 0 - 9ug (Factor:0.0883-0.0895) 75 0 -15ug~~
P& E72 2 &1k > T D-GAL ug 2472 0 OWIEE130.2-
11%5E > TW AT NIIFERDIT 5> X OFPHNTH -
120 Fox OLIRIOE (Ikuma et al. 2001) &[EIREIC
D-GA &AL icZ itk D-GA 1 ug M7z D%
HEEADEE LISV TR L,

PIFofER, R A5 7 vo vB200ug £ENICE
WCEIeHE D-GA 2E15ug £ TT, NV ARk
ZEFMHNA 2 2 EARRIcanE, BRERICBL
THRESREERLEEFATE S &b ot L
HOEEERRHR 34T D-GA 0 -15ug OHFIFATIER L 720

9, AHEIICHHLTVWAEEY a vy ks (E,
#AE99.0% (w/w) LI E) 1I2& £ N B RHFH ki nk
DIFEKRME I D AEFRB IdIT, EHES Y o vy
(FiEE99.9% (w/w) LI E) 2l L 7cik3E 3 - 1 TSRS
PEEREL, ~v) v HIESAERT 5085 a2
7oo TORER, HMIE 3 - 1RmEs Tl EA L, |
HIWINBRITEARTEHETHFRL B, oS Tcol b
HERARRRETH » 7o [>T, ) Y BB DR
Kdgk s a vnnvidicGEzh s APnick 2 bocin
o f:o

RIT~v Y v ERBAEREZERBIA 2 2o
Tkuma et al. (2001) @ORERITHE - T SDS ()%F{%O.Z/o
(w/v) 0 50.3% (w/v) ML cEL S -2 20T
WERiEvE 2 E U 72520, B35 3 - 2 27k 1 Wefdl i
VY vERBELETT, BAE RO S S 3ERIGED
MENE Y XD TlEdD 2RI - oo EHRERRFRIER
EiTo AR (R 12K, D-GAL ug M7 b QWL
D E120.0902 £0.000325 (SE) (CV fiE0.721%) & 75
n, 0.2% (w/v) SDS < @ {i 0.0890 % 0.000318 (SE)
(CV {i0.619%) & D7%131.35% THEEDIE 5> & Dl
PHNTH - 725 i > T SDS B %0.3% (w/v) 1T L7z
Z &1z & % Factor ~ND 3750 - to

FHIC SDS EEAEIMEE 2 Ik >TRVY ViF
TR AR E T O] A LR 9 5 72 120.4% (w/v) SDS
RE ORI 3 -4 2RE L, BERIEMENE 21T - 7223,
HiRd 253 -3 LKL T, N vELBARK E
TOREICSE R R o N h - 7o, SDS EEEZEINS
Hol itk -, HOOLEEREEEINLL -
72T, SDS EE30.3% (w/v) TWEAHEEBR L 12,

EEERERL ERRIC B W T, BRI S R E R R

SO a v VIEEE FRSEREA, v vEIL
AR e S N B FEHE (Tkuma et al. 2001) A&
LT, RIE3hosh a v v OEELYIC TSI &
IZOWTHRE Lo #3 a N VBEORBZLIND 4
TR O RASE 3 2% L 7o,
AKFE3-3 1 0.16% (w/v) #k 3 a o~ v EBLAIRR SR I
L T mol #ET104%E 5],
HA3-5 10.1% (w/v) 83 2 v v LAIESE I
L T mol #5675 5,
AFL3-6 :0.075% (w/v) k3 a w8 vERLAIEE I
%L C mol #2855 R,
AL 3-T7 10.05% (w/v) 8k ¥ a v~ vER LA IS}
L T mol #2853 3% 5,
HREHE 3 2 AW TR TENESE (1% (w/v)
RYAZ 7 ve VR0 IMBERS N ) v & WERREEH
(pH4.5) REHEM20 pL %= ouhiy v 7 v & L THM)
TH L, BOLEANE L2tk Ak E Tori%
T, FORER, FnNZF o RAIITHOTREE
DNC IS o fois, T3 -3 KU 3-5 TRIRME

K405y Tkl Ak L, B3R 3 -6 MU 3-TTII~NVY
YEDBBERE T, DiEd L b ARRHIZZLOER - 1o,

LipLRAS, ThoOiR3RIREE Y a v/ VB
D12k T1/3THBHDT, RIEEZMATHhHLRET S
£ COMRRAGI 3 -3 MU 3 -5 Itk THTED - 720
JEVIRTCHE R T O RO OB AT B fo D I3
3-6 MU 3- T\ TENENAEHERFRI R R Z 1T -
Too FERZENZENK 1 KT 212K,

A3 -6 2V ABEERRE (K1) itV TiE
D-GAlug 24720 OWSEREEI30.0897TH b, HHBIREIRO.
9996 & = W EARE AR R L oo ERTOM GREE 3, D-G
At 0-15¢g) 0.0890 % 0.000318 (SE) (CV fE0.619%)
EHA08%E D - 128 (£ 12, ThizFEBROEF S
SXDOHHNEEZZ NS, ThODFERMS, 83 3
NV OEEAL/21C L T HIEER oM X (Factor)
CREELIEVWT ERDD - T,

AL 3T 2O TERR L 7ol (K 2) icsnT
&, D-GAlug M7 v OWSEEE130.0917T &b b #HEI %L
120.9996 £ 750, T OEEE WV A T b EEIRR O
BRI BT TH - 72, T OEIKITHO VT b IEEEREAE
RFEBR L 3 EIC 3 [nlfT - 72, T DFER (R 1200 D-GA
lug X720 OWSEEE O A8 130.09170.000289 (SE)
(CV fi60.545%) TH v, 3L 3 T DE0.0890+0.000318
(SE) (CV fi0.619%) & Hx2 &2 DFEE3.0% & # T
ot LHALIDEVWRHKEIDEVIZLSZ DT
37 <, EBho=ER (24°C) i (26°C) L v {Kh -
DT, THIFEEYY D-GA & (ug) 0Zftick 3
boLEZONE, TOT &R, BFRACOERTI
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1.5

A690

D-GA (ug)

1. #EESREELEEEEARIC K SFEEMIR
i 3-6 (0.075% (w/v) #k 3 2 w3, 0.8% (w/v) SDS,
0.14% (v/v) Wilk) E/H. —&xlalE=X i3 y=0.0897x+
0.138T&H b, MHBIREIIL r=0.9996TH - 7z.

1.6

A690

0.5 .

Op.........||....
0 3 6 9 12 15

D-GA (ug)

K 2. $HESREETHEEEREIC L SEEHR.
S 3 -7 (0.050% (w/v) 83 a2 w3, 0.3% (w/v) SDS,
0.14% (v/v) Bile) . —®&EHEE y=0.0917x+
0.0199Td v, FHEIREIZ r=0.9996TdH - 7=.

Factor 8HH 125 < 75 - 72 (0.09200) F) FHE» S & HAS
Honb, - TZOREE O EEREL O Factor
bR 5> ZDFIPANICINE » TV 5 Ll TE %0
HII-6 RV 3-TEHVALES, EEYE D-GA
3-15ug TOREMEMFMERIC 32 BERR SN ) -
723, D-GA &M cDiwn (lpg) EEITE, Ny
VEEGHIEKRE TIcE TR 2 BT 2RISR SN
72o WE- T, EiEEEZPEAAE T T D ouhEE =AU
HILLTANWY) v EEAERZELPTCHO NV ¥
FUBELER LIS WEHFICERT 2633 -6
(0.075% (w/v) k3 2 w/Nv) AL,

B wmis ten] - Wik BET - R

x® 1. HAESREETEERED Factor. 7272 L Factor (&
D-GA1usg Hizy @%j‘ﬁfg (Aew) TH3.

Factor HHBH R EL
LK 3 ks 1 0.0885 0.9995
D-GA:0-9 ng 2 0.0883 0.9997
3 0.0890 0.9995
4 0.0885 0.9998
5 0.0884 0.9997
6 0.0895 0.9996
mean 0.0887
SSD 0.000460
CV 0.519%
SE 0.000188
e 3 1 0.0884 0.9998
D-GA:0-15u¢g 2 0.0893 0.9998
3 0.0894 0.9991
mean 0.0890
SSD 0.000551
CV 0.619%
SE 0.000318
A3 -1 1 0.0899 0.9997
D-GA:0-15ug 2 0.0890 0.9997
3 0.0882 0.9997
4 0.0888 0.9996
5 0.0894 0.9998
mean 0.0891
SSD 0.000639
CV 0.717%
SE 0.000286
Al 3-2 1 0.0896 0.9998
D-GA:0-15ug 2 0.0902 0.9997
3 0.0909 0.9995
mean 0.0902
SSD 0.000651
CV 0.721%
SE 0.000325
AH#3-3 1 0.0887 0.9998
D-GA:0-15u¢g 2 0.0883 0.9996
3 0.0879 0.9997
mean 0.0883
SSD 0.000400
CV 0.453%
SE 0.000231
A3 -4 1 0.0911 0.9993
D-GA:0-15u¢g 2 0.0915 0.9995
3 0.0907 0.9994
mean 0.0911
SSD 0.000400
CV 0.439%
SE 0.000231
3K 3-6 1 0.0894 0.9997
D-GA:0-15u¢g 2 0.0897 0.9996
3 0.0899 0.9994
mean 0.0897
SSD 0.000252
CV 0.281%
SE 0.000145
3T 1 0.0922 0.9996
D-GA:0-15u¢g 2 0.0917 0.9996
3 0.0912 0.9993
mean 0.0917
SSD 0.000500
CV 0.545%
SE 0.000289
HEBEEODE=MH

XRIT, BECHEOEICRATH 2 7V F e R ERREA
72 ) YT FA K EDBLETRIEERITITOIT
WEMNED pERNI, HIE D-GA LRI 7 =) v
T A K EOBLEICKIGE 155y — 2 BTV, D-GA
lug ¥lch o~ ) v EFEENED IS ICELT 20
TR Tze D-GA LA D SUGSE mANCETT L T
BT BB I R F ¢ R E—EEIC 5 5 &
HEES N, L L5, K3 IR kRT, BRI
B oinE FicimL, —EBES 2L -1,



0.1

0.1

Factor

0.09

 E—

100
Reaction time at 100°C(min)

3. D-GA &LE{EHI 7 2 U 7 F 4 K& DBILETRICER
ZX3T BNV VEEEFERE
FEOPRIEICHR VT, D-GA BEAIE (1-9pg - 0.5mL) I
A1 RO 2 (%0.5mL) iR, 100°CToIE%15
r- 2 WifAT - €, EMIKE 3-61ck b D-GA 1ug Y
Do~ yEESRFEEER (Factor) % SULKERITS
LT7oay b L7z, X, 100°CHIBVLER T A T 2 GIR
T OARFEEIH L THIIE L 2R b EIKICRT. @,
B ROBIFITA ) % Factor ; [, SRIGEEICHR G 3%
SIRIE O ARFERE THEL L 72 Factor.

—F, SROGHERIT A O 28R (D-GA @ 1-9
©g) W2V TO—REYaOMBIRE (r:0.9995) (&
<, WP ERIEEIC BIF©h - 72,

DIl ofbER, $kal3EE RE R T E &3 D-GA 1<
S UCIEFICE O A E T 205, D-GA L#EILAID
PUS KO Z DD~ ) Y EHEEGERERICO W TIIER
AR R g

& 3w
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summary

Park and Johnson method (Park, J. T. and John-
son, M. J. 1949. J. Biol. Chem. 181: 149-151) is a color-
imetric quantitative determination method for reduc-
ing sugars based upon a reduction of ferricyanide
ions, Fe’reagent. In the previous work, we had modi-
fied the reagent of the Park and Johnson method in
order to estimate reducing sugars with approxi-
mately twice sensitivity. However, this high sensitive
determination of reducing sugars with iron reagent
(Ikuma, T., Takeuchi, K., Takahashi, Y., Sagisaka,
K., and Takasawa, T. 2001. Res. Bull. Obihiro Univ.
Nat. Sci. 22: 109-116) , when the polygalacturonic acid
exists in high-dense for the coloration system , would
produce the Berlin blue precipitation, and the
absorbancy measurement was impossible. Polygala-
cturonic acid is a substrate for the enzymatic activity
measurement. Therefore, we improve the color rea-
gent which hardly produces the precipitation. SDS
concentration of reagent 3 (0.15% (w/v) iron alum,
0.2% (w/v) SDS, 0.14% (v/v) sulfuric acid) for high
sensitive determination was increased to 0.3% (w/v),
and the iron alum concentration was decreased in half
(0.075% (w/v)). As the result, the Berlin blue precipi-
tation was not produced over 4 hours even under the
presence of the polygalacturonic acid about 200ug.
Though there is a high linearity in oxidation-
reduction reaction between reducing sugar and oxi-
dizing agent ferricyanide, the quantitativity could

not be observed.
Key words : reducing sugar determination;
high sensitive determination;

colorimetric determination.

Res. Bull. Obihiro Univ., 24 (2003): 1~5
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Sclerotinia trifoliorum I FEE « L av &7 H

R P P S T TR %9 8 Sclerotinia trifoliorum O
INE T Z2EERBIZPOVTHELEINS
RYHFS 2w F—LiEH0 KR

AR . AEE R e EEE R
Cold adaptation of polygalacturonase activity produced by
bran culture of the psychrotrophic facultative snow mold Sclerotinia trifoliorum

Tsuyoshi WATANABE, Izumi SAITO!, and Toshihide TAKASAWA
(=1 @ 20034 4 H30H)

= =

(IR E Y F I AR R Sclerotinia trifoliorum HRR Y 475 7 v o+ —+ (PGase) iGHD
PWE AR NIz, 5 ChU20CT/NE 7 2 < ic BV TREAITV, #4750 (5°C : 65-308H
R, 20°C : 28-56H[) <L, BERIEMOPFEEREZTE N/, T DR, PGase iftE&E3 5 ChE
TETIEEHHLIET, 20CHEETIZ28H LI TEFIRREIC 5 7oy 5 CRU20°CEEEM T H# PGase
M (1.33U/mL=0.00750 (SE); CV0.997% M 11.62U,/mL=*0.0167 (SE); CV2.06%) (24fmiEss
BB R B Sclerotinia borealis, & T MEBE W S. sclerotiorum S O i 1 25 6 B8 1% 9 B8
S. nivalis LR TED - 12, pH IKIEMEIZ D W TIE, 20°CH:#E PGase G D e pH 13 pH3.5-4.5
THh, 5 CEED S O DHE pH (3 pH3.5-5.0TH » 720 IREZIEMIT O WTIZ20°C KLU 5 CHi#E
PGase iGHEOICIZ & A EEVWEFBIE I N - 1o, REKRGEEICO VT, 5 CRU20THE
PGase IEMH D HEIRE 1Z50°CTH » 720 5 CEEEM20TCTEEICIENT 5 C-10°CIz B W TS
D <, RS AR L

+—9— F ! Sclerotinia trifoliorum, KIEE, ® U A5 7 v o+ —€, (KEEIL, HHIEEE MR
VY, TR BN,

N, TIH A7 7 a =N,
B (~~a o, Fuosy),

] i

VI RA,

vayga—sN, YLy VIE—
&'7 a‘_;*;ﬁ)9
775 FRHEY (4

EEFhCE L, EEEELI SR IHRERE LTSN
TW3, zoaMmiFeErTh b, thtbltims, #Hik,
JEbE? E DRSS HIE B W TS FTHRET 2 SEHE
BHREE LTHoN TV 5, EARA SR, 15-20°C
ThsHH, 3BCULTEFEBFETET (Matsuura 1946),
S. trifoliorum Z T DEPSFEREEEZ SN D, L
PLIED S, KEiE 0 CIIcBVWTHEFRETH S
T EMSKEE (psychrotrophs) TSN %, fE-
T, S trifoliorum KR EHEEEEZBERE TH 5,
S. trifoliorum OEFEE, < ARHEY (T 7 717 7,

2V NF) FERBF OB,

S. trifoliorum OFERF I, TKITHB T 5 FEILFOETE
NDEPD SIEE b, XOEE T CTHRAMETL, HO
R, SR b5 &M EIEPHRE A Bkl B
R, HiZEL 7o) o £ 3 BIRO BV ESR &3t
W X I FIROWK 2T %, S. trifoliorum H353 ik
I 5 MMlNER Y FF DR )T 57 v e —
¥ (PGase) (3, MY OWEEME, HLHEYOEL (=&
WWELCBS L TWw 3 (Bateman and
Basham 1976),

=3 v)

IR BN R R R

School of Agriculture, Obihiro University of Agriculture and Veterinary Medicine

Ut =R A R SRR T

! Agroscience Research Laboratories, Hokkai Sankyo Co. Ltd.
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Ry FVERID-AI 7 ve R a-1, AFEEICX
DEAELEEVA S 7 vo vBREEKE L, HickY 4
7 va VBREROD VKR F VO A FILT X
FUALEINITE T, 2 F NV XTIV EEDERN TS
HicR )57 ya Vg, ~7F /K ~7F VRO
7 F = VRIS NS, XV FF—RICER )T T
vat—+¥, X7FUVR)T ¥, X/FV)T -,
ROy F vz 2T 5—BENHE, TTTIEREYFTS
syoviBERIERTF OO a-1, 4 5ESEKO R
TEMETHER )N S 7 Y uF—EDIEEOMHEICS
W7,

COMEFRIE, TN F TICEME (Takahashi et al. 2002;
Nagai et al. 2000; Takasawa et al. 1997; Waksman
et al. 1991; Kester and Visser 1990; Schejter and
Marcus 1988), flid (Roberts et al. 1988; Nasuno and
Starr 1966), BRE (Gognies 2001; Blanco et al. 1994),
fEi ¥ (Kapoor et al. 2000; Pathak et al. 2000; Bonghi et
al. 1992; DellaPenna et al. 1986) K U8 ## 4 (Stephanie
et al. 2002) SFDEWEIFHICE DAHHBFI SN T E 1,

T2 13, PGase ZHEMic L <, KK O KEEREE~
DG BHENSF L NUVTHIAT 2 &2 HME L
TW5, RIFFETIE, S trifoliorum 2/N\327 2 < BEH
WCBWTHTCKRUACTENETNEGEL, T OMMH®K
HicE £ 5 PGase OIGHERIED &, (K (5 C)
EERIE (20°C) TEH SN B PGase O ME & Lk
L 7o

RERUERAE

HIEFLI Tt D& H Lz, Potato-Dextrose-
Agar (VLN PDA) (Difco Laboratories) ; /NZE 7 2 =
(+Wk#) ; Coomassie Brilliant Blue (LL'F CBB) G-
250 CEHALFER T2, dEXVKE S Lot No. MTR
303D 5 U viE R (85% (w/w)), A 7/ —v K5k
(99.8% (w/w)), 7V btF b Vo & fLFEH(90.0% (w/w)),
Hyflo super-cel, KFEER #ffk, BEERT b U v & KK,
7 x/ =V T3 BRONTH, TR FEE ST, KR
B b)Y s Rl VT ALA Y o A KR, ~F Y
7T/8DERA Vs (720 7 vAbh ) v L) KR,
Mgk (ID 7 » & =2 L 12KFY) Rk, 5 ) VEREE
F s AAEFR, R OREE SR ResisE T
%), D-#35 7 va vBODO-GA LK, K757
v o g (LI PGA) (From orange; Loss on drying
7.2%; Purity 89%) ,
sulfonic acid (PL'F MOPS), 2-[N-Morpholino]ethane-
sulfonic acid (LL'F MES), Bovine Serum Albumin
(LI'F BSA) (Crystallized and lyophilized) (Sigma).

3 -[N-Morpholino] propane

RS R

BEiRDEE
PDA Eiic ol PDA ByAK3.9g % 1 A v R H7EH
KPITAK) 100mL o nBdEie Lisfs &, 4+ — b
7 L—7E (121°C(ca.2.2kg/cad), 20500 Lize 7 U —
YRYFHNTIL Ve — L2720 H920mL @ PDA KA
ESTEL, S trifoliorum OB EBHRE L 12, S. trifoli-
orum (¥, T @ PDA Hih c20°CTHy 2 BRI L 72,

INET7 2 < coRE INET7 2<#30g 1c1 %+ v
REZERIKSOmL ZMA RS L, A — b7 v—T7HE%
ot 20— v Ry FHNTHEEZ 2 <R, PDA
Bl v v =1 b 7523 LI, TDE5
‘CT65-308HH, 20°CT28-56 HHEEE L 72,
HE iR D IS
Vainicai <7257 (Takeuchi 2002) 12hE - THBLL 72,
1 75234720, 10mM BEE - Y 2 L -k
(pH4.5) #&fli# (LIF S. buffer) 200mL T1T - 720
2% (w/v) PGA EE AR DFAE

Plaiicai~zz 71 (Takeuchi 2002) 12HE > THEHLL 72,
2 % (w/v) PGA ERAFIKIEIR D 2 FEREEE (21.5mg/mL
£0.176 (SE) (CV 1.40%)) 3&&KE 7 = / — VIR
(Takeuchi et al. 2001) 1Z& » T, #=oThEEE (0.780
mg/mL=0.00433 (SE) (CV 0.97%)) & &kl 3 5
EohERE (Tkuma et al. 2001) 12X > TRD 72,
TN ORERD S BEEARE (27.6mer £0.361 (SE) (CV
2.26%)) k¥,
1% (w/v) PGA BB Rk D

1% (w/v) PGA FE A OSB! (800mL) 135E7Kk180
mL T 2% (w/v) PGA i&E400mL &4k LS8 5Nz,
0.4M FEfE - bV v & -FERRE T (pH4.5) 200mL %
A, WEERT pHALICHHEERR, /K T800mL iz 4 27 »
7L,
FUNRVEDES

A D 7 v 7 HEE 1 Bradford (1976) KU
Read and Northcote (1981) DHEICHBANA 725
J&EE CBB G-250 ta&ft&ik (Ikuma et al. 2002) (<
& - T BSA ZHFHEYE & L TE L7,

BRI 130.025% (w/v) CBB G-250-12.5% (v/v)
* % 7 —=-T70.8% (w/v) V VERZ(EH L7z, BSA it
Wi 130.1me/mL-0.04% (w/v) 7 V4bF b U o & % f#H
Lo BSABEMEETE D & v o3 7 B RRE I Ag ™Y
=6.60 (Kirschenbaum 1970) % MW THE L 72,

H130.8mL 7 v ¥ 7 Eixi (0 - 9ug protein),
0.2mL CBB G-250ta3%&ik#E C¢i7 - 7o BSAlpg 47
» @ Factor (20.0321+0.000321 (SE) ; (CV 1.00%) %
iR L 7,



S. trifoliorum /N7 2 < BEREARR ) A5 7 v v F — LiEHE O (KiRE IS 9

PGase ;&M DAIE

L © PGase G 1%, 3R MUSKR AT 2. 1mL
(1% (w/v) PGA-0.IM BEfg - + ) v & /BElE (pH4.5)
AT A E A 2.0mL, M0 ImL) %, W IdE
SRS RAETE2.2mL (1 % (w/v) PGA-0.1M FEf&E + +
Uy o /BElR (pHAL) R A E F R 2.0mL, il
#0.2mL) 7% HIW TR ookl 2 S S B = o E &
7 (Ikuma et al. 2001) I2& » THREL, T DEHEE
ED» SRD o, WEEEHEE 1 rate-assay i (0, 3, 6 K&
G 993) Ik > TREL 7o BERIEIED 1 Unit 135ET
B D WEREHEE 1 umol/min & EFE L 72,

75 vy BEFRIE M SR E TR O DT S.buffer
(100uL) #FRBiA#k2.0mL 12N A 72 R OB ARE2.1
mL %A FOTHIE Lo, & 2BERRONAER2.2mL %
DBEITIE, S.buffer 200ul ZMMA TlRERIZIT - 720
B EMEBEKEE S.trifoliorum EEEAB D% ET

S.trifoliorum % 5 ‘C (65-308H) X1320°C (28-56H)
T, EEOWIM 7 2 < BEERANT L, 40°C T ORESRIETE
Ly oy BREZEL 2,
pH (&M

pH3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0 7.5
IZHB VT PGase I PERIE %17 - 7co pH3.0, 3.5/ T4.0
FE M 30, 1M FEfR - ~ U v 4 -HCl #& g %2, pH
4.5, 5.0 TU5.5030.1M Felg > ) v & -FERERE L %,
pH6.0/% U'6.5120.1M MES-NaOH #& i %, pHT.0/%
U'7.5130.1M MOPS-NaOH ik 2 i\ 7o, BRI
PEF2.2mL % « 40°CTIT = 7o
BEREE

RGO IRE4 5, 10, 20, 30, 40, 50, 605 C*
70°C<T, 1% (w/v) PGA-0.IM EefgF b ) o & HElR
(pH4.5) #E@Erm I E A %= v C2.2mL % T PGase %
PERIE 21T - 720
mEREME

FHAH I 2220, 30, 40, 50M T60°CIz3047 fHlzE5 L,
Zz oMt ER VT, 1% (w/v) PGA-0.IM Fri# >

FU YA BERR (pHAL) TR EEIERE VT,
2.2mL % « 40°C T PGase iGHERIE 247 - 72,

L X

b CRU20°CEEICEH T B PGase i&H

S. trifoliorum ® 7 2 < ¥EFICEHB 1 5 PGase FELEH D
2P B 7odic, 20TCTHEETREKIERDHEZR SN
% 498 (28H) /» 5 58 (35H), 68 (42H), T (49
H) Kor 88 (56H) [EkE#E AT\, 5 CHETI365H,
T2H, 80HK U8 H L& 21T » fc R I iR 21572,
PGase 76 8 HIE (3 R SUBFRMAERE 2. 1mL (1 % (w/v)
PGA-0.1IM Felig > ~ V) v A-BERRIEMEHE 2 mL, FHAIH

0. 1mL) : 10uL > 7° ) v 7R TiT-70 ©£LTC, H
it 1 mL 2472 0 oEYE (U/mL) KO Total activ-
ity %S}E&bf:o

3 - - 4
3 2
g\ &J'\ye
92- e =
H
Ha
31
©
O
o
0....|....|....|.l
30 60 90 300
=] #

1. 20°CRULCHEENMICT S EMBERPORYAS Y
voF—EiEE. BRRICBEE2ImL  10ul g7
UYIRA0C) TERERZAE LT
e . 20°CHEE R U 7ok iRk

., BCHEEERMLE Lo,

20°CH:ETIZ, 48K (28H) Bi# PGase i1 K& O
Total activity (177mL) (3 2.20U/mL * 0.0443 (SE)
(CV 3.48%), 390U+7.84 (SE) (CV 3.48%) T - 12,
RN B 2 R 275 oI, &
bEWEA R L7 6 KR PGase iEH: ((2.50U/mL+
0.00312 (SE) (CV 0.249%), 453U=%0.564 (SE) (CV
0.249%)) A%, ZIF—ETH - 12,

5 CRAE T3, 65HMRERE PGase i M O Total ac-
tivity (191mL) (31.80U/mL+0.0437 (SE) (CV 2.43%),
344U+4.82 (SE) (CV 2.43%) TH > 1o T 5 ODEERE
AR A TR I & 2 BEEF iR E O I R s g
Mo too PDABEZFF Z455 °C » 448 (308H) 7
2 < B R (888mL) @ PGase it 131.89U,/mL
Th -1,
pH {&kEFHE

i G O BRSO pH 1263 2 IR FEME 2T~ %
7o DIIRREAR D pH AL B THRHZIIE L7, Z
Dicdic pH3.0, 3.5, 4.0 (LI LFEE bV v 4-HCL#Z
i), 4.5, 5.0, 5.5 (LILFEERS bV v o -FEfeRZE#D),
6.0, 6.5 (VIF MES-NaOH #&firigt), 7.0, 7.5 (VLE
MOPS-NaOH #&frife) HE A% M\\WT, 5 TR0
CIEEM Ik ORERIGH: £ 2.2mL % « 40°C Tl 72,

20°CHE % PGase i1, pH4.0-4.51C 38 W CTHR ARG
&5.Z, pH3.5-450HiPHIC BT pHA.5TDIEHE X}
9 2 HXEES90% LI Eo AR L 7o,

5 CHEE PGase it D pH 1& pH45TH D, pH

3.5-5.00D FH I 55 WHIFIC 5\ C pHA5TOIEH: I 5
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pHA4.5 X3 EME (%)
5 2 5 3

DO
(=)
T

2. [KEMEMEEEKFR S.trifoliorum 5K U 20°CHEH L
BDORY HS oY oFr—EEHE(pHLEXTEME) D pH
ﬁﬁﬁ'ﬁ@tti‘“

, 20°CHEE R ML Lo,
SCHEER ML L otk

im KT
5 CRU20°CDEEFRBE DEWVIT X -
Hi PGase IE1ED, BRIGEEOZ LI LT, FF
RIS BWT, EOXHITBELERNDLDIT
HIREE T pHA.5 « 2.2mL &2 T PGase iEHRIE 21T - 726
K=, D &b 3EEMT 3 ML
D fEE V12,

T S LTk

150 Ll L) L) L) L) ) )

80

. 40 . 6

= ECC)
. EKEMEMEEREKAE S.trifoliorum 5K U20°CHEER
&R Y 50 o+ —EiEM (pH4.5) (40°CHBXTEM)

DEEREFHE. 40CTORYAZIYOF—EFHED
:Fi’J{E%WO%c‘: LictxhiEETR LI

. 20°CHEEHTR.
, bCHEEMmMHA.

5 CR U20°CHEE PGase i T O @ iR (3 H£1250°C
TH o1, b CHKRU20TCTHE PGase 1612 40°CiGi itk i<
X9 2 AEE Y (A0°CHEHEE) Tk 2 &, 5 °CEE
#& PGase 40 CHIRTEMEE, KEEK (5 CRT10°C) i<
BOTACTHEED S DICKNTIEFICEWEZR L 75,

RS R

Hit, 5°CH:# PGase ® 5 °C/40°CHIGHE M K& 1°10°C /
40°CHERTE M 1E, 20°CHEER 5 °C/40°CHIXIEH: 2 L T10
°C/40° CHIFEMEICIE R T, 2N ZEN12.6% M F12.3%
o to, T OMMORELL (20°C-30C) TIRHEAE 5%E
370 > 12, 50°CTIE, 5 CEEZED50°C /40°CHEHE 1
hs, CHEBED LD XD ED - T,
BEREME

5 CRU20°CEEE MM KR D BTV DI I 4 5
PUEME AT B 2T, N E N O & SR
(5°C-607C) 1230453 [HZmEE %, 2.2mL & « 40°C CRERIE
A2 HIE L 72,

150 ) ) ) ) ) ) )

20 . 40 . 60 80
= ECC)

X 4. KBEMBEMHEEEKLKRE S.trifoliorum bR U20°CHEEE
HEROARY HS5 5y oF—EEMH(pHLE) B°CTDE
XS BERER) DBEREM. SCREDOHBODRY
HS o vo+—EFHOFELEE100% & LIoixtiEHS
TrLT.

. 20°CIEEm LR
., BCHEEMMER.

5 CRO0°CE I Ic> VW T, 5°CToiEMIc
$td BEREIE T T HER L7z, b CHEBITK I 530°C =5

BORIMEEMERT VS, TNRERORIS>XEEZDS
N5, MEILIZHC-30°CE TORBERIREITB W TRIE

B S NI - foo 40°Ch S A ITERIFISHESME TR L
50°CTOEAENIR20% T, 60°CTRFTERITKIEL oo

z %=
S. trifoliorum WPEHET % PGase (3, iﬁ%‘d‘é‘&%’lﬁbl

LT, TOWBNERLLEZEZOSNIIZDITE TR
WCTT7AREEELT-T20
BEHEIRENCX > T PGase FEAEENEA LT 5 T EWEZ

5NtcDT S. trifoliorum % 5 CK U20°C THEE O HRK
(5°C :65-308HFH, 20°C : 28-56 HED) £5&E L, £ D
i H B R O PGase i1 240°C THITE L, PGase FEA &
D IR 217 - 720 BRI S. trifoliorum O
EkEBZIC Lic, TDfER, 5 CRU20TCE bITHK
JERkfZ T, BRI X 280875 PGase FEAERDE



S. trifoliorum /N7 2 < RERRREE R ) #1520 F — LRV (KL IE 11

BRSNS - 7o, Fio, 5 CRU20°CH:ZED PGase
FEARGIZIEUTH S L ORERE, HEELMC
k59 PGase 3 —ERBEAINELEZLO6N S,

— % JIC PGase iGHE D il pH (3 4 -6 TH 5,
S. trifoliorum D¢, 5 Tl U 20°CHEEEFH il H 7% 13 3
IZ PGase i1 O pH 23 pHA5TH 0, Z DHiE (5
°C ; pH3.5-5.0, 20°C ; pH3.5-4.5) Tz pH TOiEVE
DINW L LD 0ATEREZ R L, AW pH I T W
SHE A2 5.2 72, TN E pHABR{R TR IEYE DD
RIS TESRIBRRE S. borealis M UVE i M W%
JRE S. sclerotiorum OEE ERANECHEE - T,
—77, [al C{KiR SRR S. nivalis & T 5 &,
S. trifoliorum & S. nivalis (pH3.0-5.0) 3 & Tld s\
DE ORI IRV pH P2 F L, ol pH b
A C pH46TH B Z L oMlEIFEUTH S LD Iclbn
%o 5 CRU20°CH:FE PGase i1 % il pH <LK ¢
% &, 5 CH:E PGase (320°CH5# PGase & U i pH
FPHASIA WV, F o, pHL.0&K D Emwrhikikic 813 2 /0%
L, 5 CREEE PGase iG D H320°CHs#E PGase &
Eomwzb5 2k, oDl &idh CTHRE
PGase 7320°CHE# PGase £ © pH ZA{biTx} L TLET
HBHIEERELTWS, FHUEICEWCRERSEICK -
TEH SN BROMENE DL 2 551d, HHEORE
B5TA YA LDEEINTOAA[REESRIEEIN S,
E-T, S. trifoliorum 13 5 CR U2 CEEFEICE VW TE XL
IEVEERAL D FR15 B PGase 74 ¥ ¥4 L &FEALILLOD
tlbhs,

5 CHRU20TCHEEICEVTPEA S Nz PGase i51ED
TS RER I T B LEMOREVER L 20T, K54 D
FL i % 5 "C-60°Cic 3047 fulEs L, JKistk, 40°CT
PGase iEHEAZME L 7zo 5 CRU20°CH:#E PGase i1
DOLEEWEZ LT 2 E30°CLATEMEICE L VEVIG
BEINT 5 CRUCHREETELEIN S PGase 71
VA LNy — v OFECITB L TLEMEER D S 138
IEWRBIE SN - o,

5 CKR U 20°CHEEE PGase I 1 O iR EAREE %2 N,
40°CIT BT B iEEICK 9 2 HE S AOCHIXTTERE) <
BT 21T - 7o OFER, HoBimfEid b ‘Chv20°C
BEETHIC0CTH D, b CHE PGase (220 CHEE
PGase &#x3 & 5-10°C D& T40°CAEGHEMEAS 5
<, 50CITBWT H50°C /40 CHIETEM: 3 & D> - 72,

Pl ko &b SRR MBS IR ES. trifoliorum
IZ& - CEAE SN PGase 714 V¥4 4%, 5°CE20°C
BETRTNSOWHEMNZDRIE-T0ELEEZ 6N,
5 CE:# PGase 71 v ¥4 4%, 20°CH:E PGase D b
D LD RIS B T B 40°CHHEEDS S - 726
HIH 5 CHEE PGase 71V #4 ARKEEIGREEG T

LT EMREESNI, L LEMNS 5 CTRE PGase D
WREEZENE R, 20°CHEE PGase & [AlBE /AR L 7o

KRB IR BLR 3, b CREE DI M= T B A% N
S. borealis F13 PGase 71T > W T3 20°CHE#& O i
BB S. sclerotiorum HI2K PGase 11 & @ FRigIC
BULTHEm SN/ (Takeuchi 2002), (EEEVESEE
JWE S. nivalis ITB WV TIE, FERLCEKE Q0°CKkT 5
C) 558 PGase /51 D HARFEER OFER, 5 CHE O KR
Ikic B 1 5 PGase 40°CHXITEED20CREED D LD
mWEZ R L7 (Tkeura 2002), i S nivalis 5 °C
3% PGase 15VE 12, © D20°CHEE PGase S THIE
BT B W TIREANLEEZ R LT,

REINFER T L DR TV — By THEE L TB
D, KT T oo FEHES RSN TV S &F&
ZONTWE, DI &ED ORGSR 3 RIITER
& - THUGERBE RV TV, HBREICAL
ETHbEIND, &ETADNFKADIEETIE L CRU20
CH: & PGase G 0 il KA LT, 5 CH &
PGase /it (350°C iz 3 1 % 40°CAHX G A3 20°CEE 2 D
by EWEEG A, Tl LoEiigicsnT
1320°CHE# PGase & [6] UCRREE O %2/R L, BT,
PGase i o Eliiisic 8 2 LEIc >0 Tid, 5 CTHE
FIF20CHE L ERE ORI Z /R L, COMIBIL TR
S. trifoliorum MK BT EZREEHEE TH 5 &V D
HIEEL LMD D B EBDbN D, FHMESIE R
S. borealis lFKIRTOAEEF T 5 EMAIFETH % 713,
S. trifoliorum (2T DM EEPTH O, HITHB WL
THHEBEDIRET, RARICBVWTRIIEBESETCLSE
WX FEEIREERT S, O A5, b TR
THBIEN B PGase F20°CHEBTHREINS & DITE
NCREToFmWIEEEF L, »oER-SRETH
EBWRELERAGTEEEZ6N5, COBEZHIFE
BolEoniERERSAET 5,
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Summary

We investigated the properties of polygalact-
uronase (PGase) produced by bran culture of the psy-
chrotrophic facultative snow mold Sclerotinia trifoli-

orum, and the conditions for bran culture were ex-
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amined. The bran culture of S. trifoliorum was car-
ried out for adequate periods at 5°Cand 20°C. The
PGase activities of 5°C and 20°Cculture were 1.33U/
mL £ 0.00750 (SE); CV0.997%, 1.62U/mL = 0.0167
(SE); CV2.06%, respectively. The PGase of 5°C culture
remained stationarily for 65-308days. Similaly, that
of 20°C culture stayed constantly for 28-56days. The
activities of S. trifoliorum at 5°C and 20°C were lower
than those of the psychrophilic snow mold S. bolealis,
the mesophilic white mold S. sclerotiorum and the
psychrotrophic snow mold S. nivalis. Optimum pH
for the enzyme reaction at 40°C was 4.5 for both 5°C
and 20°C culture. In addition, the 5°C culture activities
between pH3.5 and 5.0 showed more than 90% of the
activity at pH4.5, and the 20°C culture activities be-
tween pH3.5 and 4.5 also showed more than 90% of the
activity at pH4.5. On the temperature stability of
PGase activity, no difference was observed between 20
°C and 5°C culture. Optimum temperature for the en-
zyme reaction at pH4.5 was 50°C for both 5°C and 20
°C culture. In the range of 5-10°C of the enzyme reac-
tion, the relative activity against 40°C activity of 5C
culture was higher than the relative activity of 20°C
culture. Thus, the PGase activity of 5°C culture was
the same stability as 20°C culture PGase activity, and
showed good cold adaptation, compared with the 20
°C culture PGase activity.

Key words : Sclerotinia trifoliorum; psychrotroph;
polygalacturonase; cold adaptation;

cell wall degrading enzyme

Res. Bull. Obihiro Univ., 24 ( 2003 ) : 7~13
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Cold adaptation of polygalacturonase activity produced by
culture of the psychrophilic snow mold Typhula ishikariensis

Akira TANAKA, Izumi Sa1To', and Toshihide TAKASAWA
(=21 20034 A30H)

] E-2

FETES IS/ NRIERRE Typhula ishikariensis O 7 Z < EEMMEE A ) #5272 v o+ — €55
HOWE AN, 7 2 EELHOMF AT > 2o Typhula ishikariensis ® 7 A < EEEITHRWT
PERET B RY A5 vo+—EiGH (40°C « pH4.5) 130.261U,/mL=*=4.43x10"° (SE) ; CV8.98% T
bHote, TOMEMEERIT, HHMUESEEZKERE Sclerotinia borealis T O i Y B8 % 75 I
Sclerotinia sclerotiorum IZENTE %2 2.19% K TF2.07% TIEFWITEM, o 7cs LA LAENS, 5C
BT BIEHEICOWTIE, B0°CITHNT 2 ARG T 2 & (342.1% <, 40°CIcit i 2 Gt
K9 B AHHEMEIC R - TIFH0.7% OIEFICE W EIC R 0, HIERE S. sclerotiorum 1T 2856
B D T ST S, borealis 1T BIBAICEANT b IEF IS E W EEEIGHEAG LT\ iz, 40
CTOWMHRIEDERM pH 1, 5.0TH>7co L LEMS, pHAS-5.50&PHICH T 21T pH
5.0 COIRAKIEED ca97-98% 2 H L, i pH FFHIZIAD - 7o 7 R TIEESLFITO VLTI,
Typhula ishikariensis SIS S. borealis ITENT, X0 BMEEMFCHRVWTISKAET L,

15

F—7— F : Typhula ishikariensis, if5H, ®V A 527 v or—€, (KR, (B RESE

] B

SIS/ N R B Typhula ishikariensis 138
THEEICRT 2EPNRETH 5, TIRAGEHARM 2% <
ZEM T H 2 AEEPENIC AT L, A4 LFP T LF,
EHETHBERY NI TR, RARDTIVT 7 V7 7 Pk
7O —N"BLUA ZROA —F v — F 75 2EDWREC
i UIR IR R

Typhula ishikariensis IC & > Tl & T SN 2 HE
INRIERGR 12, BB ENSZ <, £ L TAFTOMER
b2 <, XHEET O E < 20D L EE A R
BlTh 2z, ZOBAITBVLTIKT S E SN, KHEITE
FHEE» SBIN, XERKERRICED, wTlkkHicix

LT, #a< LIKIEBICE®mT 5, 0 hickEtgm~R
o, B ~ARER, EE20.5- 1 mm FEEE O B % 2 B AK
T %0 - CTHOEIT & - TIRIBEIREER KBS
(0 °CULEDIEFEIREE) HHETH Y, FEHELFE
DI T BYFIT Typhula ishikariensis (3K Fick
B EWE STV d (BB S 1997),
FrznFz T, FEARNEERE (Sclerotinia snow
blight) @& T ® B IS Sclerotinia borealis
(LI S. borealis) ZHAWT, S. borealis HRD <2 F
VOMERFRTH B RY A S0 Yo F—EORRIEEET
T &E Too AR O (Kil BR S G I > W T o
WEEHZE L, § v 7B LT OMISH
REDRATIZBE4 2 % (Hoyoux et al. 2001 ; Georlette
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et al. 200 ; Wintrode et al. 2000 ; Kim et al. 1999 ;
Feller et al. 1997 ; Davail et al. 1994) 45z D7g 0y,
o 3AEMPRRERENED X S IT@EIE L TV D0
2 2z O AEBR S VXV BL VST 7 e —
79 5 HW TS HSRIRE LS 2 8 ) /5 7 v e ) —
LGV D (RIRERER I 5 258) & KA WIRBE T~
B1o0IT, HHEED O OO R Y #5 7vet —
LIV OHE & iRt 9 2 HAEED TV 5,

FUH Sy veF—¥id, YRR O—>D
THERIF VENRT BRI FF—¥o—fET, £
o rve YEREXREBEL, Thlificb s F v
g, ~7Fv, RORIF=vBBEDa-1,4-75
7 v a =SS E UK RS 2R TdH D L s F]
51TV 3 (Nagai et al. 2000; Pathak et al. 2000; Martel
et al. 1998; Takasawa et al. 1997; Di Pietro and Roncero
1996; Tguchi et al. 1996; Martel et al. 1996; Tobias et al.
1993; Polizeli et al. 1991; Waksman et al. 1991; Keon
and Waksman 1990; Kester and Visser 1990; Shastri
et al. 1988; Tucker et al. 1981; Cervone et al. 1977),
TEIRIEE SRR <7 F v SRR CTH B =7 T —
EROEIT—H, ~NIkIT—EHEEMNIL, ThE5D
BFRDOIEHIC & - THEYIHIIAO MRy Td 5 ~ 7 F
VER Ve - ZFOLWEESE L, PR EEIE
FHEFGZEFIRAT S LEEL SN 5,

IR 13985 35°C ~60°C D thil ik 1< B3l R L % £5 2 23,
FEHINC G L 72 S.borealis % Typhula ishikariensis
BEDOHAEY T L D RRE (0°C~25C) TEWLiGTE
ORI ER (RIS Z4EE L TV A ARRES b
%o

& 31T - I LIRTOHZE (Takeuchi et al. 2002) i<
BWTC, S. borealis DEWTORY) H T veaF—+¥ih
P9 2 iR T oS (5 CTo40°Cicxtd 548
SHEMEAE: ca. 35%) dEWEERL, KUV A7 vaF—
LGtk OISR RN B s e, SIE/DRIER
(Typhula snow blight) DIFRIKE Typhula ishikariensts
1, S. borealis LA U HISETH 5 DT, Typhula
ishikariensis DFEHET 5 X7 F VA RERICB VTS
IR T ORI 2 KIR T OFREMEASERR I & O iE
ERTOTRBOMEZZ SN,

EER I, T OWREREIC X > TRLEOEER, FZE/INKL
E%E, SRANEKE, SEEREKKRICOES NS
M, Typhula ishikariensis, Typhula incarnata 75 &
@ Typhula |BW 32, WE, K& (0°CRLLOIEH
fEHIRAE) ZlFA B/ NN EEREL | &2, —F5, F
JERKER 25| 2 23 S, borealis 1, K, WBEE,
T LTEZRORDDICHFFREEZLEL T 5, E-T
Typhula ishikariensis DS EITLEHIE TH 2 EPHIT B

R ORI

WTERHEBRERESHE 20T LT, S borealis
G EEEEERI SR, DEHESTH 2 EFEICTFICHTH
LTWw% (Tomiyama 1955),

P> TIRERBE NICTB Y 2 MY~ OG0 K,
Typhula ishikariensis & S. borealis & 135275 - 7o 5
PHamd bOLEZoN, MENDUT 57 F v R
BEOKBTOXR)H S5 7 o F—EiEHIT >0 TH
SIhDELLZEFERT DL b S,

T NHUTAWIZE T 1d Typhula ishikariensis DEE#ESE
18 & O Typhula ishikariensis WEEAES 5 R F v 4y
REZTH B R H 57 Yo+ — G0l A0S »n
(29 B o iciol pH, WERIFESEOWE 2~ 7,

MR UERA &

B33

Typhula ishikariensis (&, JLILETHICRWT (1998.5.
15) NV b F AKX T,

HERILUToLE» Db DAEEH L 72, Potato-
Dextrose-Agar (LI PDA) (Difco Laboratories) ; =
LF¥ 723 (TBKRED)  MOKKEEF b ) oo F5l, 7
T VR R (BARALT) 5 v T oAb ) o A R, T =
V7 AL ) Y A R, WREESK(ID 7 v ' =9 412
KF (LIN#R S a woNy) KR, 59 U OVBRIERS Y
v & (LUK SDS) AL, Wilg F# A, Hyflo
super-cel, KFEME Hril, WElg- bV o & R, ) v
Heilr (859% (w/w)), A%/ —)v Heflh (99.8% (v/v)),
7Y MU A ALER (90.0% (w/w)) (RIS
T.2) ; Coomassie brilliant blue (VLN CBB) G-250
CEHAL R A T2, SRk AR, Lot No. MTR
303 s D-# 57 vw vR1KNY, YA ve Vg
(LI'F Di-GA) (Approx.98%), R U A 527 v o v
(From Orange; Loss on drying 7.2%; Purity 89%),
Bovine Serum Albumin (Ll F BSA) (Crystallized
and lyophilized), MOPS (3-[N-Morpholinolpropane-
sulfonic acid) (Sigma); MES ( 2 -Morpholinoethane
sulfonic acid) ¢l (Merck),
PDA 51T D Typhula ishikariensis DEE

3.9% (w/v) PDA B A =M 7 523 Tl121°C2.2
Kg/cm?, 200MA—r 27 v —=7WE L7, T® PDA
BikE, 70— XYFNTE— 2 L—TREESD
Vo — L i220mL SoEL CERE Tl L, Bk
o A7 v rEMPICRE SN Typhula
ishikariensis D%, WS %2 W TEERIICY)
DL, ¥+— 1L ko PDARM il 7z, Thi
5C (A vFax—5—N) TH3 » HEFHERE L 7,
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INE T RTHEMTD Typhula ishikariensis DIEE

INE 7 2 <30g K OKE0mL AR L500mL = 7 5
ZafuzANtz, ThEF— b7 L—7HELIDBL,
7)) =y XY FNTERE TR ISHE, vr—1 L
THEFE L 72 Typhula ishikariensis O k% PDA B
Ebighnzs GO0mL=M7 52 atEE / 1Oy +—
VISR, 5°CTHIT » ARIERERSE L 7,
EEHHDORL % PDAEENODINET R (RHMU
FTawa) EE

7 AR BEMAIRCIE 2T F 9 — 2O TR
L, ZNZE 520V 7 AR E2ED T, v v —
L (ARAREX DS 9UX2lmm) 25T Y 9 g
EHKISML 2 MMA, HWHEIKREAG LR, £ -7 1L —
THIO 7 2=, Koy, RO Y v — L OREREEEEL
Ve —LETNIKANTERS, A= b7 L—THEL,
) —vRyFHNTEEEZN -7, TLTA—b7 L —
TRIBOERDZENE, A= 7 L—TITk > THRFEL
fokayEE LT, BME/KEZEREED 7 2 < BHICA 7.
Z D%, PDARMIL LT » HIB X T, 7 » A%
# L7 Typhula ishikariensis #EE 1lecm © 307 K —
MO TETELS DikE, EkL 77 2 <85 E
KL, HCIKHE L, REDEAWVIZ, FX AW
Tan=—DRZFLEELMOMEEKRD S LItk -
TR - 72,
BEEEFERLSEINEZETRT (RMUF 4y ¥a)
EE

TARRIFF—EFOTHERL, TESDZ0IETH
e W7 2= 1K (wiv) iIcowCzhzh, 32,
3:3, 3:5, 3:7, 3:9, Hlbvzx~<9gicxf
L, #i/K6mL, 9mL, 15mL, 2lmL, 27mL Zj0Z,
HEICRAGHR Y v — L (RRAMEXAE 94X 21lmm) 1T
B LRBEEAIC>WTAKERRL, & — b7 L =T
L7, TD1% PDA B3 L Th— » AR L 2
Typhula ishikariensis ZEHFE lem O I N7 K — 5 —
ZHOWTEM I E S 0ikE, (EkL o7 2 <5 Lok
L, 5°CITHFE L 72,
HE R DR

500mL =fff7 5 2 aNickBWT/NE7 2 < LT
K23 U 7o Typhula ishikariensis 7 © O fH I O
B, =M7 523 1{HYE72010mM FEfgF + ) o 4
Welg (pH4.5) 7¥» 7 » —200mL %2 H W TiT- 72,

TF5CICBVT 7 2 < B E TR L 72 Typhula
ishikariensis DE%R & 7 2 < EHI2 10mM FEfE - ~ Y
v L-fEE (pH4AD) Nw 7 > —ZEMAT2 75230
WAV ZTEINC I FF— 1B L, I 34 —ONEY
Z O MREIR L, 5°CT 1 ReflEhE R, b MM L7,
S S C[afE O ERE S EEAE ATV, &EZIC5 CT304)

MEE L, BB LAL, InZ22WERO -2
W, F(E=—nre-7EFH) TR-TEEL, £oD
H390mL 2 bz, Chic, FEBMFE LT
Hyflo super-cel (FEAfiET ) #912¢ (3 g/100mL)
ZINA CTHEEE, WoliEs CE&HIER No. 5 B,
Advantec) L7z (Ji pH7.15), = D%, WEii% 5°C
T15 000rpm <1657 fE Lo Bl U 720 78 & T KRR
A, pHASICHHEEL 7218, MO EOLIREL 7o &%
I, AV 75y (e —=27+%7— MK 045um,
Advantec) EBEEZIT - 720 T OB = MK &
LT, ®)FRPMHELTH CTHRIEL T,

1% (w/v) RUKAS Y vovEgE (pH4.b) BB R ROFAS

1% (w/v) RUA 527 ve VBB RER I RTR AN
7251 (Takeuchi et al. 2002) IZfit » CHBIL 72, T
D IR DR 13 Hodge and Hofreiter (1962) #:
AWE L ERE 7 « 2 — VTEREHE (Takeuchi et al.
2001) 1Tk - T, MICHEREL (& Park and Johnson
(1949) K¢ Tkuma et al. (2001) OHFANE L 725
BB ERBEIC L > T, D-#'5 7 v o Ve iEiE
WEELTRE LI, INSDER»S, RUATS7 Y
o vBo I EAEE (Degree of polymerization)
CEEEARE26.240.45 (SE) ; (CV4.19%)) Zk® iz,
RUKAS Ty oFr—EF7ENEE

it o R ) 75 7y e —Eiktkid, BERNKE
BiARFE2.2mL % (1% (w/v) RV #7727 ve viR0.1
M Fefg+ b ) o A-FEfR (pHAD) Ny 7 7 —HEIAR
2.0mL, FHHE200pL) ITBWT, Bookias oK
BB XD TERL, T OBEHEELE » ok 1,
Bk (10pl) oEcHiEEER L, BMRERDOR
i & 2 MHERTHIIE L 782 BERSUG 0 0SB 1 2 5
BiREORICHEE & Ui L
R A 2.0mL S 200 L 20 A T, BEEIIG
240°C (fE#EM: THERMO MINDER DX-10, TAITEC)
ThHilhG L 7o

BHlG21053. 205 e 3043 TRUGNER (10pL) #HLD |
B SOt i (FlK490 L Je O s R B gk el S i R vk
A1 (0.06M ERIEF NV 2 4-0.0IM ¥ 7 vAbA Y v
&) 500ul) DA - 7ZBREREICINA T, BR]ILET
W) NDRFTEITL > TR L 72,

RIS R Rk B Rk 2 (0.0016M 7 = V) &
7T AEA ) Y L) 500 u L AINA CTHEE L. 100°CT154)
R L 72,

ZDH%-20CIT b R E L CEREEE THHEIL .
B m B S AR 3 (0.075% 8k X 2 v v ve
0.83% (w/v) SDS-0.03N iif) 2.5mL % /1A .30°C<T1b
DI vFE L R—F LS,

CDEBD A2 lITE L D-#1'5 7 v o VA EEY)
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BHE Lo D- 752 ve v lug Y400
Ag 2 0.0922121.90x10" (SE) (CV 0.62%)) &> W
THERPUSIERR (10uL) Hho &R T ook (ug)
aRD I,

F7, BEEMG 0BT 3B TR, TOREL
TR OB IR o KINRKE (10ul) HIiciE
T2 Mt REROBLEREEZTEL T, TOM
(0.99821g+2.41x10-3 (SE) ; (CV 6.84%)) =W 7
vy LT, 0B aREER (10pL) dicls
59 2 EIuHEEICNA 7o,

ENEFNOBTHEEESEE S 5 7 v o VBB umol
(inl0pL) (T, BERUNRR2.2mL o ehEo
W (umol/min.) %ﬂ‘zbf:oﬁi.%ﬁ@ﬁfﬁﬁbill
EOJ%%%IE@*BY#EKH@@{E% 2 & - TN,
fERiG D 1 U | E*}id)ﬁ%’ﬁ ¥ 1 umol/min. & &
F Lo
1% (w/v) RUHSSvoUEE (pHA.0~7.5) EER
piAOEHE]

2% (w/v) £ #4357 vaviERKEKZ100mL,
0.4M Fefg >+ + Y v &-fEfE/N v 7 » —50mL % 200mL
A= NIVT T ZITIA, 5 MKER{LF b)Y AR D
2 W 3OKEEER % W C pHA4.0, 5.0 UB.512dh bH i,
K T200mL I A 27w 7 L1z,

F/, 04M 7 = VE-NaOH /¥ v 7 » —ZH W T pH
5.5, 6.0, 6.5V T.0D0FRE R %, 0.4M MOPS-NaOH
Ny 7 7 —ZMWT pH6.5, T.0M% T 5EE K % Y
L7co F£720.26M MES-NaOH /¥v 7 » —40mL, 2 %
(w/v) ®VA4727ve rBREROML & A #K <100
mLIZA 27 v 7L, pH6.0MU6.5FB AR AZFHE L 72,

FHEIL 721 % (w/v) ®YH 57 v o VBRERKE
w0 EE (156 000rpm *1543+20°C) 1%, LiEAiK%E E —

— D, THESLICA VYT Sy (Ve —2R 7
7 — M 0.45um, Advantec) JEEIC X - TIREEM
L7z, ZDRINSZHEE U THEREEZHIE L 7o
RUHS T yoF—EFEHED pH KEHE

fEak DNy 75 —%2flioCIHEIL 72 pH4.0, 4.5, 5.0,
5.5, 6.5, T.OKRUTSEEAEKEMERL, RV
o — BiEE AR B ooz, BEERIGEAER2.2mL
% (1% (w/v) RUVAS7va VE-0IM KNy 7 7 —
AR 2.0mL, FHE200uL) 1ITB© TRERKIGE
1ot
JTUBINY T 7 —[ERABREEAEROSRESKE
WRENDTE

YA S5 vaF—EREWAERIC T 2 BERRIBE
fE2.2mL 2D 7 = VEF b I L T VRN Ty —
BECHBEEE 52000, (1.TmL #i/K K 00.5mL
04M 7 = v+ b U o a-7 = v (pH 6.1) /Ny

R ORI

77 =) ROERZFHBL 7.

D-Asova viEni~0ugadEnsdkHic 0~
100u, @0.1mg/mL D-#35 7 v o vIREERK = T
T OHEBE ICH Y, BEERI0nL ZiRmL, #kze
A CERMARE 25000l 1T U7,

IS ok e AW CEBESEAIE R IC X - THE
HERRER 2 EB L, Factor 23k 7o, T OFEEREAE%E 3
I 3 [AlfT - 7o,

RUAS IV YoF—EEEDEEREHE

1% (w/v) £V #3527y vEE-0IMEEREF + ) v A
Wil (pH4.5) N v 7 » —FE w2 R 5, 10, 20, 30,
40, 50, 60K T'T0°CIicd1F %, Typhula ishikariensis
FRAH R i D R TE PE 2 TR PERE iR 1 i » THEPE L 7c,
HmERFOIFVYARYHS /YO F—EFHORE

0.0496% (w/v) £V #3527 Vo vE-01M FelgF b
Vo A-ERR (pHAD) Ny 7 7 —RREIRR E 72130.1%
(w/v) Di-GA-0.1M Felg+ V) o A-FEfg (pH4.5) /N v
7 7 — HEER2.0mL LI #2000 L 2 nA T, B
KOG Z240°C TR L 72,

BHiG#10, 20, 30, 40, 50X U604 THUGEK10uL
2D (EERDOME IR (Fli7k490uL e O R AT Bk it ot
WREFEHIE 1 500uL) AN THEEL, BRLET
W) NDEREFEIT K > THEIE S & &S UBKE] T D& T
Wi % PGase i HERIEEICHE > THMO L 72, T OIRED
AwZRELLD-#5 7 v o viik4 ey & | 7 jmis
i ic o W TEEFR SO 100 L th @ & Rsfi] © D& T
P& (ug) 2K 7,

iz Th oikligE» 5 047
i GEIuARYG
Wi,

BT, 10, 20, 30, 40, 50/ T60453 i1 5 ISR
HHTAEAET B oehEE D S HL il iR sk o &kl s %,
TOMRIE U 7ok i O 5= o RS 2 O CTRUSRRZ L0
uL T AT A0 R R D E e R 2 FH R L T,
ZDffE (0.99821g*£2.41x10* (SE) ; (CV 6.84%)) %
B Lgluvic

KEFRIC B 5

(2B B AH I RaE T hE
) OMROGEKI0uL #2495 %27 Ll

BTHERE R A TS 7 v o VRRE R
D pmol (inl0ul) (CZHGE, 10, 20, 30, 40, 50K T
6001 B BiE 0k mol 1%, 1L oo 5B AETR2.0
mL HICEAL TV Z ) Y FEEED mol 1 (5.4u
RVHZ 7y VIRRFER O EARE2T.4)%
ORIE D82 SFHE) 106 2 HeHERT B DI L
727 ) a3y RiEGoEE (%) & LTHELI
0.1% (w/v) Di-GA FEOH AT, &P 5 Di-GA
AR 2.0mL HICEA LTV 7 ) 3 ¥ FEEAD mol
HMEIFEEEEDP SFHE L7 DI-GA ® mol B4 H L7,
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SUNRVEDEE

Mg D 5 v ¢ 7 G E Bradford (1976) KU
Read and Northcote (1981) OAFEICHEAENMA 125
JEE CBB G-250 fakftiaik (Ikuma et al. 2002) 1
& > T BSA ZHEYIE & L THE L 7o,

B F A 1320.025% (w/v) CBB G-250-12.5% (v/v)
A5 7 —w-10.83% (w/v) V) Y ERE(EH L7z, BSA %
#1320 1ng/m1L-0.04% (w/v) 7 VAbF b ) o Lx(d
A L7, BSA BEAEIAIE D & v o3 7 GBI Agy 7Y
=6.60 (Kirschenbaum 1970) % H WO THE L 72,
FH30.8mL & v ¥ 7 EiERE (0 - 9ug protein), 0.2mL
CBB G-250fa %3 Tr1 - 7co

BRRUEZR

SUNUEEE

Typhula ishikariensis S HMBR D 7 v ¥ 7 H iR
JEAPGEST % 7201, BSA 2 1E8EYI'E & L < CBB bk
HAEA VSR ¥ ooy EERDE (kuma et al.
2002) 1 & A IEMERRAR A ERR L, & v E Lug Y
DD Asse TRIE U Too BEEERNERIERRE R 1T 3 HiTiT L,
Factor 130.03414+=8.50 X 10" (SE) ; (CV 4.32%) T,
FHBAFRE130.9986 & 72 O m WIERIEE R L 7o O Fac-
tor ZH\WT, HithiED & v BgEARD 1, %
OfER, HihthicE s h s 5 vy HIBE30.328
mg/mL=E1.56Xx10° (SE) ; (CV 1.35%) &2 -7z,
RUHSIYoFr—EEREE

Typhula ishikariensis BFEET 2R ) #3527 v o) —
LD EHEBEZWN S Iz d 5728, i (Takeuchi
et al. 2002) ITHEW rate-assay 11T & » THRIGEER] 9
i (0, 3, 6 T 945) DOBERIEMENE T - 7o, B
ElHHEO R Y # 5 7 v e — EIEEE G BERRUE
RARE22mLE (1% w/v) £ ) A5 27 v /g
(pHA4.5) HBA#i2.0mL B & OHLih % 2004L) 128
WT40°CTIT - 70

SOBRRELI0pL ic B 3 5 1 rfld 72 © o kg NG
i, 0.08763, 0.04480, 0.05725, }% 1*0.05548ug/min (O}
E0.061292g/min+9.20 X 10 (SE), CV 30.02%) &
O IEMEDE L, 9 43 [E D rate-assay 1T & 5 BEHEIE
HORIE T RS HBENSR Shigh - f, Thiic
IEHERIE R 2 30 IC R L, 10, 208 03040 1
5 BORRR T O ouhE 2 0E L, SEochEEnG 2 R
boto TORREMMIMET LD, 0.04601ug
/min (in 10¢L) £7.81 10" (SE) ; (CV 8.98%) &1
D CVEIFL/BLITIca h I RE <M E L, -
T, Typhula ishikariensis Rl O BEFRETE I
BIL TId, 100MMREEICE > THEAERS & THIE
THEEST BT ENTE S LMWL, BERIIBREZ 304>

RHCERE L, 10, 20/ F3043 1T 8 1 & U 1 DT
PEERANITET 2 2 Eick > THERIGHZ RE S - 720

fEH & LT Typhula ishikariensis K22 H#% 1 mL
N7 OEEZETEM30.2607Tumol /min*4.43%10° (SE) ;
(CV 8.98%) L HEES SN, BBEZIHNE S. borealis,
K OHERE S. sclerotiorum OREFFIMHH 1 mL 24
DX H 5 yoF—ELiEHLL8Tumol/min K ¥
12.61 £ mol/min(Takeuchi et al. 2002) ic %t L T,
Typhula ishikariensis B Z I # 1 mL 2472 b O K
VA5 yaF—EiEHE2.19% £3.73x10* (SE) ; (C
V 8.98%), K&12.07%+£3.51x10° (SE) ; (CV 8.98%)
D% L, Typhula ishikariensis DH ) #3527 v o
F—EiEtEOEHE R S, borealis T S. sclerotiorum
ICHERTIFE D185 - 12,

Typhula ishikariensis D/NZE 7 A < REEICB W TH
RPHEET 27201213 S, borealis & BNTEMB OB
AN BEETHEIEE, RYUA S vaF—EIEHEN
S.borealis IZHATE L RV T & & D ZAHBIRI A
»5EELND, Typhula ishikariensis OREYIEGITH
WCTRAY A S 7 var—€PSANOMOERLHMEES LT
WaHHFEEDEZ 5N ED, Typhula ishikariensis (3
HEVERN B RIS AR S W &, ST 2 LIRE LT
WZEERYH Ty e —EEEAMEV T & &3 B
HEBsbDEEDONL, E-T, ThETICHRE
(Tomiyama 1955) &#/c Typhula ishikariensis D25
IBERIFICOWTOREREEE T 5L, RV I vod—
ENAROBFFEICES FE L T0 s b0 L EbN s,
RUASZ Y oF—EEEORERESE

1% (w/v) RVHF 527 va vEB-01MFERF b 2
& -FERR (pHA.5) /xv 7 » —EEIRK A MWV T5H, 10,
20, 30, 40, 50, 60K *70°C (fHiE#E : THERMO
MINDER DX-10, TAITEC) &8 %, Typhula
ishikariensis ¥l DO R ) #5527 v o+ —EiEH %
HEL 7 (K1)o #EERIEE, 60°CmAMEM: (0.365U,/mL
+9.80x10° (SE) ; (CV 14.2%)) icxt LT, ik
B AL HEOHEEE (%) TRl (K2), K11
RT LI, 5CKTTOCToEHME (65°C (0.240
U/mL=E744x107° (SE) ; (CV 16.4%)), 70°C (0.107
U/mL%5.96x10"° (SE) ; (CV 29.3%))) 1360°CHx KA
TEHITEENTE L D L1z, 658 UT0°C TOIEMENIE
IZBWT, 10, 208030508 oo o
1053 LAR, IREITHMOE &GS D L Twicl & o,
% 5%1365°CLLEOIRZITHE O TR0 LIR REP Ik
HlicbnLBbnzs, 60CH 5 5TCTE TOHEPITE WV
T, EHREEOERTE &ESITEPPITETL, 5C
B L IEM130.144U/mL £ 3.47x10° (SE) ; (CV
12.7%) Tdh > 1o i E L THCTDE0CITH T BHH
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MG 134939.56% £9.49 X 10 (SE) 5 (CV 12.7%) <
H Y, BO°CITXT M 1342.2%+1.01 X107 (SE) ;
(CV 12.7%), K T40°C I3 9 % M5t 14 13.50.9%6 =
1.22X10° (SE) ; (CV 12.7%) TH -7 (K2 ),

0.375}

- M mol/min/mL
=)
)
0
1
|

25}

20 40 60
Temperature (°C)
1. MBEEARY A5 7Yy or—EEHOREKREE. RIG
WBAEE2.2mL R (2.0mL 1% (w/v) RUHFS T voVEE
(pH4.5) EERK R U200ul L&) (CHWTERE
HEEAE LT

[y
= =) =] S
= = < <
y y y T
L

Relative activity (%)

[ %)
=

20 40 60
Temperature (°C)

2. MHEHEARYAS VY oF—EEROBEKREKECSIT

%60°Clcxt L CoMxtiEE. RISHEE2.2mL R (2.0

mL1% (w/v) RU KBS SvoUEE (pHAD) EEARR
U200ul fEE®R) I WTEBEREEEZRE L.

7 - T Typhula ishikariensis HEHMH K D 5 Cic
B 240°CHMTEH:S, S, boreals Il O R Y # 5
yvaF—EiEHIcoWT O 5 °CTd40°CHI A E 1
(ca.35% : Takeuchi et al. 2002) 12 5 XTIEFITEH W
EER LI, TOFENS Typhula ishikariensis O &
VAT v e F - EE G SRR
S. borealis \ZEATIEF IS E W IFEAEHE, B S (K@i,
EHLTOVS LM TE o £, mAEHEREICSWV

R ORI

TRIFHE S borealis DG E1340°CTH - 7243,
Typhula ishikariensis 128\ TI1360°CT, 20CHE<
750 Typhula ishikariensis DR 45 7 v aF — ik
PESKIR TOMEME b @Eh - 7208, @itV TdbE<,
M LEME D IEF TS D - 72,

L U Typhula ishikariensis D56, NG %5
Z %60°CIzH 1 2 1 mL 2470 b OREEIGTEOMH
130.365 £ mol/min 9 73 4 5 0.365U/mL £ 9.80 X 10°*
(SE) ; (CV 14.2%) Td v, S. borealis Mtz
2 40°Cie RiEM: (pH4.5) 11.87U/mL (Takeuchi et
al. 2002) 1%L THIS.24% Dfii L »R& 4, Typhula
ishikariensis D X ) 75 7 v o F —€iEHEHRIZ
S. borealis IZHLRTIEFEITED - 72,

Pl b o, SEEiiti o e s s S 457 5 8
VH S veF - iR EBEEIGH X > T,
Typhula ishikariensis 3ZREZ(LICE 5 SN T & B
At wiflk LT, LE LR OM = 2/ L, MY
FeOBRIT, Typhula ishikariensis 5 & 0 fEFITHEE
BAT S HEEAGRICL TV bbb,
RUHS Ty oF—EEFEED pH IKEH

Typhula ishikariensis Bt o+ ) #7527 >
o —EiEMHEORKE pH %2, pH O35 1% (w/v) &
VA5 e v BRIREEREEH LT (K3 ),

0.3

S
%

M4 mol/min/mL

e
—

6
pH

3. MHEHRARYAS Yy oF—EEHED pH (&EFEHE. RS
WEE2.2mL R (1% (w/v) RUAS Yo VEREERA
#&2mL, HEEHE&Z200ul) [CHE0T, 40°CTHEEREHE
ZAEL. @ BNy T 7—ZHAWTHBLI1%
(w/v) RUAS Yo VEREEREEZRAWNT, pH4.0~
5.5, pH6.0~6.5, KU pH7.0~75TODEREFM % BT
L, B2 0EERBICERA LNy 7 7—(F, EFB&F b
Uy L-Eef/Ny 77—, MES-NaOH /Ny 7 7 —, RU
MOPS-NaOH /Xy 7 7 —T®H o f=. A : MOPS-NaOH
Ny T77—ZHWTHELZ1% (w/v) RUFTSTY
OVEBESARER T pH6L TOEREHZAIE L.
O VTVEFMIIL- VT VBN T 7—ERWLT
RAELI1%wW/NVRUAS IO VBBEEARRERA T
pH5.5~7.0TCDEERIEMH A RE L 7=

g &
(9]
Qb
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pH6.0% V6.5 FE R 130.1IM 7 = VEF b ) v A-
VN 7 —AFWTHERL 2, TOBECE
WCHBEARTC B Uc o, Bl (P RV Vs
V) RCEERIEMRIE 21T - 7068, MK 1 mL Y
f2 0 OFEVEE IF pHE.0T130.127#mol/min+3.43X10°°
(SE) ; (CV 14.3%) T, pH6.5T130.111gmol/min=*
1.59x 10 (SE) ; (CV 7.62%) T®H -7t %% D pH
TOMEMEEE pHASIC B 2K 1 mL 24720 0iF
PEAEO.2528 umol/min 1Tt L T & 12 19509 M 144 %
Th -1,

—7, 0.IM MOPS-NaOH (pH7.0) /Nv 7 » —FH
B A W THE S N 72 iEHE0.145 umol / min & 3.84 X
10° (SE) ; (CV 13.9%) 13, pH4.5IcH I B Gt lEIc
X LTHIBT.3% TH - 12,

pH7.0IcB I 2 MO R ) 45 7 v o+ — €GNk
73 pH6.0% U pHE.5IC B I it O XY #1527 v o
F =ik TE DL s fofew, Tovh ) RO
i CRBEEEZ /> 7 A v A A BN A
HTr20TRBOMESEZ LN, TNEIERT S
Wiz, 0.OIM 27 = v+ b Y O A-7 = VN Y T 7 —
(pH6.0% 1'6.5) D~y 7 » —& LT0.1IM MES-
NaOH /Ny 7 7 —ZHWT, BEREHZRE L7,

Z O#E50.1M MES-NaOH /8 v 7 » — pH6.0% 186.5
DOFEIRETE S NG EE (pH6.0130.222mol/min
+3.21x10° (SE) ; (CV 7.67%), & pH6.5120.201
umol/min+1.28 10 (SE) ; (CV 3.37%)) &, pH
45128 B GG & ik L € pH6.0TI187.2%, B &
U pHB.LTIRTIN%TH - 7o TS DIEMARIE, 0.1M
JTVEF MY AT T VRN 7 —ZH Wi pH
6.0% U6.5IEPEME TR L T2 2 172.9%, KU179.4
%<, 0.IM MES-NaOH /N v 7 » —&{HH L 5 &1
FIEHEA A E < AL,

DL EOFER, FEEKICHO I Ny 7 7 —DFEWITE -
TIGME DED A Ut 728, pHb.5~T.0DHIPHICH W\ T
BRI 2By 7 7 —E OB R CIEERIT 2170,
TEEE A RS 2 C EBRETH B S HIWT L 7,

Z ZTHIT pH6.5130.1M MOPS-NaOH /8 v 7 7 —
RV ICHEBEIRE CREFEEEENE L e, T OERIES
NrziE e (0.210umol/min+2.27x10° (SE) ; (CV
6.99%)) (& pHALIZ BT 2 iGEfE & ik L T82.4% @
fizpRL, 0.IM MES /Ny 7 7 —ZH WO e RRE R
(pH6.5) Zfdi > THIE L 727&5HME ((0.201xmol/min)
EHELTRABIEEDENTD - 723, N5V FOf
PN TIZIE—E L 72,

7t > T pH6.5TOIEIEEIZ0. 1M MES-NaOH /v 7 7 —
N '0.1M MOPS-NaOH /¥ » 7 7 — TODE O (Z A
EmWElEbN D,

INSOFERICE>TOIM 7 2 VgEF b)) D L7
T VBN Y 7y =AMV IEEERES RE o B C
EMAS T s tce, a2y 7 7 =2 W T pHb.5
KROTORBERREZER L, HELBfETEL 2 AEIC X
AU A aHiic k- ThrELicb D, BRUREL
HOdDIC>\WTERE 7 « / — VIREEEEZ B\ 72 20
HOWEEIT - 1co TORER, WENBRESNLTOEW
g VRF Y)Y LA T VRN Ty — A2 VTR
L7c1% (w/v) #0457 ve vEREERO 2SR
[ 13 MOPS-NaOH /N v 7 » — M OBEEE+ + V) o & -
[Ny 77y —%RPOTHELFEEOS D LEFRE LD
motee —H, HLOREC KD IRBRELL s T ViES
MUY AT VBRN Yy Ty =2 HOCGHE L 2 BEEHA
D2 FEEE 13 MOPS-NaOH /N v 7 » — K OEERE F b
)y ANy 7y —EHOTIHELIL 2 b DI T
HIBB~TIR DK T AR LIc, TNEOFERIE, 7 VR
FrUD LT VENY 7 —E2AVTORE AT
BT U 2 BB S R Y H 57 vo vIBHEDO b O
THHEVITEERESTLE, fE-TIRRY A5y
o Vg-0.IM 7 = UligF b Y v A-7 = Ul (pHE.OKRT
6.5) Nv 7 —HEREKETOEMMOE T 3R R
DIETITERLTWE EEZ SN D,

HicrszvigF v a2 2 VN 7 =18
Nz x /By, @EESGEEERRICBVT Fe'' %
P, SO IFEPRICER L, © ORESIEEMEAK < /L
HBoonsaptbBZELT, 7 vBFr ) YL
T VBN 7 e =AU e R E R RIC B W
TD-#5 7 v vRe ey & U TREEIREZ (ERk
Lo TORER, Awld 7 T VT M) O L7 T /RNy
77 —ERIMLUEEERK 2 % ER L dS, Factor iz
WTEM1I B LN, 7z vBrrVvas-sx
VRN 7 7 — OEBEEGEEE RIS B B R
BRI SN -7 GERERESE0),

WRELT, 72 VBRF NI YA T VRN T 5 —
FERBETHE LAY H 57y o+ —EiEEsE< K
o onfkflNEMETE/LEEI NS,

VI b ofEE s 5, Typhula ishikariensis 55 H
D pH6.0M 0 pHE.5D7EM:AE & L Tld MES-NaOH /¥ v
7y —2HVTEHE SN EERHL .

F 72, pHAOICHB Y BiGHAEICBWTHEE 75 v
DWLFEEED pHA.5D & DIkt L THRIBLRFRREE T D - 7o,
CORKE LTI, KO pH %2 boakHT & - TEEE
PR RIEIT BT B ApDFEEDIET 2 HBH T 5
N3, &->7TpHAOITB T BiHMEMIT> VTR, Ffan
100% 18 o B Ic BT 2WIEE T, b BHAIEI
F0ESNIBOLEA085THIE (B%) LT, Skl

mingEE2KkH 7, K4iwrd &5, Typhula
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ishikariensis FEEMMH RO X ) 75 7 v aF — ik
P pHS.0ICB W THATH O, pH4A.5h 555D HIPHIZ
NI TR, BREEEFEZEOM (ca.97-98%) %R L7,
FreR)VH S v ar—EiEHIc OV TO pH3.LLI T D
T ZFTD IS > 73, pHA.5M 54.012 8B W THEME IR
LTV FE 5, pHILLLFOIEEIC > W T bEEEIC
W9 sl L Flansg, —HRKNEE%7RT pH5.0
M 5lE, pH O EFITEOIEMEE R R kD Lz, L
» L pHB.51C B W T idiEvEfE 1d pH5.00#80% %7~ L,
Typhula ishikariensis IO &) 45 7 v o) —
BIEHRPEEAT O pHICB W T AZSEL TVl & %
RLTWA,

100l | | | | | | | .

=]

>

=
Bt

'S
(=]
—

Relative activity (%)
[=2)
>

N
(=]
=

0 4 5 6 7
pH
4. HHMERARYAFS I YoF—EFLED pH IKEEICE T
% pH5.0(Cxt L CDEXHEM. RIGHERE2.2mLHR (1
% (w/v) RUAS YO UVEREERZ2mL, HEHBER
200uL)I2HE T, 0CTOEREHEEAE L. @ %
Ny 77—EZRWVTHEAELEZ1% (w/Vv) RUHSIY
O VEEEAKRE*HAWT, pH4.0~5b.5, pH6.0~6.5, &
U pH7.0~75TOBREMHEZAEL, Ex0EERAE
IZER LT/Ny 7 7 —I(3, BT b YU D L-BBE/NY 77—,
MES-NaOH /X 7 7 —, BT MOPS-NaOH /Xy 7 7 —
TH-o7=. A:MOPS-NaOH /Ny 7 7 —ZFFH VTR
L721% (w/v) RUHFS I vO VEBEERRERWNT
pHELTHEEREMEMEL. O VT VBT U
L-DTVEENy T 7—Z2ZRWTRAZELIZ1% (w/v) R
UHS Yo VEBEEAKERT pHE.6~7.0TDE
HEMERANE L.

Pl Eoit%is, Typhula JBE O pH5.0LL N TOAH
W O, S.borealis ® pH6.0LL_E T DOAEIHI 2 His
L&l (1955) Dfi %, BB EE 2 DPEMNT 5
bDOTHDEERDbONS, #HiT, Typhula ishikariensis
DEATZ ) - (FEOEAKTHL 7 F7 SEE
DETHEDOEEZ NS IEHEICB VT, 2 pH 2
i cid 7 vV EETH D, TRV pH #iPH (pH4.5~
8.0) BV TIHEHMNR N D T ENEFS (1997) Itk -
THRESINTVWSE T E0 S, Typhula ishikariensis 1Z
MEIA W pHIBICB W TLETH D, §E > THEYI~NDRGE

R HEERIK

IZBVWTHLE L MR OE S ZIRAWV pHIKICHE W T
HRLTWE b0 EMB N5,
IFVRUASIYOF—EFHR

A EIEERORE Typhula ishikariensis Bz
Wik E Y #3527 a+ — BiEER I TE S E ER
S.borealis ® b DITEN S EIEFITEKL, FrhFET R
<HEEICREA2% 3 % (Typhula ishikariensis :
T» H, Sborealis: 2 » H) T&h b, BEEOEH)IC
DVTHNLMEND B EFZ S,

RIVA57voF—€iTld end M exo BDBGFIET
%1z, Typhula ishikariensis DGEITIZ ED R Y A
7 vaF—¥EEELTVWEDOLEF~NI, T, =
FVURNA Ty e — BT T v NS EREIC
HEE T 272012, TV FT7 v 3@ERORE 1%
(w/v) RV #3527 va vgE-01M g b ) o o R
(pH4.5) v 7 » =D vz, 0.1% (w/v) Di-GA-FE
g+ b U o A-FElE (pHAD) Ny 7 » =B &7 ) oy
FAE S IREEAE L0.0496% (w/v) £V A5 7 v Vg
R 2L TIT- 7oo X5 1T R I £E 2 0.0496 %
(w/v) #£U A Z 07 ve v BEBGERMRT01% (w/v)
Di-GA RBIAERITH T 2 7)) 3 v FiEG oUW & %
7oy b LicbDEIRT, Typhula ishikariensis ¥igs
R L, B A5 2 v o vl LIRS E I fE -
T Aw, HEIBEREE TR O—E LN E 5.2 5 = v
FRYHZ 7 veF—BiltER LI, —7 Di-GA I
Xt L Tld—E ORI PE S Ao, HI B ERERTHE D
A< Rond, 60 oBESREERIE IC B W TH
BN 5y £ OFPFINTHE » LG 2 RS 50 - 72,

100
S
)
on
]
=
S 50
(]
=
=
(=
=
N S ———
20 40 60

Reaction time (min)

5. TxYRUASIYOF—EFHE. &EREICHIFS0.0496
% (w/v) RUAHYyOUEE (pHAD) BEE A KRS LUV0.1
%Di-GA (pH4.5) BEEARICxIT S, HEEZEOIT U
U RiEEUIMEIEET Oy LTz, O :0.0496%KRU HS
svovEgEEE. B 0.1%Di-GA £F.
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- T Typhula ishikariensis &R HIC 1E
FYRYVA Iy e —BEEEEENT, RVA TS
Vg —EEEREVD, §RTOE®RET Y FRY A
Suvat—Hickdbo LMWL,

INETRAZT (RMUTF 4w a) BEICEITS PDARI
EEROEE

PDA }:3% (5°C) iI2 8 % Typhula ishikariensis @
BRI S borealis (92 » ) WWiRNTIEFITESL,
V=L ARAEX 25 94X 2Imm) _FICEAMEKS
B35T3~4yr AanBEE L, £, 3, A28%
5 EHLZIEKT 57, /NET A< EHINOBIEDR,
PDA B ic & - T, Typhula ishikariensis ®
7 A BEHANOBMEROEFTOBEHHAZE DL S b D &b
Nitzo B> T, Typhula ishikariensis ® PDA B
SWT, R (T4 Y BEICK > TEKPIEK
SN bD, RUORLEERMWENEIR TRKLZEKL T
WiEWl y AREEO b0 % 7 2 < HEMliciEL, =0
BORSRME DS 27,

Vo= LI EDEREDIES DX ETHNL oI, KB
BRIV T A v v — LI OHERR L Foo0 AR
BT 5 4 v — L ORSRER O EE % B HEw
LT7ay b LcbDZEK6ITRT,

20f

cm?

10}

0 10 20 30 40 50 60 70
Day

6. NETRY (RMUF 4 wia) BEICEITS PDA EE

HMOEE. EHEHHIIMLTL Y +—LOTEHEEZZ

nZEN7Toy bl EBOBHEFE1emDIILIR—5—

ZFRAWWCTPDAEMI LT X2EEM (7X2 K (w/v) =

3:5) IZBLI O:PDAM ETH 1 » AREES

i< Typhula ishikariensis. . PDA 1 ETH 7 » B
RIS E I NI Typhula ishikariensis.

EWIM PDA B8 L #21%, 7 2 <H FiciiL 72 &
DOOMEDOES1Z, PDARM 1 » AREO b &~
TIETITED - oo BB PDAHESNZb DI, 7
Z < Ee 1 ABESRMESBEEGS N, 1AL
L% &5 2 EAMESBIBS M, —4, PDA

B B W TREEZZIER L TORWIERICAER LT
W31y AEBEO S DIF, 7 2 <BHICKEIEE, K 1#H
MCTHEAMEEZBIE L, = OREARRERZ 4 — 1T
Lt

DT &IE, PDA B Bicks v CRIIMRGE LR
ek U 72 Typhula ishikariensis 3ARIRIREEIZ & 0,
7 R B BB b R ISAEEE T4 IciTh T
WIRWI EERELTWS, —F, PDAKMIETL »
HAREEES N, REERMESERICITTODOATVUS D
3, 7 2 <Eh FicBER G, X0 R T 2~ 250
THIENRETH B, & - TEMIM PDA B5ES N1
bolE, EEEEA LIz, 7 2 < EfgEE &8
FEE BT IciTbATwEwo T, Rt xvF -3
SRENMERL 7 F v REROEADEE L, RRME
nirbhicl{ wbo LEbh b,
METAZ (RMUF 1y a) BEICEITZHREEHE
e

BEFHIM B D 21/ NE 7 2 < Bt | O 7 =
<30g K OHi/AKS0mL (7 2= @ ffik=3 : 5 (w:v)) T
Typhula ishikariensis Z3GE Lic & A, HBEKR1~
2 r ARTCE o B EeRARAERZBA L, WARIE
Fr=M73523 GO0mL) HITEANELTLET
IS 515 ~6 r JEIERICERMMAEL
CORESME (7 2 <Kk (w/v)=3 : 5)7T S.borealis
DEI2 r AMIT=MA7 5 2 aic @R =B LS 501
st U, Typhula ishikariensis 25T » A EIEFITE L
WE%A% 3 25 &E» 5, Typhula ishikariensis O h%E:
F CORESA TRl TR b0 b,

Typhula ishikariensis 3{BE 4, 1O E%
PHE % L (Tomiyama 1955) S <CT&/koDT, 7
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Summary

The properties of polygalacturonase activity pro-
duced by bran culture of the psychrophilic snow mold
Tvyphula ishikariensis were investigated, and condi-
tions for bran culture were examined. Polygala-
cturonase activity (40°C * pH4.5) which was produced
in the bran culture of Typhula ishikariensis was 0.261
U/mL*£4.43x10° (SE); CV8.98%.

correspondent to 2.19% of the content of the psychro-

This activity was

philic snow mold S.borealis and 2.07% of the content
of the mesophilic white mold S.sclerotiorum, so the
value was very much low. However, for the activity
at 5°C, the relative activity to the maximum activity
at 50°C was 42.1%, in addition, the relative activity to
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the activity at 40°C was 50.7%, indicating very high
values. Thus, polygalacturonase activity of Typhula
1shikariensis showed good cold adaptation which was
very higher than not only the mesophile S.sclero-
tiorum but also the psychrophile S.borealis. Opti-
mum pH for the enzyme reaction at 40°C was 5.0. On
the other hand, the activity between pH4.5 and 5.5
showed ca. 97-98% of the activity at pHb5.0, and there-
fore optimum pH range seemed to be wide. For the
bran culture condition, Typhula ishikariensis grew
well 1in the wetter condition than the psychrophile

S.borealis.

Key words : Typhula ishikariensis; Psychrophile;
Polygalacturonase; Cold adaptation;

Cell wall degrading enzyme
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Macrophage plasma membrane
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abortus infection of mice
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terspecies reactivities of monoclonal
antibodies against human class A
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Hydrocephalus, situs inversus, chro-
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Possible implication for the patho-
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Renal damage and salt-dependent
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ogenesis and polyposis.
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specifically localized at the implanta-
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resistance and defective pb3-mediated

trancription.

Effects of erythropoietin on glal
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Veterinary Medicine

Master's Course of Animal Production
and Agricultural Economics

.Studies on In Vitro Production of Bovine Embryos by

Individual Culture Systems Using a Chemically
Defined Medium
(Takahiro OYAMADA, Animal Genetics and Reproduction)

.STUDY ON GENETIC IMPROVEMENT FOR LIFETIME

PRODUCTION BY HERDLIFE IN DAIRY CATTLE
(Chikako FUJITA, Animal Genetics and Reproduction)

.Changes in the Number of Preantral Follicles and

Hormone Concentrations in the Bovine and Whale
Fetal Ovary
(Yuki MURANISHI, Animal Genetics and Reproduction)

. Effects of manipulators on rumen methanogenesis and

nitrate/nitrite reduction in vitro
(Yuko GAMO, Animal Metabolism and Physiology)

. Approximation of a Certain Hypergeometric Distribu-

tions Based on a Normalizing Transformation and Its
Application to Livestock Data
(Seiji OUTIDA,

. On Bootstrap Tests for Multinomial Data With Appli-

cations to Agriculture

(Hiroshi, FUJII,

. An Economic Evaluation of a Beef Safety and Reliability

Program on the Basis of Consumer Preference: A Case
Study of Beef Produced in Tokachi Area

(Shigenori YOSHIDA,
Agricultural Policy and Resource Economics)

Master's Course of Agro-Emvironmental Science

1.

Verticillium lecanii as epiphyte and application to Bio-
logical Control

(Toshiki HIGASHIO, Crop Science)

. Studies on Genetic and Environmental Factors Associated

with Flour Color in Wheat
(Yumiko FUJITA, Crop Science)

. Relationships of seed size to emergence time and primary

growth of azuki bean, soybean and kidnery bean
(Ning HE, Crop Science)

. Study on the Relationship between Vegetation Type and

Water Level at West Coast of Kabuto-numa
(Yutaka YAMAGISHI, Grassland Science)
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11.
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13.

14.
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17.

.Studies on Amphicarpaea edgeworthii

Benth. The
Causes of Dominance over Slopes and Evaluation as
Revegetative Resource

(Ayako SUZUKI, Grassland Science)

.Stusy of Waterfront Revegetation Using Phragmites

Genus, Especially Phragmites australis (Cav.) Trin.
and Phragimites japonica Steud
(Fuyuki TAZAKI, Grassland Science)

. Genetic analysis of compensation for physical stress

in rice
(Akira WATANABE, Grassland Science)

. Distribution and nest-site selection of Long-billed

Plover Charadrius placidus and Little Ringed Plover
Charadrius dubius in Tokachi River and Satsunai
River, Hokkaido, Japan

(Miwa OKUYAMA,

Preservation and Management of Ecosystems)

. Relationships between Waterbird Communities and

the Habitat Characteristics
(Masato SATOU,
Preservation and Management of Ecosystems)

The relationship between Sika Deer (Cervus nippon

yesoensis) along the road and their mortality

-A case study of Route 273 in Tokachi district, Hokkaido-
(Misako NORO,

Preservation and Management of Ecosystems)

The Studies of Soil Properties at Okinawa Colony,
The Low Land Zone of East Bolivia
(Yusuke TAKATA, Land Resource Science and Engineering)

Effect of organic amendment materials on improving
the quality of edible lily bulb
(Hiroyuki NOMURA, Land Resource Science and Engineering)

Study on Change of Soil Chemical Properties and
Nitrogen Immobilization-Mineralisation after Applica-
tion of Methanogenesis Slurry

(Tetsuo YAGI, Land Resource Science and Engineering)

Introduction of Natural Energy to Dairy Farming in
Tokachi Area, Hokkaido Japan

(Nami KOBA,

Engineering in Agricultural and Biological Systems)

Basic Studies on the Development of Row-following
Control System Using Three-D Vision Sensor
(Hideki SATO,

Engineering in Agricultural and Biological Systems)

Site-specific yield sensor for forage
(Takayuki TSUKAMOTO,

Engineering in Agricultural and Biological Systems)

Study on Anaerobic Digestion of Dairy Manure Slurry
and Marine Annual Product

(Akira FUJII,
Engineering in Agricultural and Biological Systems)
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The Basic Test on Anaerobic Solar Bag of Dairy
Manure Slurry

(Ryuji MISE,

Engineering in Agricultural and Biological Systems)

FARM TRACTOR SEAT VIBRATION
(Kunio MINOURA,
Engineering in Agricultural and Biological Systems)

The research for Precision farming

-soil hardness and yield property-

(Chie YAMADA,

Engineering in Agricultural and Biological Systems)

.STUDY ON THE INTENSIVE GRAZING

(DABU XILATU,
Engineering in Agricultural and Biological Systems)

Master's Course of Bioresource Chemistry

. Establishment for Chemical Reconstruction of Ancient

Agricultural Technique by Using Charcoal
(Norimune AKASHI, Applied Life Science)

.Studies on the chemical reconstruction of ancient

human environments -Identifying the uses of pottery
and pit-grave by the analyis of remaining lipids-
(Rie KADO, Applied Life Science)

. Effect of Chlorella and Ezoukogi on Fecal excretion and Liver

distribution of Polychlorinated Dibenzo-p-dioxins in Mice
(Hideo TAKEKOSHI, Applied Life Science)

. The Influence of Protocatechuic Acid on Cholesterol

Metabolism in Rats
(Akiko TAMURA, Applied Life Science)

. Molecular Biological Studies on Function of Membrane

Lipids in Acetobacter
(Kinuka YAMANE, Applied Life Science)

.Studies on Cold Adapted Polygalacturonase Isozymes

from the Culture of Psychrotrophic Snow mold
Sclerotinia nivalis
(Manami IKEURA, Apllied Molecular Biology)

. Analysis of Cell Cycle Regulation Factor at Carrot

Somatic Embryogenesis
(Emiko OHTSU, Apllied Molecular Biology)

. Examination of Efficiency Analysis for Photoaffinity

Biotinylated Protein with an Enzyme Reaction
(Shunnji OKAMOTO, Apllied Molecular Biology)

. The Construction of Osmotic Tolerant Rhizobia and

The ability of Nodulation
(Shun KUBOTA, Apllied Molecular Biology)

Role of Glycine Betaine on the Nodulation of Root
Nodule Bacteria
(Kaori SHIMIZU, Apllied Molecular Biology)
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11. Study on Biosynthesis of Fukinolic Acid
(Yasuhiro HASA, Apllied Molecular Biology)

12. Analysis and Biosyntheric Study on Terpenoids from
Cultured Cells of Liverwort Bazzania trilobata
(Naoji FURUTA, Apllied Molecular Biology)

13. Effect of static loads on chip color quality of potato
tubers during storage
(Takehiro IRIUDA, Food Science and Technology)

14. Study on Cold-adaptation Mechanism of the Polygalac-
turonase Produced by the Psychrophilic Snow-mold
Sclerotinia borealis

(Yuji TAKAHASHI, Apllied Molecular Biology)
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. Development of Serodiagnostic Methods for Babesia equi Infection —«eeeeeeeeeeeeeees

. Molecular Characterization of Major Bioactive Molecules from ceeeeeeeeeeeeeees

the Hard Tick Haemaphysalis longicornis and Their Application
for Novel Tick

. Studies on the Survival Response Mechanisms of Salmonella to ceeeeeeeeeeeeees

NaCl Stress in Foods

. Amino Acid Polymorphisms of PrP Gene in Mongolian Sheep and = «weeeeeeeeeeeeees

Susceptibility of Transgenic Mice Expressing Chimeric PrP
Genes to Sheep Scrapie
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.Studies on Flow Cytometric Assessment of Phagocytic Ability creereeereeeeeees

of Polymorphonuclear Leukocytes in Bovine Blood and Milk and
Its Clinical Applications

. Dorsolumbar Eqidural Anesthesia Induced by a.-adrenergic «eeeeoeeeeeeeeees

Agonists in Cattle
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. Genetic, morphological, and virulence characterization of the oooeeeeeeeeeeeees

entomopathogenic fungus Verticillum lecanit

.CHARACTERISTICS OF GROWTH HORMONE SECRETING -weeeeeeeeeeeeees

MECHANISM OF GROWTH HORMONE-RELEASING
PEPTIDE- 2 (GHRP-2) IN SWINE

.An Investigation on the Syntheses of Coatings and Adhesive oo

Agents from Agricultural Products

.The Chemical Characterization and the Physiological Functions ceeeeeeeeeeeeeeees

of the Oil in Evening Primrose (Wild Type) and Ratites as
Unusual Bioresources
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