$F23& E£185 ISSN  1347-6556
Vol. 23, No.1

F i ﬁﬁ %'1"". ] H

RESEARCH BULLETIN
OF
OBIHIRO UNIVERSITY
NATURAL SCIENCE

FEr145F12 8

December 2002

w b & E K

OBIHIRO UNIVERSITY
OF AGRICULTURE AND VETERINARY MEDICINE
OBIHIRO, HOKKAIDO, JAPAN



wILTRIE RFAMNITEEmE  HARY 238 Hl1s

H R

R
IR I MEZKBHIATATROAEERBIGDOL 7 ) T—2 a > {HLEEH
S AR « VEH 22 « FHEPH—veerreeerrrerrmesmrennesnne e 1
AL
HEIRVEBERIR T Sclerotinia sclerotiorum BISE DR H < 7y OF—¥ T O HE
E}*ﬁ*’ﬁfﬁj . #ﬁaﬁﬁg . Eiji’?;;‘% . %E{g % . E}{%{ﬁﬁ ........................ 7
AL
Coomassie brilliant blue G250 FHEGTEIC K2 EEE S > /N EE &K
HEREEAE « MTNEETE + BIUREE T » BETRAB I - eovereereeeeeeeeee e 18
R 3R 1 PE IR GR IR v overeveremeeeeeennn st 27
SERR134EBE )L B PE R PR 2P PE TR E 2GR SR v veveeeeeeeeeeiienene 51
SERR 1 34E BRI B K27 R 2P e & BRI 22 FE R 2GR SR e vveeeeeeeeeeeeeiennne 56

TR I3E A TR FR BB A P FIFFRG LR SO - vevveeesssseeenenoe 56



HORBFRE23 (2002) @ 1~6

KSRV A MEIZE

L N N TARR LT s O

L7 T—3 3 R

JIGEERER" - #EH 2 - FHEh—
(23 : 200295 H31H)

Valuing Recreational Benefits of Obihiro Yachiyo Public Ranch
by the Travel Cost Method

Tomotaro KAWASE' , Manabu SAWADA? and Hiroichi KONO?

]

=

RNIFERMIEL, KR OFRCEBHERE - #5812 &K > THI OB PERBUCH#T %

—7, BHAOHHEEIC

, BBGRESEY - BREDSNH VOB ZEREEL TVE, Z0D

KD 7RI EZERRI TN U Tl ili 2332 ih b Thianizd, RHERBEENRIEICE
OEREOL 7 I— 3 MERZREHELTHED, L<As5NTHEN,

NV, WA AT F RS 2 o 4
AN AX MERZEALT, WEHE

e S L, ZTOHEHEROE

3TH, FHHBETHHE2T AMIZO

DIE B EHfEFFE N, 51

, By > — FEEBICKOINEL o7 —

B OREEL Tnas L7y T —3 3 f#
BEeEBRLU. ohofR, \THAREERESGE
MFCHZ5 LTS L I Y IT—2 3 ERIE,

P AEDB-TH, HM1EYALZDK
2, LARS 2RN—=2ra

WIBORE, 7AAZ ) —LRENRRBEGDOL V) T—2 3 Vi zmd Tns I Ed

B S MM I Nz,

F-U—F: R
IwET IV

#w B
RIHERBURE, MG RILETR, BRBRME G, S
W ENE LU TARF AT 2 EHNICEET %
HATEMS S OB 25 E L, EHEERE LT
LHHTH D, NILEHMGOKENS, HIRDOHERK
MOSTHREL e KB B RCCERI O LR - fiia2m L, Mk

HEHEREY, L27UI—2 3 i, TNV ORXME, YR Y E

2B B5E DTEREPE RR D Y7 TR & o e,
fELE OfRER E, EERBICETSZEICH 5,

LZAT, poBEx s LHOBIPHED ] IT4E
HELELOBEZZBERE#ROERMLICESRWY, LU
— 3 CEFORLE, BECREOBR, B - BRED
SNDWRERFE NP DOHE T 5L HAERE DA -

RN FRFER G o B A B (BN, ARl T AR E ST 8 #)
Q*V*Eki PERMARHRETI O R A7 SRR RE G A0 B T 080-8555 1L il 115 i i vd FH AT
! Master Course of Animal Production and Agricultural Economics, Graduate School of Obihiro University of Agriculture and
Veterinary Medicine (Currently, Hokkaido Government Nemuro Sub-prefectural Office)
2 Food and Resource Economics Unit, Obihiro University of Agriculture and Veterinary Medicine, Obihiro, Hokkaido, 080-8555, Japan



JUEES KB

FMNEEDDDOH D, TOXIRNIEIBEERIL, SR
BENREEINZ2DDOTHD, —HRICHH T 5=
INT, WAL DNBEWeD, BENRSETED
MEAFMM SN D 2 &idan, UL, RILHERESG O
A 2LHEIEEEICH T 2 A% OFFHCHMZRD D -

FEH

DI, ZHEREEERIIGHET 2 ZENHEETH 2,

N, IR ATRALERPBZ /5 E LT, o
BREGORT 5L HIEREDO D B L /) T—3 g 22
MR EEEREICER LT, RBERENiMENEZL
TWaL 7T —2a ffiikz, FINIVOAMEICK
O TRFIMET 2 Z L2 HWET 5,

AT AT RALE REH IR R3O FLH 4
BREZETEF - BRRL TWDD, AREEEIIFE 2L T
Wws, TO—F, LANIHH, BGREOBE, B
B2 & & BWIZERIRI4 T N D N2 DIHTE TN D H

IV —TK

25T, ZENSHN TV, RBGOREICIIRTT,

WL SERPUEM, TEFEEBTMICE > TH M
710008 HORFEMENTHNTND, 2L, O
XITiE, FBGOIEBENFHENEZL TWD, KM
B BBEDRNL T T — 3 VNI NT
B57, FABBEOEAH L TWDMHLEEZEIEICHEMmL T
W2 HOTIERN. HIAT/N\TARRILF RS 0% E %
MM DRI, LU T —3 3 SRR EAE R S O
NIEHIBBEDE B 2 0 TRAEMICGEM 2175 Z &A%
BWTHAD, METIE, HFFLEZL YT — 3 %
HaERLEGAIC, WATATRALERORE L
MEDIIBBDIIBDEZNTONTHEHLENCTT S,

Ak
EFI

FINVOR MK, AERSME TORITEM &5
MR OBEGRZL 7 T—3 3 2T 23R EihgR & A&
LT, KEFENMEHMOREKETZIL 7T -3 2h
S5/ EZHBEEREICL > TRIETAFETH 5,
NIV A MR, SEEEANCERTAEARNS
NIVIAZ MEE, B HFEMEN S OFMERICEET 2
V=2 IRV AR NMERD O, B ORI AE
DRI RTE AR IR T SR IFFHIE N ETHED

7T O—FIC R BIFNE < EENTE 5985, LinL,

2T, ANTHRRIEE RS 2 R ICEERR T 2
FEENE L GFEHETZ 2L, BRETZ, KFFEOFEMNE
MR HDFHERIC G 2 BT L%
FZEL, BAMSNVIXMEZEMRT S &ITU 7,
Wk, KiE | O/NTREEERBISE X TOMITEN

_2_

- B — 2
ZTC, FEMOFMEREY, FMEHRICEEZ 5 A Dk
TTERAUSNO#FEREZE LT, ShfMEERLKZE

(1) vi=f(TC,Z)

WWERMET 2, FHFHERIIEAOER T, 51T
DEIIRATHIOEEBEETH D, ENRKELBZDITEM
SEBIIIEFITNS <D EWIEHERFD (KD .

P41 ARRIRA R R DR 27 )L — T8k

I
S[a]

3[a] 418]
BRIEES

11:20026E8 H4, 5,11, 12HIZ BT 2 ATRREERBE TOMERROS 5
SHRTERE B CE TL D EHINZ FI W 7294 > 72 DN T DM EHiE 5.,

Qe

DD T —#idho b - F—% (count data) &I
T8, A2 b - =5 OHERSHTITIER 7Y > ElE
EFIUMNELBHEINTVWS | 22T, /INETHR
7 CERETIVERWCHRBEERKOERETILO
HElbzfroiz.

KFhE @ OEFEEEwY; 1L, ROMEREEREP()TE
BEINDRTY MRS ERET %,

(2) Pr(v, =vy=SPCRAT

Vi!

Vi= 0,1,2,...

2L, MESKEHFE | ORI OMMHETH D TC, Z
DR — kR FFERL 2.

(3) X;=f(TCZ;,Z;)=expla+ BTC;+ 71°Z]
BB, {a,B, 7 NIHEETXEEFHRENT MV TH S,
EIAT, METHIICHT 27 —21F, ATHRRIE
BRBG TOBRMFAEICL SO THELZDSDTH D729,
SRS T OOF THR—2 g L 3Y > IVICE N
Twialh, LEN-ST, vyaitaTykianizRry >
S EfE LT, AMBEERERET I 2 HEH T 2 LB
HB,

v, MEOTYWINZRTY >0 HDH ET, v; DFE
REEMEBIILITOLSITERI NS,

exp(-2,) A

(4) Pr(Vi=vlV;>0)=— 771
v ! (1 —exp(=A))

Vi = 0,1,2,...

(3) K& (4) KITRALZD AT, RAHEEICK
DSTNRITA=F - XT MU a,B,7PHEEEINS,



WIATATRALERBIHZDOL 7 ) T—2 3 AfLE

—fRiZ,
TCHITERZE L =K ZiDHBEEREISC; I
(5) CS;=— "1 f(TC,Z)dTC

WX TEBEESNBY, /2L, TCAHiEEAE O
ERDE/NRITEBKETH D, B, F(O)N (3) R
WEELENZBEIE

(6) CS,':_‘371|V[

L7259, MEBEERFICSIE, KFEEEITONVTCS,D
BRizELZEiC&>TRDENS,

F—%

(1) ROFMBEREKNG A S NHEIT,

AT 27— 2 INET S 720, 20014E8H4, S,

11, RHO4EM, #HATHATRAKEFERBIGNOH A
HEEWEL > Y — @K TOXIUNTR) BLOE
IETHEEDMIIHE Y > % —miABICBWT, ATFRA

HEBRBIBE ORI BT LT > — MR ZE L 72,

72— b, HEENHEIV-TICT > — NEM
HePEL, V-7 ORKEFICREZZ DL THEERLA
LTHE 2 ARERM U . RIEREBILI39MT, il

BEBBET N OFHIICAWT > T INE, 2hsD5 5,

JEHEEN N S OfftTE EH T ILNT ZIHE A L 236
FBERWMEOEARTH 5., dLHEENN 5 DIRITE D
FTHFR—= g > EFHMBEERERET I OFHEINCH W
Mo =Dk, dt#EEs ) 5 OFFREE, dtiEE OERD
YA RO <DEEREO—BE LU TATRALE
BB B F LA MNE <, BEMN S ATRALE
REEETORITERDS B, ATRNLERNE 25
BT 2720 FICBELZBHAEZSHL THETSZ &N
W=D Th 5, £z, BHEEBROKITE (1)
IZOWTIE, AR RTE ST E WD B oMK ARE
T3 <, }EHOL 7 U T — a UHEEEDFHE AT RS
STWBHHEMMNH B /-0, FAU L FREERKRTST
IVOEHEY > T SERI L 7,

7o —hOEREMIEHIIZ, ORZEEOMENBEMEIC
RIS HIEE (MR, i, B3, Bat, F£00 , @10

TRALFRBUEBANORITICE T 2HE (FEEOF &
BEITB, RS ORMER, fERRE, R EEK

AL TomBE MR E) , @/NTARILE LSO
A BT B IHE  (F AR OFIE, RSO LK)
WEE/R L) D3HBETH S, REEFHOY > 7 — M HH
EEHHEROBEIZRDOED Th o/, [HIEE OV E
WE37%, FEER (R 25720) 360SHHTHD, &
Ne&o, FHLUTIADT IV —T TATFRALE R

Liagn, FERETOEEHEREILXS65 TH > 7,
EEFIFAEHZED, FEHLTINE TL2ENZIED F
Wiz THB0, EFE6EFN T\, BEEEOH
M, FEENOHMENEN oI ENS (BRDT4%) |
BUNREDA% & SO, TR TS, 30
RPEHEL<2T1% % 5D, KRNTLHRER, S0ER3EN
FNR2N0% EED-, £z, 20BRB18% & HH TS
ZEnS, ATRALEERBUGITIIRE WERED A%
NN TS Z ENbNn5, BENTIE, SttEek
DAy DVE D, KANTRHE A4%) , F¥EFEE (10%)
DIETH > 7z, BEHIL, FATNN2EDI % &b
2<, NTROEFERBGPHLTROBVOHEL T
FIAINTVWD ZENINMNA D, HILTLSFOILHTRE A,
JLiEESN D S O FTENTNKB0% TH > /=, Wk
Higkm B DR EMEEDOE|Z o /-D1%, FHE R
NEHARMIM EEL > /2720Th 3 LHRINS,

FHG DR ENT, BRROBREN2ERD 5 H %
G EHEE) , RAT, LARS > TORE 33%) ,
HARBGR B0%) , 714 A2 U —LDEK (30%) DJE
Thol. VAT OO HGORBNEES, £7
HIREINTNBERFTTA AV Y —LEBXLN
SHBEREZRLODIEE2EETDE, ATROAKE
A OARORE 2R 2 M RET DR
TR & W D AERREERI RS, T HEOERITE T > T
b EHmIND, NTRAEFREGORE, HoNI)
NI A, BEMNTIMEYL > —, N—=2 TN THITD
WTHEREER, 13&AEDRIZZENFKE DR 2
fliL, HININTZIZDNTH, BIERD3FD2UNEN
A5 A0, SEYNTHHEY > —&X—2 )
TBIZOWTIE, 2RD45% DEIZZFENE N EFML T
W3—HT, TRALTWARWDThhsRNn] £
BEHEN DTz, T2, NFROEERESGS, L2
T—3 a ZEM oM, RIEBREHERE RERRIELER
EDOLMMBAEZ I L TWAMhEhFAziER, 2E
DEIDDNEENFEME T LZBIEEHENREKDIENC
DIE S 72,

KIZ, FRSEEREETET)ILOFHENT W D BB I
DWTHT 2. RITEMATCE, JEERN S IR E
TOFEICELZGEE, R T > =88, KT
REOMABMOGETE L TEEINDA, T (F
BICE L - S HTERS R O AR OBRBERIC DN T,
ANTROAEFRBGEOL 7 T—3 a3 > H3E 08 Kb
TS0, FOosLliz? ., KEERER T 55
L5 RN SR E TOEMIZ, BIEAHANS D
FEFEICOVNTIE, BERHKZEZAWTEEL . BB,



JURE R AHR -

FEAMDORFLEATD > LHIEHNAEEHFITOVWTIE, R
IR S N TRAFEERASG E COEMETRALZ. It
HEND S OFFFEICONTIE, () BATLIAD
A2 =%y b F I VEHBBEY 7 - TODNERY
¥ &1 (http://www.odn.ne.jp/cgi-bin/ekispa/exp.cgi) % F
WTCBREHN SIRHIAR E COERZEIE L, 2 NITIR
IR 5 AT HRRILE RS £ TORBE MR L 7.

T o — MERICENT, EEEDIREALR, ETF
BRELTHBHEZFHAL TWEZDT, BEMNS /AT
NIEFRAHM O EE AT, BEHEOREIEICEI ST
AL VY ViikiE, AERtL >y —0nhEkKT
—XITHDZ, 20014 8 A& DILmHEMX L F 25— -
V) Ak TH H103M/1& L, BEEORELL10km/
EWRELTZ. UEDF—=FZHNWT, &5 7IINDIA
B2 VRITERAZRIT U h > TEHEL 7.

(7)  WiT8EA (/N ={BE8HEREE+ /TR
HH IS T O - RITTER (N

=izl

(8) BF=EMEE (M) =2XF#EElE Gm) -+
10km/ } X 1039/

B, ATRAKERBEBTOZHESETIY >7r— O

EIERERE AW,

RATERALSNC, SASEEREKET IV OFHHICHANS

AR, BIEE MR, ATRREERKSE 0L

HAIHEREDRERE, /\TREUBR O SRR O A K, 3
HEWEE D 2047y, FFE (LA ST 2RI, )

WRSEE, 71 AU —LDEK, N—7INT7HO
R ITHRd 54 2 —BAERH Lz, ShEEREE
EF)VOFAELR S CITHFIHE R O E#H & BRI
BIIRICBIT =B Th %,

#1. FHEHEEREETIVEHINIC
XA LD B &R

TRV

v ERREACIEE 1.6

RIT#EM

(BAL: IS 720 1)

ZHAIRRETA Y < —
\TAROIEEBAOH L HRIBREZ L T
HLES=1,25BbRn=0

BOHE D SIfESRSY < —
UNTHREEE D TSRS 5 =1, 721 =0)

FFREHK S I —1 )
O\FRAEHF RIS 25 L7 B3N —2 I
WIHOFA=1, W Z=0)

WS ERR S X —
O\TFRAEF RS 256 U 7= B3 8 5
=1, W 2 =0)

MBS I —1

U\TFRAEERSEG 2B L ZHINZL A N5
CORA=1, W12 =0)

FMEI Y I —2

U\FRAIEFH AU 2 361 U 7= B 3 esUa =
DEH=1, YL 2 =0)

TC 1,510 | 1,404

Dyex 0.32

Dy 0.82

Dy 0.14

Dmp: 0.58

Dy

Dpis

FEH

- HHEFR—

M EE S X —3
O\FRAEFE RS 235 LB 7 1 X7
U—LDEKR=1, Wz =0)

FiE S 2 —4
G\TARASEE BRI 2 3 L 2 g — 2o I
WI7HOFR=1, Wi 2 =0)

TSP EE SRR, SRISEE BIRCE TV OFHINT T W94 > TIVICB T 2 B 0.
72, 5 I —BET OV TIEEERZ BRI L Thisn,

TR EER

B ERE B OMERET )L (3),(4) XOFHINZ, &
BRFSHY 7 b =7 Limdep version7.0 (©Econometric
Software Inc.) ZFIHL TIFo /. BTV OFHHERITE
20O TH oz, HALBD/INT A —FHEMIZET

BRI TEOEHBREND D, W BRIk
BnEoniz. &ETAT, R7Y o H2UERYY >~
DAL T, SR & IRl 2 SR & BUCE L
WEWSIHEER> TWDH, BEDOF—F TIEHEN
I D REWEFRIHC (over-dispersion) D ATREVEAFE
INTW2Y, £IT, UKRTY CERETILOH
WEkEDE, USn-a0 2 8 MiET IV ZFHIIL 72
ETANW | MBS EOEENELRTINT A - HEEM
IREHNICER TR, FHESBPEL VW END G
WEERS NN T,

Dice 031

Dpgr

0.10

£2. FRBEERIEET )L DOFHEIRS R
£ R e s A pii
constant ~1.146 0.584 0.049
7C —0.00035 ~0.19x10" 0.059
Dyor 0.550 0.294 0.061
Dup —0497 0.291 0.087
Dy 0.580 0.263 0.042
Dups 0.745 0.395 0.059
Dr 1.247 0312 0.000
D 0.647 0.294 0.042
Dice 0.767 0.306 0012
Dy 1013 0.391 0.004
H TN 94
SRR EE —86.42
AIC 190.83

HUET L OREHEER R E, SPERT ST
T5. RTBEHOREEEMONFSIIAT, KITEM
DN 2 ERFMEEIEHEAD T 2D &0 D TEIE D OfER
BESNE. DNONOFHET VKOS & T, KT H#
FNZRE T 2 AR R RA R R B D3 7 P13

0 mEv;1TC,Z;)
0 TC;

(9) = BTCi

W& THEGHTE %, ERAELICY AT E &Y
CIIVEERGERAZNRAL, YT EYTHM L 23
RAEE D T8 RS ELT -0.53 & 78572, DED, #l



AT ATRAEERBIHZDOL 7 ) T—2 3 A

DREMZE—EL L THRITEMN0% L7 T2 &/ATRA
HFH BABOE N O E MR RIS 3% A T2 Z En
Dins,

RITHERN Y X — R Dsex DIFRBHEEMBORFSMMATD
L2EMS, BELD BLHEOHNNATRRILE RIS
NOHEBHEN S < RLEAND D I ENDNL. ¥
—AHRBONIDOEE ELMELKRTHLNE, ¥I—K
Bz DA K2R OZEIRZ, MMEDET IV
XTI

9 InE(v;|TC,Z) _

10) Tk
Lo Tkdond, 72720,
L7e-> T, HHY I —2HOREHEEMIL, Mot
EARELETDHEE, WHEONTFROLEE RIS B
INBMITEEARSBIFEL N EZRLTWD, AT
BRO BN SY 2 —ERDxD REHEEME S [EE TH
FHERMENE WV, ZORRNS, DENT/A\TFALALE
RS TR S N=HEER 0 ICB MLz AN E—4 —
ZIR-> TSI ENDND, NTROEF R % 5
LEHMPNER D - BN 2R THIMENEEY I —2&
B Dwps DR EHMEEMORFFIXIET, FGEEN5EHW
MzZ1Dm, BERLUICHNZ AT, HHENE
Fio TEin 5 N O BIBEE D & W 2 ENHND 51Tz,
BRR 73 B BRI R R 5 2 S 2

e

TV Ze DIREMET B 5,

ZRRATZDR,

Dw (LA LT ZFINER) |, Dr (BEURSEENHAY) |

Die (YA AV —LERNEB) |, Dy ON—2T)7
LFEAPER) ORFREHEEMETH D, WT NOHEME
HIEETHENICAEETHD, TS OHMENERD
KFFBDIE D TIRVWFHEFE X DFBEENE NI & 2R
LTWb, ¥iZ, VAN ORI ENN—=7 TN T7HD
FIAZBRCATROLERBUG EE VR LN S AN
ZNZEDN, BRBEOREINEINNA D, BB
TRINTZAND L A N T ZFABSEOE&ROH TH i
bAGOEL, FAAKBZWI EEZETIUL, 2D
HMRIIZUTHDENZD, HFORAE-HETES L
ANSCTREFEEZLEZD, EAREZBEL NS YA
ATV —LEBND, LU THEEER OB RREN R

DRT/)N—7 TN 7T « A=A TT LA & HREDUNIT,

INTHRRFE RS AR DREIT & % THEEA O HHCE L
WAL THEENZDDTH D, BIHORBIERE L
TWELVART >, N=7 DV 7 BNATROLEF RS
NDUE—Y —ZRrTZIEETERNVTHAS D, £
DEUKT, Dw, Dic, Dog®DNRIZ, BUEHRB L DFERT
RERLTWD EHERIND, 0B, LHAIKEAERHY

_5_

Val=)

D DRBHEMOFEIZA LR > TVWDHMN
D&, NTFRALEFRIGNLHEEZEL T
WsWER S NOFHNFER DFFEIENEL N & &k
FLHEEKRLZV, EWIHDIL, LEHHEZEL TW
BNERIEZ LY TN OKIZDE (&KDI18%) THO,
TD S BAEMBEEHSEL EORIEFIX, WTNH20
BROBAEEZE TEANEDKRA RTA T ORHPIZAE
WM BEDTIN—TTHD=0, hov 7L &3k
ERIZLTVWANSETH D, MOFHALEOBEHEEE
WHARTHETAEBENRN EDSEAD E, KR
FERN S ZHHRE DR OF A BEE I e 5
ADEHWTHIEITERNTHS D,

(6) KITBHEDNWT, i1 E%EZD OHEEERE
132,874 EHERH X Nz, T OORERIE, AT HE R
LiEdini L, KiFIEIYS 2 02.874MICHY T2 L 2
JI—3 gl BTNWEIEE2E%RT S, hoNJL
JA MEIC X D ERFMAEL, RENRL 7T -3
CHNEETHHEI, TS50V U I—Ta iz
ZRICANZHBSEERE KT T INCHE DV TEEE L A
EHEHMEIZEOFERZ B AFMT 2L b TN,
UL, AFRAFERBEEO IR & Rk D
LU I—a HEEEET 2HBEEELRNDT
ZOMBEIERIN TS EEZ NS, ATROLE
FRBURDRF 2RI B 5T L7 ) T—2 a3 R,
R 1 [Ed 72 0D O BERENCEMIMFRERL TR
BHND. NTRALE BB D20004F £ O 4F G5
B WEZRAAEOARZED) 1347740008 (FERH %
<) TH DM FHBHICE > THRBFINGZ D HE
BREICEN D DREMZZE L, LFMOHMMERZ
BRI L 72473,000 N\ 2R TRBEERRZHEL .
ZORE, EROL 7Y T—3 3 ERRFEIZ14E2,30007
MEHFtSNAz. ZOLBT, HWATHOZHE L ZREKS
I R 251,700 B 720 EE> Tws, b
NONOEM U =ML, FRITEH IS R
MZEHZFEL TWARWI &, BiRZ2EIHHECLSE
OHENEZ L 7 T -2 3 JHEREZEHLZOT
NFRAEFREENE-5TL 7Y T — 3 UHfED
TRETHBEZEZ NS, LEEN>T, LZUYI—
a > ENDJEEERHORDICHEE 2N A& DES
HEREZOT, WA /A\ATRALEFRKIG OB M &%
BT S E, NATFTROEERBOFIEMA % LE 5 #E5
ZHUBFIAFICE -6 LTS LRI NS,

INEDZHMSH SN =HD1DDEIE, AT
RAHE RIS OAR A2 EDWERN SIRET 28
B AR RE DT AT IR & 5 & DU D HMBN R & x

—%

=
—
-
—



JUBE KBS - 2 H

STWEN, WIGRBZEMERALEZLV AN > REDL
UL — g CBEERES A X2 MY, UE—5 —Dff
RIZEBL TWBZEThD, 77— NOHMEZIZ,
F RN D R DR BELEY & D SND WK, ik
EOBMEEDEANFEONZZEBS5FEADE, |
BARDER RO WHIPET, #IGOBTEENL,
KiiE D — X ERA TR DOFRELT O A DEEIC
X0, \FROKEFREGOL 7 T—3 3 Afifdz X
S5I2E®H5ZENAEEEBbN S,

51 FASCHA

1) REfE— (1992) FH#lLrVIT—3>-1TU7
DREFMEFMEICOWT—RITEAY 70 —F %
UM — ) THRSEREFIISED 285205, pp : 28-32

2) REHEK (1998)  TREMRCE SIRBTRMED , 2 H Hik.

3) Creel, M.D. and Loomis, L.B. (1990) "Theoretical and
Empirical Advantages of Truncated Count Data Estimators
for Analysis of Deer Hunting in California," American
Journal of Agricultural Economics, 12, pp:434-441,

4) Green, W. H. (2000) Econometric Analysis, 4th edition,
Prentice-Hall, Inc.

5) HEAmE (1998) [ELAFEHER O ORI
EBOROERR EEROFM —WHENITB T 27—
ARY T 4 —) TRENEHEERGE] B1TEHLS,
pp:40-50,

6) MEESA= (1999) ThIX)L I A MEIZEK DRI
502 HRIHEHE O RVl — AR R KNS — 1 TR—
R EHES) (RBEHEERER) #2495, pp2-32

7) MgEsh = (1999)  TCVMIT & 2 IS DI i B
REDREAM ) T80 B KPR AR AN T ) BB TE5245,
pp:18-38,

8) ZEilE—, JtEeemE, KEHEFT (2000) THFUEED
REFEF — BAR ORI iE & 2 OFFE) , SHEEZHE.

9) M (1999) HEMAREOFREOBOL - L7 UL
— 3 a AHEOFHE ) (KRS - AN TR TR
Y AZT 1 QRNBEIZHNT T — 3 - BA ORI
BEREARMG —a , KA |, pp:129-139,

10) fEigrnsk (2001)  TEOEER & U T O L P
— bR NMEOEM — ), ACLHEERIERE
ENEVIESIEN

1) EREFEE, HmfE 1994) [>T x—<)lal”y
UIL—3a iGEENBIRbN52ME L TORN
DIRFE M —MIRTFHSD S N ZHEp &L
T—1 [ENEEYREE) B135E2E, pp22-32.

12) HAFBWA (0000 ThIX)VOX MECZKZEND

_6_

o B — 6

L7 T —3 3 AR O — SRR 55 1L HT 2 S 4]
ELT—) TRERBEHAELI BT1EHBLIE,
pp:211-218,

13) EHFRES, =ABE, HHwE (1997) T8DR
B OFF D IRIE AR RE O REPIRYFEAME ) TR FHE
ik B16BHE2E, pp:110-119,

Summary

The main role of public ranch is to encourage regional livestock
farming by keeping their cattle for livestock farmers and raising
the livestock for a given period. Recently, the multi-functional
roles of public ranch such as development of favorable landscape,
supply of recreational space and provision of educational
opportunities through children's contact with nature, have drawn
public attention.

The purpose of this study is to evaluate the recreational
benefits of public ranch using an Travel Cost Model (TCM).
TCM is a demand-based model for use of a recreation site and is
used to value recreational uses of public ranch. The study took
place in Obihiro Yachiyo public ranch in Hokkaido, which is
visited by approximately 45 thousands visitors a year. The data
was collected from in-person interviews on the site.

According the estimation results, consumer surplus as a
measure of recreational value was 2,874 yen per one-day visitor
and total consumer surplus was around 123 million yen a year.
This value was greater than the administrative expenses to the

public ranch by the municipal government of Obihiro.

Key words: public ranch, recreational benefit, travel cost method,

truncated Poisson regression model
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Isolation of polygalacturonase I from the culture of the
mesophilic white mold Sclerotinia sclerotiorum

Yuji TAKAHASHI, Takeshi IKUMA, Keiko SAGISAKA,
[zumi SAITO', and Toshihide TAKASAWA

1

CM-ToyopearlBg{ & > M1 5 L7 a< N7 7 4 —B K USephacryl S-2007° )V A H =

=

L0 NI 574 —2&> T, WRMEIRESclerotinia sclerotiorum®20°C B2l )
ORVF T 7ynr—tEEESNSRUT I 7y0r—Y 128Uz, RUFTTIY
O —Y 1k HFEF(P4-4-2) D LLIEPEIX3 662UMmgTH 0. HIMHIE N & 2k & L Tl16f%iC
PR /=, BEERIIRY Y7 UNTY 2 RPNVBLZIKICE> T, H—ThHd I LIRS
Nz 72 SDSHEETRU 7 ZUINT I RPIVBEBLKIKENICE > TABEO ) FEEID

FEL X

39.8+1.10kDa(S.E). & 5ICEEMBLIKENC & > TABEOEHE MIpHS70& BED 517z,

F — 1 — R: Sclerotinia sclerotiorum. FiRE. BEFRE. NUH 77 vor—+t, Hilge:s

LS

o

zo
aff

WM R E Sclerotinia sclerotiorum(Walker 1969)13.

IRE IR HISIC L. Z< OFENMERE L THS NS
W5 SRt SR R B8 C 5 D (Nicholson et al. 1973; Wu et al. 1972;
Pawlowski and Hawn 1964; Partyka and Mai 1962), ASE135°C
~35COREHFEACTEETHET, 20CHETRbAEEMN
FLUVE R B (mesophiles)(Walker 1969) Tdh %5, KZRIZHBWN
THKURN20CHTE TRHREICBWTABEICK 50E
NEEA5N5,

MREIEE OREEICIE, RUFSrvyodF—+
(PGase) ML B 5 Z EAVURIE T 31T & /=(Roberts et al.
1988; Miyairi et al. 1985), PGaseld. HE#HfLEEF DX F
CHEENET DR FF—EO—ET, RUFFrvO
CHEEEBEEELT, NIy n  BEERO a-14-
WEZMKDHT D, TNETICEE (Takasawa et al.
1997; Waksman et al. 1991; Kester and Visser 1990; Schejter and
Marcus 1988). #E (Roberts et al. 1988; Nasuno and Starr
1966). EERE (Gognies 2001; Blanco et al. 1994), K U4

IR RF IR R
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(Kapoor et al. 2000; Pathak et al. 2000; Bonghi et al. 1992;
DellaPenna et al. 1986) %50 JA VW HiFH IZPGase D 73 AT D3 5
NTE/,

B3I S S ERIREES. borealisH 3 DPGase DK
TR R 2 BH S M2 B HIU T S. borealis & S. sclerotiorum
DPCase DB % h#g L T&E/z, ZNETITS. borealishH
5 O ML IR H D PGase iz B W TR B IC BT 240°CHE
PRI T 2 AHIHEPEDS, S, sclerotiorumHIRDHD XD &

W EWDHFFEZB S MNIT L /= (Takeuchi et al.2002), S 512,

ZDEEDNPGasess THHOWHHEICER T 2N ES M %E
HH S M T 572012, S. borealisHL i R D5 3 2 1 45
7 5PGase(PGase 1 )z 4G B4 LR U /- (Takahashi et al. 2002),
RIFFETIL. S. borealisH1KPGase I & [FERIZT )L A il 7
OX M7 4 —=ROBAF O T 57 1 —
I2& > TS. sclerotiorumn» 5PGase I ZHEEL . BEH DS.
borealisH3KPGase 1 & D [LEs 2175 7=,

E5IT. KORARITEWVREEZXSNDLNETAT
BRI BV 2 BRI SR U 72PGase I %, S.
sclerotiorumB@AREE 2 AR © Bk = 117=PGase(Martel et
al. 1998, 1996; Waksman et al. 1991; Marciano et al. 1982) & kb
L O

RERMHERVOAE
Potato-Dextrose-Agar(LA FPDA)(Difco Laboratories). /N2
T AR (TBKE). Hyflo super-cel(Celite Co. /FIYEHlHE
T3¥). DA o2y 0 > BIKNY(Sigma), R HZ 7
O > ®(Sigma, From orange). MsKpcEzS N U AFIHEHE

&t

T, B, 7oV 7 ALY T LAFOCHIZE T,

D). WREESR(IN) Y > & =7 A 127K R (R Gl E T 2,

Fet)y 2o U IVEREE T U D A(BAUT SDS)(FAYEHTIHE T3,

AALEM). WREBEDLAER T, BEOFA). Big -
U L3R FICHIEE T2, Feff). KRR (Rnoe i3
T2, H#9. Coomassie Brilliant Blue (PLFCBB)G-250(
HALZEHE G, Specially prepared reagent, Lot No. M7R3031).

U CEEFIFEHIZE T2, K. 85%(wiw)). A& J —)L(Fl
FEHIER T 2, Kl 99.8%(wiw)), HIMiET IV T 2 (AR

BSA)(Sigma, crystallized and liophilized, %5547 14.8%(w/w)).

Bio-Gel P-6DG(Bio-Rad). CM-Toyopearl 650M(H £ 7E).
Sephacryl S-200(Pharmacia), Dialysis Membrane(Viskase Sales
Co. /FIYEMIZE T ),

ERDEE

S. sclerotiorumDEZE £, BEREMHEEH L T20CT
B U7z, 3.9%(w/v)PDARIR & 121°C (K12.2kg/em?), 204>
A — b7 L —TWE%. ry—L (-7 L —TH)
1220mLe D4 E L. PDAMUIEH & U oo BERRGR
PDARIE L O S, sclerotiorumDER &R — K
L — 7 W) & AW TER T EPDAENSHIC AL . 20
CToaAMREEL, TO®%FEHAKE TSCTREL 2.

RIZ LRI REEY & /NET AEHICEEL 2. /D
F T AL, INET A ~30g&K50mL & % T TR
MUTSOML=4/47 5 AJWCANTAH— b7 L—T7HE
U7z. S. sclerotiorum®®PDAY ¥ — L E5EM Z#/INE T A
FiZ, 15Ty —LaBEL. Bl v—LEENZ 2
HTS57 I AL T, 20C CAMEBEREEL. i
HhH R O FAELE £ TSC TIREGIL T AL =,

ASAOARBMI ST 14—k
At >Mhosnrnox 757 =&,

CM-Toyopearl 650M 1 7 L Z& W TH W, IFHICIZEE
NI TLBETDOAT Y TIA REBRTI T T 5
I MEERAWE, ZIIVARAT LI O N T 7 4 —IF,
Bio-Gel P-6 DG & UrSephacryl S-20041 7 s 2 AW TIT o /2.
BERBEIE OKR EERIISCH O b F v 2 N—H)
Tiio 7,

RUTZVUINT 2 RTINVBEBRIKE(PAGE) R I EAE
Sk E(IEF) I3 Phast system(Pharmacia LKB)Z& H W\ T17 5 7=,

nondenaturing PAGEIZpH4.2i123B W T, F/=SDS-PAGEIZ
pH8.SIZBWNT, WINBR2% R T 7 UINT I RT T
IRV ERWTIT k. ¥ N7 EIT.
0.1%(w/v)CBB R-250-30%(vIV) A % ) —)L-10%(v/v)BFBR IS .
H B WITEEYEF » ~(Pharmacia LKB)Z W THRA L /=,

STEEOREIZIE. LTOSTFEEY—HT—5F 2N
7EEMAWZ, UUFHARARY Z—EB(94kDa), i
H7 )7 3 2 (67kDa). JRHY IV X >(43kDa). 7R 1ML
BA—FR=Zv 7>k RI—E@B0kDa), KEKNJ T >
1>k ES—(20.1kDa), 4#H a-F 7 b7 IV T I >~
(14.4kDa),

[EFIX. 5%RU 727 U7 2 RTIVEMBNT, pH3-9D
P CTiTo 72, & >N E130.1%(w/v)CBBR-250-30%(v/v)
AL ) —=)b-10%(vIV RIS & AW TR L 2,

pIOREICIE, U TOFEELRAY—H—F NI Ez2H
Wiz, NUT /) =4 2p9.30). L>FIVL I F M
HAPEN B(pI8.65). L>FINLIF -2 RIVNER
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(pI8.45). L >FIVL I TF -MtEIN> B(pI8.15). 247
Ov BN REI7.35). IS4 708 CEBEND R
(p16.85). b hH—HR=w 7>k RF—EB(pl6.55). 4
H—RZw 77>t RS5—EBpI5.85. B-7 hTILT
2 UAPIS20), KERUT T A 2 EEY—(pl455). 7
07y asy—+pl3.50).

BsRIEMORE

RN T 27y aF—Y(PGase)iGFEIZ. 1% (w/v)R U N
Z 70 -0 MBS - N U ™ L -BEREFR T VA R (pHA.5)
EHEELUTHWHE Lz, ZEBEERTORI T 7
O EEIREL. SERE Y =/ —)UiEETA(Takeuchi et al.
200DICK D EREE L TIEL . EhmBREskilsEE
EiE(kuma et al. 200DIC K DETCHEEZPIEL T, TN
S5ORERNSRYN T 7Y 0O 2 OFIE A E (Degree of
polymerization) &R 7, RUNZ 7Y O EBEOFEES
HE1328.1+0.6(S.E)TH > 7=,

W% 35 BB ROS R ARTE2. ImL R GEE 1A 2.0mL, B35

VIR0.1mL) 12BN TA0CTITW, BERSULBHIAEES. 6.

953 P41 B U 7= 32 Je i B (sampling  volume 10 p L) 2 ik
SRR I E BiE(kuma et al. 2001)ZHWTD-4 57 wvn
CHEEELLTERLRE, £, AEBERQ0LL)DE
TR ETRL. BEREOFINCEL 2EEBEKOFR

RTHIE LM%, KIS0 BI 5o E LT,

IR Y v 1 DHEITIEH 50 Uit
OHRAEGMETCEEEZERL, BET I UL
U THWe. & BROSKRFENIZ T 2 = b iz i g 0 — &
[ E AR DM 2 20 5 IRTCHE OEBEERE . 3 70b b BERTE

MasRwiz, BRIGEMEIS4ERBESIROTFEN 5K 7z,

BEEIEMEDIUNE, 1474720 1 1w mol DI JokE 2 i g
DEEFEE( umol/min)&E L TERE L, £/, 75270
B BTG M B R AR O o 0T 10mMEEEE I~ b U ™7 LB
T 1R B PRI (pH4.5) (LA RS, buffer)0.1mL % W TRD 72,

T UINVEBREDRE

&N EEEE. CBBRRAEEH WY NI H
MEBEBECEIDREL 2, CBBEARHEIZ.
0.025%(w/v)CBB G-250-12.5%(v/v) A &/ —JL-70.83%(w/v)
U > BeaMAL Rz, FEMRIIBSAZIEENE &L T,
0-9 u gDEIFHTIER U7z, EEHERIR D = 972D 5BSA
lugd =0 W (Ass)iE, 0.0351+1.33X104S.E)TH

27z,

HRBELUVEZR

BROBER
FEEBRIIR I S e WR DIk EEzid o< b
F v 2IN—(C)HFTITo 72,

AT v 7M. HimHROHAR

S. sclerotiorum® /NE 7 A E5#EY)S5 T < A 1 %.S. buffer
THIH Uz 97205 /NE TR EE#E(0°C)S. sclerotiorum
579 A0% 7L > —IZMATILOS. buffer TSR, 3
EEER L. SCCIREMERE Lz, FAROHE: #iE s X
SIZIEfTVY, BRBBICSEOR. 3mEEHR%. 300 MiE L 7z,
ZOREMEMMICERET—EZ2HAVWRE(E=Z—)Lr O
— TR TR > THABL. AEHEZ, FIZ. AR
2B FIHyllo super-cel 30gZ INA TH#AE. WEIAH
(A AHENo.5SB. Advantec) L 7z, AWIIpHS.5TH > /=
DT, 7.7mLOKEEEE 2 N X TpH4SICHEE L /2. T D,
A>T 523020 mE)lO—2A 75— b, Advantec)
WHE L7z, ZDAH (900mL; assay volume 50/ L; total
activity 12 240U) 2 Mk & LT, SCTHRELZ. 2D
5 5800mL(10 880U) % F )\ TPGase D¥EH 2175 /=,

A7 v 72, Bio-Gel P-6 DG4IV 3@HS5 AL OT MY
574—

LTI A > 5R)E 23R < (1.8mmhos;  $90mMNaCl
ZE0S. buffertiX), 1A~ 7571 —h
TLNDOWEDNREE EEZ SNZDOTTIVABA T Lk
kB ET> 72,

FAHHHRA00mL(S 440U0) %, & 55 U S, buffer T
{b. U 7zBio-Gel P-6 DGH T I(p4.4cmX88cm. 1 T LMKFE
1 338mL)CHE L. #92.50 5 AKFE(B 400mL)DS. bufferz
HWTT6.0mLMOFRE TIEHE Lz T LMEDY 2N
2 8 DY HF280nm T DI (Aw) DIEIC L > TEZ
57 —U7z. HESE20mLT D& 7S/ aaly
4 —(Pharmacia-LKB)Z W TED, S5 N/-&H3IZD
Uy TPGasei P (assay volume 50 1 L/tube) 2 H5E L 7=, 7z,
15 Iin S O OVE KRBT B LAEE(CD-35MIL, M &
S Instruments Inc.)ZHIE T 5 Z EICL>TEZY — L7z,

Bio-Gel P-6 DG IV A1 L7 TR NI 57T 1 —iF
HEhHR 2 X1ICR T, 4D DARE — 7 NS5, BEREE
HIIBRADE — 27 (Vo> —2)NZFEEL 2. BRAREE N
FICE > THRINZHEE— I (ViE—IR2EFE B XY
3FEBHDARE — 7 OMEIZHFEEL. EHEE—7 L OMEA
SERIRIFTH o7z, W T MR OEEE S
TRICHE I Nz, 4BHDAE =713 E— 7 DI
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wWHankz, ZoE—2i3, 2oruaxhg o7 =0
HHHROREEEMELTBD., IS LDEHKEL
THWS. bufferd A A 2 58EAGETE D7 )L A il (Andrews
1965) X DEN o220, ZFNNTEHETILT N w T A
EOIEERMMAEERICEZ 2 Y —F— 3 VHEiyE-
b s,

10— —_— 20 2
pool ﬁ
gt —— i i ~
ot 15_{1.5 4
éﬁ clfs’ 4 °
! i ie x| £
[ 19 g - £
< & 44 = =
g 3 %- 10511 =
< 4+ e, ! :,>< =
g 4 R
A9 5.2
1% 5 <jos5¢
2 i i O
O 80 120 160 0
Fraction No.

R1. Bio-Gel P-6 DG )L 2i#8Hh S5 AV AT M5 7 4 —BHER

I HR400mLZE /1 5 A2 S, buffer TYAHT L 72, No. 22-49(528mL) D
PGaselfiPEli 53 & 7 — )V U7z, 1T AP A Ko $p4.4X88cm(l 338mL); i#ijk:
76.0mL/h; 752 3 A A 20mL/tube; PGase assay volume; 50 1 Litube.
<O+, Axo; —@—, PGase{EME(U/ML); -+ A, B5ARE E (mmho).

7O NI TT 4 —2KREL TDARINHEIZ102.4% T
Holz. LLans, EHESICHEW TREEE T THE
DEECEZBDONRH /DT, ZNHICDNT—E%E
D53 EE(LS 000rpm, 15min, 5C)L. &5/ BB DAxZE FH
ERE LTz, T DRER. AnlllFI1X1003% &72 0, B
WEIZX DB EANDOEE IV, Frax T
74 —ldEENIITON L ENS, —F,. rOv
7274 —2kE L TOIEEINERITELA% T, HTD
EEDOEENR SN, S. borealisHKPGase DFEFHITH
FRREERDZ O T 5T 4 —IZBWTEE S HITE D
ZHAEUT. TOWEMENERIZ6.DEEmM DI ENDG,
ZOIEEDERIT. & T R OPGase NI RE L 723k 7E S
CINTEITE L Z LI TRBEMN SERM 729
EEbNS,

PGased& MLl 7y GRERE /% 522-49)528mL %2 7 —)L L, X
7T ABO02umt)l 00— 75— k. Advantec)iZ
Ko THD ZFRWz, T —)L OIEEIEIL6T.3%
ERD, AT T ABNMIZ K B RIEITH > THICHE
HEOEENH>bDEBbN S, FHRIITEEOELE
MAD7=DITILBDREIZA > T 5 2 AP TIZ /A<
HOSEEIC KD HNE0DEY EBDNDS, [FRkOMAH
HRAOOML D7 )L A 387y & 4% 5 37 1E PR B 535 56 m L (75 4[]

IN#76.3%) & dp Tl 084mL(assay volume 501 L; total
activity 8 032U; {5 P [R1 UL ZR73.8%) D B HEiE 1 i oy % 1% 72

AT w73, CM-Toyopearl 650MAhS AL O NI ST
A4 —(RT v T 74 XBLE)

ATy T2 THE T BEE P E 5370 5 950mL(7 039U) & & D,
HH5MN LS. buffer TEHE (L L 72CM-Toyopearl 650M 71 =
L($2.6X34em. 71T LARFEIB6ML)ICHE L /=, BIEHE.
3271 LAMEFR600mL) DS, buffer TIEN S T 4 2 A H L 724,
50mM@3.471 T LMRFE; 640mL). 0.1IM(3.8 71 T ARFE; 700mL),
0.5M(3.171 7 LMK SSOmL)HE{LT U ™7 4 % &89S buffer
EHWEAT v T T4 ZIEICK D 1 2 78.4mL/h i H
TITo 7z # 2NNV BEOVEIITADBEIEIC L D #HEEL .
Ao ST A0 T(ODIN S E 5121 T LFFED & %
Obufferiz K HJHZET W, IHITY N TEMEHR S
NN EZifB L7z, & Hbufferz gl /2.
20mLTDODE N EHED, BFE5NLEE T DAxBIY
PGaseli P (assay volume 10-100 12 L/tube) Z & L 7=,

ATy T iR HiEIZ & D CM-Toyopearl 650M 77 5 2\
rax hr o7 —vE R ZE K2R T,

3 60 11
P2P3 P4
HH
e 2 : o= T
? £l =
N L ) 2
g 0.5
& 2
< 1 S
| 4 ] ]
1 2 20|
? 9 d |
B 4 53
i ﬁ' b
| _padis 1 B
0 n
0 40 80 120 160 . .
Fraction No.

B2. CM-Toyopearl 650MBaA 4> RO AR NI ST 4 —(RFvTT
A RALER)AHBER. 27 v 72DBio-Gel P-6 DG 7 )L A TH SN
R SERRIOSOMLZ 1 5 ATt L. S.buffer THEME. SOmM. 0.1M. 0.5M
AT B U T L EEDS. buffer T HE L 72, PGaseld P18 53 P2: No.85-92
(159mL); P3: N0.93-100(160mL); P4: No.118-127(199mL) &z E N7 —)L L /=.
T LY A L $2.6X34cm(186mL); itiE: 38.0mL/h; 757 2 a A X
:20mL/tube; PGase assay volume: 10-100 1 L/tube. Q-+, Axo; —@—, PGasel&
PE(UML); -, FEF N U 7 ABEM).

50mMiE LT S U ™ A-S. buffer T2D DiEEE — 7 (P2 )
P)MEH T 3. 2 D&0.IMELT F U 7 A-S. bufferiT &
o CREICHER - = EIEEY — 7 PO EH SNz,
DO NI T 7T 4 —2KIZBV B Al IZ98.8%
ThO., 7O NI 71 —IXEEMIfTONTZ & HIM
INB, —H. HENEREZS2.3%E 7920)TH 0D, ETD
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IEPEDBIN R SNz, EHEPEROEN - /2B & LT,
ZoraxR T 7 0 —3EGC, 2HE)ZBEE L
72D T, EFMICM-Toyopearl-f & > &#aksflis L #s & L 72
ZEITEKBPCaseDRIEEDEZ NS, LLANS
AMUAF>HmEEeERLEAT Yy 7 4TO
CM-Toyopearl 650MAZ L7 0O T 57 4 —(UZ7J
FPL Y MAEHIE)ICB W TOIEMIENIT.S5% & IEFIT
BN DT, 7O M I 7 4 —DREDREYL TH
SRR NWEEZEZ 5N S, £z, S. sclerotiorumH
SR D BL73 2 B AR O FH G M AT HIR] 600mLAE A I
BWT, FAKOAT Y TIA XA BT 57 4 —TD
TEPEIHI392.5% & < o ARITPADTE LN A3 B L
Tz (P2: 32.0%(5 344U), P3: 3.32%(553U). P4: 57.1%(9
525U). Bio-Gel P-6 DGIMEIEEE 7716 675UMEM), BL -
DT EMNS, 7O T T ¢ —HIZBIT HPCGase DR
EORREMEIZIEE IRV R TE 5,

S. borealist3k DPGase I DRFHIC BT HFEDO 7 O <
N7 4 —IZBNWTIR, 7O N TT7 4 —2KTO
IEMEINERIZ59.6% 72 L59.1% &K< . HHE MBS 1172S.
borealistHIE DPGase 7 -1 /¥ A ARMIZ BB EASER
BEITAHIENMRBINZ, LALABENS. S.
sclerotiorum M DPGase DHEEIC B W TIZ, Zorov
o7 4 =BT DIEWINERILS. borealisDGEIT I
NTHENZEN 72D T, TOAT Y T IZBWTHA
WS N2 T 1 VA LR OB BN EERIEEL
BN, HEVIFEL THMD THNbDEEZ 5N5,

BoNEEE - 22 NTNP2N6PAE L TT =)
L7z, &E—27 07 =)V ORI 4 P2(30.9%,
total activity 2 178U(assay volume 10 2 L), 159mL). P3(3.00%,
total activity 211U(assay volume 100 . L), 160mL), P4(48.3%,
total activity 3 403U(assay volume 10 22 L), 199mL) T > 7=
7ax NS 7 4 —2RTEILL 7223656 79201235t
T B8 T =)V OIEEEFRITE 2P237.6%). P3(3.64%).
P4(58.8%) CTdh > 7z. FEEIRIEET—)IV TdH SP43 403U,
19ML)IZ DWW T &S STk %175 7=,

RF w74, CM-Toyopearl 650MAS A2 AR NS5
1—(U=Z7U52Tr MNBRIE)

IE M E5PAD S 5190mL(3 249U)%& & O, 2LDS. buffer
Wt U TR 2R OB T 2 2[R DR U 7z BT 12
(192mL) D AR, AwoT0.6%. EERNENET84.5%(2
T46U)TH O BITIRIEIC K > TEENE TRDODNZH D
ERDOND, INSDEERMNS. S. sclerotiorum DPGase
SFO—FHEPNIZOY NI T T 4 —BIIERENTIREIC
TEINPTWEEZ DS, BN WGEEITIIRIC

ZFOHBEEZITLZHDEEZLND,

BT L 72 BRI D S 5 190mL(total activity 2 717U) %
BN U DS, buffer TF4{k L 7zCM-Toyopearl 650M(
1.0cmX17cm, 7T AMEREI3SmLICHL 7=, T A0
32.0mLhDFRE TR I N, 2mLT D DOE S NED 5177,
S. buffer(§2.1 07 7 LRFE: 28mL) K O50mME LT kU ™
LmEDS. buffer($91.877 T LAFE: 24mL) TH I L &P L.
JE % 4y 2 v %, 5S0mM(100mL) & TR0, 1M(100mL)#
{EF b T LAZEDS. bufferick> T =75V
NAEHEZEIT O 2. D%, 05MIi{EF MU DL ZED
S. buffer(f11.877 7 LMRFE: 24mL)IC L > T, 51T LIS
I 55 NI EDEZETT STz, HBOHNEHEINTDONT,
Anso Sz V% 315 M (assay volume 5-100 w1 L/tube) 2 IE L 7=,

U779V MEHIEIZ K B CM-Toyopearl 650M 41
FL70AX NI 5T —EHMEREMBITRT .

0.5 T T r r ‘ 80 1
P4-2P4-3P4-4
———
160
¥ 2|
% 405 0.5’%
< Z{ ©
R
120<C
0 40 80 12 160 200 ai 0

Fraction No.

BJ3. CM-Toyopearl 650MfzA #+ >R/ AY RIS T4 —(V=ZT 55

PI Y NALER)BALMER AT v 73OCM-Toyopearl 650M(A T v 7
T4 X)THS NG TS O S BP4AZEN R, TD190mL%E I T A

U, S.bufferd K OS0mMIELT b U o A% G TS buffer TPRHE.
50mM(100mL)-0.1IM(100mL)#i{t 5 kU 7 A& DS buffer TOU =7 7' 5

DT METIEH L. PGaselEMEESPA-2: No.138-160(42.5mL); P4-3:

No.161-179(37.0mL); P4-4: No.180-203(48.0mL)%& = EhT—IL L= #15

LHA X $1LOX1Tem(13.5mL); #iiE: 32.0mLh;, 757> a >H¥A X

2mL/tube; PGase assay volume 5-100mL/tube.  +++O-++, Awo; —@—, PGaself

PEU/MmL); -, kT DU AREM); |, 7T 2T AR

50mM-0.IMMEfEF MU D ARETOY =77 5L
BRHIEIC K 04D DAE — I DEH L., ZhsotE—2
DS B3I = MPCaseldEtEZF L Tz, 20707 b
7574 =BT BEERTOAINEIZI02% T, 7O<
~NTZ T —FEENIITON B EI NS, £,
IEHEIERIT 2R & L T97.5%(total activity 2 648U) T WY
EPHFSN. ZOZ0X BT T T 1 —ITHBWN TPGaseld
PRI E BRI EIN X A7z,

BoNEIEEY — 2 2P4-2, P43, RUP4-4ELTT
= U7z &7 =)V OIEHERINERIT A 4 P4-2(7.80%: total
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activity 212U(assay volume 100 L), 42.5mL). P4-3(39.2%:
total activity 1 066U(assay volume 10w L), 37.0mL), P4-4
(43.7%: total activity 1 186U(assay volume 10 L), 48.0mL)C
Hofe. 7OX N T T 4 —REINEIETEQ 648U)ITH T 5.
P4-2, P4-3. KUPA-ADIEMEE A HRIZE 4 8.01%. 40.3%-.
KU448%Th -7z, bIEENELS, EHEELE
WIEE T — )L Tdh HP4-4(1 186U, 48.0mL) % I & 14 R
EICHE L 720 ATy T4 T DPHTH T 2 P4-4 D% M AL
H(overal)l336.9% TH > 7=

AT w75, Sephacryl S-2007° )L @AS Ao O Y
>74—

AT TATHS N EE B 5 P4-4% . REFRT IV
ASMAN T LA MNIT T T 4 =TI RO
CM-Toyopearl 2 = H T ATEML/Z. T7/abb6, BEHER
D 5 545 0mL(total activity 1 112U)% . CM-Toyopearl
DP4-4D W35 Z BT 2 72 12500mL DS, bufferic #f L T,
KIS O BT 2 2R VR U 7z, BATITBI 5 Asld]
INE1397.4%, JEEREINHEIT3.5%(1 040U)TH > /=,
BT U 72 3BH45.0mL) D 5 543.0mL(994 )& & D, Z
NERHT 272012, 5 UDS. buffer TE#LL /=
CM-Toyopearl 650M X =717 (¢ 1.0cmX 10cm, 77 5 Ik
FESmL)IZHE L. S.bufferTH T AZBE#E#E. 0.2MH#ELT b
U LEEOS. buffer T 2N B % —BEERI Uiz, 1R
WU ZIESE S % 7 —)L U7z (total activity 989U (assay
volume 5/tL), 3.65mL, 3 =7 T L JRHEERIE T OIE MR
#99.5%),

P B 5UBE3.0mL (total activity 813U)Z&., & 57
CH50mMiifks b U A ZEDS. buffer TEME{L L 72
Sephacryl S-200( ¢ 1.6cm X 66cm, 7 Z AFRFE133mL)IZ kL
2o WHNFEEALITHWZN Y 7 7 — LR U H D 190mLK
147 LMRFE) TIF o /2. Fidld23.6mL/h T, 2mLg DD
B aEDz, BONLEEEPITDONT, Ak NEEHR
1% 1 (assay volume 10-100 £ L/tube) 2 HI5E L 720

Sephacryl S-2007° )V 2@ A S L7 O T T 7 1 —¥&
Hhig 2 M4 RT . 2DDAmE — 7 A L, BEEIE
MIE2FEH D FEAwE — J IZHFEEL 72,

ZOrUX NI 7 4 =BT 2 AEII8B0%TH D
FIVABI O NT T T 4 —I2&k>TH NI EOHEE
MNETHoZbDEELZEND, LD, IEEIERIZY
O~ &75 74—k & L T9.2%(total activity 782U) &+
2@ <. PGasedf 1377V A @I B W TEBAIZENIY
=Nz

BoN=IEEE — 27 2P4-4-2(F M IV 2R92.6%:  total
activity 753U(assay volume 10xL), 19.2mL)& LT —)LL |

0.1 ———————160
0.08} -
1120 {
3 0.08 1 2
= so 3
& { 2
<C 0.04} s
140
0.02f i
%
: 2
oLl W W N < O {0
0 10 20 30 40 50 60 70 80 20
Fraction No.

4. Sephacryl S-200 FIVBBHS AL AT NS T 4 — AR

A 5w T4DCM-Toyopearl 650M(V) =7 75 ¥ L2 R)THE 5N /= 1E M
DP4-AZBHT L. T LRI K o THME L 2BEEHEB.O0mLE 11 7 A
IZHEL L SOmMEE LS U D A EEDS. buffer TYAH L 7=, PGaselfi B 5
P4-4-2: No42-51(19.2mL) % 7 —)b L7235 LA X 1.6X 66em(133mL);
fi3#:23.6mL/h; 7 573 a B A X:2mL/tube; PGase assay volume: 10-100 .« L/tube.
Q-+, A280; —@—, PGasel& :(U/mL).

TN &R EENPGase I & L7z. AT v 75TOP4-4
123%™ % P4-4-2 DIE P AT R (overal)1386.2% T b > 7.
S. sclerotiorumB%5F M HR TP O TG ML 53 P4-4-212 D\
TEBUBEOFM 2z R ITRT,
& 1. S.sclerotiorum (2 BREZE) HA¥KPGase I DHERMER.
Total Total Total

Recovered Specific  Purification

Step Volume activity  protein  Aw activity  activity  fold

mb) U (mg) yield (U/mg)

(%)

Crude extract 800 10880 343 14336 100 317 1
Bio-Gel P-6DG 1084 8032 258 1647 738 311 0.981
CM-Toyopearl
650M(stepwise)
P4 3882 5.63 22 35.7 690 218
CM-Toyopearl
650M(gradient)
P4-4 580 1433 0.766 2.20 132 187 59.0
Sephacryl
S5-200
P4-4-2 315 1235 0337 1.07 113 3662 116

S. sclerotiorum20°C- 2IH[E55357 5 A a0 5 Ml R
13900mLS 5 1172743, PGase D¥EHLBEEILZ D 5 5 800mL
ERHWTIT /2. TNH. 20°C- 2GS 7 9 2 an
5 QAR OPGase &TE 112 240U ThH > 7z, EIT
KL R HIR00mL(10 880 &M L 724 A 7w TIZ D
TOMREELEDTH D,

S. sclerotiorum20°C+ 2AEIRE =W & 0 FAR S N /= M
HR(900mL) DIE 12 240U T, & @ HeiEP1331.7U/mg
(&% NIV HE&E38mg) TH-o/z. ZHNITHL T, S.
borealis5C+2 1 ARG EM X D FHH I N MK
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B50mL)DIEPEITT 969U T, LHeyEMEIZ18.1U/Mmg(& % >IN
27 '8 8440mg) T & o 7= (Takahashi et al. 2002), S. borealistd

FREES, BERlIR IR AR LS9 WERN D D

S. sclerotiorum & i U TRk OHIHNEIC L > THE LN S
HAHHR OEIEII D72 o 7zs T DS. borealisD R NS.
sclerotiorum & e U CGEWHEHIL, BERRENEHERE
TEHBN5CERL,. BOREICE > TR 24T
HB & KRUPGaself M & B IR MNS. sclerotiorumDI65%
S, T 5ITS. borealisDHEFIRESC TDPGaselFH (2
996U) TIS. sclerotiorumDFI24% F TR F L. #E> ThEih
DRI I NN S 2D & b s,

Bio-Gel P-6 DGZIL A/ O NI 57 4 —IZBT5
TEPEFINERIZT38% LIRS, £ZDAT v T THRIEM
Y P T 43 D FEAE % (31.1U/mg) AS KL Hl HE R o B3 1
BLTUME VDB T<HITMETLTHO, MHEGER
13098115 &7 > 7=, ZOHEMIZ. MK OPGase %
BLEY 2 )N EBio-Gel P-6 DGTIL A 0~ 7
T 7 4 —IZ& o TRFZERIZEIN I NN, A A ik
DR FICE>THINAHBI O NI T T ¢ —1RICEU
LHEY XNV E OB ICPGase N ICTHE L. ZD7D
PGase WEMN SR NZZE. BEUEACT T2
FRIZ & - TPGase D RIEN G S Z T N/=FREE B
AHND, —H. S.borealisHFDPGase I DIEHICZ BT
LFMDOEBEICBNTIE, FLa#@rax by I7 14—

BDY N7 E DR PGase D ERIEIZ R 5 Na o 7=,

Z DRRISHER NS | S.sclerotiorum I DPGaseldS. borealis
D ® DITHART, MEBREREEZEI LT
HEZ2HOBDEEZSND,

CM-Toyopearl 650MEGA1 F > MO 757 4

—(A T T T ZER)ICBT HIEMINEIT23%TH D

IEEDEENE T H o720, S. borealisHF DPGase T D
% & (Takahashi et al. 20021281 B[ A 7 7 TOIE ML
F(59.6%) B L THLMNIE N> 2. £,

CM-Toyopearl 650MB51 A4 > &My O~ 8757 4 —(Y
=TT IV I Y MAHENCBWTS. sclerotiorum KD
PGase(POIFTEIZ2T 1V T 1 L(PA-3 [ UPA-H)IZrEES 1
e, 2@ ux M T T 0 — 2K TOEEINER
97.5% &<, {EEOBERIIASNBMh>7z, ZNHD
M5, Martel et al.(1998)71S. sclerotiorumDPGase 7 A Y/
HALZBNWTERL TWET7 1 VA A OHFE AN

HAERMD, S. borealisH 3 DPGasesiZ BV TITTELE L 7278,

ZOERNT A VIS LOMEEC K > THELZZ
EWRESTAT YT IA XU NI T 7 ¢ —2AKDIE
HENRNE T LZEEZA SN, —TF. S. sclerotiorumH
K DPGasesiZ BT, Martel et al. (1998)I2 &> TIN5

NI X D87 4P A LB OHESEH P2, P3KUPAD
1D, KUP4-3&P4-4 & D D 1 R A ELAE FIES.
borealisDGEITHRT <NV HD EEbN 5,

ZDATy TIZBT 2PGase 7 A VB A LDor#EINY
— 23, FRROBHIE(A Ty T4 ) THBITH N
5T, S. sclerotiorum&S. borealis& ORI THEIE 5
Tz, S0mMiE{ET MU U A ZEEDS bufferizk > T
S.sclerotiorum D EI1Z1EPGase D27 A ) WA AP TN
P)MWNEH SN, —H. S. borealisTIFAT A VYA L
(P2, P2’ P3, JeUP3’ )DIEHIMBIZR SN/, KiT, 0.1IM
Wb+ R I LAZEDS. bufferic k> T, S. sclerotiorum
DPGaselI2EICEB > ZE— 7 P4HE L TEH I =0
S. borealisiC BWTIFEH—DOE -7 P4 &L TIEE N,
I 51T, 8. sclerotiorum DB EIINE AT v T T4 AEHIE
TIEHIN2EICE RS ZEEE—27PHZV =T 7 5
DI MEHERICEDIZEHFEEEERD2T 1 VYA
I (PA-3(HE 1R 5 A #240.3%) T UNPA-4(IE 15 A 5244.8%))1T
MHESEES . —S. borealis®FHFITE, 7oL
MAHEICE > THIZFHE—DIFEEY — 7 (P42, &S
BHEI28%)E L Tt ansz,

S. sclerotiorumf 3K DPGaseld 2 7 77 A XRHIEIC
Ko T3T7 1 VYA L(P2. P3. BUPHIZHEES =78,
15V R 5> (P4, IEMEEIINRA8.3%., TE 1S H #58.8%) D
HuEISITHEEICZH L. o7 1 F1 L3NNI/
WIZ. T OREEBREIT BT 2 M D S OPATE P [E1IY
H(overal)lE35. 7% (A 7 v T A Ak O N7 57
o —EIEMINEEL3%) LTS -,

CM-Toyopearl 650MB5 A > 2y 0~ v 275 7 1 —(Y)
STV IVIY MARIR)ICB YA 70X NS T T 4 —
R TOEMNINERIZIT.5% T, EWNEINENE SN,
Zor7uX NI T4 —IZBNTHSNRL2T A VTS
LPA-3GEMEE A #40.3%, Mg M395U/mg) K UP4-4(1E
G R8P, IEMED 8TIUMIIZITEEEEAET
Bl HIEHITIRE<S Biz-> Tk,

ZOAT v TIZBNWTH, PGaseT 1V YA LD
INE — 23S, sclerotiorum &S, borealis & DRI THEIZ-> T
Wiz, ZDORATw FITBUFBS. borealisHH 3k DPGase(P4-2.
EWEEERT28%. IEMEL 090U/me)d F70mMIE(L T ~
o AEEZDS. bufferick 0, FFE —~OE—2 &L T
WH I Nz, ZN&EEEL T, S. sclerotiorumBi 3k DPGase
27 AV HA APA3 K PA-MTZENZNHITSmM K O
8SmMHEE kT b U U A EFOS. bufferic K DFEH N7z,

ZOruax hg 574 —THLNZPCase T AV F A
LOW, EEEEERCHIEED RS S VP40 A% S
SITHEICHE L. DT 1 VT A LIBRM 7272012,
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Z DK BRI BT DM H A © O IE M I R
(overall)1313.2% & 755 7=,

S00mL DKL HHE 2N 5. 0.33Tmg D B A&k BIAZ B PGase
I 2137245 R &80 Tm. Bofhs AR S (PA-4-2) D2 TE PRI
1 235U& 720, HAHHR(B00mL) 2 5 11.3% DI P AR
Tholz, HEZEROIEMIT3 662U/mg T, HMiHHI®E
Mo ll6fFIcEHI N,

F Rk DR BHRIEIC L o TH S NS, borealisHKD

PGase I (Takahashi et al2002)id. HI&EMEA1960U/mgTH 0 .

S. sclerotiorum P 3 DPGase 1 1S. borealis i #KPGase I & b
WL TRUEDLLIEN 252, BWEHZEZE L T/,

—7F. S. borealisH1HPGase I DIEMEEINEIZ11.9%. F7=.

FERUERITI08ETH D, S. sclerotiorumMi K DPGase T D
O R EIZTFEMEDOMETH o7z LNLIRDIS, S.
borealis ¥ DPGase 7 1 A LNV 5 R EAEF
WM< H o, MR oeERIIMHE MBI NZY
AT A LFNFNOEEOME D BEWEE > T
HIZ6Mh 56T, TOMMERKOLIEEIZS.
sclerotiorum ™ e O HIHE D HiE % O FI6EIFEE D E T
Ho7z.

S. sclerotiorum20°C+ 2] 7 A BT, BRNTE
WITAREMITEEL . WEZERL TWel Ens,
AEBEBOEFIRERNICH 2 LEZ5Z2 51D, JTOR#
Y7 5 il X 3172 PGasestdpH4.5 TCM-Toyopear]l B 4 >
I O 8T 5T 4 —IZBWTRHA A 25K Hig Ic %
ELZZENS, FEEAITEEEPGase Y 1V FA L
L& Z 50, Fil 0 5> OPGasei % (8 M PGases) 3R B
BEEEHEE R UL Rsniah - =(K2). —H.
Martel et al. (1998)i&. S. sclerotiorum D EAREE 2 E D%
NENRI2 B1558 AW SIFEDPGase 7 1 VA L%k

THESHBEL . EHHI(22°C- 10H MBS 38) DREE A 51,

pHS5IZ 3B TEcono-Pac SBA A > A HABHIR IZ W L 7x Wy
7 AP A A(EETEPGases) N EIE MR > & L TE SN,

I ST EEEREI(22°C AH B ICB W T EIZE S NS,

Bt 4 > SR HBINRIC W E T HPGase 7 1 VA LIZB W
THZOplidBHEMIcH 2 ZL2WE L, £z,
Waksman et al. (1991)13S. sclerotiorum® £33 AHE(25°C- 12
HEE#) M 5, E72PGasel& EE 4> & U Tpld.8 K T4.9%
D27 1P A AEEVEPGases) Z Bl L /=, Fox BT
FORMA T LI O NI T T =Tk o THEEEL
72PGase 7 1 VA AZDWTIL., Fil 0 E -y O
PGasesiz T<EWEERTH D, FEAENFHEEIT
HHEMEPGase TH D LB, NS OHMELIZRE >
TWw/=,

Marciano et al.(1982)i&. PCAX/zI3T F > & IAT-iK

RIEHT DS, sclerotiorumB%#E(25°C 4] U8 H ) AN 5
132 NENpl4.8(exofl; PGATFAE ) E 72135.1(endoy; R
F UFET)DEEMPGase 7 1 VYA LA &EENTNERIE
S & U T/, —F. S. sclerotiorum\ZJEG L 7= FEH)
FELRR7N 5 13pI8.3(endo X /=t dexo®) 2 £ DPGase 7 1/ ¥
LDEIEEMEFR L=, F /=, Fraissinet-Tachet et al.(1995) %
U'Reymond et al.(1996)i&. S. sclerotiorumiZ 3T HIE
PGase 7 1 VP A L& d— KT BBETFDin vivoDJEA S
T (RT F 2 XIFPGATETE T TORMKEEEE) TIIREB
L7snw—37, MY OBREPIIIFRET S5 2 & 2R
L7z,

INEDOEENS, ZOXDIEVWNLE U ZERKIL,
BEFMRAEE EEREE)DEVICED2BDEE X
5N 5, TabB, WAKEHITORERIZE W TIZPCGA(E
R FNIEEL TN RARDIKRE SIS
THBOBEEGEMZTE)IREIZEL . S. sclerotiorum?NJF R
AT, KNpleiF OEEMPGase 7 1 VU1 LN
AIN. —H, FORRICGEWIREEEZASNDH T AR
B2 ITBWTIES. sclerotiorumDFAERREERIFEIC L > TH
FiEzrRL., TOEE L THERW UIE A Opl
EROT7A VYA LOEENEREIND EEZ SN,
Keon and Waksman(1990)13., R ES 225 44(25°C- 12 H ik%3%)
IBNTIT LK METIED 2 HNHED KO EEMEPGases 3
FIEL TWBH I E &R L, ZOLDBEERIDT. Hx
DIEEEIEDS. sclerotiorumDIFIFIEFE 2RI L. €D
R, Rl U EAMEPGase 7 1 VU A LA DFEE 2L
LTWBZEEBRREBLTVSEDDEEDNS,

PGase [ (P4-4-2)D#ES L UDF45ME

NI L7 O NT T 7 ¢ —FEEEBPGase I (P4-4-2)D
M, HTHEEBIUEHFEREZBRIKE &AW THN

8-25% KU T 7 UNT I RISV MIVIZBT S,
S. sclerotiorumM HPGase 1 ¥&BAE i (P4-4-2) Dnondenaturing
PAGE(pH4.2) f CRSDS-PAGE(pHS8.5) D & B 2 KSIC R T o 2
FEOBLZIKIIEICBWT, CBBREAEICKDE—DON
>R I N, R RP4-4- 23— I N 2
EDURS NIz, PAAAIEIEMESY NI ETH 2729,
SREERITB W TITHB IR EEN > RIES NIRRTz,

SDS-PAGEIZBWNWT, HTHEHEN—H—F 2 /N\VED
BEEICHT 5% 42 DS TEEOHE AN T Oy hORE
B — K ER X (K6) M 5 HFE O 5 TEEIF39.8+
1.10kDa(S.E.) & RfE®H 57z,
S. borealisH¥PGase I IZB W TCEKEICHED b N0 T
BE1339.840.371kDaTdh 0. T D2FEFEDPGasel33E LD
DTEREROZENHLS NI N,
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(@ 1 2 (b) 1234
) (+) T
1 1
(+) (=)

1 2 1234

5. S. sclerotiorumPGase 1 ¥ERER(P4-4-2)DRVT7 I U7 I K
S IVERKE). nondenaturing PAGE(a)i38-25%%2 5 P T2 b7 )L & T
pHA2TITW, 7 J)VECBB R250THEE L=, L —21, 2: P4-4-2, 0.07 g
SDS-PAGE(b)I. #EF%2.5%((w/V)SDS. 1%(wW/V)SFF AL A k—)L
(DTT). K& OImM  EDTA & #12100C T2l > F 2 X— kL /=%,
0.55%(w/v)SDSDFFAE F8-25% 27 = ¥ L2 4 )L % W TpHB.S Tkl & 17
S7. TIVICBBR2SOTHE L., L—22,3:P4-2-2,004 08 L— 21,
4 THEBS—H—% 2 )\UHE; 1 BERIKE .

¥z, [EFIZBNWT, FERY—H—F 2NN EOBEH)
BT 82 DHFEEROT Ty S OFEMEMKR— KB
XYW S, BFREOplIES.T0EAE® 5N, S.
sclerotiorum B3 DPGase I (P4-2-2)\3HHNMES >INV ET
HDENRENZ, —F . S. borealisHI2k DPGase I 1
pl7.88CTdh 0. 2fEEDPGaselIIplic B THLHEN R 517,

T T T T T T T T T

1.0

o o o
N o)) o)

log(M.W. x 107

o
[S)

0 02 04 06 08 10
Relative Mobility

6. SDS-PAGEIC& %S. sclerotiorum PGase I (P4-4-2) DN FHEERE.
NTEEY—H—5 2N EOBEEICH L TE 4 Do FEEDH A
¥E7ow hUk, il - K ERRIT. y=-1.61x+1.45(—0O—).
y=-1.56x+1.41(— A—), K Uy=-1.54x+144(—0—)TH> 7. —KERR
DOFIBIREITE A R=09984, R=09963. RUR=0I6TH>7-. @A M: %%
DEZVKE T DPGaschs B H(P4-4-2) DT O v b, ZOEZIKENT X >
Tk 5N 7=PCase T (P4-4-2)D 73 TE L% 4 40.0kDa, 37.8kDa. J& Uk
41.6kDaTH o 7=,

LWL S, S, borealisH 3 DPGase I D% AIES.
sclerotiorum 1 DPGase 1 (P4-4-2) & Lbilgd 2 & & T 1%
27 LTV 00, BBEEEMTH 72, §
26, S. borealisfH# DPGase 1 13 EMPGase TH 0 .

L

AW CHREBIBBEEX N7 S. sclerotiorum 3 DPGase 1
(P4-4-2) E[FIRRIZ. S. borealisiZ K % F B HERZHH D5 R M
WHE<SBEG5T3PCase 7 TV T A LTHDEEZ NS,

10 T T T

pl

i
W
!
%

M obility(cm )

B7. IEFIC& 3S. sclerotiorum PGase 1 (P4-4-2)DEEHDRE. (a)pl
R—=HN—F NV EOBHEICH L THELOplET Oy kU7,
BO—RENFRZy=-1.41x+8.77CTH > J=. —XKIEIIFHX OHBIEEIZ
R=0914THo7=. O: pIx—Hh—4% > /)N\7E; B S. sclerotiorumbiH
PGase T 5 SUHE 54 (P4-4-2); A: S. borealisH3PGase T (P4-2-2). (O)EFI. 5%
RUTZ 270NN T 2RIV ERNT, pH3-9D&iIH Ty, #ILIZCBB R-
250CHRE Lz, L—21, 6 pIR—H—% 2 INUE, L— 22, 5. S. borealis
I HPGase T (P4-2-2); L — >3, 4: S. sclerotiorum M ¥PGase 1 (P4-4-2).
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S.sclerotiorum PGase

Summary

Polygaracturonase I has been isolated from the mesophilic white
mold Sclerotinia Sclerotiorum by cation-exchange chromatography
on a column of CM-Toyopear] followed by gel filtration on a
column of Sephacryl S-200. Purified enzyme preparation(P4-4-2)
had a specific activity of 3 662 units per mg of protein, that is,
116-fold purification over the crude extract of the wheat bran
culture of the mesophilic fungus S. sclerotiorum. The purified
enzyme was determined to be homogeneous by nondenaturing
polyacrylamide gel electrophoresis. The molecular mass of the
enzyme was estimated to be 39.8%1.1kDa(S.E.) by the
polyacrylamide gel electrophoresis in the presence of sodium
dodecy! sulfate, and its isoelectric point was estimated to be pH

8.70 by isoelectric focusing polyacrylamide gel electrophoresis.

Key words: Sclerotinia sclerotiorum, mesophile, white mold,

polygalacturonase, cell wall degrading enzyme
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Coomassie brilliant blue G250 dye-binding microassay for protein

Takeshi IKUMA, Kouji TAKEUCHI, Keiko SAGISAKA, and Toshihide TAKASAWA

]

=

Coomassie brilliant blue G-250 (CBB)Z& HWT4 > /N7 B i€ &R EREORE 25477,
%9, Bradford reagent (0.01%(w/v) CBB-4.75%(vIN)T% J —)V-8.5%(wiv)\) > )% L .
Bradford (1976) D& EFE AR (0.1mLY > /X7 B ¥A#K. 1mL Bradford reagent)iZ &k > TBSA
(0-9 1 @) 2 FEHEYE & L TH W TBradfordi% Z #RAE L 7z, Bradford reagent (Bradford 1976)i3
FAE D SR HREFHRICCBBILE 24U, T 2EFICHBBEEZLEEL, /5T
O EITEEMBIERERZTORITNIE b’d‘ %%ﬁ f’EJ:kE?#E'C ZDREIZ

Bradford reagent IZ2¢ R & A T HMRIRTE/RMN > Iz,

#E75CBB reagentDFAEL 23 A, For T 2 2 CBB reagent% Fa'ﬁ%% L7z, CBB reagent®
EEX. 0.025%w/v) CBB-12.5%WN) A% J —)L-70.83% (W)Y > Tdh b, CBBIZLD S >
NI B OFEARIT, 0.8mLy > /X7 BEEEHR(0-9 1 g protein), 0.2mL CBB reagent Tf7 - 72,

F—U— K : CBB a&#EGIE OEMES

W

& NV EEERT DDICBIEE TICHE L DHENE
RINTE, YONTEDHAEREEL TR, 7L
HIVERETTY DX EHROXRTF RiEE L HH(Cu)
AR & DERARTERRIC K 2 ZE 78 & A K & H W 7= Biuret
%(Gomall et al. 19493 FIZHONTE /M. TOHEIT
N EOHEEDEVIZL D FEARNKE LT L7
WRIZEEITEN TN DD, ZREOBEOHRGFERVT O

) 2EFOXRTF R L TIIEANFICES . —#K1

HIRETE K R E LR

%, EEEERE. CBBG250.

IR (1-10mg Y > /N7 B)DRMEN E WS RENDH - 7=,
ZDOREZETIRT 272012, BiuretiEIZy >N 7 EHH D
HEBEY I /B (FUT b7y Y ROTFOT D) EHA
JSFolinidEzHAGDOESZLICX>THEL
Lowry{Z(Lowry et al. 1951; Folin and Ciocalteu 1927)13/g&
(5-100 g & > X7 E)YMREERICH EUIR< WS N TE
e EWEN L. TFL 227 2 EEEREDTA)
FOFL— ML DTFAALA =L AN AT R
& ) —=)IVZEDEILH]. Triton X-1005 X R > )UAREE T b

Department of Animal Science and Production, Obihiro University of Agriculture and Veterinary Medicine
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U ASDS)EFEDHRHE AR 7Y o —)Lis &Ik
S THRANE S 15 Peterson 1979)Rm2H L Tz,
Lowry{k & HICWE L2 E S > O == 2 (BCA)E(Smith
et al. 1985)i%. FolinfdZFE D4 D ITBCAM Y IV A1 U 45
HTH NI HICKDBIRRINITE > THUCur &0
STV A EBR L TRICHETSRORERHALES
DT, BEBHE<(10-120 1 ). WidE YA S IS LAl
DOEEEZTII<L, BEEOEVWHETHSZ, Ll
RS B ETR0.5-10 u o) DA ITIE. 60°C - 60minDFH
MTRHZET DU ZLEE L, XHEHT SBCANE
i TdH22DICHEL ANSNDITE S TR,
—F. BHEAaREY NI EEOREGRITE < NS
HoNTHO, BUEARERSTNOZRIVE BTSN
JEGTFHROUT S, EAFT, TIINFZRERE
DEENT I VBEESCHEEY 2 BEREAOME R
N&G 7 2/ IO EFE 2R T, BRESTEICELS
& 2N EEREEE L TIX. Amidoblack 10Bi%. Methyl
orangei% f (XCoomassie brilliant blue G250(CBB){ENE % X
NTE7=, Amidoblackik D EITITSY >NV BRFEH S
Yk & A%, AT OAEREORDZNET S
subtractionit (fFA 5 1964) RUOaFEIEGY > /INTEIE
Bz 7 1y — LICED, T DHNaOH-T.8 / —)L7K
BRIZE > TT4IN Y — OB AFEZBEHL T
630nm T D WS E (As) 2 HIE T B EHEE (Nakao et al.
1973) I3d 20, TN ©EBRBRIENEM CHIEETDH S
FOICEERICEIMENH B EEZEZ5ND, ZHUTHL
“CBradford (1976)23% % L 7=CBBZ& H W\ /= A& 4l &ik13ilE
BEIREE TR A (WIUMIR465nm) % 7R3 CBBA Y > /%
BEBET2EH0 (BNRASSm) 227 5%E%E
FIAL T, Asws Z2HEL Tkl oy >NV BEEER
TEHHOTRESEL(02-10g). WiIEMHEBLREDR
MEHAIFEICR SN TSR TENTNS, X, Ok
R RTEM B EZ LB E LR W=D IR R

TH%. L L7 5Bradfordid FEIIFEADOHHENEL

HICCBBiE M ER ) S REFEHICRAICK ST E %
AUST <, MHERICSBREICEK > T oKz
NERFIUIR ST, W TEDHE TN TR IE
PR 2T ORI T T 5 TR EZ R E L L,
CBBi%EABradford(1976)Ic k> TE LRI N THh 5% DK
E(Read and Northcote 1981; Spector 1978; Bearden 1978;
Mcknight 1977; Sedmak and Grossberg 19773 IA 5N TE
T, RO RREESNTICBEICE > Thd,

Fr 4 1. Bradford reagenti D W THs o D F B 2 2EH0
ICFN, BEICRHICK > TCBBILE % £ 5k L 72 1WCBB
reagent DAz XA T, IEWITLE/RCBBreagent 215 %

T LA O THE T B,
AERVORRAE

S

CBB (3 HA{bZ#3E 5 Specially prepared reagent Lot No.
M7R3031. Essom'™™™=105), U > (FOEME T K
85% (w/w)), =&/ —)b (FIJCHIEE T Feik
99.5%(vIv)(wiw)). AF /) —I) (FIEHMEETH ik
99.6%(v/v)(w/w)). Bovine serum albumin (BSA)(Sigma, crystallized
and lyophilized, Nitrogen 14.8%(w/w)). 7 b+ ~U DL (0
JEHIEETEE  fL2EA 90.0%(W/w))s

BSARLER KR DIAR

BSAKISmg #1300 A XA 7 Z 2 2(10mL)IZ A, fR1F
Al & U Ta%wiv) 7 2AbF ™ U AKEEHE100 1 L& A
A F B AK (MiAK) #ATEMS B K.
10mLIC A A7 v 7 L 72(0.5mg/mL BSA-0.04%(w/v) 7 1L
FRUTL), ZORFRERE]2MLT O A 7 O0F 12—
T(LSmLIZAHEL TSCTREL . AT Asz HIE L.
19%(w/v)BS AR D W I FE 1R X €200 "=6.60 (Kirshenbaum
1977) L CIEM/REEZRE Lz, D%, ImL (7
1 ERy R ZEO5ERML, £0.1mg/mL BSAEH
FEUEAWR 2 AR L 7=,

Bradford reagent. Modified reagent AR U'B D 5 &

CBB 100mg (GF— F)NT > R) ZFEED A—RNLT S
AIZAI 95%(VNTE J—IVATSmL (A AT >4 —)
EMA. F2KRMELELCBBZBEMI L. T 0%
85%(wiw)J > BE60mL(100g) (Bradford reagent). 100mL
(Modified reagent A) X3 130mL(Modified reagent B)ZCBB-
T4 7 —)VIEIRICINA IR R U, #iZK TILIZ A
A7y T Ul RICINGRIEZWERS A BE(EEH
A No. 5B Advantec) L. 5SC TRTEF L 7z,

FIBEIZ DWW TIE, Bradford reagent: 0.01%(w/v) CBB-
4.75%(IN) L% ) —)L-8.5%(w/v)U > . Modified reagent
A: 001%whv) CBB-4.75%(N)L% J —)-1417% W)Y B,
Modified reagent B: 0.01%(w/v) CBB-4.75%(v/v)L% / — )b -
18.42%(wiv)\) B T&H %,

NS OHEIIREFEHRICCBBEEDILBEZELC 2D T
FERAERNCKS A (E&HAHNo. 5B Advantec) LT
MmHHANz,

CBB reagent 1, 2K 3D
CBBI100mgZ#FEEL D A — ~JLF 5 Z(200mL)IZ A+, L%
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J —)VAT.SmLz A K2 ## L CBB & ISR = B 7z
Z D%, U > E60mL(CBB reagent 1), 100mL(CBB reagent 2)
X3 130mL(CBB reagent 3)&CBB-L.% ./ — )LiAWRIZ N A
OMRFEIHEHR UMK T200mLIZ A 27 v 7' LTz,

RIZZN5CBB reagent 1. 2 KU3#KE A%, 5C
ThRiFL 7z

FRIEE L. CBB reagent 1: 0.05%(w/v) CBB-23.75%(v/v) L.
%5 ) —)-42.5%(wiv)!) > . CBB reagent 2: 0.05%(w/v)
CBB-23.75%(v/v)T.% / —)L-70.83%(w/v)U > . CBB
reagent 3: 0.05%(w/v) CBB-23.75%(v/v)L% J —)1-92.08%
W)U BB TH 5,

CBB reagent 4D 3F %!
CBB 100mgZFFEL D A— NVT T I AN, ALY J—)
47.5mLZMAK2HEHR LCBBEEM I &, U 2
100mLZ A B #E, Sk T200mLIZ A AT v 7 Lz,
BIZITKE A %5C THRF L 72,

B E1Z0.05%(w/v) CBB-23.75%(wiv) A 7/ —J1-10.83%
W) ~EETH %,

CBB reagent 5K U6 D%

CBB 100mg# L% / —JL(CBB reagent 5)XiI A% J —)b
(CBB reagent 6)#J50mLIZ N A2RFHEB#IS MR, V) 2B
100mLZ A BIC R L S22 T4/ —)L(CBB reagent 5)
XIE A% J —)L(CBB reagent 6) T A Z 7 v 7' (200mL) L /=,
%5 5@ E%5°C THRE L 7=,

FRIEREIL, CBB reagent 5: 0.05%(w/v) CBB-53%(v/v) L%
J —IV-70.83%(w/v)U > . CBB reagent 6: 0.05%(w/v)CBB-
54.4%IN) A% ) —)IL-10.83%(wiv)) “EETH 5,

CBB reagent 7R U8 D&Y
CBB 50mg#x L% / —J)L(CBB reagent NXII A%/ —)b
(CBB reagent 8)47.5mLICIN A BIPIE@RHE., K412 2
100mLZ A FICHRL, BEBICHAKTARTY v 7
(00mL) L 7z. 205 Dt 2 51 5 L ST THREL 7.
FEIREEIX. CBB reagent 7: 0.025%(w/v) CBB-23.75%(v/v)
T4 7 —)V-70.83%(w/v)\) . CBB reagent 8:0.025%(w/v)
CBB-23.75%(v/v) A %/ —)V-70.83%(w/v)) > EETH %,

CBB reagent 9K UM0MD FHHRY
CBB 50mgZzT % / —)L(CBB reagent 9)XII A% /—)b
(CBB reagent 10) 25mLiZin A BERAME, & 412 >k
100mLZ fNAEICEER L. #IAKTARY v 7 (200mL)L 7z,
%515 5#8#%5C THRF L 720

FRIEEIL. CBB reagent 9: 0.025%(w/v) CBB-12.5%(v/v) T

5 ) —)V-70.83%(wiv)) > . CBB reagent 10: 0.025%(w/v)
CBB-12.5%(VIN) A% 7 —)L-10.83%(wiv)U > B Td 5.

FIR4E 1 (Bradford reagentBUModified reagent A, B)
AR (13x100mm) A IZ BSAREHEFR W S ik & 2 W T100
LLHIZBSA 09108 (0, 1,3, 5,7, 91g) #&EBSAY 2%
BRI %2 MU 7=, Bradford reagent. Modifed reagent A
XEB ImL (74 >EXRwy ) ZARBRE I F9—
(MT-31 ¥~ b) THRIVT v I 2%, 30C (FIVIRT
ANA) T > F 2=k L7, FAITDOVWTII,
T T U UI4ETZEOMIZZETITWVY, 7T 27 DHRAD
IRE A EG O DY > AEHLTF—F—& L
THEALLBN S AosllEE~ 1 701 OERRE lom.
TIv Tz A BHERLTITW, R
AL 7zo

S fai21F 2 (CBB reagent 1-10)

ABE (13x100mm) H1IZ BSARRHEVA R & ik & 2 FVT800
ULAIZBSA 09 1L g% & TOBSAY /N7 BRI B L 7=,
CBB reagent 1-10D #1722 2200 1 LINZ HRIL T 7 A L 30
CT57MA > F 2 X— M, FEABIELEFRKICAwE
HEBRLEMER 2R U 72,

BRREVER

Bradfod reagent’ U*Modified reagents A, B

BLIEY NV EBRRDOY VNV BREEYA 70l X
)V THRTET 2 72812 Bradford (1976)I21¢ > TCBBEFE i3
(Bradford reagent: 0.01%(w/v) CBB-4.75%(v/v) % / —)b
-8.5%(wiv)U BB L . 1-9 g BSAZ W TH MG
PELITHE > THERHERRRE R S8R 217 > 7z Bradford reagent
FHMBIHREL b0 ZRKSIAE (E&H 5#No. 5B
Advantec) UTCHALZ#E%2KI1IZ/-RT, Bradford
reagentZ W T O EBSARIZH T 23EHDAssT — 5 — D
CVAEIZca.04-2.7% EZFNF ERER B DTN > =
AR PR R 1 0 < FREEARAR O — K allR X (y=0.0082x +
1.700) D AHBA 2 £213r=0.6565 &£ 72 D . Xblank Asesfill £1.700
CIEFICEL., REHAURIAETRY >N EEEH
MEE L CIMARETH> 2 (Fla)

BSARITH T % Ass D AR 13 Bradford reagentZ J§44 L
2O ABIRGET DITREVWR L ICEIFIZARD  (Klac) .
CBBEFZ DL A 1T & o TCBBIREE 5% H £ & iz
WAL, ZOEF E L Treagent blank AssAMEF L. ZD
72O ZN EITWITBSA 1 g% 7= D D Asosl 3L HEx &
Hizm BT BEE RS 572, Read and Northeote (1981)
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02 a6 5 000 2 a6 6 000 2 4 6 6 0
BSA (19) BSA (1g) BSA (1g)

1. Bradford reagent, Modified reagent AR U'B% ] L TOBSA%EZ
HEWE & U EREER. 2, Bradford reagent3i %441 H H: b, Bradford reagent
A% 7 H H; ¢, Bradford reagenti 8 10 H H; d, Modified reagent A 1%
1 H H; e, Modified reagent AF##% 7 H H; f, Modified reagent AFHHZI0H
H. g, Modified reagent BFi##% 1 H H; h, Modified reagent BF##%7HH; 1,
Modified reagent BFf#4#%10H H. O: Data 1; [J: Data 2; AA: Data 3.

1 Bradford reagent¥ir 3 3 S £5 £0M M2 CBBIL B & 4= U
TRETHO LML TNVDEN, Frix @f%/a\bi‘
reagentFd F% 1 H B SCBBILE M E UL 3 fEHRTIC
WU IR S mno 7z Tox O LLCBB-ﬁnaHEP
DOAEICBBIRE I Es50m'™'=105T, Read and Northcote
(1981)DHNW/=CBBEIR EFENWNIEZN S ZDT, Fx D
B & 1ZCBB#S f T O ARHM N RRITIER L 72 £13B X 1T<
WEEOLNS, ZOMEMIETR A NFE L /zBradford
reagentiZOWNT, HEL THS2THRICBVWTI A BE
DLETITIRENEL, FHHT S ”Mﬁjéiﬂ?%f’ﬁ%%g
EL. RAGEIO Y 2 XD BIRERE DB EF I, Y
Z OFNERMEMBE R R 2 1T D72 Ul fa: 512N 72,
FKUIRT L DI, Bradford reagent 134838 H ¥ & ki
reagent blank AssAME T L. TN EIFHICTHEALD EHN
BRI N/, K> TBradford reagent® CBBIEE % 1/21Z 1
/b & 4 7=Read and Northcote (1981)235H %L L 7z Dye-reagnt
No.2 (0.005%(w/v) Serva blue G, & ssomn' =1 18)1Z K Z M D 15
TRHIWVWHREZ525bD MBI N S A, Read and
Northcote (1981)IZ & % & #% HIZ & 5 CBB DIk B A bk 138
B EMHRT, o THAT 2 EICHEORS] A il
B OEEREAR MR R B 217 D JHME S I3 ME T E7x 0,
% Z T & 13 Bradford reagent® % H 12 & 5 CBBiL B A=
RRZEIEL., HEIQIEZEICKRESFETLEEASN

BIREEF - EiERK 21

#1. Bradford reagent. Modified reagent AR UB% |\ T DIEHE T #R/E
X RER (T (T 5 —RERX RO HBEFRE(NDEBZEIL.

Bradford reagent: 0.01%(w/v) CBB-4.75%(v/v) .4 J — )L -8.5%(w/v) ) > .
Modified reagent A: 0.01%(w/v) CBB-4.75%(v/v) % J —)b- 14.17%(w/v) )

. Modified reagent B: 0.01%(w/v) CBB-4.75%(v/v)T% / —)b-
18.42%(w/v)V) > .

daysafter ~ Bradford Mbdified Modified

preparation  reagent reagentA reagentB

1 y=0.0082x+1.700 y=0.0349x+1.033 y=0.0291x+0.870
1r=0.6565 1=0.9642 r=0.9912

7 y=0.0206x+1.339 y=0.0433x+0.731 y=0.0324x+0.727
r=0.9116 1r=0.9899 r=0.9944

10 y=0.0214x+1.181 y=0.0427x+0.656 y=0.0321x+0.651
r=0.9468 1r=0.9961 r=0.9976

14 y=0.0203x+1.009 y=0.0441x+0.572
r=0.9502 r=0.9947

20 y=0.0272x+0.812 y=0.0442x+0.472 y=0.0289x+0.527
r=0.9515 r=0.9921 1r=0.9968

22 y=0.0283x+0.639 y=0.0422x+0.408 y=0.0261x+0.443
r=0.9715 r=0.9910 r=0.9956

27 y=0.0344x+0.468 y=0.0393x+0.364 y=0.0264x+0.415
r=0.9917 r=0.9926 r=0.9977

Sreagent blank AssZ (XTI /5720120 VEIREZESD
7=Modified reagent A (100mL 85%(w/w)!) > /L of reagent
solution) & U*Modified reagent B (130mL 85%(w/w)1) > /L of
reagent solution) Z FA%d U THEYEMBIERER 2170y (D) .
BSA 11 g2 7= 0 @ Ass S Ureagent blank AsesAY E D K 51T
LT B aiNz (KD . TOMBRY CEBRIRED
F1Z & > Treagent blank AssidBradford reagent & #2~TiZ

F¥oETEAL, BEMESM EL &, ®EiZBradford
reagent D AR HIZE > TCBBAMMLE L ZDfEREL T

BSA 1ug¥i7= 0 DAl LR T HHERE/Ro 2, U >
iy 2 5 X ¥ /-Modified reagent A Z il L 7284 (K
1) . reagent blank Assid K& <A L % L CFactor BI5
BSA 1pg¥z0oFaFIRE<MELE (K1dD,
FIZFactorlIMHIC L > THRES LR ITLREL T
= (K2) . R HRTFIC K DCBB reagentH & OCBBiL
WA A B Ik T E I o .

TR, U EEEE 2 I LA X ¥/~ Modified reagent
B #{# ] U CFactor & U\Factor O % HZ5{b, FICI3R% A4
FIZ K HDCBBILIR B DR EZ /=, T DRER, U >
BRI 2 N S B T O ERIRIERRIC BT 557 — % O
BIPESE IModified reagent A& IR EL LD SN 72N (M
lg-i) . FactoridModified reagent A& D BT L TL F W,
R IZFactor & H AL (2) 12DW T, FactordSfEH
EHITE R L, —R 35 & 2 ACBB reagent LA &
STWBH AR BE X 57z, X, Modified reagent B
B HIC K HCBBILBERAVEE Z 0, 1) 2 EERE 2 S
HCHCBBILR AR ZEN L TE/ah > 7z,
CBB reagent 1. 2R U3%ERA L TOELEMIGIER
Bradford reagent & U*Modified reagents A&Bl3 iz 3 7 i %
MOREHRFICE > TCBBILEZ4 L. fHOERIZA
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2. Bradford reagent, Modified reagent ARTUB®D BSA 1ughi=y D
Asos(factor) D#F HZ{t. @: Bradford reagent (1XMEFEK, y=8.60%
10x+0.0105;mean 0.0229+S. E. 3.13XX10% CV, 36.1%); M: Modified reagent A
(LRI, y=-5.67X 105+0.0433; mean 0.0425+S, E. 641X 104 CV, 3.99%); A
: Modified reagent B (1 K[a# =, y=-2.68 X 10x+0.0334; mean 0.0295+S. E.
L19X10%CV,9.98%). % 3EKISME T 2 EaTc 2 L 7.
WEAEDS LB TIEF 1IN < Wz ITBradford reagent
(Bradford 1976)dCBB., T% /=)L) S EIRE 5%
WU CTRAMREICE > TCBBILE 2 E Uy >/ E
FEREEZHL AL XS B, ¥ NTHFEE
i3 TH DCBB reagentz frfEHIZCBBON LB & LT %
DIRZLY /=R P HREMENZDITREZ 25D
EEZ T, £ &¥ICBradford reagentd ¥ H5f5IREDE
WCBB reagent 1&fEfk L7z, 2L THARBRIIBITS
CBB. =%/ —)VKkUY > E# IR 3Bradford reagentiZ
BI85 EFTRAKITARD L DICREIL. FagE2
WRLZBO S N EY > T IVIEIK0.8mLITH L T
CBB reagent 0.2mLEINY 2 RISRICW D=, ¥ 2NV E
Wi Z0.1mL» 50.8mLICK E LA Z &I2L> T, FL W
Lg¥ NV B TROETOGEEEADEYNIE
REMEEVWSGETORANTRRIZRD . Rl
RICBIT 25 NIV ERBIIFRU THLHITH0H 5T,
FEEMIIEZEZ N LI E2 2 ST 0 ILAERAD
D72, HE> TCBB reagent 1 13FEIFIZI3Bradford reagent
DFEGRISKEDOCBB, T8 J =)V TN P EEOJRE & I1F
FRUTH D, LML S, CBB reagent 12 HWNWTD
FEBRIEUT K > TOEEHBERERII3 ITRT X
12, reagent blank Ass/3Bradford reagent® i D 1.70012
LU T3.293&EHITHE WAssE H 2=, Z1I13CBB
reagent 100U > EEIRE A +4) TpHAYE W /=D IZCBBD
SE#rAtblue form( A max:645nm) 1> TW 3 ONFK &
AHMND, FWITBSA 1ugilwtd BAwld Y1 F A iz 5

M

[

LY 2N g sk

22

ABSAE(p gzt U THBIEN 2 < B INT . reagent
NIy N7 EFEERARAEE L TRE<HHTERNE
fEam L7z,

40 T T T T

20 T T T T

a d
Erﬁ—x—a—ﬁ—a M
& 30F g 10 1
Y
\\_'15: 1 1 1 1 \'r\ 00 1 1 1 1
0 2 4 6 8 10 02 4 6 8 10
BSA(u g) BSA(uq)
20 T T T T 20 T T T T
b M‘@
;M
3 10k E {3 1.0 E
1 1 1 ! 1 1 1 1
O'00 2 4 6 8 10 0'00 2 4 6 8 10
BSA{u g) BSA{ug)
20 T T T T 20 T T T T
c f
2 1.091-5'*4/3/8 i s 100 i
< B
00 1 1 1 1 00 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10
BSA(u g) BSA(uq)

3. CBBreagent1-6 (0.05%(w/v)CBB) & F\\ THERL L 7= E % dhig.
FE% 1 HH O CBB reagent Z i L 7z. BSAREMEIRIK DIEEEIX19.2 10
¢/mLTd > 7=. a, CBB reagent 1 (FEHEMFRD 1 KIall =L, y=-3.96 X 10k

+3.293;  HIBEFREL(r)=-0.0244). b, CBB reagent 2 (EEXEMHRD 1 KIEHHT,
y=0.0325x+1.333;  1=0.9863). ¢, CBBreagent 3 (KZHEpH#RD 1 K[ENFZ,
y=0.0320x+1.021;  1=0.9915). d, CBBreagent 4 (EE#Efhiro 1 KM,
y=0.0293x+1.331;  1=0.9797). e, CBBreagent 5 (KZ¥ERHHRD 1 K[ENFZ,
y=0.0258x+1.430; 1=0.8920). f, CBBreagent 6 (KEHEfhiRd 1 XML,

y=0.0299x+1.164; r=0.9810). O: Data 1; [J: Data 2; A: Data 3.

RIZCBBZblue form”» Hred form (A max: 465nm)iZ -1
ZRHE., 5 & L Treagent blank AssZ X F X B 57280
12U EEEEE %D 7-CBB reagent 2 2% L. FEEME
AT & - THEEMBIERERZTT > 7z, HRIZK3bITR
F K DI, reagent blank Assidreagent 1D#J40%(1.333)12 1K
R U7=A%, reagent blank Ass: 1.33313R77Z B 3415 At
EHRLTNDEEZOND, BHBSARIZH T D3ED Asws
DCVAEIZ0.31-1.56% CRE A E <. REEHHR O —XK[=
ek OFBIFRENTr =0.9863& 720D, N2 D BAFIRERRE
MESI, BSA 11 g%7= D DAwsTEEERIT0.0325& 725 7,
reagent 213 RFHICCBBILB 2 £ U 2 Z &b <, K
PEIZDWTHRBICK DRI T < D> (reagen 2375414
SIHE £ TOFAED—KEIF: y=-6.18x10"x+0.0321)
T, EOHMIT NS> (K5a),

KiZreagent 2Cldreagent blank AssA3¥1.333 & & Vablankfi&
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20 T T T T 20 T T T T
I a I G
MO;(M | 4’@1'0;.’/3/@/"’) ]
1 1 1 1 1 1 1 1
00225 & 10 00225 & 10
BSA(ug) BSA(uQ)
20 T T T T 20 T T T T
I b I d
310;‘/‘9_,3'/5’”‘ 1 ‘meik}/a’”@’) ]
0_0- PR IR U S 00- PR I U S
0o 2 4 6 8 10 0o 2 4 6 8 10
BSA(ug) BSA(ug)

4. CBB reagent 7-10 (0.025%(w/v)CBB)% B\ THERL L 7= ZEH i 45,

% 1 HH D#CBB reagent Z i L 7z. BSAREUEVAR DIEEEIX19.2
g/mL TdH>7=. a, CBBreagent 7 (BEUERHR D 1 K[a[MFZL, y=0.0361x+0.531;
FABI R %K (r)=0.9910). b, CBB reagent 8 (EEHERh#RD 1 XK[EIKH,
y=0.0365x+0.543; r=0.9977). ¢, CBB reagent 9 (EEHERHARD 1 Ko,
y=0.0407x+0.556; 1=0.9941). d, CBB reagent 10 (FE#Efh#RD 1 XM,
y=0.0386x+0.530; r=0.9917). O: Data 1; [J: Data 2; A: Data 3.

ZHEZOT, TNEBIERTSE2HTY CRRIE
e LA S ERERE S L TCBBO W Zred formiZfF 5
reagent blank D{KWCBB reagentZFHB L &5 && 2. CBB
reagent 3ZERK L 7z, reagent 3% W = FEEIRIE2THE S
T AR VEH AR AR B SR BR DS R 2 X3¢1Z7R" 97 reagent blank
AsostZHIFRERE DK F L2, KT OEEITH25% T,

1.021 &7 > 72, BBSARICKH T H3EHDAssDCVAEI
0.53-1.81% Treagent 2&EMNTRELBED SR> F=HE
YR o0 — k[l =0 D AH B AR £ 13r=0.9915 & 73 D reagent 2
TN THE TR LD, B2 Hreagent 2 (0.0325)I28~
THEMIEL<RD0.0329& 857/, LrLaBnsHAaR
ZHBWTHMEEEEC . ZNIRERTOY > EBiE
BEORMBETIILE2BDEDHZEZLN D, BZEOR
HIZEK DK T OEGIL. reagent 2ITWNTHRE R E < 72
D (reagent 3FHEEZ4TH H £ TOHRBRO —RKERRN: y=
-8.66x10°x+0.0324) (K5b) . U > BRI 92.08% (w/v)
D _EFITEK > Treagent 3O HZEMEIZWA L 2D T,

U BERRELT0.83% (W) i EE A 5Nz, UBED
CBB reagent® ) > & EE1370.83%(w/v) THHELL 7=,

CBB reagent 4
reagent] 2R U3 D LR ICK > T VEEIREIX
70.83%(wWiv) N TE XY & 2 547D T, CBB reagent 2128

005 —
£ o00af C
= .
B 1 10] i e e ST S
=
=}
2 002f .
& 001} .
18]
1 1 1 1 1
0005620 20 40 50 60
SIS T m ko
v 005 T T T T T w 005 T T % T T
£ 004l al £ ouf d]
o . . o
8 00— e+ 1 6 003-°, , .
oy . o N
2 002k 4 2 o002t . T
< <C
) )
o 001+ - 0 001k i
1 1 1 1 1 1 1 1 1 1
0005520 30 40 50 B0 0005520 30 40 50 60
HaEE HaE
005 T T T T T 005 T T T T T
2 oo0ab bl 80wl e
> 3 = .
“ o.os%h;ih_o_ﬁ. 1 2 003 v e e, T
oy ="
2 o02F {1 Joozt .
& 001F 1 & o001 .
18] m
0.00 0.00

1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
EEE STl

5. CBB reagent 2 - 6 (0.05%(w/v)CBB) DR EZENDE A ZE{L. %CBB
reagent & il W CAEHERNAR 2 /ERK U & HEBUTR 2 E(BSA 1 gh 720 D
Ass)Z 70w k L7z, a, CBB reagent 2 (1 RENFZ, y=-6.18X105x+0.0321;
mean 0.0305+S. E. 7.54 X 10-4; CV, 7.42%). b, CBB reagent 3 ( 1 X [mEG =,
y=-8.66X10-x+0.0324; mean 0.0302£S. E. 1.15X10%; CV, 10.8%). ¢, CBB
reagent 4 ( 1 KENFZ, y=-2.60X10-x+0.0316; mean 0.0306=£S. E. 8.80X 10
CV, 8.14%). d, CBB reagent 5 ( 1X[E[)# =X, y=-1.31 X 10*x+0.0281; mean 0.0254
£S. E. 124X 10% CV, 14.6%). e, CBB reagent 6 ( 1 KA, y=-9.71X
105x+0.0315; mean 0.0295£S. E. 8.56 X104, CV, 8.70%).

V) Treagent blankZ i~ = & % H ¥ Treagent blank~\ D A
5 )= DB E =, CBBOBEBELTLY /—)
T3 <, MEMESERY T 1 2T DEZHIEAY ) —
JVZ i L 72CBB reagent 4 ZF#I L. reagent 2 & LLfghn
U7z,

AEHHERIHEOBDZ M W/ERZM3AITRT,
reagent blank AssiI A%/ —WIZLEHETH LD S
Jreagent 2: 1.3331C0 L TL.331 & 785 720 &BSARICHT
B3EDT—F DCVIEH0.19-1.88% TN BIRELED 572
MoTz. LN UBSA 1g¥i/z D @ Assidreagent 2: 0.032512
5t U Creagent 4130.0293 & 75 0 J&3Z Ml ca. 10%{X F L.
BRI (=0.979N) B T L7z, XFEERITH W Treagent 3
DG &R 7R Bob F Ol R 5z, Ln
U722 5BSA 1ugi72 0 DAsD#EAZ L DEIS (reagent
43RBTS0 H H £ ToO—XRENRFZ: y=-2.60x10"x+0.0316)
Idreagent 20K265/hS <720 (K5c) . RIEMAEF S
CBBILEtZ4E U T, HBERICBWTEEE4ELC 2R E%E
Fr< &, ZE/RCBB reagent Tdh > 7z,



CBB reagent 5% U'6

CBB reagent 43 F G RICBWTHHI /LB S 2 £ Ul
UL, BSA 1ug7=0 DAssDREHICE B H /ML
IEFICHEEDOFEVRETH 2,

ZIZTCBBMLY J =)L Ay ) —VICR LAY %
ZEmn, MikeEHETIRTTY / —J)L(CBB
reagent 5) X% X ¥ / —JL(CBB reagent 6)% i /] LCBB%&5¢
ZIEMSE, CBBILBZRI S EE A Tz,

CBB reagent 5Z %10 HORER £ K3ellRT,
reagent blankldreagent 2: 1.3331% LTI J —JLIRED
ERITE > TIA0ITHEML TLE o7z, HBSARITKT

Z3BEFT—F DCVIEH1.94-4.92% L& <. BEEFETL.,

AR B O — K [\ 2 (y=0.0258x+1.430) D AH B % %
(=0.8920) LT L. EHEMEIZEN >, ZORKIX.
tRICHIT HCBBOMM IS ILB R DB 12 HEIZ L T
reagent SZFAML 203, RARITBVWTLROUWEZE
ClzdeEZ6NS, TITRELLBIISEED
I8 ) =INZEoTH NN ENT I I—=IILEL=d
DEEZB5NT=, reagent SORTEHIZCBBILEKIE A U
Mo 7Dy, BSA 1 g¥72 0 OFEERDE T (reagent S5
#%50H HE ToFRAaRO—RENFR: y=-1.31x10"x+0.0281)
BE s NRMho 7 (J5D) .

RiZreagent STOILY /=)L ORODITAY /=)L %
A UMK Z A TICHREL U Fzreagent 612 DWW THHIE]
HH O#5R 2312779, reagent blankiZ T4 / — )L 2 {f
FA U 7zreagent 5 (1.430)IC#2XT1.16412ca.20%{X T L red
form N\ DFE DR O NKRE ALY /=)L OF TR
THo/= (3D, ML ALY J— )V Dreagent 4 (1.331)
EHEEL THea 13%X T L7z, SBSARITH T 5 A50sD3
HF— 4 OCVIE H0.63-2.54%F2 5 Treagent SOHFH D X D
WCHBMIIRE K F Lo/, Ko THEMEHRD —
RENFHE(y=0.0299x+1.164) D FH B % 5% (1=0.9810) Hreagent 5
IINTIEIZRIFRBDTH o=, LnrLlians, FHE
RITB B 7 IV 3=V & BB Afidreagent 5 & [E4R
BRI Nz,

—5BSAL Lg% 7= D DFEARDREHIT K B{K T (reagent
O E%49H H E TORBRDO KA y=-9.71x107x
+0.0315)dreagent 4 (A% J —)UEH) &4 —F =T
[l UT(-2.60x10%) . AZEDLRAFIT BT 2 CBBIEMIEIC A

5 ) =IVIVIRIITH B Z ENEMTF 5N (K% » X,
reagent 5 (-1.31x10%) & bl 9™ % & 2@t Asca.34%Im B L 7=,

2, reagent SR TNOIZDWTDBSA 11 g¥7=0 DFfh
RO DONWTIE, T4 / — )L Dreagent 5 (0.0258)
DHELD B AY J — )Ll H Dreagent 6 (0.0299)D F5 H3 %
Z¥Dicalo%mmolze T ETORERTIE. CBBOE

gy N EERTE 24

WELTELY /) —IVKORAY =)LV DANELETHS
ZENERTE Nz,

CBB reagent 7% U'8

Z ZETHAEFR B Sreagent blank AssZ X F &5 HM
TYCBBEKROLY /—)ViBEZZLS Sz
HWLUTHRNZRER ) BEED EFITE ST, Read
and Northcote (1981)® & & L Ty % X 9 iZreagent blank®D
K FIC—F DR RN LR X N(CBB reagent 1. 2% U3).
—J. T8 —)ViED LFIC & 5 ThlueformAM AL |
reagent blank 231 & LTI/ U 72 (CBB reagent 2 T46),
UinL7ans ) D EEIRE O ERIEIZ K Dreagent blank Asos
DR TFITIZRA N H > 72D T, CBBEEZ FHIES
LI U7, reagent2 DCBBIREE Z 6l & & 7zreagent 7 % 3
L CHEEE R R 21T 5 7=,

CBBreagent 7Zffif L TD#ER % M4alZ /"9 . reagent
blank Asssidreagent 2001.333AssiZ4F LU TO.531As0s & 720
CBB#E D12 £ > Tcad0%HBICETH R L. &
BSARIZ K9 % Ases 3T — & DCVIHEIZ1.54-6.69%F2E T
reagent 21T N THBMHIIMET Uz, BSAESngll ED
HPAG, 7, & SudDFEBARITBNWTIIFEYSENFEAE L
DT, ZOZENBHAEERTORREEZA NS, L
MU G, R R O — KA Hi(y=0.0361x+0.531) D
HHBEIFREUZr=0.9910 & 72 0 HLRAYm WAHBE Z /R L. BSA 1
wgh7z D OFE IR Treagent 2000.0325As571 Hreagent 7D
0.0361Ass N ECBBIREZ R F S E/42 2 &L > Tea.l0%
ERUE. —F. FEEEORHZE t(reagent THRELZS0H
HEToFAEDO—KEFR: y=-1.15x10"x+0.356)IF—XK
ER R OMEEI18HERE <D, HIEL T W EA
Aoz (K6a) .

CBBOHEELTAY /=)L &AL %5 ECBB
reagent O HRFICH T 2REENRLS B>72DT
(reagent 4&6). reagent TO LY J —)LDRHOVITAY J —
V% U7=CBB reagent 8% FH L /=, = DHER % M4b
IZ7RY . reagent blank Asstd, T4 /—)L CDreagent 7C
H ALY /) =)L TOhreagent STHH XD EWVWNEL
reagent 7 TD0.531AssiZx% LTI < HMIZ(ca.2%) EH L
0.543Ass & 785 7z BBSARITHT B Ass 3EFT — 4 DCV
E130.26-2.29%%2 & T EF Btk 1 dreagent 7& HER L TN/ D
RIFTh oz, EHEMEO—XERHI3y=0.0365x+0.543
720, BSA 1pg/= 0 ORBRIZITY /—ILEHO
reagent 7 D0.03611Z%+ L Treagent 800.0365& 720D, <
2 (ca.l%) THh 2 M ERAERNICH S -,

—Jjreagent SDFEHZEMEIC DWW TIZ. il #3564 H
HEx ToORARORE AL —KERFEILy=-1.06x10"x+
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6. CBBreagent7-10 (0.025% (w/v) CBB) DHERDEAZE(L. %
CBB reagentZ W\ THREMERRHR 2 (ERL L & HEUTIAT S5 & (BSA 1 ngdh 7z
D DAss)Z 70w kL7, a, CBBreagent 7 (1 XKEIFZ, y=-1.15X
10x+0.0356; mean0.0333 £S.E. 6.91 X10*; CV, 6.56%). b, CBB reagent 8 ( 1
KA, y=-1.06 X 10“x+0.0366; mean 0.0340=+S. E. 7.62X 104 CV, 7.08%). c,
CBB reagent9 (1 X[AFZ, y=-1.23X 10x+0.0398; mean 0.0374%S. E. 1.08 X
103; CV, 8.15%). d,CBB reagent 10 (1 K[aEIFHZL, y=-1.13 X 104x+0.0398; mean
0.0365+S.E. 7.80X 10, CV,7.41%).

0.0366&72 0, reagent 7 (y=-1.15x10x+0.0356) £ & < [ U
%5 %, reagent 7 (L% J —)UfEH) KU (A%

— L) ORICZEEDEWVISEN > (o) .

CBBreagent 9% 1810
AEFOLY ) —)VRBENE WS IZIZCBBDblue form
DIEAN U5 5 & U Treagent blank Ass?ii < 78 7= (reagent
2&5), LMULAY ) —)LOGEIZBREZENE S5
H 1213 ITreagent blank Asst3 R L /= (reagent 4 &6).
reagent 7&83TIXCBBIRE Z £ L /=D T, LitoHEFEE
MFEY 5 7z ®iZreagent 1&8D LY J =)V EAY J—)LD
TR 2 298 X W Fzreagent 9 2 Uhreagent 10 2 FHE L 7=,
reagent 9% il L TOREFR % K4ciZ_R T, reagent blank
12D W Cldreagent 2&SDAMINFE U K S ITHHE I N L)
ZiRE U7zdY, reagent7T& EL#RT 5 &, reagent I3 T% /
—)VIEEDYE T LA skblue form DA 2 & > TAssHUE F
T B EEZSNTEN, KR ITreagent 7 (0.531) K DML
0.556As5 & 78272, #> T, CBBADIY J —)LIRED
FEIICBBIREIC L > TR D —EDBAII RS BN D
DEEDN S,
reagent 9C DIEHERTHE D — K [EIIFTILy=0.0407x+0.556 &
720, HBRERE=0.9941)1 5 & Z L I FHERENG SNz
b5, FERITDW Tidreagent 7 (0.0361) & #XT,

reagent 9130.0407 & 72 Dca.13% 57 L7273, BSA&S 1 gbh
PG, 7, 9 QI BN TIHER TIREY 2 42 U Assi
oD E, BEEMETI2580KEL TASNT,
reagent 9D FEARDKEH BT DN TIEIROCIIRT XKD
242 H B £ TOFRAR O —KEFAILy=-1.23x
10x+0.0398 & 72 0, reagent 10& %4 EF U 2R L 7=,

reagent 10Z{HH L CORRZRAAIIRT, A5/ —)b
2 U 72385612 Breagent 4&6ICBNWTHRI N/ A Y
J = )VIBEE NN L 7z 8 Breagent blank AssA31.33170 5
L164MIZIE R L 7= R Mreagent 8&10& DRI THEE I N
50 E S MRl Breagent 101230y Treagent blank Ass7)y |57
T EHMMEDIMEMF Lz, reagent 10Dreagent blank Assld
0.530&720 ., reagent 800.5437 Hca24%KF L. ZDEHE
FEldreagent 4&CDMHA EITHED LD TH O, A¥ /—)L
DA Breagent blankiZ M9 2B DML IZCBBREIZ X
STHRBD, —EDMHMAITIHm S NEA-> /. X, reagent
10@reagent blank Ases (0.530)1&. reagent 9D ® D (0.556) & #2
NRTUEL 72> %

—Jj.reagent 1012 K% fEAE AR O — K EIFF13y=0.0386x
+0.530 (FHESF2£kr=0.9917) & 72 0 (M4d). BSA1pg¥7zD
DOFEEHE Ireagent 9 (0.0407) K DKM S 7=, L L7ans
reagent 10 COFRLRIZBNTIL, ANOBSARIZBNT
BB EAET T, XEHRFIZHBWTHCBB reagentH1iz
WEZEELCT, BICHEBMHEE TORBEORAE
{ED—XKENFERILy=-1.13x10"x+0.0398 & 72 O . LE ML
reagent 9 EFE ELE DO Nien - 7= (Ked) .

A EOESRE RN S, FEAZILCBB reagent 9 (Factor
0.040N) D e B "N D 7 A3, reagent 1013, FERITBNT
LB QR & £ U REMBFER T, EiTreagent
blank Ass (0.530) B <. & L TR HRF I L Treagent
HEICHCBBILBEZECTRET, ¥ >N\ HERM
EERERAKE U THEATES &L .

BE, FRRER2ERMIRRE U Zzreagent 1013, fRTFF D
CBBUkE:Z U2 2 &7a<. REREET. RSHMIC
A 25 >N EEBHEEERETHD EEA 5N,

2 £ X #
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Summary

The high sensitive reagent using Coomassie brilliant blue G250

(CBB) for protein microassay has been prepared. At first, the
high sensitive coloration system (0.1mL protein solution and 1mL
Bradford reagent) was examined with Bradford reagent
(0.01%(w/v) CBB-4.75%(v/v) ethanol-8.5%(w/v) phosphoric
acid) according to Bradford (1976) using BSA(0-Oug) as a
standard. The Bradford reagent produced CBB precipitate just
after preparation and during storage, so filtration of it was needed
before every use. Therefore, calibration of the Bradford CBB
reagent due to change in CBB concentration should be carried
out, which required time. These demerits had not been overcome
by our modifications of the Bradford reagent. Thus we developed
a stable, sufficiently available CBB reagent without CBB
precipitate during storage. The CBB reagent is the 0.025%(w/v)
CBB-12.5%(v/v) methanol-70.83%(w/v) phosphoric acid. The
protein coloration with CBB was done at 0.8mL protein

solution(0-9 1 g protein) and 0.2mL CBB reagent.

Key words: CBB dye-binding assay; dye-binding assay; protein
assay; CBB G250; CBB binding assay.
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Cycle of the seminiferous epithelium in the
Java fruit bat (Pteropus vampyrus) and the
Japanese lesser horseshoe bat (Rhinolophus
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Expression of inhibin/activin subunits,
aromatase and 3b-hydroxysteroid
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Adrenal gaknds in small smooth-tailed tree
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Immunohistochemical evaluation of a
malignant pheochromocytoma in a wolfdog.
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elements in domestic ruminant pancreas.
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pepsinogen-producing cells in the
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Immunohistochemical localization of
inhibin subunits in the testis of the bull.

Differential localization of inhibin
alpha-, beta A- and be-ta B-subunits in
the testis of the adult swamp-type
water buffalo (Bubalus bubalis).
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associated with a thrombospondin-related
motif and the entry of cultured cells

Naturally-occurring Neospora caninum
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Renal dysplasia in a Shih Tzu dog in Japan.

Deficiency of phospholipase C-gammal im-
pairs renal development and hematopoiesis.

Analyses of factors contributing to vulnerability
to antenatal periventricular leukomalacia
induced by hemorrhagic hypotension in
chronically instrumented fetal sheep.

Virulent influenza A viruses induce apoptosis
in chickens.

Integrin-linked kinase controls neurite
outgrowth in N1E-115 neuroblastoma cells.

The mechanism of maitotoxin-induced
elevation of the cytosolic free calcium
level in rat cerebrocortical synaptosomes.

Black tea extract, thearubigin fraction,
counteract the effects of botulinum
neurotoxines in mice.
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Black tea extract, thearubigin fraction,
counteract the effects of tetanus toxin
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hormonal concentration in fetal and
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Formation of a fibrous structure on

the surface of Legionella pneumophila
associated with exposure of DotH and
DotO proteins after intracellular growth.
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Evaluation effects of chitosan for the extra-
cellular matrix production by fibroblasts
and the growth factors production by
macrophages.

Chitosan accelerates the production of
osteopontin from polymorphonuclear
leukocytes.
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Growth hormone, but not luteinizing
hormone, acts with luteal peptides on
prostaglandin F2 o and progesterone secretion
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by bovine corpora lutea in vitro

Stimulatory and synergistic effects
of luteinising hormone and
insulin-like growth factor 1 on
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endothelial growth factor and

progesterone of cultured bovine
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Production and localization of
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The short-term response of layers on
commercial layers mash and dietary
fishmeal supplement in Adamawa State,
Nigeria

Evaluation of structural carbohydrates
losses and digestibility in alfalfa and
orchardgrass during ensiling

The effects of different moisture content
and ensiling time on silo degradation of
structural carbohydrate of orchardgrass
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stem bases of orchardgrass after
defoliation
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Comparative analysis of concentrations of
trans and cis- resveratrol in must and
wine from eleven differrent grapevines
grown in Hokkaido, northern Japan

Unsaturated Fatty Acids in Membrane Lipids
Protect the Photosynthetic Machinery
against Salt-Induced Damage in Synechococcus

W B Bis (D-glucose) derivatives for glucose
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based fatty acid analogues and
photoreactive galactosylceramide.

Involvement of gibberellin and cytokinin
in the formation of embryogenic cell clumps
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Changes in quality of dried macadamia nuts
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Effects of chondroitinase ABC on intradiscal

pressure in sheep
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Lineage classification of canine inheritable
disorders using mitochondrial DNA haplotypes
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Tumor enhancement with newly

developed Mn-metalloporphyrin(HOP-9P)
in magnetic resonance imaging in mice

Competive uptake of porhyrin and LDL
via the LDL receptor in glioma cell line:
flow cytometric analysis

Treatment parameters for selective
occlusion of experimental corneal
neovascularization by photodynamic
therapy using a water soluble
photosensitizer, ATX-S10(Na)

Influence of light intensity and repetition
rate of nanosecond laser pulses on
photodynamic therapy with PAD-S31

in mouse renal carcinoma cell line in
vitro study for oxygen consumption

and photobleating
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PDT to monkey CNV with ATX-S10(Na):

in appropiates of early laser irradiation
for selective occlusion

Pharmacokinetics study of a Gallium
porphyrin in photo-sono sensitizer
ATX-70 in tumor bearing mice

Molecular characterization of a peroxire-
doxin from the hard tick Haemaphysalis

longicornis.

Comparison of intracytoplasmic sperm
injection for inbred and hybrid mice

Macrophage scavenger receptor
(SR-A I/1I) deficiency reduced diet-
induced atherosclerosis in C57BL/6J
mice.

Increased susceptibility of poly(ADP-
ribose) polymerase-1 knockout mice to
nitrosamine carcinogenicity.

Role of macrophage scavenger receptors
in response to Listeria monocytogenes
infection in mice.

5 # 4
A. Obana
Y. Goht
K. Kaneda
S. Nakajima
T. Miki

K. Sasaki

N. Yumita
R. Nishigaki
L. Sakata

S. Nakajima
S. Umemura

N. TSUJI
T. KAMIO
K. FUJISAKI

Y. Kawase

T. Iwata

Y. Toyoda

T. Wakayama
R. Yanagimachi
H. Suzuki

N. Kamada
T. Kodama
H. Suzuki

M. Tsutsumi
M. Masutani
T. Nozaki

0. Kusuoka
T. Tsujiuchi
H. Nakagama
H. Suzuki

Y. Konishi
T. Sugimura

T. Ishiguro
M. Naito

T. Yamamoto
G. Hasegawa
F. Gejyo

M. Mitsuyama
H. Suzuki

T. Kodama

WA
Investigative
Ophtalmology &
Visual Science
42(11), 26
2639-2645

Jpn. J. Cancer Res.

92, 989-995

Insect Mol. Biol.
10 (2) 121-129.

Mol. Reprod. Dev.

60, 74-78.

J. Atheroscler.
Thrombosis.
8, 1-6.

Carcinogenesis
22, 1-3.

Am. J. Pathol.
158, 179-188.

C-15

FEITEEH
20014E9 H

20014E9

20014F4 H

20014F4 H

20014E4 A

20014F4 H

20014E6 A



%

i H
Alpha-tocopherol transfer protein is
important for the normal development
of placental labyrinthine trophoblasts in
mice.

Disruption of imprinted expression of
U2afbp-rs/U2af1-rs1 gene in mouse
parthenogenetic fetuses.

Hyperploidy of embryonic fibroblasts
derived from Parp-1 knockout mouse.

Delayed-onset ataxia in mice lacking
@ -tocopherol transfer protein: Model
for neuronal degeneration caused by
chronic oxidative stress.

The mechanism of maitotoxin-induced
elevation of the cytosolic free calcium level
in rat cerebrocortical synaptosomes
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Black tea extract, thearubigin fraction,
counteract the effects of botulinum
neurotoxins in mice

Black tea extract, thearubigin fraction,
counteracts the effect of tetanus toxin
n mice

Diagnosis of equine piroplasmosis in Brazil
by serodiagnostic methods with
recombinant antigens

Serodiagnosis of Toxoplasma gondii
in cats by enzyme-linked immunosorbent
assay using recombinant SAG1

Development of a polymerase chain
reaction method for diagnosing
Babesia gibsoni infection in dogs
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Construction of recombinant
feline herpesvirus type 1
expressing Toxoplasma gondii
surface antigen 1

Detection of antibodies to
Hypoderma lineatum in cattle by
Western blotting with
recombinant hypodermin
antigen

Identification and expression of

a 50-kilodalton surface antigen
of Babesia gibsoni and evaluation
of its diagnostic potential in an
enzyme-linked immunosorbent
assay

Modified protection against
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infection and brain cyst
formation by vaccination with
SAG2 and SRS1

Detection of antibodies to
Babesia equi in horses by a latex
agglutination test using
recombinant EMA-1
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In the absence of endogenous gamma
interferon, mice acutely infected with
Neospora caninum succumb to a lethal
immune response characterized by
Inactivation of peritoneal
macrophages

Characterization of phagocytic hemocytes
in Ornithodoros moubata (Acari: Ixodidae)

Further development of a recombinant fe-
line herpesvirus type 1 expressing the Gag
protein of feline immunodeficiency virus.

Characterisation of the gene encoding a
protective antigen from Babesia microti
identified it as eta subunit of chaperonin
containing T-complex protein 1.

Cloning of a truncated Babesia equi

gene encoding an 82-kilodalton protein and
its protential use in an enzyme-linked
immunosorbent assay.
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Osteometrical study mitochondrial

DNA sequence analysis of the lesser
Japanese mole,(Mogera imaizumii) from
the imperial palace(Tokyo, Japan).
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The influence of different moisture contents
tents at ensiling on losses of structural
carbohydrates ororchardgrass and its
effects on digestibility and environmental
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the Graduate School of Obihiro
University of Agriculture and
Veterinary Medicine

Master's Course of Animal Production
and Agricultural Economics

Studies of Cryopreservation and Transfer
Methods of In Vivo-Derived Ovine Embryos

(Aki OKADA,Animal Genetics and Reproduction)

Expression of Estrogen Receptor mRNAs in the
Bovine Ovary

(Noriko HAYASHIDA,

Animal Genetics and Reproduction)

Study on Genetic Evaluations and Environmental
Factors in Dairy Cattle using a Test Day Model
(Satoshi YAMAGUCHI,

Animal Genetics and Reproduction)

11-Hydroxysteroid Dehydrogenase typel, type2
and Glucocorticoid Receptor mRNA Expression
in Bovine Ovary

(Sawa YAMAMOTO,

Animal Genetics and Reproduction)

Effect of Fatty Acid Composition in Feed on
Fatty Acid Compositons of Subcutaneous Fat
during Fattening Period and Carcass Fat in
Fattening Cull Cows

(Yoshimitsu YAMADA,

Animal Metabolism and Physiology)

Effects of the Addition of Acids on the
Breakdown of Structural Carbohydrates of
Forages during Ensiling Prosess
(NGUYEN Huu Van,

Animal Metabolism and Physiology)

Effects of Probiotics and Galactooligosaccharide
Supplementation on Energy and Nitrogen
Utilization and Methane Emission in Ruminants
(ZHOU Xiaoghi, Animal Metabolism and
Physiology)

Effects of Nitrate Combined with 3 1-4
Galacto-oligosaccharide, L-Cystein and
Probiotics on Methanogenesis and Energy
Metabolism in Ruminant

(SAR Chetra, Animal Metabolism and Physiology)



9. WIVAL A RERBNEE L BT O ERALHI NI R
HEENRIMIE O KR & S EIEHE G PRREICEE S 2 RS
(FH#E, KHLERAEY)

10, HPIETATAVASEE BT O AR RO RE D AT
IR KIS, #6578 AR )
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(R, % EIRARE %)
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(Hh—%, HEERREERS)

13, JLBEIC BT 2 H AR RS OBEENICHET 5
e
Ok liiing, & BRI )

TIESRE R AT IL

1. SEAIC BT 2 3F T J@DFEAED I & iHkiER
(L o, 1EwEE

2. OLFOWxY DINTERIERFIIBIT D5 EAOWE

(FHZL T, EYRE)

3. OLF 3ARBROFETRIRMICE 59 2QTLD
RwEY
(E % E98)

4. BB ICEEFAEM: Verticillium lecanii DiEALT
£ & double-stranded RNA
(B E, 1Bkl

5. 7 AFHIHGFEO RS DR
(FF2E, 1ERE)

6. HARPEVerticillium dahliae D 5 FE AR RE
(VCGs) & rRNA ITSHEIE Dbt
(=7, 1EMRS)

10.

11.

12.

13.

[\)

Studies on the Cellularity and Lipogenic
Activities of the Isolated Adipocytes from
different Fat Tissues in Finishing Holstein
Steers

(Asami YOSHIDA,

Animal Metabolism and Physiology)

Valuing Non-Agricultural Use Values and Non-Use
Values of Obihiro Yachiyo Public Pasture
(Tomotaro KAWASE,

Agricultural Policy and Resource Economics)

The Evaluation and Problem of New Agricultural
Cooperative System with Local Farms at
Mountainous Areas in Tokachi Ares -A Case
Study of Y group in Ashoro Town-

(Nariyuki KANNO,

Agricultural Policy and Resource Economics)

A study of Using Regionally Produced Ingredients
for School Lunch Service -A case study of School
Lunch Service in the Tokachi District of
Hokkaido-

(Kazuhiro TANAKA,

Agricultural Policy and Resource Economics)

Study on the educational choices of the
Prospective Farmers of Hokkaido

(Kanzo NAGAYAMA,

Agricultural Policy and Resource Economics)

Master's Course of Agro-Emvironmental Science

Emergence and disappearance of Quercus seedlings
in fragmented forests
(Nemu TSUIJL, Crop Science)

Physical Properties of White Salted Noodles from
Near-isogenic Wheat Lines with Different

Wx protein-Deficiency

(Nanako ISHIDA, Crop Science)

Mapping QTLs Associated with Seed Dormancy on
Chromosome 3A in Wheat
(Manabu OSA, Crop Science)

Genomic and Mitochondrial DNA Analyses and
Double-stranded RNAS in Verticillium lecanii
(Naomi HIYAMA, Crop Science)

DIFFERENCES IN YIELD AND YIELD
COMPONENTS OF

OLD AND NEW CULTIVARS IN AZUKI BEAN
(Xu Wei Zheng, Crop Science)

The Genetic Relationships among Vegetative
Compatibility Groups using rDNA ITS Region in
Japanese Isolates of Verticillium dahliae
(Mikako SATO, Crop Science)
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10.

11.

12.

13.

14.

15.

16.

17.

Relationship Between Soil Moisture and

Distribution of Tree Species in the Forest of

Hokkaido Obihiro Agricultural Highshool
(Nozomi IMAI, Grassland Science)

Life History and Process for Gall Formation of
Diplolepis (Hymenoptera: Cynipidae)

(Yumi ASANO,

Preservation and Management of Ecosystems)

EVALUATION OF PRESENT CONDITION OF THE
FRAGMENTED FOREST BY THE DEGREE OF
FOREST AND

THE MULTI-VARIABLE ANALYSIS

(Chiemi IKI,

Preservation and Management of Ecosystems)

Ecological studies on ground beetles (Coleoptera
: Carabidae) in Oikamanai mire, with special
reference to environmental indicators for wetland
(Miyuki KAKUMASA,

Preservation and Management of Ecosystems)

Avifauna of Rishiri and Rebun islands during the
breeding season

(Satoshi KONNO,

Preservation and Management of Ecosystems)

Ecology of Bumblebees (Hymenoptera: Apidae)
Nesting at the Fragmented Forest

(Rika TAKEUCHI,

Preservation and Management of Ecosystems)

Ecological Study of Ixodid Ticks (Acarina:
Ixodidae) in Tokachi District; Life History and
Reproduction of Ixodes Persilcatus and I. ovatus
(Ryoko NAKASHIMA,

Preservation and Management of Ecosystems)

Habitat utilization by the Great Spotted
Woodpecker in fragmented woodlands of an
agricultural area in breeding seasons and winter
(Sayaka MORI,

Preservation and Management of Ecosystems)

The factor affecting flowering phenology of
Corydalis ambigua in an obihiro isolated forests
(Hiroki YAMAGISHI,

Preservation and Management of Ecosystems)

Application of GIS in Soil Diagnosis
(Mizuho HIRAI,
Land Resource Science and Engineering)

Study on the dynamics in soils of the consti-
tuents leached from the field piled cpmpost
(Natsuko WATANARBE,

Land Resource Science and Engineering)



- BIRHIKICE £ S VAGA B DR & Rtk 18 . Composition and Characteristics of Dissolved
(& s, LHEEAAS) Organic Matter in Surface Peat Water
(Takayuki SATO,
Land Resource Science and Engineering)
L EMEEAOR Y FOR EHEA DR Y b OHEFLMERE 19. The Characteristics of One-Stall Robotic Milker
I RIE A and the Factors Affecting the Milking
(BNLEZHE, EWERE S AT LTE) Performance of Robotic Milker
(Tae ADACHI,
Engineering in Agricultural and Biological Systems)
L KRB AL OR Y MBS % 20 . The Syudy on the Robotic Milkers for Large-Scale
(Wi ¥, EWEPES AT L) Farms
(Wataru SATO,
Engineering in Agricultural and Biological Systems)
CBRBERERIEE S 2 2 L — Y ICET 55T 21 . Development of Dairy Management Simulator for
BAREL, YRS AT L) Low-cost and Minimum Energy System
(Takafumi SUZUKI,
Engineering in Agricultural and Biological Systems)
. BEET NI 2O —4 YN BT B 05 22 . Study for Autonomous Tractor using for Sequential
WS ERSY, EMEED 2T L TE) Control System
(Kosuke TSUNASHIMA,
Engineering in Agricultural and Biological Systems)
RBET TR BV B R O L ICB TS 23 . The affect of mixing fermenter contents on
LE) digester performance at low load rates
(IAARZRZE, EMEFES AT L) (Nami MATSUMOTO,
Engineering in Agricultural and Biological Systems)
A& IR L E I Master's Course of Bioresource Chemistry
e ORMRIM, Wi, R, &R, IBIHERE+ 1. Distribution of Dioxins, Dibenzofurans, and
DY A AF VHEDI Coplanar PCBs in Blood, Cord Blood, Placenta,
(B W, oA aEE) Milk, and Adipose Tissue from Japanese Woman
(Go SUZUKI, Applied Life Science)
T RE L OB A= Sus scrofaDEARMINISE HFIC H A 2. Genetic Study of Ancient and Modern Sus scrofa:
SRR O 5 9 255k BEU Mitochondrial DNA variation in Sus Bone Specimens
FKRINS 7T A R 5 O b2 K1) 7DNAZE Excavated from Archaeological Sites in Japan
IZDOWNWT and Mule-footed Pig in Paraguay, South America
(FHZRT, WHEMRE) (Yasuko MORII, Applied Life Science)
22D ARRIREIE I R O B © W) B B 1T R B 1T 3. Analysis of Genes Specifically Expressed at the
FHULT B IAT Ot Early Stage of Carrot Somatic Embryogenesis
(RS, ISHDTHEDE) (Takahiro ITO, Apllied Molecular Biology)
R D& 75 5 — B AEPERDME & T DEFREE 4. Construction of Root Nodule Bacteria Expressing
e High Catalase Activity and Its Ability of
(rizEsL, WM T Nitrogen Fixation
(Yoshitake ORIKASA, Apllied Molecular Biology)
Z 2T 2 ORI OFER I BT D BEEERIC 5. Morphological Observation of Carrot Somatic
DN Embryogenesis at Early Developmental Stages
ez KRBT, WD TEYS) (Nobuko SASAKI, Apllied Molecular Biology)
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(BPIeRySE S, AR EIRA )

M-5

Characterization of cDNA Encoding P-19.5 Protein
Accumulated Preferentially at The Earliest Stage
of Carrot Somatic Embryogenesis

(Takuma SANO, Apllied Molecular Biology)

Screening of Genes of Carrot Somatic Cells Whose
Transcripts Accumulate by Treatment with
2,4-Dichlorophenoxyacetic Acid

(Chieko SHIMADA, Apllied Molecular Biology)

Biosynthesis of cuparene in cultured cells of
Lejeunea aquatica
(Takashi FUSHIE, Apllied Molecular Biology)

Study on Biosynthesis of Caffeic Acid Derivatives
Produced by Liverworts
(Masako MIYOSHI, Apllied Molecular Biology)

10 . The effect of dietary L-carnitine on lipid

11

12.

metabolism in rats
(Mune IMANO, Food Science and Technology)

. Physico-Chemical Properties of Native and

Modified Starches
(Hitoshi NAKAHIRA, Food Science and Technology)

Analysis of B 2-N-acetylglucosaminyltransferase
(GnT) I activities in Rat Testicular and

Epididymal fluids

(Hirofumi NOZAKI, Food Science and Technology)
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U OYUREREIC FIE I M EEBE Y E O R AT IR T DBITE <veovveereennerineeinens KOJIMA, Yimiko Ana
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Studies on Rapid Diagnostic Methoda for Gas Gangrene ~ seeeeeccsieiiiiiiitiiitiineen Per AR & IE
The studies on novel inhibitors of influenza virus hemagglutinin -~ eeeeereseiiitiiiiiiiieaiie N e
HIVAL A AR ST BT B OFER EMEITHED £ S E L, rererrrrneeriiiniii, oW R

FARATFOY, FSHBXUOLHOHHREICET 25

FRISEEEFAZARERESRFMAH
B AREE

Studies on In Vitro Maturation and Fertilization of Antarctic =~ sseeseesecceccetectecccccaccnns OB OIE i
Minke Whale (Balaenoptera bonaerensis) Follicular Oocytes

Studies on the Local Factors to Regulate the Bovine Corpus Luteum =~ s eeceseeeeeeccrececceccrecnenn. N B —
Development
A Local Angiotensin System that Regulates Luteolysis in the Cow ~ eeseeeeeeeeeeceeneetaacannans PN ozt
Studies on the Plasma Leptin Profiles in Beef Cattle =~ eeeeeeeeccencccncnnnccncccnnns VEGA, Renato Santa
Ana
Studies on an alternative system for genetic evaluations in dairy =~ seeeeeeree ettt PEREIRA, Juan
cattle using test day records in different test day models Antonio C.
Degradation of Structural Carbohydrates of Forages during Ensiling =~ «eseeeeeccrreecceccccceecne YAHAYA, Mohammed
and its Effects on Nutritive value of silage Sani
Biosynthesis of chloroplastidic isoprenoids in liverwort ~ eeeeeeececceieeee KARUNAGODA, Renuka
Praxide
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