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B1E FFim

BRFUZRNT, TLROIVMAED LHYREE & 720 8720 Dk, MR >28E7285
TSR LR TX DAV FHERIE A RO Z L NER SN A NETH D, FOMIED 1oL L
T, REDIEYRIREE HMFE ONERED 5\ IE TR U2 RIREICRE L, WESsX
T & D 7B fe TR B A IRE T DIRRERIOR ¥ & LT, LRk 0 58 ENER

(host-specific toxin F 72X, host-selective toxin, LT HST &9 DIFFENA LM E 75T
W5, HST 23T7E L7-A8 FA RO RBAEIZBE L Cid, FERED DB R0 75
MEFTH% HST DS, EIUSK L TREE S5 25722 MO LRSI E=E
SNDLEVOTCETADPREINTND (BA 1991, 2000),

1933 42, HN3 Alternaria alternata Japanese pear pathotype (=is> 7~ BBHERE) DOhE
TR TIIBIERESE DT U ifE T DA RAEIT A5 X R T RIS
DIHET D B HEL (Tanaka 1933), Zhas HST OBFIDORER LT, LU
6, HRF, L THERSNZTHED L ERNICE BRI 2o Tz, Fhhb 14
F8. KENZINT Cochliobolus victoriae (2737 victoria blight J&E) DAMET AEEIC
Rt 380538 R Sz (Meehen and Murphy 1947) , D%, Pringle & Scheffer (Pringle
and Scheffer 1964) 1L, _5RD C. victoriae H3ERET 5 HV 3% (victorin) =2 Periconia circinata

(v =y milo fREE) AVERET D PC #FK (peritoxin) DFFFEIZEL V. HST OHESZHEE L
oo BIFE. HST DEAETN&EEME LUL, () BREAMEEBRENTHL - L. () K
[REOBRAEER L FRER B 5 2 &, (i) B ORI L R —8 5 -
&L () RRERGC X W EOEHEREERBERICL > CTHETE S Z L, (v) FEE
R F DFREFRACERZ M IN D5 Z & (Nishimura and Scheffer 1965), (vi) FEHIT L - TE
T4 - AR EAFBESIVFREORA - BEIMEZ 52 & (Yoder and Scheffer
1969) BETHIELNTES ,

ZD & 57 HST BEEORELZ K ) . HST ITBICE R TR I SEmE Clind ., #
DFREEFRE D D RIRE MR FER BB 53 25— RIERF (primary determinant) .
R DIRGL A BN S 5 T D DIEBIFIT- (initiation factor) > 5\ M348 555K (host recognition
factor) 72 EEEX HGND L H1Z72o7 (Kohmoto and Otani 1991), Z DX 5 72 HST DS
\CEE T OBREAET DRREIL. ZNETIZ dlternaria B ZTINTH 20 FlasHEE X
T (BRBIOIEE 2004, BAD 2004), Fox OFFFRETIL, £ Alfernaria BEER
LT Corynespora JEE (Table 1) 123V VT, HST DASH LB Do FHsEIC BB A HF
EITo TS (B4 2000),



Table 1. Alternaria spp. and Corynespora cassiicola known to produce host-specific toxin

Pathogen Disease name Toxin
Alternaria species
A. alternata Apple pathotype Alternaria blotch of apple AM-toxin
Japanese pear pathotype  Black spot of Japanese pear AK-toxin
Rough lemon pathotype  Brown spot of rough lemon ACR(L)-toxin
Strawberry pathotype Alternaria black spot of AF-toxin
strawberry
Tangerine pathotype Brown spot of tangerine ACT+toxin,
ACTG-toxin
Tobacco pathotype Brown spot of tobacco AT-toxin
Tomato pathotype Alternaria stem canker of tomato ~ A(A)L-toxin
Spotted knapweed Black leaf blight of spotted Maculosin
pathotype Knapweed
Sunflower pathotype Necrotic spots of sunflower AS-toxin
A. brassicae Gray leaf spot of Brassica Destruxin B
Homodestruxin B
A. brassicicola Black leaf spot of Brassica AB-toxin
A. panax Alternaria blight of American AP-toxin
ginseng
A. tenuissima Leaf spot of pigeon pea ATC-toxin
Corynespora cassiicola Target leaf spot of tomato CCTtoxin
Corynespora leaf spot of CCC+toxin
cucumber




HST Z4PET D Alternaria BFRIREIL. BAEE Tz &b 13 FIBNRESNTEY.,
HST £EEOIELL F2 EHTE, HTChH, A alfernata DIFEFE RSB . 7 BOKE
AU (pathotype) &> 2 FEDORIFHEITE/2D HST Z4APEL., FIENEL 2B E
95 (BRD 2004), 728, A alternata 1325 ORRREOH TR S QO BERTIIAR
<. FEINTHRT U CTRIRMEZ 23, A TERVEARE GEREIME) & LTHREL
TWHDWIRETH D, A alternata ® HST D% iHMLFHAEENRTTIZEAL M S, HST
S RBTER s F O ED b TS, Zhb® HST 13, BEEMICK L 10°~10° M
DIERRE THEEZ T, ZOBEIILEEZHETHS (BS 1991), HERlo HST £AR%R
DHIFERREIRNTED DL D —, S FAEMFHITEORE R L - TEAID HST
PR E DR B IREICA DN SIo0h D (RIAD 2003), ZHE T, Alternaria BE
DAFET D HST OFEWERRITEFEOMIE, I b= FU T, ERERSIThsH
EDHALNERSTEY (BAD 2004), HST HFET HAEMIHERE O XA Mgz o
WTEMTD L STEZ BN TWD (BA 1991, 2000), () /REEFRFRFIZL S HST @
B, (1) EFEIC LD HST OBIREZA, (i) MRFHSEREDOFIE. (v) BRI
JEDFEBELE, (v) WREDZBETH D, ZDX 5T HST A£EFEICRY) 24:RM%, HST
AER & HST RAERT 2 b o T D EARBIFMRNRIC Lo TRIHRT B L &L DT
%o LIci->T, HST DOfREERSR) HIRRES A CFEME 2 07 L VLT 52 &
IV E DR EBREIS OB D b EERIZENETH 5,

TEMR L UOEREIL. — RNV EEEE Ll R RBEY A2 AL TRY., B
FER) & TR OB EAERNZ IV TIid, RITABEY D IRREIED D% < I TRESHEOF
BL LT, £/, FAEBRD L DITMEM~DOKEFEL L TEARESNTWS (REDH
2005), HEIBALL S &9 DMEMTR L, ERMMISEFHE L CHE ZF> T3,
TR DIEHESOEI I ZTELR T, BUEE TITW < b OIEFIFEIC S 3 2 WE AR
ESh TS (BED 2004), —AITHEHOEGHEIZIMEDD S & b L2 QO BHETHE: &
HEEDUE) LREREOBE THE SN A EGIE @R O 2 DcKRITE 5, HHgE
FUEICBIE T DRy & LTI T =/ — v, B, YR= ARSI Y OIE
SFIEMEER. T ORIRREE L MR RRICEE L TV AR-I NV F—BRexy Ry
—BEORLSTWENHD (BHD 2004), F7z, HST 2RNEHLT AEERDOEELRE
SHTW% (Johal and Briggs 1992), BIEEHUEICEIL- 3 HHEMRyE LCIE7 714 R T L
¥ PR-EZVANTE, BEHERFERZT OIS BED 2004), —F. FREIE
RN AEA G USSR 2 DT D DA E 2 TD, £DO—2DF7 HST T
HY, ZOMUIZ ST Y 7 —THESNIEEOBRPIMEZHEBOICRE (Bl +5RRE



DEERENLESIEIRETF F7rvod—) 85 (BED 2004), FEE TS 15
FIORRENP DOV 7L o =G SN TEY . Mycosphaerella pinodes (72 R 738555
H) &xr FUDRICEBOCENMICHZEENR SN TWS (BEL 2004), £2, REHE
(A~ DRGSR E I DM O DFG (7T V) BT b2 itk - T, R
B DOTREG L & THUTLE D BERBRYS ML EAT 5 Z & 43 Magnaporthe grisea (A RN BIFTE)
X> Colletotrichum lagenarium (U VEBRZHRE) SCHRESNTEY (AR 2004; AR L
Ut 2004) . FRIFEOBGUB O TEEOBEERSPEE T2 Z L bAbh T3,

DX ITRFEEMETBER L. BRCED E TR A =X 2030, F2I2
(RIRE &) & O EVERPSEEIC R LT3, ARSUCIE, HST AER ORI
F4 DM CER T, RS OMIERB X OFEEITY & & biT, ZOiREEs
FEALNTT DI L E B E LTI ToT, £9° H2EITRWT HST 2475
Alternaria JBE D THZ DEREITIVTREL=— 2Rk % - T\ B 4. brassicicola (7
T T T RHER TR BRTTAELE LT, 4 brassicicola O HST AR KON F3EEIC
BA 54 DA 57 & E O DIREEZERRENZ DV, £7-, BI3ETIT b~ MNEICE
TP E Do~ h<F AR L, HST 245 b~ MOEERE TH S A alternata
33 J X Corynespora cassiicola DIFGRZIIT Do~ b~ F o DOFFERFHHEENZ OV TR B,

BB, TNDORRO—EEFERFER LITAFRT D L L HIT (Okaet al. 20052, 2005c), H
AR E0 L OB EFETHRR Lz (M5 2002, 20032, 2003b, 2005, 2005b, Oka
etal. 2005b).,



B2  Alfernaria brassicicola DJEYLT B5-1 AWM %y
B1H BERENER (ABER) £ER2BETIEIRY
1. iR

Alternaria brassicicola (Schweinitz) Wiltsh.\Z Lo TH & Z SNAEHET 77 T EiEm DL
BB L OB IR RMICRAET 2 EERECTH D, ARTIIF v B HER
HBEVD, BUEE TICH v XY BH3yRBARICEA TX 28HF L LTk, R A%
AL FKFFI BRI NTND, AT SNTZF v X Tl 1D IRIB RO/ S RPN
AT, BIIERLUTHEAIKAE, BB REOTREAZRMEORR L 725, JREEECRIL
MRRICBEDOREDN RS2, BITEENE WL BETTIROL ECELN S, JRHEOE
BICIE, 25 < DBEDR D IRBIRVERDTEERHNAN D, FREITEIC TEN BRE LD,
FRBEICIER LY 9 < MEREEIZ A L T 2B T5E6 b & VIREIER K&V kg
b 1988), F£z, F¥ XY OERHETH D ENAEEEEICEVT, 8~10 A DERDICA
REDEPBREL 2o Tn5 (A 2003), ZOWEORKITETERLDEELS
NTN5,

A. brassicicola D3RS HHEMEFRITEI L C, Hodgkin and MacDonald (1986) X775
FHEMIOTERFES 240 DWE DR R S U122, AFRIIRERNTh o7z, LvL,
1995 £8iZ Otani et al. (Otani et al. 1998 a, b) (Z&>T, HST TH D AB FRMHE STz,
BB, TTTTRHEYN A brassicicola LIRLLOFREEF|IEEZ L, FHEOBEIREE TS
A. brassicae (Berkeley) Sacc. (77 7 7 HHEMEILFE) Tid. HST & LT destruxin B &
homodestruxin B 2345 X TV 5 (Ayer and Pena 1987; Bains and Tewari 1987; Cooke at al.
1997),

A. brassicicola 13T VETHR SN TE 7l H 2 BIRECHRE3 52 < @ HST AR#E &1
B, 77T TRHEMCIRFEREEZ TR L, £z AB TR OEEE & AR TEREL
759 (Otani et al. 1998 a, b), 7833 B E - 13E A5H5195 HST & L Tid. ZIVE TIZ A brassicae
? destruxin B (Bains and Tewari 1987) o4& /=1 fnf&lZJA < JRIFMEA 7R 4. alternata tobacco
pathotype (Z/N2FRERE) O AT 338 (Kodamaetal. 1990) HE I T3,

THETHE SN Alternaria BREDAERT % HST 130T RS FOIRASEM TH
% (Kohmoto and Otani 1991; Otani et al. 1998 a,b), ZAUZxtL T AB #3RiX SDS-RV 72 U
VT X R VESIKENE (SDS-PAGE) 1IZRVTH 35 kDa OEBBEE THAHZ LBALME



725 TV % (Otani etal. 1998 a,b), AB B D X 5 REEE HST & LTI, T Pyrenophora
tritici-repentis (7.5 tan spot JREH) AVERLT S Ptr 5% (Balance et al. 1989; Tomas et al. 1990;
Wolpert et al. 2002) FXL U 4. panax (7 A U 1= Alternaria blight J&&) AMERKT 5 AP
R (Quayyumetal. 2003) DMEHIHI TS, 728, AP BRIZABERLFILL., 35kDa®
BEHETHD, ERESRITRFEMEEGRTOEBNREY CH D THEMENEL . TERD LS
1B F OIS ThH 5 BR DESHBEEET D/ 0 —=0 7 L D ENNCASICBR
BIoFasn—=0 7 TEDLEVIRERHY . BROSFEYEHTE DRI R T
Do 2B AMFREBICRBNT, WEEREEZ/EH L, AB BEREEEET NI/ n—=0278
S UM OMED LIV TN B,

Fio, T77TRMEM TS A XFXF (drabidopsis thariana) 1ZE5 Vg & LT
VPR ERIUER T OfT72 ETUXLIEAVWSNTEY (B4 1996). 2000 Ficdi
RS ST (BBA 2001), 2O LS Ry uA XFXFOLEEROFIZIT, 4
brassicicola <° AB BRIZK USSR E RTH DL, AT LD L BNEET S 2 L8
5L 7RoT% (Otani etal. 2001), E7o. FRER AB HRITH T DA XFXF 04k
R D SO IR O— SRS BIRFTh D Z EAVRBEI N TS (Otani et al. 2001),
INHDZ XD, A brassicicola & 1A XF X HE—RRERERISICBIT 515
FeRIERTBE O OET VERR E LTS h L5,

—J7. ZHETO HST 13T S FRE A IR O U7k &, £
7o, RFREIFRHIEFELNOEE L CHAER SN S, LA L., 4 brassicicola © AB
BRITEEREEHP CIXER ST, BEE L CORTREFRCOLBHEND Z L 235
EFEINTWS (Otani et al. 1998 b), TDI & MDA brassicicola DFEZERAFH5H D AB Hk
ARITIE, BEEYPEE L TS EARBIN TS, LHLAERE, FORFITOU
TIEHINETEIIALNE 2> TR, 2B, HST ERASMEEHY L coLsEsh s
BUIARBELSNEG E T FESIN TR,

AT, A brassicicola DFEFIFNELD AB mRAERKICEST AEERTD
TRB IO 21T o7z, Fio. AB BRILZDILFHEE WAL MNTR2 > TV
PRz, RSN H D AB FEOMYL AR,



2 MR XU

1) BEiEw

A. brassicicola DTEETH DT 7 7 FTFHEY (Cruciferae) & LCTX+X> (Brassica oleracea
var. capitata) fhTE HRK, =T (B. campestris) 5ok 2R, /~NH T 21 (B, juncea var. juncea) .
F X (B napus) EFE Wester %, FMEEITITT AFHEY (Solanaceae) & LT k< k

(Lycopersicon esculentum) Suf& HEARR, v ) BHEY (Cucrubitaceae) & LT 2w U (Cucumis
sativus) ‘hiE OIXE, v AFHEY (Leguminosae) & L Cx=Y R (Pisum sativum) SiFE B
#, NTEHEY (Rosaceae) & L T=iR>F3 (Pyruspyrifolia) SFE —HoaRA L,
ZRCTVERS ETOEMIE.,  TBEEROLE L “PUFA——Iv 72 A %11
WIRA L2 DEANTZAR Yy b (E&E 15 em) ITEFEZHE L, =R AT 1444 AR
Ry b (B30 cm) ITHEZ T, HEIL 24~26°C. BRI T ORET 34 BEERIE L7z,
EREMREITITEEDOE 23 EOFESL, £z, B L CORFREIFREHBDI I+
(BB LT23E 2 VI,

2) A

A. brassicicola & U TCTHIERITBRFESIINLTWVA 0264 Bk FER UT-, Fi-. 77718
T DFERIRE & U CHISEERTFD A. alternata Japanese pear pathotype (73 BEHFHRE) 0-276
HRE L OHRIRNE A alternata D 094 BIRRZMEM LTz, Zh bOBKIIRBRE DY+ 4
A ERHEEREEM [P HAE 300 g/ Fha—2R 20 g/ FEK 15g/7K 1 &, LLTF potato
dextrose agar (PDA)] ETC25°CTHREL., WRSEERICHEM L,

3) IFREIROTRE

PDA 3t ECIRIE LT 0264 EitkE T v —1 (B9 cm) D V-8 ZERTARIEH (V-8
P2 —2A 200 mlCaCO; 3 g/FEX 20 g/7k 800 ml) _LiZHAEL, 25°CHET C2~3 AR
B Lz, BRI SN T 2EKEK OW) FIZETHERoTREL, 4 B
FLTAT (TA737200, HEFANY—) THRE L TERAEZED RO, B0k
(800 xg. 547, 20°C, CF7D2, H3L) %#17-o7z, HEEZIVRW\T, KERL-MF% DW
I ERRE LS [TEEIZ L D8R (Whatman No.50) HIZREF%58ED, RF&2=IREPCoe
SH T, IR EORFIIFRIETF & UT-80°C T CRF L. TERFEBRIZEER Lz,

O-94 BtKIZ> v —1 (BEFE9 cm) HD PDA FARESM EICHRE L, 25°CBHT T 20 B
B LTz, TO%. 0264 Bk L Rk FE TR LICIRT2ED, BRLTS0CTT

¢



RIF L. ERFEEBRICEER LT,

0-276 HE#RIE 100 ml BB PD &g (V¥ A E 300 g/ 7 /va—R 20g/7K 1
0 ) 50 ml \ZHEAE L, 25CHAT C 23 WREEHEBHE L, BRShgik~y b akiEkT
FL P LR SHTth, 7T AF v 7 F v "—RiIB L, 25CRETT2~3 BEE LT,
< v b EJER S faF42 DW BB L, WEERIC L - TR EICRTF2ED, %R
SHT-80C TR LT,

RaFERRRICIE, IR RO 2 E T E B> T DWIRRB S8, E0L0EE (800 xg.
543, 200) L. Boh-itBia+4% DW [ZFEE L <. Thoma FImMEREHT & v jarkmE
TIRE LT,

4) B3T3 (Spore germination fluid: SGF) D&Y

FEEEBIOT T AT v 7 v —1 K2 0264 JaFO DW 5B (10°fE/ml) %50 40 ul
TORT L, BETTRAF 7 F ¥ L R—NDORR Dy b ECEX, 25CRFC 24 B
FIEFE Uiz, JOFER8E (LABOPHOT-2, ==2Y) THTRFLZBEL-%. FELBE
O T AF v 7 % —V EORREREEIR L, w008 800 xg, 5 43, 20°C) 21777,
ZDEEEZIURT 7 /% — (SARTORIUS, Minisart, FL£L 02 um) TRIFRTFZERE
L7=bD&RITFHEIFR (SGF) &Lz,

5) ERARGHEEMEDORE

TEEFE BT 0264 BRFRREHR AT T L1872 SGF % 100°CIREF T, 15 SRR A1T
9 ZEITE Y. SGF PITHTET D HREREE T, SGF EIISERIEIRIZ 0-264 fat
% 5x10° fBml DRERD LB L. TIRF v 7 v—L HS40ul o/ F L.
BEFTAF Y 7 F ¥ N—NDRAR Y~y b EZEE, 25CRTT 24 BEHE L,
RF3E3F 2R CRIZE U722, T MIREEIN LiE Lol (800 xg. 5 43, 4°C) 2k
D REFIFZIRVBR ., ZOLEEZRWTEREEOREET 7,

6) FHRIEMEDRE

TEER I UGB EEEOERIZ Lty MCEVFTEE DI B EIRERE 30 ul 3o
BTFL, MESIRAF v I F ¥ L /—HNORR Py b RIZBE, 25CH T CE8E L,
48 EEERITTOR S N H3E L OBESEIC & 0 BRAR DA IR L, AR SNEBRO
ARSI L OSSP ORRIC & » FRIEE3ME LTz,



7) NSRSy OFREY

(1) BRI OFESY

DW 10 mi L ZAEWEEl ¢ =D —IZ AT IV IFANLTEEZ LT, F—F71L—7
R (121°C. 15 43) LTo, AEERZJEM (Whatman No.50) TROE L TH LN IEKE:
TEBHIR L LT,

(i) ZEEERUROFREL
BEWIE 1 g RIRIEERTC, Hig L ke AW TERL, 5ml O DW 2Nz 7-b0%
HERER Y UTe, $T0, EBRREREDDEE (51,400 xg, 3 4. 4°C) L. e HiEE

%A,

(i) ZEMARBEE S DR

FEARCEEE 5y OIS English et al. (1971) OAERB L UMKiba et al. (1995) DFHEEITS
S>TYTo T

English et al DFIEIL, Y EOHYZESIRIFER T CIE L féks FHVWTERL, B
PR 2.5 580D 100 mM U ESEER (pH 7.0) &0z, BEER4E (POLYTRON.
KINEMATICA) &RV T E DIZE#: LTz, BERERE IR (Whatman No. 4) THGEL. I8
M EDIREZ FIRRD ) ERERERR T 3 [E¥EE L, KRIC DW CrREELZ TR L. At
DF) 25 BEEHBHI LTz vainvb A4 72— (11, ww) KB L. BRS

(POLYTRON) TER:LTz, BERREZRSEEL, % (Whatman No4) TEUX L7,
U EOBEIIE TOKETITo7, BIUZT® For2hnz 3 B L, TAIKRANET
12 AFRZRSETT & Fo2BRELZ SO HIEEERE Y & Uiz, OB IBEERIC
AN 4CTRIEL, ERFRRZILDW 288 L TRV,

Kiba et al. DFFIEIE, BT 25°C TR 10 BEAE X874 100 g ITREEIKR A (025 M A
7 m—AEH 75 mM MOPS-KOH, pH 7.6,5 mM EDTA,5 mM EGTA,/2 mM PMSF,/4
mM SHAM,”10 pg/ml BHT) % 200 ml Nz, $EELFLEACEERLT-, BREKE 3 EX A
AT TRIBL, FLUA T EORBIZE HITHHEIR A 2 200ml Nz, BR:LIEE L7,
b DIERZELsEE 800 xg. 5 43, 5C) LTHALNWIBMITEER B (025 M
AT a1 —REH 5 mM MOPS-KOH, pH 6.5,1 mM EDTA 0.2 mM PMSF,”10 mM KC1,”1
mM DIT) ZFED 4 fFEINZ, BERLELDBE (800 xg, 1543, 5°C) Uiz, Z#fE
% 3 ERVIRL, BERIBY RSy L U, 728, T b oMET 5CT 1T



T, TOBEIREEK B IZERRER, -S0°CTRIFEL., HRRIIDELOEE (800 xg, 15
53, 5C) IZ& D) DW T2~3 Efe% L. DW ICHRE L AV,

8) FTARF v T — U kb1 SCGF OFERA G EEIRE
0-264 FaTRRERR (10° B/ml) 27T AF v 27 v —1 BT 40 ul T F L., 25°CHE
T T 24 REEER LT, BB EZTEIN L, B008 800 xg. 54, 40C) ko THE- 1S
FEREWRL) Z28EMEB IO TAF v 7 vy —V BT 40 ul T/ T Lz, 25C
T C 24 BB BRI TR EZ BN L, EROEREBGFEEEOREL T T2,

9) FRAENGERTOFRIRE

(1) B

0264 SGF (1 ml) Zu—& J—x/\RL—X —Z X DEEE L, 7% b, FEgx
FNVRBIORAZ /) —VOBEE 1 ml ZINZ @R L, =008 (800 xg, 543, 20°C) Uiz,
VRS & ISR B, 01— U —T R L— Z T K Y R L. RES A
1%A 5 ) —/ZER L, BERERGEEEOREETT 72,

(i) Seppak Cig—hU o

BAFE U7z 0264 SGF (1 ml) % Sep-pak Ci3 (Waters) 57 AZIEAL, FEREE SR
Blzo BT 5% DW3ml THEFL, 100%A 5/ —L 1 ml CHEHLZEE —& ) —x
Rl —&— CRMEEE L, 1%A% /) — 1 ml \ZBFRL- b0 RERSS & Uiz, £ES
IRV TERAERFEEEOREZIT 272,

(i) RRANEE

BB L7 0264 SGF % 5 kDa B L1010 kDa HEADEAL S > F I (LCC, AARIY
ART) ETX3 kDadEHAOUN T 7Y —15 (BARIVFRT) ZRHWTEINEEZTT-
oo ONTA BN TEBRAERGEEEORELITo 7,

(iv) &= v RRAE

VI L7z 0-264 SGF % INHCl TpH4.5 iIZ5R8l L, BEEDES TEEED Y 7 AWK
AL, 4CHT T 24 BFRIHE L=, SOBIRDNG 5 kDa pEHOENL T v b T 20
CEI VRN Y U LAEEVERE, 5 kDal EOESE DW TR L., SREREEEEE

10



DIREEIT-T7,

(v) BRI

BMLEE 7= 0-264 SGF % INHCl F721% INKOH T pH IZFH U, I2EED proteinase
K (pH 7.5) ZAFRL, 32°CT7 RRE L7z, —F., B L7~ 0-264 SGF IZ 10 units
DB-galactosidase (pH 7.3) 33K UP-glucosidase (pH 5.0) FAFE L., 37°CT 3 RfEE L
oo ETZ[AFRIZ 10 units Do-glucosidase (pH 6.0) 3 £ Vo-mannosidase (pH 4.5) ZAFR L,
25°CC 3 FfHIRFRE LTz, PUNKRE D 10 kDa HEADE/L Y v b1 CREEELZTRY RE,
10kDa LT DESIIZIV CERERGFEEHEOREEITo 12,

1 0) BRANGERFOHIL

O Frpara< NI57 40—
0-264 SGF 100 ml AR LY 10 ml 1ZEHE L. Sephadex G-25 Coarse T A
(Amersham Biosciences, 1.5%x90 cm), Sephadex G-50 Coarse 7 7 2» (Amersham Biosciences,
1.5x60 cm) 330 Sephadex G-50 Superfine 77 A (Amersham Biosciences, 1.5x90 ¢cm) %
AWTTI VRS v~ b 757 4 —%1{Folc, DW THHIEL, 797 aralya—
(SF-2120, ADVANTEC) T 5 ml $-24 B L., &b NN CHERARHER
DIREZAT 277,

Gi) FEDOEE

WERIIT o Aaik (I 1976) 128V ER LT, 200 mg DT A% 100 ml
Wik (BRAIER 95 ml & DW 5 mb) (K ECHEAEL. DW 20 ml 20z 7-b D% 7 R m Y
W E Uiz, 7B, TUAn VISR T CRELR,

RREY 7V 0.5 mliDOKETT 2w 3K 3 ml ZINZ IR U, /KT 10 4>
FRORESE, 620 nm OUWSLEZRIE LTz, FEOEEWE L LT D-7//Va—2& AN,
RERZER LT,

(i) EREZEOHIE

EHEE BN Bradford (1976) DOFEIZHEER LTz, Coomassie brilliant blue (CBB)
G-250 (SIGMA) 100 mg % 95%=% /7 —/L 50 ml \Z%fE L, 85% (wiv) U L ER100 ml %
Mz, SHIZDW ZMIATE&EE 1 0 IZL=b 0% CBB k& Uiz, CBB KT T
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WARAE L. ERRECIIER (Whatman No.2) CiEiE L7z,

REY 77140 ul 12 DW 3.2 ml & CBB A% 0.8 ml 20038 L72#4. 595 nm DU
EERIELRZ, EREOEEWE L LT Albumin bovine (SIGMA) %\ C. BEH
=0

(v) ZVEEEERRES o~ v 7'5 7 — (HPLC)

A7 5E LT GSM-700H (7.5x250 mm) ZFVT, DW 12X 0 L Lz, DW i
BHR LT VAR 1 mlmin TEHL, 777V aral 7 2—T1ml T,
OB RO CERAENGREEEOREZTo 7o T 24— 4% 30°CITRE
L. REBFTRBEHZ RID-6A. SIMAZU) IZL VW BRH L, BEAD FEDOINLVS V%
RAWTHREBREZER L, 7NV OREE RY LV SFEERDE,

11) HERchESHT

FVIEE HPLC 12 & V15 bV HE S ORBREEE D4+ 572901, ARESY 23R8,
U7z, GORERCIRIC K 0 IBHEREE U7 IEEESY 20 ug 2 2 =% 2 — 2 F =2—72 AN, 1 M
HCI 80 wl 2R ZEHREH L%, 100°C, 6 IR DAE L=, ISR L= i o
AR —F —CRHERCE L. 3B DW 500 ul LKA DUFEST FY A (NaBH) 2.5mg %
DW 100 ul (Z¥#E 7= bDEK ETNZ, 4CTHIHS®TZ, FO%, BEEE 12 N
ZAPUOSERET S, A A HHRE (Dowex 50, Hform) 1g #/3AY—L 2y b (5x100
mm) (ZFED THEo T2 =B Z A2 FNTC, BREIDOT MY U L ERE L, BHIEL IR
BL, HKAZ ) —V3 ml &M%, 50°CTC30 G S CEEEE L, ~0RER 2 E
BOEREL, BMENHELNEELZ YY) U0 30ul &EKERL 20 ul 2%, 100°C. 20 53
MERL., TEFULLT,

TEFMES L TINVERWTCT AR a~v 757 4— (GC) H#fi&EiToTn, GC BT A
IEDB-1 (30 mx025 mm) %, ¥ V7 —H RZiF2EHE% VK 2.8 mlmin THEFT-
Teo WU T NENRES 280°C, FRHIBE% 280°CIZ LT, 1T A —T L RERLED 160°C
T34, 1 M2 CT oS, 150°CT2 HEREFT 5 X5 ICRE L, Fr 7l
IRBRA A AU FID) 2 X ViR L7,

FE7z, GC ST L FROY IV ERWTCHA T v~ 757 4 —/BES5H (GC-MS)
Z2iTolc, BT LT GC i LD b DERANT, Fv U 7T—HRIZIIANY 7 5% FBVE
& 23.8 mimin TfTo72, T VEANRES 130°C, 1T 24— ARERIED 130°C T3
ST 1 53 2C o bR S8, 150°CT 2 /372 5 K 5 ITERE Lz, MS 3 IMS-AX505H
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Bl (JEOLDATUM) %ZFWTfTolz, 2 ha—iA Lt LT D-v> /—X . D-HF7 h—2
BIOD-Z NV a—RZBWTH GC BLGCMS ST a1T-o 77,

12) SDS-RV 727 UNT I R )VEKHKE! (PAGE)

BEREY 7 V% Laemmli (1970) OFEITHES>T SDS-PAGE 12L& W S5 LT, &4
75 pl IZFIED Tris-SDS BME SEPRASOL™ (B5—(L2#8K5) ZN%., 60°CTC 10 ARzl
BBEATolc, TDYV LT NET TV MoV (RAFFN 1020, F—ALFERD) 128
AL, 40 mA TEFBEFLTHY 1 RFIKED L7z, PKEDEERIL SDS- M) R 7Y S U AREIE (55—
b)) 2ERA L, OBt -EREIRLEY Y b B TREL, H7EIID
FE~—I— ERESFEY—I— F U £ TIV#EELR,

13) AB=RDOfHL

(1) ARZEsyiE

0-264 Ba-FREER (10° B/imD) Z¥ v _XVEEZ 40 ul TORTHEL, BESTRFv
IF % UN—ADAR D=y b RIZEE, 25CHFTC 24 B EEE U, BERLE
SGF (THARMERT =T A [(NHy), SOs] (BRZD) % A0%BEFZIRD X 5 1tha 2Bk
LB GHIN LTz, SEEITEHRE 30 B L., ol (15000 xg, 30 43, 4C) i
LV HE LB RS, FEXE HIZ FiL e FERFIE CHRREZORIE 2 =D,
NENDEIEE I TR LR % DW IR LTz, ZOOWK% 10 kDa [RSNEBIEIC
K OBERE U, BRIEEOREERIT o717,

Gi) Bk m< 7T 7 40— (HIC)

HIC %&k & LT Butyl-650M (TOYOPEARL)ZEFA L. HT 4 (2x3 cm) IZ¥EE L
TNVEFELIZHE, 0.5 MFBZE - 0.5 mM DTT 574 50 mM V) VESBER oH7.5) 205
LETR 2 fEEIN A, L LTz, Vo7t UCRREINBIT & Y 157- RS EE S 2 1R
L. FEERE D 7 AR 2 fEEINZ 72, WIZ 025 MBRZ » 0.5 mM DTT &4 50 mM U
CESEEIR (pH7.5) & T AMAFE 2 &, 0.5 mMDTT £ 50mM U »BAREEIE (pH 7.5)
2H T MR 2 EEINZIEH Uiz, BB DW 205 MM 3 [FEML T8 L, &
BHR%E 10 kDa FRANEEIEIZ X 0 BHE L7c#, EREHRORERBIVOERESEOANE
iTo77,

13



(i) ZVgRs a~ v 77 40—

HIC & & W 157 F3R/TE MBI % Sephadex G-75 7Vl 7 & (Amersham Biosciences,
1.2x65 cm) IZRVHBELTe, 0.5 mMDTT 578 50mM V) BEREEIR (pH7.5) CIEH L.
9 ml FOES RS LT, SIS % 10 kDa [RANEEBIC X 0 BiE L7214, SREHOR
ERBLUVERESEDHIEEITo 12,

(iv) SDS-PAGE
TNVERZ u~ b5 7 4 —IZ X W BTAE &M L. SDS-PAGE 41T 77, %
P75 ul IZFIED Tris-SDS BME SEPRASOL™ %402, 60°CC 10 4RIEIER ST -
T2 TEOV U TINET TV MV (=VFZN1020) IZEML. 40 mA EERTH
1 FEfEKED Ui, DRENEEERIT SDS- kU A7) S R miR AR Uz, DBELT-ERE
I3 CBB Jf57 (0.25% Coomassie brilliant blue R-250, 25% X % J—/L, 7.5% Eifs% DW
MR T2 D) IRV REL, HFEIIyFE~Y—I— EBASFEY—I— ‘B )
WZEDHEE L,
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3 R

1) BFORETEEHIFRFH S0 AB FHHRERK

fEEEY (Fr~\Y, avYFRBLOE X)), HETEY (=hrFy, = FUBX
Wh=h) OEEBIOTIAF v 7 v—1 R 0264 O DW JaFIREIKE (5%10° {E/ml)
i TEFE L, 24 RO RIERS LOBERERE T, BREMEE ETix 90%LL
L ORI L BRELRERARDFRD DL (Table 2), —F., EBEBIEHB LI OTT 2F
97— L HTINTIL, TR KT 5 LT REFRITIES | BRI B D
o7tz (Table2),

2) MBEREREFET SEEMSI DR

(1) FEYEEEINR O BR AR TEEE

Xy Y, awVFRBIUTy FUEL G — M7 L—7 R U TR 3R 0-264
JaFaRB L. BEREMGHEEELZA o, CORE (Table 3). fEEEEWHIRIZRNT
FTOEREMFEEMEI B N, FEEFEBRHRIZWO Qa2 R bivieh-
s

(2) TEWBERERER DT R R EE
Fr Y| TV T BLOE Y FURELREER T CER: L TS BRI = 00 L.
BER SO ES 2187, FEST 0264 JaFERE L. BREMGHEIE L T
R (Table 4), TETAEMZEEVEDOUBRE TRV TOLETOERAERTFEEEITRD b
TS, MDBEZIZRBWTITEL TR biviad o7z,

(3) HEANBRREEE Sy DO BHRAERGEEE:

e EREERERILRRE S R CET OFRARGREEMEARD b, ELATOMTE (H
2001) ZIUNT, T8 EFEERHR CHIIOBE S RRESR 2 A0 U OB I R AR
ETRO NI &b, BFEMENERERGHICEET L LA, 22
T, XY aw BTy RUZEND Englishetal. (1971) DF#E Kibaetal (1995)
DIFER YR U CHIRRBER > 2/ L. SRAESGHEEES 3/, English et al. DT
FhH U 7= HIBRBE BT ISV T, 8 EEERRBEE S RV TGRS EASERD Dz (Table 5),
F 72, Kibaetal. DFIEIZ &LV #H Ui MFREERSIZRO T, BETida~y T IEmie:
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Table 2. Germination and toxin production of A. brassicicola spores on host and non-host leaves ¥

Dropped on: Rate of SG (%) Toxicity of SGF
Host
Cabbage 9211 ++
Komatsuna 95+8 ++
Oilseed rape 98 +4 ++
Non-host
Japanese pear 41«3 -
Pea 83+9 —
‘Tomato 70 =39 —_
Plastic plate 47 =14 —

a) Spore suspensions (5x10° spores/ml) of 0-264 were dropped on various plant leaves and plastic plate.
After 24 hr incubation, rate of spore germination (SG) (%) was measured. Spore suspensions were
collected and SGFs were obtained. SGFs were dropped on wounded cabbage leaves and toxicity was
observed after 48 hr incubation.

b) Toxicity is shown as +-: severe symptom and —: no symptom.

16



Table 3. Toxin-inducing activity of hot water extracts from host and non-host leaves ¥

Hot water extract from: Rate of SG (%) Activity ¥
Cabbage leaves 100 +
Komatsuna leaves 100 +
Pea leaves 100 —

a) For assay of toxin-inducing activity, spore suspensions (5x10° spores/ml) of O-264 in host water
extracts from leaves were dropped on plastic plates and incubated for 24 hr. After spore germination
(SG) was observed under a light microscope, spore suspensions wetre collected and SGFs were obtained.
SGFs were dropped on wounded cabbage leaves, and toxicity was observed after 48 hr incubation.

b) Activity is shown by toxicity to cabbage leaves (+: slight symptom and —: no symptom).
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Table 4. Toxin-inducing activity of homogenates of host and non-host plant leaves

Homogenate of: Fraction Rate of SG (%) Activity
Cabbage leaves Supernatant 100 —
Pellet 100 *
Komatsuna leaves Supernatant 100 —
Pellet 100 =+
Pea leaves Supernatant 100 -
Pellet 100 —

a) Homogenates of leaves were centrifuged and supernatant and pellet fractions were obtained. Spore
suspensions (5x10° spores/ml) of O-264 in fractions were assayed for toxin-inducing activity. In the
assay, rate of spore germination (SG) was also measured.

b) Activity is shown by toxicity to cabbage leaves (=: symptom at wound site and —: no symptom).
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Table 5. Toxin-inducing activity of cell wall fractions extracted by according to the protocol of English
etal. (1971) from etiolated seedlings of host and non-host plants ®

Cell wall fraction Exp. 1 Exp. 2

from: Rate of SG (%) Activity ? Rate of SG (%) Activity ?
Cabbage 88 — 94 +
Komatsuna 89 + 92 +
Pea 88 — 92 —
Cucumber 93 + 95 —

a) Spore suspensions (5x10° spores/ml) of 0-264 in cell wall extract from leaves of host and non-host
plants were assayed for toxin-inducing activity. In the assay, rate of spore germination (SG) was also
measured.

b) Activity is shown by toxicity to cabbage leaves (- slight symptom, —: symptom at wound site and
— no symptom).
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BIMZBWTCETOFEEER R OGNS, % v~ BB Crie < R L v
Mofz (Table 6), —F. FEMETEEIREEE IRV CIIETFOFEMNL LN, —FEL
TiES T hso 72 (Table 6),

(4) HEMIZE LD SGF DiERARGHEREN:

AR L USHETHEYEEIZ 0-264 O DW RaTREEIR 2 THFE L, 24 FEERESEMRIC SGF
Z157c, SGF ZFMAL T SGF FIIFHET DBRERE SR, SRENGFEEELH
Nz, TOFER (Table 7)., & TOEFEEL Y E7 SGF 1BV TE LW ERANFEEM:
ARD LI, —F, FEEEITI CIERATED bhgho Tz,

3) BEHEMELICH T HRTFHIFRD AB SHREROFEEE

(1) #E¥%E b SGF DA RFEENEMEORIFHIZ b

F oy VEERIT 0264 O DW JAFRREREZTE TEREL, —EREEICRTRIEREHE
BITW THEZEIN L7z, SGF OBRIEMHEAIRE LIk, SGF FEVIHE L, BERAFGHERE
PEFNT-, EOFRER Fig. 1), 0264 JaFiaEt 3 R E LRI LIS, 12 Bz
IX 100% DI TR L e oz, Tz, SGF OEHRAERIIHAER 6 B B LD 53D b,
SRR DITE > TR LTz, HR/ERGREIETEIIIA 03563 LR 5 3 R B LA
BEromish, 12BE ETHERLE,

(2) A. alternata SGF DERARGEEETEM:

F ¥ \VIIEHEFRE TH S A dlternata 0-276 13X 0 0-94 D DW JFRREIR A % v V3
BIOTITAF v 7% —V R TEREL, 24 FREEEEHIZEIN L7z SGF 1I2ki)5 AB
BRAENFEEEER T, HEBO), 0264 AZBWTHRIEDBEERIToT, F0
A5 (Table 8) . A. alternata DREERRD> HHE7- SGF IZBW T FEEEEA R I 0o T,
—75. FREED 0-264 1> D87 SGF 2B W IR L Em AR LT,

(8) FPFARF w7 v%—LE 0264 SGF TR L7785 T3EM b DB HIKOERERE
T
VU EDFERK Y| AB HRAENFER FHMETIE ED 0-264 SGF IZBWTHDHFEEL TV
5T EMRREINTL, €T, ARFAMETEYBEND, F I REER RN ONT
FRTr, TTAF I V% —1 HZ 0264 D DW JaFIEBIRETE T L. 24 REIRzR%I2[E]
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Table 6. Toxin-inducing activity of cell wall fractions extracted by according to the protocol of Kiba et al.
(1995) from etiolated seedling of host and non-host plants »

Cell wall fraction Exp.1 Exp.2

from: Rate of SG (%) Activity ¥ Rate of SG (%) Activity
Cabbage 94 — 92 —
Komatsuna 85 x 100 =+
Pea 64 =+ 35 —
Cucumber 97 — 27 +

a) Spore suspensions (5x10° spores/ml) of 0-264 in cell wall fractions from etiolated seedlings of host
and non-host plants were assayed for toxin-inducing activity. In the assay, rate of spore germination

(SG) was also measured.

b) Activity is shown by toxicity to cabbage leaves (=: symptom at wound site and —; no symptom).
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Table 7. Toxin-inducing activity of spore germination fluids (SGFs) of 4. brassicicola (0-264) on

various plant leaves ¥
Plant family Plant species Activity ¥
Cruciferae Brassica campestris (Komatsuna) cv. Rakuten == <

B. juncea (leaf mustard) ++

B. napus (oilseed rape) cv. Wester ++

B. oleracea (cauliflower) cv. Snow crown ++

B. oleracea (cabbage) cv. Shoshu ++
Cucurbitaceae Cucumis sativus (cucumber) cv. Tsubasa —
Rosaceae Pyrus pyrifolia (Japanese pear) cv. Nijisseiki —
Solanaceae Lycopersicon esculentum (tomato) cv. Momotaro —

a) Spore suspensions (10° spores/ml) in water were placed on leaves. After incubation for 24 hr, SGFs
were heated for 15 min at 100°C and assayed for toxin-inducing activity.

b) Activity is shown by toxicity to cabbage leaves. + +: severe symptom, —: no symptom.
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Fig. 1. Time course of toxin-inducing activity in spore germination fluids (SGFs) of 4. brassicicola (O-
264) incubated on cabbage leaves. Spore suspensions (10° spores/ml) in water were dropped on
cabbage leaves and incubated for 0~18 hr. After spore germination percentages (J) in droplet solutions
were determined, SGFs were assayed for toxin activity (4\) and toxin-inducing activity (). Both
activities are shown by dilution end point (DEP) of the solution that gave toxicity to cabbage leaves.
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Table 8. Toxin-inducing activity of spore germination fluids (SGFs) of Alternaria isolates on cabbage

leaves and plastic plates ¥

Spore suspension of Placed on Activity ¥

A. brassicicola (0-264) Cabbage ++
Plastic plate —

A. alternata Japanese pear pathotype (0-276) Cabbage —
Plastic plate —

A. alternata saprophyte (0-94) Cabbage —
Plastic plate —

a) Spore suspensions (10° spores/ml) in water were placed on cabbage leaves and plastic plates. After
incubation for 24 hr, SGFs were heated for 15 min at 100°C and assayed for toxin-inducing activity.

b) Activity is shown by toxicity to cabbage leaves. + +: severe symptom, —: no symptom.
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IR U7 SGF ZfEER LUIEEEIE HITH T Uiz, 24 FERIEERICH MREZEIN L. AB &
SRAERGEEEME T, £ORER (Table 9), fEEZE LITH T L7z SGF TIITRE2HEE
PEDSFRS IS, FEMEEZE FICE T L7z SGF B EB L UOEETEFTE T L DW ©
TEERIFERDONT, BREMGFER B YRR TH L & ERLE,

4) ABERENGFERTFOMIL
PLEDRERMNG, 15TEE ETD Abrassicicola SGF 121X AB BERARGEERFAFELT
WA EATNREINTZD T, SGF 2 bARRFORY Y E R T,

(1) A

Xy NVIENDLHTC 0264 SGF ZEMIFE L, BHEZE LT-%., S ALY AN, B8
E45y & IR Y 2, BB RT S BERAESGEEREE TN, TORER (Table 10),
TEHEET & B L UEBR T IV OIREIEE Iy & A 5 ) — VOB IBW TR BT,

(2) Sep-pak Cis 7 7 AT & B
X XNV DHETZ 0264 SGF ZBVUHE L, Sep-pak Cig 77 A& FAWVTHES u~v b
T 74— %FToTle, AT AEREEGTB LIV 100% A ¥/ —/VERHES (REES) 1280
THBREFGFEEE LT TAER (Table 1), IHEEESCOBREERH NI,

(3) FNEERBIC X 5550
Fy XV ED DRI 0264 SGF BV L, 5 kDa BLUM10 kDa pEADEA D » b1
E£720% 3 kDa HBERAOUNA T 7D —15 IZKVSE L, SRR SRR
T, FORER (Table 12), 7EMIT 10 kDa AT, 5 kDa SA B L OLLTF, 3 kDa Il LoD
BB TH LI,

(4) B3 VRERR L URERERAEE

FEHEFIEREIRENETARD 12D, Fr VN DT 0-264 SGF ZEYLE L, 500
ug/ml proteinase K E72iT, 0.125~1 mM DiE s UEEET U U A (KIO,) WREZLFRL, R
ARGEEEME AT, £O/E (Fig. 2). proteinase K MERITISIT AIEMEA~DEEN I 5
N7 1 mM KIOSENZ IRV TREITEMEIIHA LT, BLEDZ & XY | AFEEMIC I
MBET D Z &R ENT, £ T TEEE RS T /0B LT #5% (Fig. 2) . o-mannosidase
AR K DIEMRISSERIZIER LT, £72. B-glucosidase SERIZ IV N T HETHEMRIHMET Liz
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Table 9. Toxin-inducing activity of diffusates from leaves of host and non-host plants treated with spore
germination fluids (SGFs) of 4. brassicicola (O-264) on plastic plates ¥

Treatment Diffusate from Activity

SGF Cabbage ++
Komatsuna +
Oilseed rape +
Cucumber —
Japanese pear —_
Tomato —

DW Cabbage —

Japanese pear -

a) Spore suspensions (10° spores/ml) in water were placed on plastic plates and incubated for 24 hr.
SGF's and water on plastic plates were transferred on host and non-host leaves. After 24 hr incubation,
the solution droplets containing diffusates from leaves were assayed for toxin-inducing activity.

b) Activity is shown by toxicity to cabbage leaves. ++: severe symptom, +: slight symptom, —: no
symptom.
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Table 10. Toxin-inducing activity of solvent-soluble and insoluble fractions from SGF ¥

Solvent Fraction Activity
Acetone Soluble —
Insoluble +
Ethyl acetate Soluble —
Insoluble +
Methanol Soluble +
Insoluble +

a) SGF of 0-264 from cabbage leaves was evaporated and extracted with solvents. Solvent-soluble and
insoluble fractions were dissolved in DW and assayed for toxin-inducing activity.

b) Activity is shown by toxicity to cabbage leaves.+: symptom, —: no symptom.
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Table 11. Toxin-inducing activity of absorbed and passed fractions in reverse phase column

chromatography with Sep-pak Cyz cartridge of SGF

Fraction Activity ¥
Adsorbed fraction (100% MeOH elution) —
Passed fraction (DW elution) +
SGF +

a) SGF of O-264 from cabbage leaves was chromatographed with Sep-pak Cis cartridge. Absorbing
fraction was evaporated and dissolved in DW. Absorbed and passed fractions were assayed for toxin-
inducing activity.

b) Activity is shown by toxicity to cabbage leaves. +: symptom, —: no symptom.
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Table 12. Toxin-inducing activity of low and high molecular weight fractions obtained by ultrafiltration
of SGF

Ultrafiltration ® Activity

>10kDa —
<10kDa
>5kDa
<5kDa
>3kDa
<3 kDa _
SGF '
a) SGFs of O-264 from cabbage leaves were filtrated by ultrafiltration across 3 kDa, 5 kDa and 10 kDa

+ + + o+

membranes. The fractions were assayed for toxin-inducing activity.

b) Activity is shown by toxicity to cabbage leaves.~+: symptom, —: no symptom.
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Toxin-inducing activity (DEP)
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1 05 0.25 0.125 P-K DW B-Gal a-Glu B-Glu @-Man DW
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Fig. 2. Effect of chemical treatments on toxin-inducing activity of spore germination fluids (SGFs) of
A. brassicicola (0-264). (A) SGFs from cabbage leaves were treated with KIO, at various
concentrations and proteinase K (P-K) at 500 ug/ml. (B) SGFs from cabbage leaves were treated
separately with 10 units each of 3-galactosidase (-Gal), a-glucosidase (ct-Glu), B-glucosidase (B-Glu)
and o.-mannosidase (o.-Man). After KIO, and enzymes in the reactions were removed by ultrafiltration,
toxin-inducing activity in SGF samples was evaluated using bioassay. Activity is shown by dilution end

point (DEP) of the solution that gave toxicity to cabbage leaves.
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DB, TN OBER T BT 2o T,

() KFEFNMERY v~ N T 74— L5458
F o _XVEE BN B2 SGF (100 ml) ZIE LT 1mliZ L. Z1ZF4 Sephadex G-25 Coarse

B LTG50 Coarse 7 /VIEEY 11~ b 75 7 4 —%4TV, EHIKE S ml 30D, FEMC
BT 5 ERANGHEE % H37=, Sephadex G-25 Coarse 7/ VB 7 1~ h "5 7 1 — T
Vo BLUEDFHE (EHE 30-50 ml) ITIEER RO, ZEOERSIOVEREIMREESh
7= (Table 13), —7. Sephadex G-50 Coarse 7 /VIgi@ 7 o~ k275 7 ¢ —TlZ Vo L V@hi-
Hiy (EHE45-55 ml) ITEERR BN, FEIREH Sh N ERERFA SR Sh Tz

(Table 14), BAEDZ & LV, Sephadex G-50 Coarse 7 /VE@ 7 v~ M5 74—k V&
TIEYEE S DR BHEREVEE 2 b, ZOEYy% & HIZ Sephadex G-50 Superfine 7/V&
W7 v M7 4=V DB Lz, HRE 5 ml T92ED, KEICBIT 2EHERK
HEEM AT AER (Table 15). IEHIE 130-135 ml OESMTBWTERAR O, F
7o, TEHEBEGHIDBOBEPEENTE Y, BREIMEH STz, G-50 Superfine 4
NEBZ v~ b5 7 4 I KV BIEEES A ERE L. Z/VIER HPLC I X 0ot Lz
fER (Fig. 3). WHIFH RY) 7.75 SicE—ov—r BREn, BB FROINVT
BAZUH— R LT FERATIZ I DAY —213090 1.3 kDa THD LHEESN-, Ab—
7 2R UG 2B IRE ST L. BRARGREEE A AR (Table 16) . 0.02 pg/ml
DIEREE TERZ R Uiz, 7ok, AFFO SGF 76 OfifbFIEE Fig. 4 1R LTz,

(8) GCIZk BHEREESHT

7VIgIE HPLC 12 X 0 73R8 R 72 kg L. 7TEF ML, GCizkv4y
Prlic, RZHE—=RELT, D-vV /=R D-HF77 h—RBLT D-F Vv a—R & Fkk
(7 eFMEL, GCIZX VL, £DfER (Fig. 5). </ —RDS R:19.99 43, HT
7 M—AH Rt20.30 53, TA2—RR Rt 2067 55 CThoTz, —F, FERFL 3 >OFE
RE—7 PRSI, B2 T Re19.99 43, B —2 MIXRt20.30 47, B—2 I i% Rt:20.59
3 TH-oTz (Fig. 5) I bIT, MYLFFERTF ORI E GC-MS 12XV fi#HT UTfis5R,
FHRENAEFEDAT ML (wz 115, 145 BLOV187) BE—7 I B IO TRV T
HEhn, ©—7 I Enizhotz G—&721L),

(9) SDS-PAGE = & 3528 L EAENT
7 VIEIER HPLC 12 & D 157 M VSR 7 CHAFE LTz 0264 o FIRBIR S A F v 73
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Table 13. Toxin-inducing activity of fractions by Sephadex G-25 Coarse column chromatography of
SGF ?

Fraction Elution volume (ml) Activity ® Sugar content Protein content
No. (ppm) (ppm)
1 20-25 — 0.5 8.1
2 25-30 - 2.6 1.5
3 (Vo) 30-35 + 88.4 58.1
4 (Vo) 35-40 + 100.0 105.8
5 40-45 + 61.7 69.7
6 45-50 + 48.3 514
7 50-55 - 42.0 449
8 55-60 — 40.8 66.8
9 60-65 — 41.3 77.0

a) SGF of O-264 from cabbage leaves was chromatographed on SephadexG-25 Coarse column (1.5x90
cm) and fractions (5 mtl) of the elutions were collected. The fractions were assayed for toxin-inducing
activity. Protein and sugar contents of the fractions were also determined.

b) Activity is shown by toxicity to cabbage leaves. +: symptom, —: no symptom.
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Table 14. Toxin-inducing activity of fractions by Sephadex G-50 Coarse column chromatography of
SGF ¥

Fraction No. Elution  volume Activity ¥ Sugar content Protein content
(ml) (ppm) (ppm)
1 20-25 — 7.1 8.2
2 25-30 — 6.3 1.8
3 (Vo) 30-35 — 24.1 14.7
4 (Vo) 35-40 - 27.6 13.5
5 40-45 — 23.0 16.6
6 45-50 + 17.2 73
7 50-55 + 18.5 9.5
8 55-60 - 19.8 59
9 60-65 — 29.1 82
10 65-70 — 68.8 273

a) SGF of 0-264 from cabbage leaves was chromatographed on Sephadex G-50 Coarse column
(1.5%60 cm) and fractions (5 ml) of the elution were collected. The fractions were assayed for toxin-
inducing activity. Protein and sugar contents of the fractions were also determined.

b) Activity is shown by toxicity to cabbage leaves. +: symptom, —: no symptom.

33



Table 15. Toxin-inducing activity of fractions by Sephadex G-50 Superfine column chromatography of
active fraction obtained from Sephadex G-50 Coarse column chromatography

Elution volumn Activity ¥ Sugar content

(ml) (ppm)
70 — 75 (Vo) — 1.8
75 — 80 — 2.1
80 — 85 — 0.6
8 — 90 - 1.2
9 — 95 - 3.1
95 — 100 — 7.0
100 — 105 — 8.1
105 — 110 o 11.0
110 — 115 — 174
115 — 120 — 24.1
120 — 125 — 273
125 — 130 — 34.1
130 — 135 =y 19.9
135 — 140 — 10.7
140 — 145 — 7.5
145 — 150 — 2.1
150 — 155 — 1.9

a) Active fractions obtained from Sephadex G-50 Coarse column chromatography were combined and
chromatographed on Sephadex G-50 Superfine column (1.5%90 cm). The fractions (5 ml) of the elution

were collected and assayed for toxin-inducing activity. Sugar contents of fractions were also measured.

b) Activity is shown by toxicity to cabbage leaves. +: symptom, —: no symptom.
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Refractive index

" TN

0 4 8 12 16
Retention time (min)

Fig. 3. Gel filtration HPLC of the active fraction obtained by Sephadex G-50 Superfine column
chromatography. Column; GSM-700H (7.5x250 mm), solvent; water, flow rate; 1 ml/min, detector;
RID-6A.
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Table 16. Toxin-inducing activity of active fraction by gel filtration HPLC

Concentration (ug/ml) ¥ Activity ¥

20 +
10
2
1
0.2
0.1
0.02
0.01 —
0.002 —

+ + + + + o+

a) Active fraction obtained by gel filtration HPLC was evaporated and weight was measured. The
fraction was dissolved in DW at various concentrations, and assayed for toxin-inducing activity.

b) Activity is shown by toxicity to cabbage leaves. +: symptom, —: no symptom.
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Spore suspension (10° spores/ml)
——— Placed on cabbage leaves

—— Incubated for 24 hr at 25°C

SGF

Evaporated in vacuo

Residue

——— Dissolved in DW

Sephadex G-50 Coarse column chromatography

Active fraction

Sephadex G-50 Superfine column chromatography

Active fraction

Gel filtration HPLC

Purified inducer

Fig. 4. Scheme for purification of inducer for AB-toxin production from SGF.
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Fig. 5. Gas chromatography (GC) of the active fraction obtained by gel filtration HPLC. (A) GC profile
of acetylated derivatives from the hydrolyzed active fraction. I, II and III shown in figure are major
peaks. (B) GC profile of acetylated D-mannose (a), D-galactose (b) and D-glucose (c) used as standards.
Column, DB-1 (30 mx0.25 mm); carrier gas, N; flow rate, 2.8 ml/min; detector, FID.
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r— L RIZH T U, 24 BFERERAICEI LTz SGF 128V T SDS-PAGE f#iT 238 = 72 577,
ZOFEFR (Fig. 6, lane 1), #938 kDa IZEEER N0 ROVBIEE I, FOMITE, W o
VY RBBR B, —FF, v hr— b LT, 0264 © DW PRIk EIREIc B
LT/ SGF (Fig. 6, lane 3) FHEK T DA (Fig. 6. lane 2) 123V T% SDS-PAGE fi#hT
ZAToTH, 38kDa Tz N RidgEIhih-T-,

5) ABHROME

F v XY EE HT 0264 D DW SSFRREIRCR T THERE L. 24 FEEIREERIZEIY L C187- SGF
TR T TR RN AB HEROMIL 2R,

E9. SGF 100 ml IR ZNER 40%. 80%F TN 100%BZFMT 725 K Hi2inz.. Bl
SBEZ X 0 B RS, SUEE % DW 4 ml \CHR URER U754, SRIEES -
R (Table 17). 40~80%DATFIEISIZIV TAIRIRIME 32 5 F CEREM AR L., WKIT,
WZZH BN L D BT IEERS Z B i< v 757 4 =X D SE L, REDOERIEM:
BLOEBREGREZRARER (Table 18) . FEREBINCRWOCHIRIBIYE 8 (5 E THEMEN
Hoiv. 025 M BRZEH V VEERERIC X W IEH SNZESZB O CHOFIRBE 4 5%
THEERR O, 2B, MEZICBWTEREOEAENFE L, 52, Bkikr o<

NI T 4T XV BIEEESy GRREESY) % Sephadex G-75 ZVIEIR v h 57
A —IZEVHEL, FESOBEREHRBLOERESEZT -, TOME (Table 19). ¥
& 36-63 ml IRV TFFRFRIME 8 fiF £ TIEMED A vz, Sephadex G-75 7 VG <
NTT T 4 —Z X VGBS (No.1~7) Z¥B#HE L. SDS-PAGE & &4To7- /R (Fig. 7).
843 No.1~5 128V TE K DR RORH X477, Table 19 128U CERIEMEDHD - 72 No.3

B LT No4 Tid, #I38kDa FHEICEEE 2/ RSB Sz,
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Fig. 6. SDS-polyacrylamide gel electrophoresis (PAGE) of spore germination fluids (SGFs) from 4.
brassicicola (O-264) treated with the active fraction on plastic plates. Spore suspension (5x10°
spores/ml) supplied with the active fraction (4 pug/ml) (lane 1), solution containing the active fraction
(lane 2) and spore suspension in water (lane 3) were incubated for 24 hr on plastic plates. A 10-fold
concentration of the sample was electrophoresed and proteins were detected by silver staining.
Molecular weight marker (lane M) is indicated on the right of the gel in kiloDalton.
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Table 17. Toxicity of fractions by ammonium sulfate [(NH4).SO4] precipitation of SGF of A.

brassicicola®
Fraction Toxicity
Dilution
x1 x2 x4 x8 x16 x32

(NH4)%,SO4 conc.

0-40% 0.0

40-80% 2.5 1.5 2.0 1.5 1.0 0.5

80-100% 0.0
DW 0.0

a) Proteins were precipitated from 100 ml SGF of 4. brassicicola (O-264) with 0-40%, 40-80% and 80-
100% (NH4),SO, saturation at 4°C. Proteins were pelleted by centrifugation and dissolved in 4 ml DW.
The solutions were serially diluted with DW and assayed for toxicity.

b) Toxicity is shown as 0-3 values. 0: no symptoms, 1: slightly chlorosis, 2: moderate chlorosis, 3:

severe chlorosis. Each value is the average of three replications.
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Table 18. Toxicity of fractions by hydrophobic interaction chromatography (HIC) ®

Fraction Toxicity * Protein conc.
Dilution (ng/ml)
x1 x2 x4 x8
Passed fraction 23 20 2.0 20 321.6
Adsorbed fraction
025 M (NH4),S0s 0.7 0.3 1.0 0.0 172.6
OM (NH4),SOs 0.0 0.0 NT 83.5
Washing fraction (DW) 0.0 0.0 NT 50.5

a) Toxic fraction by (NH4),SO4 precipitation as applied to HIC (Butyl-TOYOPEARL, 2x3 cm). The
adsorbed fraction was eluted with 50 mM phosphate buffer (pH 7.5) consisting of 0.25 M (NH,),SO4or
only buffer. Finally, the column was loaded with DW. Each fraction was collected and concentrated by
ultrafiltration 10 kDa membrane. After protein contents in the fractions were determined, the fractions
were serially diluted with DW and assayed for toxicity.

b) Toxicity is shown as 0-3 values. 0: no symptoms, 1: slightly chlorosis, 2: moderate chlorosis, 3:

severe chlorosis. NT : not test. Each value is the average of three replications.
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Table 19. Toxicity of fractions by Sephadex G-75 column chromatography

Fraction Elution Toxicity ” Protein conc.
No. volume (ng/ml)
(ml) x1 x2 x4 x8

1 27-36 (Vo) 0.0 NT 166.8

2 36-45 LS 20 1.0 1.0 157.8

3 45-54 2.5 25 2.0 1.0 126.6

4 54-63 23 2.5 1.0. 1.0 66.9

5 63-72 0.7 0.0 NT 61.7

6 72-90 0.0 NT 43.7

7 90-120 0.0 NT 10.6

a) The toxic fraction (passed fraction) by HIC was chromatographed on Sephadex G-75 column
(1.2x65 cm). The eluted fractions were concentrated by ultrafiltration 10 kDa membrane. After protein

contents in the fractions were determined, the fractions were serially diluted with DW and assayed for

toxicity.

b) Toxicity is shown as 0-3 values. 0: no symptoms, 1: slightly chlorosis, 2: moderate chlorosis, 3:

severe chlorosis. NT : not test. Each value is the average of three replications.
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Fig. 7. SDS-PAGE of fractions by Sephadex G-75 column chromatography. Each fraction (200 ul) was
concentrated and electrophoresed. Proteins were detected by CBB staining. Lanes 1~7 show fraction
numbers obtained by Sephadex G-75 column chromatography. Lane M is molecular weight markers.
Arrow shows 38 kDa protein.

44



4 BE

Alternaria brassicicola 132480 T 75 F BHEMZ o SIRVELFE OfE IR EM 254

(Cooke et al. 1997), A. brassicicola \Z & > TAER SN ABEHEERE CHOELIERY AB S
SRITAEDEEIZOHE AT (Otani et al. 1995), F7-. AB HRIMETIE LTI
FICE VARSI, IBEFEEBIVTIAF v 7 ov—1 b R 2 Tldrk
DER0 HAL/RVY (Otani etal. 1998 b), Z DX 51T, 4. brassicicola ix AB BEARIZIBVVTH
Ba=—J K a R o TRY | FIERTFD b0 AB BRI IIE NS ESED M 5 530
EF2REE L TNWAZ LSRR S,

TITET, EEEYE I IHE Y EEOBRHIRIC RO T AB SR A RHEEN 4
NIER, BRI RO TETOBEESARD bR, B Fooss
AR E DBEIRERE TITRd 0T, RIT, SHEYEBEREZELSBEC X o a5 1
BIOVERES NI T AB BRARGHERIE S AR, BRI REESN R
WTETOFBEEEEZ R U, Lo, WBEEDOERS Th D BBER S i 5584
AGHEIEIE T2, BERIEHIRD GNP, BEIEMC R 2 5EEE T OFEz O
TITRREICIZT TE o Tz,

FESFRT D AB BRAEL, BEELTOZRBOOLNEZ Lnb, HERTIAT LEE
T & O EAERIC Lo TR SN A TR E 2 bb, £2C, BEEmB I OHEEE
TEPIE L L V&7 SGF 23\ CHERANGFEE 2 TR, 16T Fh DEIN L
7z SGF IZBWCDHIRERFHEIEMNS RO, F72. SGF (ki A EEARHEET
MTRFERLVRHS, £0%, AB FHE) SGF Fician-, ozt kv 7B
TR ETOLAED AB BREARRT SO, IETE LCEREREHETS & 9 RET
PIFET 20 T3l BEENLD SGF FIZ AB BRERETHET A1 5 HDOEFEN
FET BN THS & Bbhiz,

Z T, SGF HOBRAENGHERFIEERRNE I DFRRB DI, TITAFv I
*—V EXVEUI L7 SGF ZEER LI OIBEEE R T L., 24 BRICF O RS
RAERHEEEZ R Lz, TORR, BEE O FROATEE S b,
ARFIIEERRTHY . BFRFDOMLPORFIC I > TraEHEL 0 iEEL << 5%
BHThHHZ RSN, Fin, BRI, ARFIA brassicicola ? SGF H2D
FREFES I, D Alternaria BE D SGF HIITEES N2 oT- 2 L L0 | BERARRER
FOIFEIARREIRRN TH D Z EB3E L BB,

SGF FOERAERMFER FIIBUCRERKICTERWE TH Y . TOIEET KIO, Ra-
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mannosidase 4RI Lo T5ERIZIEHE L7203, proteinase K WERIITEL BN 2077,
IDZELXY, KEFIFa-v> ) — AP b A EENFHEEHIC ST A EEETH BT
BEMEDNVNR ST, SGF oK FEI a< 57 4 —Z Lo TR LZHERF% 7 VIE
W HPLC S LICRER. B—E—2 & LTS h, 4785 1.3 kDa LHEES Nz, A
5313 20 ng/ml DIEIREEE THHEIEM AT Lz, b, ZOMILESS% GC 8L GC-MS
RV LIfER. AR D-v2 /) —ABI U D-H T 7 b—Rnb BB ETHS
TEWRREN, TOZ LIIBERLEOERFER L b—B L, IR F v vy—L i
AFHER T 5B L7 SGF % SDS-PAGE 12 Lo THBAT L7-fE8. #9 38 kDa DU R
PEEITRE SN, FFER AL o THEFRTNOEIZ AB BRPIEEIND Z LSRR
INiz, UL, LRIO#HE (Otani et al. 1998 a) (28T, AB RO FEITH 35 kDa
LHEINTEY, SEIOFERICBIT AN TEDZERN EH L TALTOMNIA LI TIT
VS, AB BEROEIEDS SGF 7> 6 OREEERRICIW TR LR b E 2 bivd, 2B,
4Bl SDS-PAGE ##HTIZI5V T 38 kDa UISAADEEDE I RBRH S0, Zhbik
A. brassicicola R FFEFRAZEFIEL U BRARGRER T %05k 2 72 D DOHIEE  fREE SR
ThHHFRRERDHY ., 5%, BRETTO2LERH D,

—77, AB BROGFHEEITA SN2 TWRNWZ E LD, SGF b OEBROHMI L E
FrTzs SGF DFREZENC X B/ IEES 2Bk v~ 875 7 ¢ —, Sephadex G-75 %
MgE 7 v~ h 75 7 ¢ —CIERE L OEHES #157-, T&HEES% SDS-PAGE T4
U7cfESR. K9 38 kDa {230 ROMEH SR, ZOMIZH Z80 30 ROBH &, Rl
Wi EENTRY, MUIZRELRD T, & BITMOFEZ AW THEZED, ik
FRMTEAT 5 EDR B D,

SEIDMFRIZ LY . A brassicicola DFEFFRATAZ LD AB BFRARSECE LTI, () 3
FIRFIZLDEEEN O OEERTH OHERFOARK. () BEFRHEROERERC L 5%
FERTHO AB BEROFHHE, (i) HEFTILD AB EROKH. &) —EHORRAHAE
EIND, ZOX 5 mERREORIFICE D HST AENEEE OHMAEERIZL-T
FEINAFNIERTHDTOZ L TH D,

Balr, Quayyum etal. 2003) iX, 7 A U =Y \Z Alternaria blight #5% 3 & #2234, panax
DAPET S HST (AP %) 13 35 kDa DERETHY, BEEELTOLLEIN, FEE
BEECIIAEINRNZ L ZHE L, Z0X5I2, BEEWE N Lz HST AEIIERE
HST O—oDFHH L EZ bID, LizdSo> T, A panax DFEIFRTFIZE D AP BRAERITE
WTh, SEIDBIE & FIRRZARE 2T 21T, BERRDOT S0 T HST ARUCEE L
TWBZEDBBALNE D0 LI, 228, BAEHST & LT 3T =A% tan spot
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/% 5| & 23 Pyrenophora tritici-repentis \Z X > TAREL &5 Pir Tox A (Balance et al. 1989;
Tomas et al. 1990; Tuori et al. 1995) L O'Ptr ToxB (Strelkov et al. 1999) 23SBR &3 & 725 TN
%o A HST 3, MREHEHFIZEWTHIEY L & FIRICAEES N DD, 5%, HST OF%L
BEEY L TORRED SGF IZER LUTRIE, ¥iceBAE HST OXR L2500 L
23RN

5 AR SRORF 23R L C, WRBE ORI T-05m RIS ER 7% A PE 4 A 63 F
F—BIZBWTHEIN TS (Kolattukudy and Gamble 1995), —fEHIIZ. JRECRIRE DA
FITEYIERE L THRIFT LR, MED7 FH—EEKH L, WEYIEREEL v L&D F
R =SNG, 7T —RRED 7 TP EETEEEE LT, BEF
BEFIPDORED Y FT—ERRIWEND, A brassicicola ({2 THEFIFRT 7 FF—
BV R—BREOBERPHUWMEINTHD Z LB TWADT (Berto et al. 1990; Fan and
Koller 1998) . FEIFhL T & o> TR SN DBERHETZED b OELFFADOSHEL 5| E /8 L
TOTVDENS LR, LIz T S, IWREDERT D18 EHEE S /- 1I3ER R

U ~—%0R T AEEREZHAONIT A Z L BNEELRRETH D,
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F2HE RFRIFCEES T AHEWRS
1 R

A. brasssicicola I IERERTREE (10°E/ml PIL) DBE. B LIS REsr
Y FFEEE T T AF 7 e —V ETIIFREFIELZV (Otani et al. 1998 b and
2001), F7o, FHIEEE LORBFIRTREREBEERETT5 L, BAISELES
THIENOHEB/BERLTTAF v 7 Vv — L ECORFEDKTIL, FIFEEIEDTEEIC &
DHDTITRNZ EIVRR S TVNS (Otanietal. 1998b), DX 512, 4. brassicicola T,
HST £EDH/2 BT, FTFFRZFTE O THEERAPEE L TND 2 LAVRE SN 7290,
TEEEMNCINT D A. brassicicola DISTFFEF5ARET 5 R T DEEHRE L O DML 2377,

—H. KEREIToTCODIEET, A brassicicola IXEEEMTRRER (10° Eml LATF)
DS, BEREETIIS DA, FEFEESTTRAF v 7 vy — L HTBO T ERE R
FERTH, FEBEEEYTHD M~ NEBFHKT CIE A brassicicola JEFDRFENZE L FH
FSNDZExRHLE, 22T, b MNEBRERTICHEET 5 L B3 A brassicicola
SRR EE D BB L ORI &R AT,
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2 MEBXLUHE

1) #EEwEs L UOMEE

2 1 SiOER TRWZESOMIZ, FAREHD ' —< 2 (Capsicum anmum L) 55FE K
K, BLXOANTRHEMOY >3 (Malus pumila var. domestica) Sf& Ly R=—L R2ERL
Tzo BERBEIZIX dlternaria brassicicola (777 7 FHEMESIIRE) © 0264 BB LU 4
alternata FERIFE D 0-94 BHREFER Uz, M1 OFEIIE 1 Hik FROHIETITo 77,

2) RaFFIFRORPIE
BETTRAF v 7 F ¥ L "—HNORR V< b HCBWEE, HEFERIOTFT X
F o7 —L EIZ, 0264 faFD DW BEIKZ 40 pl 0 F L, 25CHFTC 24 BT
BL-, RAERBEETELZ 0.01% 2y 7N —iRCYua L, LIS T CRIER T
REHRIL, FEFEREPERATL VR,
RaFRIFR (%)= MIETFRTE I 7L x 100

3) TEVMIEEEEMR DR

FHEEE 1 g 12 DW 5 ml #I0Z, ARETFA P— (Kinematica) CTEEREL 72 b D ZHilZE
B L, BOaBE (800 xg. 5 47, 200) LT HER X OVCEESy 2157-, B
EHITRLSEE (800 xg, 545, 20°C) ok oT. 3 BEpee L,

4) RFFEIFROFEY

TR LR LT T 2F v 7 RIZEREEICHTREE Uz 0-264 f310 DW SREIEA 40 ul 350
BTL, BESFRF I F ¥ U R—ANDORAR D=y b RICEE, 25CHTC 24 Bt
BLl, AFEMECTRTRIFLBE Lk, FEEBIOTIAF v 7 FOBEIKEEIL
L., BLolE (800 xg. 550, 20C) %4727, D HEEIVRT 7 4 VH— (FAL02 um)
TRIFRFEHRELZDOEIRTFREIAK (SGF) & L,

5) MTFIBEEIEORE

REV L TMTERE (10°Em) 12725 X 512 0264 BFRERBEL, 5 RXFv 7y
—VEZOuTORT L BESTRF v 7 F v U N—ADARY Vv b KX, 25C
ETC24 BRIEIEHE LT, TOR, FSFaFEE 7R LRERERDT,
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6) RETIIFHREwE DML

() BRONEE
0-264 SGF % 5 kDa 33T 10 kDa EHDENL D>~ R 1T (TGC, LCC) * AT, [B
NEEE T -T2, BONSESNTRBIT AT R EE DR EEIT- 77,

() FHeEh

0-264 SGF Z pH 5.5 IZHRE L, DRHIAN CRIEOEERTF /LA ML TR L,
ErR-— -/ ViHE Sy & FERIHES S HBEL . FEmHEHE I B EREOREE—F /L & E RN
Z TR LT, fiESFOKS ERFET D0, AR Y U AEMZ T, Ik

(Whatman No.2) TI&@ L7z, KEnEr—4 ) —x/ 3R L—&— (EYELA N-1 &,
FEEERR) IR D IBEREE U, FRHEIOE 1% A %/ —MZ, E7-3EMHEES L DW I
AR L. BESITRIT DT BIMEEEEOREEIT o7z, FIRIC 7%/ —/zoun
THHZITV, BRI EEEEOREZ T T2,

(iii) Seppak Cig— k1 w3
0-264 SGF 1 ml % Sep-pak Cis 7 7 ATHEA L, IEREFEED E57-, KRIZ, 15%., 70%3F
SOV 100%DT & b= I NE T MINZ, FEHES 25, FEYEr—F ) —T
PNRV—Z —TRHEEE U, JERERLE DW 12, E7-EHESE 1% A & ) — AR
L7 BT 2 RS OREE T T2,

(v) ZNVEEs a~ NS5 74—

0-264 SGF 100 ml 2SRRI L D IRMEREE L, DW 1 ml IZEL, S URT7T 740
Z— (02 pm) THE L7, IE#K% Sephadex G-50 Coarse 175 (2x50 cm) THIVESE
rswav b7 4—&fToT, DV THHL, 777V aryalb 7 ¥ —7T 5 ml 58
L. FESTZBT DI FRIHRERIEOREE T o1z, & BITIEIESY 25 L. Sep-pak
Cig 07 DT U CHSCE S 4572, B 2 18HE L .DW 1 ml {Z¥A## L <. Sephadex G-25
Coarse 775 (2x90 cm) CH VBB vu~ NS5 7 4 —%{T->7=, DW T&HL, 75
7varavyZ—7T5ml TOFML, FESIRTAIETFRFREEEOREERTTo
77

7) RaFREREEEEOBRE
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BEY 7 MARBE (10 Eml) 12725 X 912 0264 BFERRBL, FFRF v o vx
—LRZAOWUTOET L BESTRAF v 7 F ¥ L N—HNDAR <y h RIZEX 25°C
BE T 24 BFRRFE LT, £0%, FIERTEEFH LRIERE RO, £, a0 ho—
e LT DW (T 0264 JaTF25E L, RRICRHERLRD, HST L rREERS
BHH LU=,

R FEFFRER(Yo)= (I-EY T BIT B53EE /2 b o —UTRBIT B 33FER)x100

8) RaTHIFREWE DML

(i) DIAION HP-20 i/ < R 57 ¢ —

b+ NEERR D LIRS % DIAION HP-20 5 A (523, 3x14 cm) 1AL,
DW BLUOFRED A Z ) —NVRIER D T MMM, BB 252, KBy a—F Y
—INRL—Z TR VBB L, 1% A%/ —/V 1 ml TR U714, BaFRsaPErs
HOREEIT> T2,

(i) Sephadex LH-20 7 /VIgi@2 v~ h7'T 7 41—
HP-20 #HH7 v~ N 7T 7 4 —IZ X VB LN T-IEME S % Sephadex LH20 45 A
(Amersham Biosciences, 1.4x42 cm) IZHEA L, 80%A % ) —/V TR Ui, IRHiEE 7
T77varavyZ—7T5ml TORULESES e —% U —x/ UK L—F —CiE
B L. 1%AF = 1mliZEBR U, BR7FRFREREOREEZI T 72,

(i) TLC
LH-20 7 /VIE@, v~ 757 4= X0 B IIEERLy 2> Y S TLC 7 L—
b (Merck) HiZRBALT., EBRELELIFRSE FHERA—T NV, A5 ) —/DW (10:3020:1,
viviviv) ERWT 2 EREL, BB L7z, S0%REREIEE L7714, 100°C TBWEET 5 =
LTARRy b Lc, ARy FBAKRHINZEISENEERD . 100% A & /) —V T
MU CRLOEE 800 xg, 5 4, 200) XV Y AFNVERDKRE, m—&a ) —x/ UK
L— & —CIRRREE LTz, 1% A%/ —/V 1 ml \[ZERER LT-t%, FFREHEEORES
1To77,

9) RaFHFEREWEDRIE
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(i) NMR
MALBIITIT D 'HNMR 227 MU %, Jeol Lambda 400 NMR spectrometer % i
W To T,

(ii) FAB-MS
MYVBEISDOSFE% ., IMS-AX505H & (JEOLDATUM) % U NTiTo7-,
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3 MHR

1) WEMELIZEIT5 0-264 laFHEF

BEEYE. FEEHEPEBIOT T AT v 7 % — 1 HZ 10° @ml & 10° ff/ml 12558
L7z 0264 B FREEIRAZTE THAEL, 24 FFEIERHEIC 0264 AT ORIFEREME LT, *
DFESR (Table 20) . fEFZE LTIILEH L DREIZRBOTHH 0% DEVFEFRERL, &
LWEFERRP RO, —F, FEFELB IO 7 2AF v v 7 vy —L HZBOTL
IERE (10°fB/ml) Tk SOWRBEDREFRAR LIS, BRE (10°Em) THEEA LR
FELIRDo T,

2) 0-264 BaFF3F"xtd SIEMIEREDIER

BER JUIEREHEEEL BB U, B UABEC & 0 872 BiER X OURRESCERE (10°
Bml) L OIEREE 10 ffml) 12725 X 912 0264 JaF 5 RE L, 24 RS D 0264
RIFDOFRFRZPE LTc, £ORER (Table 21), BHREICEDLL Y, b~ MEBPYED L
B DETOEGZBNTEVIEFRFRE TR L, ELVEREESALNE, 2B, |k
< MEBFRO B IR TRE CHRAIE EE LRI T,

3) 0-264 laFRFZ{REY HBEEHH DI & fift

(1) ERHEIZRT DI FRIHMEEE T

BERIUELIERIC DW 2R T L, 24 REEERBICEIN LB R D873
SHREEEZ Nz, ZORER (Table 22), FEMEEDBR R COMRTRIERIT 10%LL
T CE®RIIA LN T,

(2) HEEE B X 0157 0264 SGF 1231} B B F RS RAErE i

BE FEBEBLOSTAF v 7 ¥y —1 EiZ 100 E/ml & 5x10° B/ml 12588 LT 0-264
FEFIRBIRZTE T L. 24 BEUERE O SGF 1281) A PR REE A T, ORI

(Table 23), WIRRFIREE CHEE LIEFIE L L V157 SGF HTIE 70%L OB TR L
AU, FHFEMRLE Lo, —F, WlRTRECERELIMETE LRIV 25y
7 % — L EX V5T SGF FTIE. 20%LL FOERWRHERTH T,
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Table 20. Spore germination (SG) of A. brassicicola on various leaves and plastic plates

Dropped on: Spore concentration (spores/ml) ®
10° 10°
Rate of SG (%) Rate of SG (%)

Cabbage 950 = 53 80.7 = 122
Komatsuna 980 = 138 8.0 = 71
Tomato 700 = 11 32 = 40
Japanese pear 820 = 18 24 = 20
Plastic plate 830 = 28 55 = 40

a) Spore suspensions (10° or 10° spores/ml) of 4. brassicicola (O-264) were dropped on various leaves
and plastic plates. After 24 hr incubation, spore germination was observed under a light microscope.
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Table 21. Spore germination (SG) of 4. brassicicola in homogenates of various plants ¥

Plant Fraction Rate of SG (%)
10° 10°
Cabbage Supernatant 100 (Hypha extension)’ 100 (Hypha extension)
Pellet 100 (Hypha extension) 100 (Hypha extension)
Komatsuna Supernatant 100 (Hypha extension) 100 (Hypha extension)
Pellet 100 (Hypha extension) 100 (Hypha extension)
Leaf mustard Supernatant 100 (Hypha extension) NT
Pellet 100 (Hypha extension)
Apple Supernatant 100 (Hypha extension) NT
Pellet 100 (Hypha extension) NT
Cucumber Supernatant 100 (Hypha extension) NT
Pellet 100 (Hypha extension) NT
Sweet pepper Supermatant 100 NT
Pellet 100 NT
Tomato Supernatant 0 0
Pellet 100 100
DwW 9% = 3 1.8 = 13

a) Homogenates of various plants were centrifuged (800 xg, 5 min) and obtained supematant and pellet
fractions. Spores suspensions (10° or 10° spores/ml) of 4. brassicicola (0-264) in each fraction were
dropped on plastic plates. After incubation for 24 hr, rate of spore germination (SG) was measured. As a

control, spores suspensions (10° or 10° spores/ml) of O-264 in DW were dropped on plastic plates.
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Table 22. Spore germination (SG) of 4. brassicicola in diffusates from host and non-host leaves

Diffusate from ; Rate of SG (%) ¥
Cabbage leaves 60 = 46
Japanese leaves 58 = 38
Plastic plates 18 = 13

a) DW was dropped on leaves and plastic plates. After incubation for 24 hr, droplets were collected and

spore (10° spores/ml) of A. brassicicola (O-264) suspended in the solutions were dropped on plastic

plates. After 24 hr incubation, spore germination was observed under a light microscope.
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Table 23. Spore germination-stimulating activity of 4. brassicicola SGFs incubated on various plant

leaves
Plant Rate of SG (%)
Spore concentration (spores/ml) ¥

10° 5x10°
Cabbage 889 = 66 770 = 87
Komatsuna 75.8 = 162 500 = 0.0
Cucumber 116 = 30 20 = 1.7
Japanese pear 189 = 131 3.0 = 30
Plastic plate 151 = 163 37 = 47

a) Spore suspensions (10° or 5x10° spores/ml) of O-264 were dropped on various leaves and plastic
plates. After incubation for 24 hr, SGFs were collected and assayed for spore germination-stimulating
activity.
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(3) fEEZE BT 0264 BRI X UMAF TSR MEORRRRAGZE L,

F A NVHE BT 0264 IETRRER (10°fEml) 2 TERL. —Esimiciarierss
HAIE LIz, SGF ZEMN L. 0-264 MaTRIHRERIEE Tz, TORE (Fig 8). 0-264
FRF350 p TE IR 4 BRI D 3EEE LA, 12 RERHR ISR 3ERIT 40% %18 %
24 B BITIREE 100%DFIFRE R Lz, Fio. BFRFREEMT 0-264 a7 2R%IEL
PR DEEAE 4 BFH B &V LIEIOBERE 2 R B HRR0 bhD, 24 B E ¥ CEomiciy
iz,

(4) MEWZE L V1872 4 allernata (0-94) SGF 128V} 5 Mo F- R RAEIEM:

BREME LB IO T 2AF v 7 v — 1 BT 5x10° B/ml 12388 U7-3EREM: 4. alternata
O-94 ¥R ETI T L, 24 RfERERARICEIN L7z 094 SGF 128175 0-264 JaF-S53HE
EEELZRN, 2B, 094 BFIIETORBE LB L OTT2F v 7 v —1L Rz
TH %LU EDEWFEFRER LTz, ZORR (Table 24). 77 7T FHEHEE L 0B~
0-94 SGF 1 TIL 80%LA LRV REZEREIR Uz S, ZNLISNOHYEE EB L OS5 2 F
7 — b B X D872 094 SGF TR T 20% L FTOIRWRERThH o 77,

(5) O-264 haFFE3FRERFORL,

UEDFRERI Y, 777 FTRIEZE LD O A brassicicola 3 X OV A. alternaria SGF $14Z
1% 0-264 FBFRFZRET DERTBHEEL CNB Z TR ENTZ, £ C, A brassicicola

(0-264) SGF 6 D 0-264 R FFEERAERF DM LA TR T2,

1) FRANBIEEEC X 5508

0-264 SGF % 5 kDa 8L TN 10 kDa ZyEFHDOENA v b I CHE L= ESICBIT 51
TRFBEEELZ Tz, EORER (Table 25) . 10kDa LATR L5 kDa LU FOBESNCE
WTEEERFIFNERD b,

(i) AR

R R RERFHES Hbaw & BT, 0264 SGF % pH 5.5 T3 L. BE
BRrF VB LT n-7 7 ) —/V TR ZITO, i X OYEMHES 2457, SESICER
T DI TREHRAEEE TR (Table 26) . FAKEABEDIEMHEI NI CREEN
1R ST,
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100 4100
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0 2 4 6 12 2
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Fig. 8. Time course of spore germination-stimulating activity of 4. brassicicola SGFs incubated on
cabbage leaves. Spore suspensions (10° spores/ml) of 4. brassicicola (O-264) were dropped on cabbage
leaves and incubated for various times. After incubation for various times, rate of spore germination
(SG) (@) was measured under a light microscope. Then, SGFs were collected and assayed for spore
germination-stimulating activity (H).
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Table 24. Spore germination-stimulating activity of non-pathogenic 4. alfermata SGFs incubated on

various leaves

Plant Activity (%) ?
Cabbage 87.0 = 41
Komatsuna 830 = 72
Cucumber 168 = 11.0
Japanese pear 142 = 69
Plastic plates 163 = 114

a) Spore suspensions (5x 10° spores/ml) of non-pathogenic 4. alternata (O-94) were dropped on various
plant leaves and plastic plates. After incubated for 24 hr, SGFs were collected and assayed for spore
germination-stimulating activity.
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Table 25. Spore germination-stimulating activity of low and high molecular weight fractions by
ultrafiltration of 4. brassicicola SGF ®

Fraction Activity (%)

>10kDa 21.8 = 132
<10kDa 722 = 183
>5kDa 374 = 268
<5kDa 28 = 74

a) SGFs of A. brassicicola (0-264) were filtered by ultrafiltration across 5 kDa and 10 kDa membranes.
Each fraction was assayed for spore germination-stimulating activity.
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Table 26. Spore germination-stimulating activity of extracted and unextracted fractions by solvents of 4.

brassicicola SGF®

Solvent Fraction Activity (%)
Ethyl acetate Extracted 127 = 72
Unextracted 477 = 219
n-Butanol Extracted 55 = 00
Unextracted 480 = 0.0

a) SGF (pH 5.5) of 4. brassicicola (O-264) from cabbage leaves was extracted with various solvents.
Solvent-extracted and unextracted fractions were dissolved in 1% MeOH or DW and assayed for spore
germination-stimulating activity.
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(ili) Sep-pak Cis 7 — b U v Iz L B0

0-264 SGF 1 ml % Sep-pak Cis 7 7 AT L CHEREEY B4, 15, 70, 100%7 &
h=h UL TIBRIAH L, BB 25, SEMTBIT 28RS REE i 2 35~
FER (Table27). FEWAEEMTIVTHEEICRKIENMEE I N,

(iv) MRS v~ N7 7 4 =T KB4

0-264 SGF 100 m! % 1 ml |ZJ8#E L. Sephadex G-50 Coarse 777 A% VT H VRS 0
< b T T T4 —=FATV, BHEE 5 ml ToRE L. SEMCEIT DI TFREREE L
Tz, ZOFER (Table 28), AHE 80-90 ml DESFICIHWTRIMBES N, Z0
%)% & HIZ Sephadex G-25 Coarse 777 L& FWTH VIR u~ N5 7 ¢ —EFT0,
Sml $OSEL., FESIZRIT D RFREREFE LTI, ZORE (Table 29) .
£ 110-125 ml DEFIZRBWTEREFICREIFMBES N, T, HBHE 95-135 ml DESIT
B OFESEEZRE LIFER (Table 29) . FSHEEEMED B OB TR
Shiz, Sephadex G-25 Coarse 7 /VIBIRZ 1~ b 7T 7 4 —T & V&LV RAEE MRSy
(ZRWTH VIR HPLC T 24T o 7ofER (Fig 9) . IR 8 DI —D v — 7 235,
BTz, BB FEDT NG B E & UTRERIZE D A —27 D4 FE%H 600
Da LHEE LT,

4) 0-264 FaFRF#BEET 5 b7 FERS DR &L

FHFEOBERICIV T, b MEBRRF T 0264 BIFORFENTZICAESNS =
EDREN (Table 21), b MEFIZIXA SOOI FREREWEINGET D 2 LASVRL X
iz, £Z T, BEFRHREMEORE LML ERA T,

(1) TEFZE RTRIT 5 b~ MNEERIR BB ORTREER

0-264 JRFIIEERE ETIIEFRECED O TEE2RKFE LR (Table 20) DT, JaF
FEIFPHFTEMZ RO M~ MR EIEIC 0264 JRF2RRB L. Fv VI LT T LR
DI FHRIFAEEELTH o, TOFER (Table 30), FBEEM THH X+ XVE LCHIAT
RHIEAICHES N,

(2) 0-264 fa-FFERESZ DML,
v MEEBRER T DS TR EWE ORI 24T 5 72012, b~ NEBERLE 0 EE
L., Bbiiz LiEESy % DIAION HP-20 75 . (3xl4cm) ZAWCHEMEZ o< 757 4
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Table 27. Spore germination-stimulating activity of adsorbed and passed fractions in reverse phase
column chromatography with Sep-pak Cis cartridge of 4. brassicicola SGF

Fraction Activity (%)
Passed fraction (DW elution) 798 = 91
Adsorbed fraction
15% MeCN elution 41.0 = 220
70% MeCN elution 273 = 99
100% MeCN elution 73 = 78

a) SGF of 4. brassicicola (0-264) from cabbage leaves was chromatographed with Sep-pak Cjg
cartridge. Absorbed fractions were evaporated and dissolved in 1% MeOH. Each fraction was assayed
for spore germination-stimulating activity.
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Table 28. Spore germination-stimulating activity of fractions by Sephadex G-50 Coarse column

chromatography of A. brassicicola SGF ®

Elution volume (ml) Activity (%)
40-45 (Vo) 83 = 14.0
45-50 46 = 41
50-55 55 = 49
55-60 76 = 56
60-65 10.1 = 120
65-70 163 = 140
70-75 169 = 95
75-80 279 = 150
80-85 372 = 150
85-90 400 = 270
90-95 228 = 180
95-100 133 = 71

a) SGF of A. brassicicola (O-264) from cabbage leaves was chromatographed on Sephadex G-50
Coarse column (1.5%60 cm) and fractions (5 ml) of the elution were collected. The fractions were

assayed for spore germination-stimulating activity.
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Table 29. Spore germination-stimulating activity of fractions by Sephadex G-25 Coarse column
chromatography of active fraction obtained from Sephadex G-50 Coarse column chromatography

Elution volume (ml) Activity (%) Sugar content (ppm)
75-80 (Vo) 30 £ 14 —
80-85 15 = 07 —
8590 30 = 28 —
90-95 15 = 21 —

95-100 15 = 07 6.15
100-105 15 = 07 13.73
105110 S0 = 28 27.46
110-115 485 = 134 2024
115120 520 = 14 18.79
120-125 340 = 71 849
125-130 25 = 07 0.0
130-135 . 60 = 42 0.0
135140 0.5 = 07 —
140-145 10 = 14 —
145-150 05 = 07 —
150-155 30 = 42 —
155-160 20 £ 0 —
160-165 70 £ 14 —
165-170 05 = 07 —
170-175 45 = 21 —
175-180 00 = 0 - -
180-185 05 = 07 —
185-190 05 = 07 —
190-195 00 = 0 —
195-200 40 = 14 —

a) Active fraction obtained from Sephadex G-50 Coarse column chromatography was chromatographed
on Sephadex G-25 Coarse column (1.5x90 cm). The fractions (5 ml) of the elution were collected and

assayed for spore germination-stimulating activity. Sugar contents of fractions were also measured.
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Fig. 9. Gel filtration HPLC of active fraction obtained by Sephadex G-25 Coarse column
chromatography. Column: GSM-700H (7.5x250 mm); Solvent: Water; Flow rate: 1 ml/min.
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Table 30. Spore germination-inhibiting activity of supernatant obtained by centrifuging homogenate of

tomato leaves ¥
Dropped on; Rate of SG (%)

Supernatant Dw
Cabbage 0 (100)% 85 = 15
Tomato 0 (100) 80 = 13
Plastic plate 0 (100) 97 = 0

a) Spores of A. brassicicola (0-264) were suspended in supernatant obtained by centrifuging
homogenate of tomato leaves or DW as a control. Spore suspensions (10° spores/ml) were dropped on
various plants or plastic plate and assayed for spore germination-inhibiting activity.

b) Number in parentheses shows inhibition rate (%) of spore germination.
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—&AToT, 0~100%A &/ —/VTHRRESH L. S0 B L IS B C RS 2EpH TS
DIREZAT > ToFER (Table 31). 60~90% A Z ./ — /VERHEISNTIW TERERIEMERTRD 5
Niz, IZ, ZOTEHBES %N L, Sephadex LH20 T A (1.5%50 cm) % FHVNTHIVE
W b TT T4 —E ToT, 80%A X ) —/LTCIEH L, 4.6 ml TO0H L& ESNCER
WO FREFIREEMEORER T o T-4ER (Table 32, Fig. 10), W ENOESNMZIBVTHIE
FEERAONT-HS, FEHE 138~152 ml OBEIZRBW TR LEEENZED b, S5
(2. TR v T T 4 I Lo THRIIEES Z B L. Y A4V TLC 71—
h RICER LTz, 50%FiBe%s A7 L —AEB UT-RER (Table33). 1 HDOXRy FaMRH S,
R FREFREEEDOREEZIT o IofER (Table 33), ARy FAMEH S -ESICI O CEEE
TRIEEDSFED DT, LLED b= MEEERNEH b 0D 0-264 Ja TR REWE O FIES Fig.
11 TR LTE,

(3) O-264 faFRHFHEWEDRE
b= FEPIZITa- FF U L WO HTEEEER o mWENFEL TWA 2 ER#E Sh

TVW% (Morrissey and Osbourn 1999; Schénbeck and Schlosser 1976), {472 h~ MEEMRLECIE
IEE 1 mM OREETEENTIY, ZOBEIX in vio T OFREDOKREAIRET %
DIZH53THD Roddick 1974), +~ MEBERIRHFITIEET 5 0264 Ja 7R HEWEIL,
a- b FUTITRONEZEZ OO T, b~ MEBRE) LML L EHES & o- b
FUATOWT TLC BT &dTolz, £OFER (Fig. 12). RAE 4.0 fBEDOR CAIBIZ AR b
PRREHESNT, £, FREICTHE UM WEEESY La- h<F 00 0264 RFIIFTRE
TEEICWDTIRAZAER (Table 34) . MESE D 0.1 mM OB CRABICRTFRELRE LR,
& BITHYEIE MBI ZIV T FAB-MS f#T 21T o 7GR (Fig. 13). miz 1057 DBz e —
JBRRALN, Zhidoa- h=FrDO0F 3 FE1034) I Na BfEMULIEA F 0 DETHS =
EMEZOND, WIT, FMHUIEHELY Ea- b~F D 'HNMR A7 kL e U= fER

(Fig. 14). MAXRT MUV E—FK L7z, DEOHER LY, 0264 TR ENZ I Ta-
rF U THHEREL, 2B, a- h~Fr0fbEEES Fig 15 R LTE,
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Table 31. Spore germination-inhibiting activity of fractions by DIAION HP-20 column
chromatography of supernatant obtained by centrifuging homogenates of tomato leaves ¥

Elution fraction Rate of SG (%) Inhibition (%o)
Passed fraction 100 (Hypha extension) -7.3
Adsorbed fraction
10% MeOH 985 = 21 -5.7
20% 975 = 07 -4.6
30% 980 = 53 -5.2
40% 90 = 15 -52
50% 980 = 10 =52
60% 00 = 0.0 100.0
70% 00 = 00 100.0
80% 05 = 0.6 99.5
90% 1.5 = 0.7 98.4
100% 20 = 29 13
DW (Control) 932 £ 19

a) Supernatant obtained by centrifuging homogenate of tomato leaves was chromatographed on
DIAION HP-20 column (3x14 cm). Each elution fraction was evaporated and assayed for spore

germination-inhibiting activity.
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Table 32. Spore germination-inhibiting activity of fractions by Sephadex LH-20 column
chromatography of active fraction obtained from DIAION HP20 column chromatography

Elution volume (ml) Rate of SG (%) Inhibition (%)

0-69.0 9.0 = 0.0 0.0
69.0-73.6 685 = 35 28.6
73.6-78.2 83.0 = 57 13.5
78.2-82.8 555 = 78 422
82.8-87.4 610 = 85 36.5
87.4-92.0 700 = 71 27.1
92.0-96.6 750 = 0.0 219
96.6-101.2 855 = 92 10.9
101.2-105.8 700 = 7.1 27.1
105.8-110.4 69.0 = 7.1 28.1
110.4-115.0 670 = 7.1 30.2
115.0-119.6 520 = 14 45.8
119.6-124.2 550 = 14 427
124.2-128.8 720 = 28 25.0
128.8-1334 600 = 127 375
133.4-138.0 725 £ 49 24.5
138.0-142.6 270 = 42 719
142.6-1472 335 = 49 65.1
147.2-151.8 140 = 28 85.4
151.8-156.4 410 = 184 57.3
156.4-161.0 430 = 283 552
DW (Control) 9.0 = 00

a) Active fractions obtained by DIAION HP-20 column chromatography were chromatographed on
Sepbadex LH-20 column (1.5x50 cm). The 21 fractions (4.6 ml) of the elution were evaporated and
assayed for spore germination-inhibiting activity.
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Fig.10. Sephadex LH-20 column chromatography of active fraction obtained from DIAION HP-20

column chromatography.
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Table 33. Spore germination-inhibiting activity of fractions by TLC of active fraction obtained by

Sephadex LH20 column chromatography

Rfvalue Reaction spot Rate of SG (%) Inhibition (%)
0.62-1.00 — 950 = 5.7 4.4
0.44-0.62 + 35 £ 07 9.1
0.00-0.44 — 710 = 28 22.0
Control — 91.0 = 14

a) Active fractions obtained by Sephadex LH-20 column chromatography were loaded on silica gel

TLC plates and developed 2 times with a solvent system of ethyl acetate, methanol, acetic acid, and

water (30:20:10:1, v/v/v/v). Each fraction of difference Rf value was collected and assayed for spore

germination-inhibiting activity. Control is fraction of cellulose TLC plates which samples were not

loaded on.

b) The plates were sprayed with 50% sulfuric acid and heated at 100°C for 5 min. +: reaction, —: no

reaction.
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Tomato leaves (1 g)

Homogenized in DW (5 ml)

Centrifuged at 800 xg for 5 min

Supernatant

—— Chromatographed on DIAION HP-20 column (3x14 cm)
Active fractions (60~80%MeOH elution fractions)

— Chromatographed on Sephadex LH-20 column (1.4x48.5 cm)

Active fractions (elution volume 138~152 ml)

—— Chromatographed on silica gel plates

Purified fraction

Fig. 11. Purification protocol of a substance for inhibiting spore germination of 4. brassicicola from

tomato leaves.

74



Rf
value

1.0 e

04— M

_g.&,‘.

Fig. 12. TLC analysis of active fraction (A) obtained by Sephadex LH-20 column chromatography and
o-tomatine (B).
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Table 34. Comparison of spore germination-inhibiting activity fraction purified from tomato leaves and

o-tomatine
Fraction Rate of SG (%) ?
Concentration (mM)
0 0.001 0.01 0.1

Purified fraction 96.0 98 96 0

(-1.8) (-0.3) (100)
o-Tomatine 96.0 92.5 67.3 0

(3.9) (30.1) (100)

a) Purified fraction by TLC and o-tomatine at various concentrations were assayed for spore

germination-inhibiting activity. Number in parentheses shows inhibition rate (%) of spore germination.
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Fig. 13. FAB-MS analysis of purified fraction obtained by TLC.
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Fig. 15. Chemical structure of o-tomatine (CsoHgsNO,;, MW; 1034).
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4 EE

A. brassicicola I EEERRENR (10°E/mD) OHE. 1EXTE FCIITEERREL 710N, JE
BFEELBLOTIRF v 7 v — L ECIIRR ERFEET, ARORFEFBOTHEE
TR B INDORFBEG L TND T EXRR SNz, £ZC, BERBLUYEREFELLY
BRI B I8+ REFEIEE R0, BEIA bR roT-, F-, BEEBL
OB EEDBRER K VB USBEC X o TBIBR L O EBESCBWTIL, b~ NER
KR BB OETOBEGIRVTEEERIRFRIENA L, RIS BN T, LA
DEE (FE 1998) 1IZRWT, BIRED 4. brassicicola DYEFI3S TR e Tl 3gR2E /2
FHFETTH, S%DIN T—RERPTIIFEEREIEL RV I EWREN TV S, LN
T, BRI TR L [FIRRIC 2 S OB EENTBY . 2 b IRTFFERE
ELEEE L BND, HETEE CIEREORFIIRELRVDICLELS P, B
TIEHEBRFICHEFTH 2L LY, R AEFRERE LICFET 2 HBAICBV TR FRFEL
RET DM OORFHHBLT 5 X 5 icEbh b,

% ZC. A brassicicola R FRREIR 2 SAEYZEITH T L CTH72 SGF 12B1) A -5 et
TEEORE AT o TR, BEE EL VBT SCGF [ZORFELRFEMNR O, BT5sE
TR I e F2E HITAS A 2 FFRRICITRE S, 4 BRI DR FREE 2 kA LTz,
£To, R A alternata (0-94) DRFIREIR % SEYEETE T L (&7 SGF 2B\ T
¥, A brassicicola L [FWR, 777 TRHEMEE L X V1577 SGF 2 DA M FFESERAEEM: 23 R,
bz, ZOZ L XY, RFFEFERERTFIL A brassicicola &7 77 FRHEMR O EVER
IZRBWTOREERINTAER SN D DTIIRL . FBRFEOIRTERT 75 TR L e
THRHIT 7T T RHEREEN DRH IS 2 L AVRIR ST,

R F R EERTIIBNCRE T, AU ANATH Y . Seppak Cig I T MR S 7
VN5 kDa LT OME TdhoTe, % 2 CIEEEE EH b7z SGF H0 b DO FRIBERTFO
MbLERBI, FEI 0~ F 5 T 4 — Lo OB U RSB OB S S5 JE LT hE 5
TBEEELFES RO E— 7 BMIE—H L, NMEERIETH A AREERE 2 b, £,
ANEMEESy & 7 /VIRiE HPLC 204 L7ofER, B—or—r & LTRIHEN., #1600 Da 0
B ThoLWESNED, BFE/FETAETITNIEL ) oTz, 5%, EHITHERAED,
NMR X° FAB-MS iZ X o THRFHEFHRER T2 FE L T MER D 5,

—Fh. BERETO>CNHBRT, b~ MNEBRNKIZ A brassicicola JaF 45835 L i
FRFPBEEITIR SND Z R RM I, b~ NERZIITL 2O FFEEREWEIF
TET D AR ENT, €T T, bv MNEBREEY b OIRT-HEFREME O E RS T,
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T b MEBREREZ R LOBET 5 2 LIZ X 01572 IS4 fV VT DIAION HP-20 ifH
7uw NS T T 4 —%fTolr, BbIIEEESY % & 51T Sephadex LH-20 # V@7 m~
NT T 4K SEL, EERS RS, AEES U IS TLC 7 L— b ki
BB S K, S0%BRBEOZEIEEITI & 1 DOARy b R 044-0.62) PR Sh, =
DAR > MIRFRIFLEEEITRD Shviz,

%< OEPITITY R =0 & LTRLNAES FORBME ARG L, BEEOHEEY
T2, PR=ATEZ Y as b ENTZ IR A R, 274 REFERTaA
RRTNVIvA K35 D, Lycopersicon FEIZRIT DX R=ita- h~F L Thby, e
& bV MESERIER | nMBEDOREZEATEY . < OFFEORELAEL LA
T EBEIN TS (Morrissey and Osbourn 1999; Roddick 1974; Schonbeck and Schldsser
1976), SRIDEERTE DI b~ BRI LI ET 2 PR HEENE a- M~
Y THDLARMEDRE 2 b7, TLC 12X > TEMYVES L o- h<F 2% TLC TR
L7ofse, RU RABEICAR Y bR ENTZ, £77. a- h=F UATYEES & FIT 0.1 mM
DIRE TTEERIT A. brassicicola DREFHIEZPAE Lz, & HITHULEMEREZISV T FAB-MS
FENT ZAT o TofER. mz 1057 OMBIZE—Z BR.LN. Zhide- FvFLro0NF OSFE
1034) I Na BMIMUTeA A T, MYUEEELY La- F~F 2D 'HNMR A~27 ML
HERUISHER, WA MUVREE—E Ui, ULEORRIY . 0264 AT SR EwET
a- N FUTHLERE LR,

SEIOFEFELY, b~ MEFIZEEND0- b=F LY A brassicicola DESFFEHE
EINDZEPALNI R T, —BHIZ, b~ FOBRREIZa- M F Ukt SRS
BERoTEY ., HICK > T b~ MNE~OBIRESIS®S (Osbourn 1996), LavL.

b~ FOTRRE TIZRV 4. brassicicola 1o~ =T AR U CTREE™THY . a- hwFrk

fiEm T DB LR TRV K S I, 8 3 BTRWT, HST 24T 5 b~ b
TARE & IERREDo- b~ F AT 23R L HST AEEOBRYBIT do- hvFu
DRENT OV TR 21T o 72,
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B 3E  Alternaria alternata 35 X U8 Corynespora cassiicola DRI 313 3
a- h=F L DRE

1 FFia

% OF ARHEMIE KRB OV R = N BT BB LA R AET 5 = L imbh
T2 (Morrissey and Osbourn 1999; Schénbeck and Schldsser 1976), =< k72 & Lycopersicon
BRI, ERYR=13FRT 1A FRI Y a7 el RThba- h+FY (Fig 16)
ThHod, LR M~ MBI To- h=F 1T in vire THL OBOAEB AT 20
(CA75E Bk 1 mM) THTELTEY  (Roddick 1974) . SHOKEENC L 2B 5
LCHEZRET Db OB LAY Th 5 LS N TS (Martin-Herandez et al,
2000; Osbourn 1996), —MXHZ, b~ MEMIDIRFRENL i vitro 123\ Ta- b= F AT
THY  (Ameson and Durbin 1967), € DIEHIHERHEDYE L 130 b~ T OBERIIRE Th 5

(Osbourn 1996) , Alternaria solani (Schinbeck and Schissser 1976) . Botrytis cinerea (Quidde et al.
1998) . Fusarium oxysporum f. sp. lycopersici (Ito et al. 2002; Lairini et al. 1996 and 1997; Roldan-
Arjonaetal. 1999) | F solani (Lairini and Ruiz-Rubio 1998) , Septoria lycopersici (Bouarab et al. 2002;
Martin-Hernandez et al. 2000; Sandrock and VanEtten 2001; Woods et al. 2004) 33 & OX Verticillium
albo-atrum (Pegg and Woodward 1986) ™k 9 722< @ h~ MEEEE IS 725 1E Co- b
Y IPBREENK IR HAISMER (b~T T —8) ZAEETLZERMLN TV (Fig
16).

HST AKBEDOH T, b~ MURFEMERHZENETNE—F ) TEMFREEZR-T 4
alternata tomato pathotype (4. alternata f. sp. bcopersici) & b~ MEGERMETRE S| &R+
Corynespora cassiicola D 2 > T B,

A. alternatq tomato pathotype (ZX o TH[EEI SNBTNV¥—TF ) TERFIL, BHEED
RN L I EBOBTEE R L T 2E TH B (Gilchrist and Grogan 1975; Grogan et al. 1975).,
BT 1975 RN T 3 V=T IZ8BWT Balypak? 72 EREED b~ M RTBOIT AR S
FIZFRITZ LAMESI (Groganetal. 1975), 1981 LEITABDAEFET 5 HST (AAL %)
DR SOMEREIM Tz (Bottini et al. 1981), F7-. AATHE 1970 E(54I0E
ERESE=EY 7 — R MIAREORENED b, Kohmoto etal. (1995) 117554y
BES Iz Alternaria JREEDAPET S HST (AL HR) 13, AAL HER L F—Ch 5 TTAEE 5
Hllz, SBIT, REIIERFME A alfernata L TEEERCKBICEI2NT L b, BEDH,
B DRI S L IoRRELD—DoTh B & LT, AREEL % A alternata tomato
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A

B-D-Xyl, ‘/
N o
B-D-Glc, — ,8-D-Gal, "\

2
B-D-Glc, / ‘\
B

C

Fig. 16. Chemical structure of o-tomatine and the cleavage sites by fungal enzymes. (A) Botrytis
cinerea, (B) Septoria lycopersici, Verticillium albo-atrum, (C) Fusarium oxysporum f. sp. lycopersici,

FE solani, Alternaria solani.
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pathotype & L7z (Kohmoto et al. 1982), AAL BHHEIIKR IV 7 F RHAWNEIT I /)~ h—L
WS, b MERROR T 4 IREAGRRICIERT A ZE B LMo TN A

(Brandwagt et al. 2000; Wolpert et al. 2002), BT, Akamatsuetal. (1997) i3 AAL FERAFER
BERGRHEEME: b~ MREICBOTREER KB L TOD Z L 2HE L, AAL FEHENAE
EDRRMRBUIRAIR TH D Z L EZA LM LT,

—J5. C. cassiicola \Z X% b~ FOFFEIL. 1936 4EIZ Sierra Leone THIHD THRA XN, Wei

(1950) IZX Y target spot 5 & fndh Shuiz, F7z. 1975 £4EIZ Onesirosan et al. (1975) 13AH

DOEEEERTIC b~ FORTHEMEEZRT HST (CC 38R DIFELHRE LT-, BATIE 1985
SFICH IR TAEIZE D b~ FORENFEL, 191 FITHRERO b~ MEpE#IZ 3T
ZFUIC, AEL, ETHECREL, X - BROLRETIZ LD D, ETIIRIICE
BONERZAL, WEICEAD N T —ZFENE S mm BB ORRRIZAB AR O
BHZRY TET D, ETIHBRO/NNEREAEL, REBIBEREABOREC 5, £ET
FRED/NEREZEL, ZO%OSCMA LR 5 mm AHEDOEREAMREHI R 5, 1992 457,
HILSIIAREICL D b~ FORE L BEREORE &k L, AEIXEARCTEER b~ Mg
et Cdb DPEABNR EIZ58V RFRER R T2 L 2SN Lz (D 1992), £, BA
5 (1995) IFEATREEL bv ML OBELUABEOREIRETIC CC HHMFET D -
LEE L,

C. cassiicola YIRR% ZRAEWNTIRRZ S SR T2IME L LTHONRTWAA (Ells 1975;
Wei 1950), FFAEMDOSLBHEE S TS (Table 35) (B 1993), b~ MBAREURE
LIAMZS, a2 U VBEIRZSIER I3 C cassiicola (2B TH 27 V2O GBI
7§ HST OFFHERNE SNz (BAD 1998), 2T, ZhbD HST 2 XKR[T 5 7=HIC

v MEBEERETRE DARES D HST % CCT 23R, % = v VBBFRE I AERET 5 HST % CCC
BREIRT DI EMRBSNTZ (BED 1998), 728, CCT BEDLFHEEIT OV TIL
BA DN SHUTUNRWDS, ABFHRIX C cassiicola D b~ M~DIREMEICEE &S 2 - C
WA EDREESIN TS (Onesirosan et al. 1975; BA S 1998),

BHEETIZ, ZhbD HST 24ET S b~ MARE Da- b~F AT 28R L O
b M DREHMTEIT Ha- b F U DIFREIZ OV T2 S ShTunian, ARFgRIC
BUNTIX, 4. alternata tomato pathotype (b~ h 7V —F U TERIRE) BIOC cassiicola

(b= MaEBIREORIE) 1281) Da- M FUBBRENIC OV TRRE L. ZhbDREED
AR RT Do- b~ F REREA DBRENZ OV TEE LT,
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Table 35. Pathogenicity of Corynespora cassiicola isolated from various host plants (Hasama 1993)

C. cassiicola Pathogenicity ¥

isolated from: Cucumber Eggplant Hydrangea Perilla Tomato
Cucumber +-+-+ — — - +
Eggplant — ++ — — +
Hydrangea - - + = +
Perilla + + = - ++ +
Tomato * + — — 4

a) Plants were sprayed with spore suspensions (10 spores/ml) and intensity of symptoms was observed
after 7days of inoculation. Pathogenicity is shown as -: no symptom, +:necrosis at only spotted site, +:

necrosis around spotted site, ++:necrosis expanded from spotted site, +++: necrosis over all leaves.
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2 BB XU

1) fERE
ASEBRIZRBVNTHER L7 K& Alternaria BERB ST C cassiicola k% Table 36 1ZR L
Teo T DERRITERENE D PDA LT 25°CTRIE LT,

2) HEEY
~= & (Lycopersicon esculentum) A& TH DHRAREROTES 2Ry M AN LI X,
24-26'COIRENTHI 34 BRET S8, 523 EOMIEL FBRHER L,

3) KafFoFEE

A. alternata 7 IFO8984 FEHKIS L TN O-94 Hilk, A. brassicicola D O-264 kR, A. brassicae ©
0-265 BEtRE L v — L LD V-8 ¥ 2 —RFERBEH (0-265 BHRDBAIIR — AU H L 4 mg/
0 ZUNON) ITHAEL, 25°CRETC 2-3 JEMEE Uz, EMRmICUR S hI-laF% DW
ICETHEEY ., 4 BEXAUA 7 CIERUELSHEE 800 xg, 5 4. 200C0) Uiz, WL~
faF% DW IZFRRE L. %5 IEEIZ K VI8 (Whatman No.50) D_HZJAF 4D, W
iz, IR EOREANFII-80C T CREL. EREERICHER LT,

A. adlternata D 0-276 FERIS ST As-27 BERRIL PDB WA EEH 50 ml IZHFE L, 25°CC 34
BHEEEE LTz, C cassiicola D2 TOEKIL Y F v —XEAEH  (KNO; 10 g /KH,PO, 5 g/
MgSO; * THO 2.5 g/ FeCl; 0.02 g/DW 1 & ) 100 ml {ZBHE L., 25°CT3~4 @iEEE L,
RSN~y D EAEK TR YR LRBE LI, 7T AF v 7 F ¥ L —AIc L,
25CHE T T 2~3 REFFE LTz, ~ v M RISz F% DW (B L. e e &
S TR TR TF2RD, BRI T-80CT CRIELT

BRI L ORI F 2 E O E o T DW IRBSE, BRA I B
TeDIT 4 X LU A 7 CHRIE L0 o8E (800 xg, 545, 20°C) U7z, W L7-B851Z DW
%Mz, Thoma KRMEREHZ XV AR LT,

4) o- bvF AR
b= FEHBTICEA L TV Do- b F U ORKBEIIN 1 mM LHEESHTNS
(Roddick 1974), % Z TAFEFR Tlda- b~F> ERYLER) %2 1 mMBLT0.1 mM /25
X O5IZ, 50mM 7 =B U UESRETR (pH 4.0) 2R L. SEMORTFRFICRITAE
BERNT, o- BT 3 pH 4.0~4.5 ODFEERIZVCTOREIR LT, a- b~F 43 pH
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Table 36. Isolates of Alternaria spp. and Corynespora cassiicola used in this study

Pathogen [solate Disease
A. alternata
apple pathotype IFO8984 Alternaria blotch of apple
Japanese pear pathotype 0-276 Black spot of Japanese pear
tomato pathotype AS-27 Alternaria stem canker of tomato
non-pathogen 0-9%4
A. brassicae 0-265 Gray leaf spot of cabbage
A. brassicicola 0-264 Altemaria sooty spot of cabbage
C. cassiicola
from tomato LC93009 Corynespora target spot of tomato
LC93020 do.
T1882 do.
from cucumber 95001 Corynespora leaf spot of cucumber
C95156 do.
95251 do.
T584 do.
from perilla PC90002 Corynespora leaf spot of perilla
PC95010 do.
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6.5-8.0 DR TIZRWTHA72BIEMNE R Z £ A%15 T3 (Schonbeck and Schissser
1976), €Z T\ a- bvF U % 01 mM (a- F=F U 1% A ¥ ) — WIS 5 B )
(72D EDIT1%AF ) —/v (pH7.0) ICHAREL, SEREOIRTFRIFIKIT BT,

FRED0- b~ F RIS LTI TREE (10 Am)) % 40 ul o752 F v
Y-V EGETL BESTRAF 97 F ¥ L NA—HNOREL vy b FIcBE . 25CRTFC
24 WRIRHE L7, Bk, AP SR IR T CIIE L7z, 7286, 1 b r—izi 50 mM
7B - ) UHSEEIR (pH 4.0) BEN%AZ 2 — (pH 7.0) 1C8RB L7-BaF%
77

5) TLC

0.1 mM a- h~F U EH 1% R ¥/ — VIR L BFRER (10°Bml) 275 25
7 v — L RIZIET U 24 BRERERMAIC, T TIRZEI LELOBE 800 xg. 545, 20°0)
Uiz, SDIZEDEEZIVRT 7405 — (045 pm) 1B L, EHREEE L, 100%2 ¥
J v 50 Wl ITE#EL. Y 7N TLC Merck) HIZRER Ui, ERAEIIFERTF L
AL )= /EEE/DW (3020:10:1. vvmly) ZRV, 2 ERE U, BE U5, S0%H:
BRZTEFE L 100°CT 5 I L, BHSHEARY FERZ L Z— L LTHAVW - b
T FUBLOMF U (Sigma-Aldrich) @ RAES H#E L7z,

6) CCT #HRDOFRE

h~ MORRIEZTRY C cassiicola (~ MEGBRHTFRE) ¢ LC93020 EikER L TUNLCI3009
HIERE U F v — RYRIRHEH 100 ml 1ZBERE L, 25°CTC 34 AT Li-, HR8iks 4 B
LUA T TRIB LT, ERAEERY ROz, TOMR% Seppak Ciy v — + U v JIZEEAL.
20, 70 BET100%A & 7 —NVEERCEH L, SESZEMHEL DW 1 ml IR LT, &
SRS DERTENEE Kohmoto (1992) DFIEITHES THRE LTz, 70% A ¥ J — VEEHIELY
2 b= FEADOFEREERBO O (Table 37) DT, EBRITITZ OBESS B ERSHUY, CCT
BRELUTHEA L, 728, CCT HEROBEL b~ MNEICEIEY B 2 = A RBFYED 4
FIFREE L TRV,

7) BUSHETEEORE

b MOBRRECTHHETE A dternata BE X C. cassiicola DIF% CCT BRB LU=
¥ hr—L & LT DW IZ 10° fE/ml ORECRS & 5 ITARB LTz, IRE e By T80
BEICRO T b MERITH T L, E/-BIHROBRICH T b MEOEEEE
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Table 37. Isolation of CCT-toxin by Sep-pak Cis cartridge of culture filtrates obtained from C cassiicola

pathogenic to tomato
Fraction
x1 x2 x4 x8
Passed fraction — NT
Adsorbed fraction
20%MeOH — NT
70%MeOH + + i —
100%MeOH — NT
DW — NT

a) The culture filtrates of isolates 1.C93020 and L.C93009 of C. cassiicola pathogenic to tomato were

applied to a Sep-pak Cyg cartridge. The fractions eluted with methanol solutions were evaporated and

dissolved in DW. Toxicity of the solutions was determined by a tomato leaf necrosis assay. Toxicity is

shown as -+: necrosis , —: none, NT: no test.
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Lz, 25°CC 24 WEfHiiEate. IR TRREMROM FEEE0 Y, BDs a7 o L RET
DIDIZTL ) =)L EFFEOIRAIE (1, vW) DAy v— I AT, A Sk
7n7—V Qg /Z7VEr—A (Ilm) /DW @ ml) DEAHKICANT, FEEEIER
CRDETRE L, T0%, 0.I%T =V V7 AR CHRE L, T ORUSTE 352
TSI T TR LTz, i, 15 48 MBI RRBIR LSRR L v MECTER S
NI B 2 T,
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3 R

1) BRFRHFITHT Do b FUOHER
I~ MRS L OERIEMED 4. alternata <2 C. cassiicola JaF% 0.1 33X 71 mM o- k

STUER SOmM 7 T - ) UESEER pH40). £203. 0.1 mMo- hwF L aE 1%
AZ—NVEIR (pH 7.0) ITRERL. BTRIFTHT Da- b~F L OBER T, F ok
& (Table 38), 4. alternata O b~ N7 AZ—F 1 TERREM (As27) B LUSERER

(0-94) DIIFFFITINTIL, 0.1 mM a- MoF L CHEEER L HNAD T35, 1 mM o
T T 0-94 DRFREIENETFIHEISh -, MBMIZ. C cassiicola PEFHEFETBIT
o- M T ORI M~ MEEEREORE (LC93009) L% = VIBBERE (C95001) & R
ICRWTHL AR Tz, LC93009 DIIFIEIFIL Y DL ORIEHIT I C bS]
IND I LIFRL, a- MR T U OEERH LN T, —F5. C95001 DEITIEEET 50 mM
7TV U VESEEIR (pH 4.0) ICEELTZ 1 mM a- h~F TR, 01 mM a- b
F LT O%DIHEDBH DI, Fiz 1% A Z ) —NEEE (H 7.0) 1ZHAE LT 0.1 mM o- b
T CEERICHIf S 407z, C95001 S TFHIFIZIIT B 0.1 mM a- b~ F > OSSR 50 mM
7TV U CTSREE (pH 4.0) KV b 1%A % ) —VEE (H 7.0) OFRENT s
5. 0.lmMo- h=FUEH 1%RAH ) —/VESIE pHT7.0) %4%0ERICHEE L~

KIT, #kx 73 Alternaria B XY C. cassiicola DRIFHFITH Ba- h~F > DFETD
VTR, ZORER (Table 39), A. alternata D ~v N7 & —F U 73k, U =5
RESERE, = VBB, HREER L0 C cassiicola O k< MR
WTCido- b T ORI B ogholz, MBI, C cassiicola D=7 ) HHEE
36 LU YV BERREE OB F I 40~80%H] S, 4. brassicae BL TN A brassicicola C
(ISR Sz,

2) BRED.- b F U fREEE

A. diternata IS EONC. cassiicola BEMROMT % 0.1 mM o- ML BIEE L. 75 %
T 7 V=L ET25CRET C 24 BTSSR LTz, BN L7 Ao FiBiess b IS T 2B BRU
TSR FITEED B Do- P FUBREIELTVA 1Y d 1k, AEBRICB O To- hvF o
IZHLTho & bEZMTh S 4 brassicicola (0-264) JaF- % UiiEH =T F o TR
T, BERNEIZ 0264 3F % 10° E/ml OEEECRD EVITRB L, FSRF v 7 Lp—
L BT 2S°CHET C 24 ISRIIGEEME, IR T RFRPBEL LT-, ZORE (Table40). 0-264
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Table 38. Effect of a-tomatine on spore germination of 4. alternata and C. cassiicola isolates

Spore germination (%) *

o-Tomatine concentration (mM)

o.-Tomatine concentration (mM) in

in buffer (pH 4.0) 1% methanol (pH 7.0)
Isolate 0 0.1 1 0 0.1
A. alternata
As-27 98.7+1.5  99.7+0.6 96.7+0.6 99.3+1.2 99.7+0.6
(-1.0) (2.0) (-0.4)
0-94 88.7x15  92.3x1.2 58.7+7.4 90.7+3.2 90.7+1.5
(4.1) (33.8) (0)
C. cassiicola
LC93009 583+42  59.3+8.1 51.3£2.5 53.3+£7.5 53.7+£13.2
-1.7) (12.0) (-0.8)
95001 823+3.8  36.7+3.5 0.0+0.0 80.0+6.0 4.0+3.5
(55.4) (100.0) (95.0)

*Spore suspensions (10° spores/ml) in 50 mM citrate-phosphate buffer (pH 4.0) or in 1% methanol (pH
PO

7.0) containing o-tomatine were dropped on plastic plates. After incubation for 24 hr, percentage of

spore germination in drop solutions was determined. Each value is the average of three replications and

the standard deviation. Number in parentheses shows inhibition rate (%) of spore germination by o-

tomatine.
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Table 39. Effect of o-tomatine on spore germination of various isolates of Alfernaria spp. and C,

cassiicola
Spore germination (%) *
Isolate DW o-Tomatine Inhibition (%)
A. alternata
As-27 98.7+1.2 99.0+1.7 -0.3
IFO8984 99.7+0.6 99.7+0.6 0.0
0-276 97.0+2.0 93.0+6.1 4.1
0-%4 95.0+4.4 97.3+£3.1 -1.0
A. brassicae
0-265 62.0+0.0 7.0+6.6 88.7
A. brassicicola
0-264 45.3+9.7 0.0+0.0 100.0
C. cassiicola
LC93009 58.5+6.4 60.5+£2.1 -1.0
LC93020 55.0+13.7 48.7+10.9 115
Tf882 45.0+7.0 44.0+16.0 22
(95001 50.3x6.4 17.8+2.6 64.6
C95156 60.0+8.5 12.0£1.4 80.0
(95251 41.5+£2.5 12.8+2.2 69.2
PC90002 82.0+2.0 42.0+£10.0 48.8
PC95010 82.5+17.5 52.5+13.5 36.4

* Spore suspensions (10° spores/ml) in DW or 0.1 mM o-tomatine (1% methanol) were dropped on
plastic plates. After incubation for 24 hr, percentage of spore germination in drop solutions was
determined. Each value is the average of three replications and the standard deviation.
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Table 40. Detoxification of o-tomatine by germinated spores of Alternaria spp. and C. cassiicola

isolates
Isolate Inhibition (%) *
A. alternata
As-27 14.6
IFO8984 0
0-276 0
0-94 0
A. brassicicola
0-264 100.0
C. cassiicola
LC93009 0
LC93020 11.7
Tf882 4.5
C95001 100.0
C95156 99.4
T£584 100.0
PC90002 100.0
PC95010 100.0

*Spore suspension (10° spores/ml) in 0.1 mM o-tomatine (1% methanol) was incubated for 24 hr, and
the cell-free solution was assayed for the presence of o.-tomatine using 4. brassicicola (0-264) spores.
0-264 spores (10° spores/ml) were suspended in the solutions or DW., After incubation for 24 hr, spore
germination was observed, and percentage inhibition was calculated.
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FFEFIL C. cassiicola D =7 VIBEHRER J O VBEAREH DA BRI R O Ced
CHIFI S ZOREERPIZa- P FUBFEL TOD I EAVRE N, [RIIZ, £
D A. alternata BRI LN C. cassiicola O b~ MEGEREURED> DT~ ABRKF Gt 0264 Ja
TIHEFICHIF L, a- P FUIMERS TS Z &R ENT,
A. alternata FHER L ONC. cassiicola O b~ MEEEREIREIC L Da- M~ F L O TR

T IO, FEROIETFZ 0.1 mM a- M~ F IR T 24 BESEE L. £ OMEEIZa-
M FURTFELTOBNE D 0%, TLCIZL > TN, FO/REE (Fig 17). A alternata
FEBLO C. cassiicola D ~~ MEEIEUREIXa- b~ T BAREOER B~ & LT
W23, C. cassiicola D% = 7 U BBERER X O VEESRE TIIE < S L QiR iz,
Fie. SHREYO Rf Eio- M~ TF U ONVKSREE CTih B b~F 0D RFEE XA LA
Fip o T,

3) RREOREIZETSHo- b F UIREDRE

HST 2ME LTz b= MRREOBYICET Ba- b~ F B 0RE 53 2 721z,
CCT FERDOBUSHFEIER % b~ MIIBEERED A dlternata B XN C. cassiicola &BikE% FAV
TNz, BEEET% CCT BREIIa Y br— e LT DW IZERB L, b~ hafEbk
RERDOIE LICHAE L, 48 FEREER ORTOBYYTENIS X U%E LOBSEBR R A 882 LT

(Table 41), DW (Z8HE L 7= IERIREMFIX VT b~ MERTREL, MEEPEREL
7, MBS DORARRIERITBE ST, SR L HE Ui o7, —F., CCT HHE
B LT A alternata FE DT TIX b~ ME~DEAR LU LR X FURi
DFEEINTZDS. C cassiicola FHEDIFTIL b~ FDRAR L OB IIEZ SN
IR0, TV OFERI Y A alternata B ONC. cassiicola \IZ3BVNT, a- M F L fEERES
3 b= MEBEASORARB L OVEBITIINERMTH B Z L ISR E T,

SblZ, b~ NE~DOBIEHIRITS C cassiicola Do- b F L fEERES DO EEMEIZ HUY
THIEIZ 572012, IERIRECTH D C cassiicola DF = 7 U EBBERE (C95001) JaF%.
a- b FURERRENEE D A alternata FERIRE (0-94) DORFFREENE (SGF) ITREL
Teo SGF F&E/zidm hra—n & LT DW IZRRE L7 C95001 JaFITxi3 5 CCT BEORK
QR EER B LT-RER (Fig 18). CCT H3RITL - T SGF HIZERE L7= C95001 faF-
B IFE SN, DW IRRE LIl OIEEE SN2 o T2,
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1.0

Rf value

1 234 56 7 8 9 1011 12 13

Fig. 17. TLC analysis of o.-tomatine-detoxified products by A. alternata and C. cassiicola isolates.
Spore suspensions (10 spores/ml) in 0.1 mM o.-tomatine (1% methanol) were incubated for 24 hr, and
the cell-free solutions were evaporated and dissolved in 100% methanol. The solutions were loaded on
TLC plates and developed twice with a solvent system of ethyl acetate, methanol, acetic acid, and water
(30:20:10:1, v/viviv).

Lanes; 1, a-tomatine; 2, 1.C93009; 3, LC93020; 4, Tf882; 5, C95001; 6, Tf584; 7, PC90002; 8.
PC95010; 9, O-94; 10, O-276; 11, IFO8984; 12, As-27; 13, tomatidine.

96



Table 41. Effect of CCT-toxin on infection of A. alternata and C. cassiicola isolates non-pathogenic to

tomato
Inoculation Infection behavior *
Isolate Suspended Infection ~ Necrotic lesion
in: Spore Appressorium hypha (spots/enm?) °
germination formation formation
(%) (%) (%)
A. alternata
[FO8984 DW 97.3%1.5 25.3+7.6 1.7¢1.2 6.4+9.1
CCT+oxin 98.0+1.4 57.0+12.7 47.2+6.8 41.8+16.3
0-94 DW 98.3+2.1 23.0£2.6 0.0+0.0 0.0+0.0
CCT+oxin 92.7+6.4 52.3+2.5 50.8+3.3 20.8+8.1
C. cassiicola
LC95020 DW 96.0+4.6 63.8+3.2 67.7+5.5 11.4+5.4
95001 DW 73.0+7.1 27.0x1.4 9.2+2.1 4322
CCT-toxin 67.0+4.2 27.5+0.7 9.1£2.8 5.9+2.6
PC90002 DW 58.0+4.2 24.7+3.1 24+4.1 0.0+0.0
CCT-toxin 85.0+2.8 13.5+64 0.0+0.0 0.0+0.0

* Spore suspensions (10° spores/ml) in DW or CCT-toxin solution were dropped on tomato leaves and
incubated for 48 hr. Infection behavior was observed under a microscope. Each value is the average of
three replications and the standard deviation.

> Spore suspensions (10° spores/ml) in DW or CCT-toxin solution were sprayed on tomato leaves. After
incubation for 24 hr, the number of necrotic spots per cm? of leaf was recorded. Each value is the
average of three replications and the standard deviation.
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Fig. 18. Effect of CCT-toxin on infection behavior of C. cassiicola cucumber isolate C95001. Spore
suspensions (10° spores/ml) of A. alternata isolate 0-94 was dropped on tomato leaves, and spore
germination fluid (SGF) was obtained after incubation for 24 hr. Spores of C95001 were suspended in
the SGF containing CCT-toxin at 10° spore/ml, and infection-inducing activity of CCT-toxin was
evaluated on the basis of infection behaviors of the spores.

SN: spores of C95001 suspended in DW, [_J: spores of C95001 suspended in CCT-
: spores of C95001 suspended in 0-94 SGF, F27: spores of C95001 suspended in O-
94 SGF and CCT-toxin. SG: spore germination, AP: appressorial formation, IH: infection hypha

toxin,

formation.
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4 =5

e MO, B TREEEEHOI R =0 Thba- b FUBHFEL TS (Martin-
Hernandez et al. 2000, Osbourn 1996), £z, b~ FOMEREITa- M~F L OHEER%E
IR DT DEN ZFF> T Va T bravy, FHFEICEWT, HST 24#ET 5 b

N DIRIRHE . A. alternata tomato pathotype (b~ b7 /L2 —F U 7ERIFE) BLC cassiicola

(b~ MeBEEIORE) Da- b F AR DREER 2, £ A dermata ERETIT
= MDIFFRMEIZBHR 2 < & TO®EM, F£7= C cassiicola THL b~ NMEBERSTRE DA,
1 mM DREDa- h=F L ThiTe A CHFHEFIIH ST, 0.1 mM OREEE T3
H i oTz, XBRRNC, A. brassicae. A. brassicicola, C. cassiicola D% =77 V) ¥BRHRE
BEOV YEERREORFFEFIL 01 mM o- b F U THEREICHH SNz, Zh bR
£V A alternata IR b~ bA~DOIFFMECER2 < o- b~ F UTHEHIPETH Y . C cassiicola
ER Tl b= FORFEED S D o- b F ARG TH D Z LAV S hs,

b FOREET—RENC, b POFRFERLD ba- A~ F UK LEFETH S

(Arneson and Durbin 1967), F£7z. b~ FOREREDa- b~ F N6 85 ETa- F~F
v DOEERERERES) L BED D T L (Osbourn 1996) MSHE STV 5, ABFFRICK\NT,
= MIREMER LOERIRMED A. alternata ERC b~ MTBEFEMED C cassiicola D3R
Flido- b~ F U EBIEDERV I EIZHRT D Z LI Ko TR L7225, b~ MIIERERME
D C. cassiicola DIFIIfHEZFTE /2D o, o- bTF U OFEEERL. REEOMIE fF
ETHTNIART )V EEERETR L, FIEOEE, /INMLOTERE IR CREi-om
BBEIASED ZLIZL > CHIERIEND LBZX LTS (Fenwick et al. 1992), HiE
EtTa- h=F UABET D 4 SOFEHICEKFE L TR Y . FREENEET Do- h~F L4
FEFRER DOVERBEIILITO L5 IT@iE S TCnD (Fig 16) (Keukens et al. 1995; Osbourn
1996), (i) A. solani (Schonbeck and Schldsser 1976) X° Fusarium oxysporum f.sp. lycopersici (Lairini
etal. 1996) 12X > THESNIZL IIT, o- h=F LD 4 DDFE (B-lycotetraose) ZELY k|
NeF NS D, (i) Septoria bcopersici (Martin-Hernandez et al. 2000) 12 & - TR
EHEINTZE ST, KD D-F NV a—REBMYBRE, B2- h~F U TEH SIS, (i) Bowrytis
cinerea (Quidde et al. 1998) IZX > THEINZL ST, B1,3 FUsHDOF T T — R B HY &
&, Bl- heTFUINTEHEIND, A dlternata B L NC, cassiicola \Z K. Do~ b~ F L Oz HSE
ida- h~FUnfEEME LT h~F VU207 8 XY, () D Gi) THD
EOBbb, LALLM 6, ZORCELTUIEETHETHHDOT, 5#, b
AN THN ZEBMETH S,
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HST AEEERIZRVTC, HST (RO —REER T & L ORRE OB IcEE
&EZ8>T % (Kohmoto and Otani 1991), =D &bk HST TR S U775 TR IL,
FRREBBGLCTE DL OITRD VD HST OFYESEEERAICE > T A - L AT
% (Kohmoto 1992), £Z T, h< FMELETO CCT BROBYGHFEERALRRBRE, &
BRITo- M FUATIEGIED A dlteranta DFGEFE LI, o M FATRZHED C
cassiicola DIFGUIFFE LD o7, 7od, RIBRITI\N T, b~ MIIEFREME C cassiicola
DigFido- b~F UFFEENP KB L TV AICHLEL O, b~ FMELRTRIEL, (R
B LIZZ & &0 BRFRIFLHNIT D OIS 43708 E Da- F<=F 4% b= REEM ST
BHLTELY, HOBARIIEELEZ QD0 L Bbhs, £, b~ MIIEREM:
C. cassiicola fif- % o- b~ F L BREEENE AL H T DIERFNE A alternata O SGF IZ8RET 5 &
CCT BRIIMFD b~ MEE~OBRAEBE L., ThODBRED, b= T AX—F
U 7TEMRER LSO M MBEAERSUREILZ OBV Co- h=F U 2 E LT
HT L. TOMEFREINL HST PTET DFHFHED b~ MEMA~ OBV TUETH S
ZEDBHLNE IR0, Bl Tto etal. (2002) i F oxysporum fisp. ycopersici 0 h~<FF—
PEEFREBEEKT. M~ MEY~OREMMET L2Z L 28EL TS, Ll, S
Iycopersici (Martin-Hernandez et al. 2000) X° Colletotrichum coccodes (Sandrock and VanEtten 2001)
BT D b= F T —ERE T RIEERET b~ M OFFMC R A DEER B2 N
WESNTWD, L35 T, 4. alternata=° C. cassiicola \Z3V T, B Da- h~F A48
HOBEE LD ISR DT b T —ERET 07 n—= U 78 KU TRk
EOHRPVETH D,

A. dlternata D 55 b~ MIBEREMEO =R TV EIFRE. Vv ISR L 09k
PR ORI T3 b~ POREE & FifCo- b~ F U 2 ffE Lin, F oxysporum DAL
ANZRNTS b MIIEREHEDOMEA To- b~ F L OIEFRENEZE LT\ A I L A
SN TS (Lairini et al. 1997), —5., C. cassiicola \ZBWTIE b+ MOBREMERH B b~ k
WEIREORE DHDo- M~ F U OFENEEHBLTEBY., b~ MOIEBRESETH A F 2
U VIBBERERCY Y BERIRE CIIE DREINIRF > QW Vieh o lz, FERT LIZ A solani 128
WTHEIHITEY . Schonbeck and Schissser (1976) 1X, b~ F2bOBESIE A solani
L b~ FREICBYLTE DD, U HA D LABE LT A solani 13 b~ PREICRL X,

b~ MIFERIRIE 4. solani 13o- M~ F UAERRENZ A L QOWVRWZ EEBE LTS, Fh
Wz, b= hORFEEZEOEICEO T o- b~ F U OSBRI TR L b 2
DDEATBHFES Do 1013 b= M DFFRMEIIIBIR 2 < BNOETOE Mo- b~
VEREREAZ b o TWAIA—TTHY | b5 101k b~ NOREEDOLNa- hvF AR
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BRI EZ SO TCNDBIN—FTh5, 4B, EER TRV A dternata BLXOC cassiicola [
h~ FORFERICRIT Da- =T B L HST A BEDHRES) DBEHE A4 5 700
RUWETF L LTERYLOD S LIV,
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HAE REEBR

HiE. %9 8,000 FAHIZDIE DHEMIRED 5 B, %I 80%MA KRBT Lo CBIX B ShTw
HEEOLNTND, NADAFEZ X D EEAEIIRE RIER 52 TEX I RRERM OB
YEaFo TN ZEBEERETHS, BRRTII. 54 L ORREI I OISR
PEIZ & o> TREE TE RV, REE DR BN E DI TORIIEET D 2 L 3 T%
L0, FIRE & ENE AT DI BEARERRIERR DR D ST T BB Th 5,
HST 13 Z OBMRDORSLIZEE &S % b o TREEOEERIIRF L LCER ST

(Nishimura and Kohmoto 1983), AZCHIH T HST 28% R, S CLSIEK 70 ARS8 L7728,
4 B OSTFAEMFERTREOSERERIZE - T, 2 ZEETERIC OST FEuIRE
LC&7z, HST (3D TIRIRE OB FHIICBIRMEM 2 HE T 225, #OREsesyss)|
IHEERBICOMENFILC X DFFEESERMLOFBETH S & ST 5 (BA 1991), HST
DITET DIREITIT DI & R COBMEEEER AT 5 2 213, FRERD
B D UIFEDOET N LY BETHD LEPIhD, %2 CARICTIE HST ARERED
RNTRE G DRI DOREF AR U, OfREFAEENC SV TEE LT,

2 EIBWTUL, 77 7T REE TR &8 | X ¥ 23 Alternaria brassicicola OORYT
BI59 2 LB IRy & LT, A brassicicola (23811 5 HST O AB B4R A 5iE4
DRIV 288 1 BTk, A brassicicola BT F63E 2R AR L UBBES BiH
Wik 2% 2 Bl <7, A brassicicola D HST T3 AB BIE. T TO HST AMESL
TOZURE THDDIZH L, %) 35 kDa DBERETHY ., BHEMIKRIREF 42358
% (Otani et al. 1998a, 1998b), F7. AB FRARIIRTERELHIT CIILL B oh4,
BETHLT 77T REYOE LORFREFETICOBHENE 2 L LY A HST
AREICIME WA BRE T 5 Z LOVRR SNz, £2C AB BRAERGER T IER LI- &
A EEE ORI r BRI MIST S, AR FI3A. brassicicola
IR SICREEZE DN 55 1.3 kDa DESEERTH -7 8 1 &), FHELR
EIC & D HST AESEEE OMEERICL > THREISNAFIINDTOI L THY . K
FLRIE Y,

—7. A brassicicola DIFIY. FRERTFREBROEBE, BEE LC3RETsR, 3
BEREBIOT T RF v 7 ECIIRTFRFNEECIEISNS, 202 kY, BEED
MO DD DPIEFHEFLE L TODBZ L BEZ B, FFEOREER (5249 . #600Da
DIEFEERRDI B EIFBEICEE LA 2 LSRR S, AFRFIE 4 brassicicola
VSMDBEIZ &> TH 7 7 7T FHEMEEN LI S LB DT, 77 5 R LR RS
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ETHZLIZLoT, ERAICBHEEND LD L BN A, Y EOREREL Y | A brassicicola
2B DT 7T T RIES~OBGIT B LTI, A brassicicola DIAFNT 7 5 RHihtes
FRLY D & HEWEED DA 600 Da OENBHL, BFEFMBESND, T0%, R
7> DI S D 5 DR FAMEEED DI 1.3 kDa OEMEFZIFEL., ~ OEERIC
Ko THEIFRFND AB BERPAEEIND LW HREMEESNS, 4. BN LI
TEWEOIE BST ERUCBRET ARTTHY, ZORXAI=XLEZASNI LT Z &k
FRESSOBE,L LEETHS 5,

T, BROEROEIE T b~ MNEBEFNR A. brassicicola BaFORIER TR HET
TEERMLE, bv MEXY BFREAENEORBES TR (5 2 &), AWEix
b~ FOFIEEWE L L THLIL O Da- h=F U LRIEESI. A brassicicola 12iZo- b<
FUEETORIBRNZ LR LN IeoTe, F2C, HST 24P+ 3 b~ MEEE
2R Da- b F U OB OVWTIRAN, ETOBYHERRICEIT ARBEESIIOVTE 3
BETHlR~e, M MOUFRMR L OIEHERMED A diternata 83X ONC. cassiicola Da- F<F >
DREMELTRNTRER. A dllenata TIIRFEMEZEMRR K £TOHEMa- M AT
bV, FEEEIIEA LW, —5. C cassiicola TiX M FOBEBEO LI 0- M F T
BOMETHRERENZAE LTEY. e MOIFFRE Cida- M FUATREHETHoT,
. b= MREEOD b BT AZ—F U TERFREB L O v MEAEBREIRED M h~d
RBETRIT Do- b= F RN OBRENCE L CRET LT RR. Z b OREEN b= b
(RN A R 72ITIE, HST AELSNZa- b~ F e bETH D = L SR 5 H
Lot

REAN SRR DRGSO B R e B DA I L Y B
R L TV 5, HST 13 EAE RIS OB 2511 U ORRE OZ AN 5
L. WREORPEERILSED EEX DN TWD, SEOHZENS M MOBEEMEE RS
HST AEREIL, b~ MIEEMIZEEL TW ARV Do- hF U b fiiEm+ At h 4
2TRY | HST (2L 5EHEHSULEOMBHE ILANC, EFER a0t 2 TRk A 58
ZF LIch OOHBEY L CRMISHTE) (TR, NEBRBLUBAERER) b
L. TO%, mSiic HST I\ Ko THEWZBRHETEM IR S, BZARICES b
DEBONDG, O X\ EEWANI IFEIRE OB U TR RIS TE L,
— T CRREAN T EUTIT BB DRE I 26 2 T D 2 LI OREE CHERD LI TEY .
EENRHZTHD EEALND, —F5., U VEREREZ B\ V-8 B L REE & 0
BAERNCRT DR TIE, BHEEVRED I F7 T B3 &> TRREOBLEE DS E
FETDIEBFESNTOD (MR 2005), o, 4 30 b BFEICBO T EBD
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7 F UGy & BUKMERE & BTSRRI O S FAVEF TH L Z ERRENTEY 8
2001) . JRREHER S 2R U CRRE NS A Z L bbb g, 20X 549K
R ARy & OBMRERIR T A Z LI ko URERRT A LW EZ FRH S, fEk
DERFRGIEDOFEAIZ R L THEMZHIRED OB 2 LW HEL Y b, s %
MR 2720, HEZE A NV REE X D2 L O7RVEIE LY RERRERS L 25T
HbH9,

—77. JEHEANTAER L CETORIRER S D EOHEIICTIG L, ED & 5 IRy &
B L TETDODNITOVWTHERAT 5 Z L%, 1l & RRE & OMEAERAOHIA 2 EE L7
RAVLAEREEIE L 2D THA S, T, HST DBIME LIDREICRBOTIL, HST Z4H
FEENTT D, HDVNIHST AREIIT 5 2 L1k ) HST APEEICH U CiRt:2 5
/IDIENTED LEDPND, ThE TREIN TE QWA ETHHEIL, FREEOIE
NSRS T LA DIRGUESER T OB AT L o TR S - s RERaEC
B9 b D% < BHITFHRADIRFIEREETOER LI-EOHBI X - TEmsE
WREM LT 2BHIR L < BN TS, UL, HST ZREF HST ARGRER 7% 8
I LR L 7ot EE 5 L CRROYR IR AR 2 R 5 7o DI 38T Al
REDEEPLELIRD DT, ZOMHREITHEIEZE TH 5 L Bbh3, HST %75 HST
AR A 9 = X NSRS TH B, 5 LTEERD HETT-Am SR ies 2 e L
TWTDEEZ bILD,
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B &

R TE OTEWDFIR BV IRFE DREME D 2\ I 2 2 BRI BE L, REESI&1E
¥, TOX D AR A RE T ARREROERTF & LT, LATL D15 FREN
FHE (HST) OFTENHALIE 2> TS, HST AR CIIREED b5 B 0700
T FNAMEFELTO HST OBHERH Y. FNEZEE S D252\ MEM O LN RIRE %
ZITAIL. BN 5 B X DTN,

ZD X5 IR IR DRGSO RS LI IO A EET D Z b TnD, 5D
TR Tl ORGSR FRR D 2705 Z LT X ) B s DIFRESME AT S Z
& ROMRRMEBDERF A 5 Z LR EBRESN TN D, —H, IEIHMEALL Y &5
PRIREN O U T 2R SRR 2 B A TR Y . MREILZ WD OEEEHE
BT DAL DDA EHZ TND LB X DTN D, AFRSTCHE, HST AFEE ORI
B 59~ BB 4y DEETRE T ORERITV . FORFEEARENC YW CTRRT LTz,

1. Alternaria brassicicola \Z X 58 5210 AB BRAERICEET 2B %

Alternaria brassicicola (777 TRHEMERTITHE) 12X > TERINLAEBE HST D AB
BRIMETIE L CORFREIFRACOLMRHEINDSZ & LD, EFRTFI 0D AB BRAERIC
1318 B RO S PDOERTBEE L TWB Z LR ENT, £Z T, A brassicicola
DFEIERSTH>H D AB HRAERICE ST 2B ERTOBREL L OO 21T o 72,

TEEB LOIEEFEE L L VEIRTFRIFK (SGF) 128V T AB ERAEGHEE LT
TRER, IBEEENDEUL LT SGF [T\ CHOARBELFEFRNL BN, £/-. SGF
IRV A ERANGEEEI T RFEZ L VRSN, TO%, AB TR SGF Fidfk
HEnhz, koL kv, B LD SGF FCIFERERGFER T OFEEI TR S
7zo WKIT, SGF HOBERAFGHERTBEEHERNE I PRARLDIZ, TTRFvI v
r— L EXVEII L7 SGF 2R LU EEE LITH T L. 24 FRERRIZE O MROE
RAEFGFEEMEZ R Lz, TORER, BEEZE L0 NRICOABERFEEMEITRD b,
ARFIIEEHERTHD Z LALLM E ST,

SGF HOFRERNGHERFIIBNRZERKICAEeWETHY . EOIEM KIO, K-~
V) VHE BB Lo THREIHERTHZ L LD, AREFITa-v v ) — A b7 51
PREEIEMHICEIET A RPEETH DL Z LRI N, £Z T, SGF b/ u~v
77 4=l K VR USSR 2 VIR HPLC Coth LR, FERTITE—E—
7 & LTHRHEN, TOSFEII 1.3 kDa LHEEShz, S5I12, GC BELTU GCMS 12
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LD OFER, AEFIEL D-v 2 /) —ABLIR D-HTF 7 b—AnbiRAEHESCHD Z &
PRIRENT, TT7AF v 7 v — b RCASHFERT %03 L T#57= SGF % SDS-PAGE ©
BENT UTRER. 49 38 kDa O/ FSEEEITMH Sh, ASRERFIZ Lo TRFI T 6 E
IZ AB BEDNERIND Z LAVRENT,

LIEDRER LY, A brassicicola DFEIFFRFIZ L5 AB A RESEICE LT, ) FER
FIZ K BfEFEEED D OBEFEROFRE, () BEBROEFERIC L ARIERT PO AB HRAE
FROFFE, (i) EIFIFH 60 AB BEROKH, L) —EORFIEE SN,

2. A. brassicicola lFFEZBIE T HHEMERSY

A. brassicicola IEIREMFREER (10° Eml LIl) OBE. BXIE L CIIRE%Er
AT, FEBEBFERBL O T RAF v 7 oy — L ETCIIFE EHIFETT, AEOBRFREFITRB
TIEFWEBOM HOR TR L TN Z EWNRBR SN, £ T, A brassicicola FaF
REBI A SHEEE T T LTS 7 SGF I2BI1) A F Rl R ORE LRI T o -6 R, 1
FIE L XV SGF (ZOHBERTEMSRH SN, BT REHRERME a3 HiokaTt
B 2 RIS AL, 4 REIR D DRRFREF AR LT, Fio. FBREME A alternata D
faFREEE % 7 77 T RNEEE BT T LB SGF IZBW T b iR TR3-BEE s 4 5
WizZ & X0 FEEHEERFIISEBREE ORTR T 77 TR E G ET AR T
T 7T RHEYEEN DR &N D Z LR ST, TBEEE EXBA5T- A brassicicola SGF 7>
bR u~ T T 4 I KRB U R RS R & 7 VIEA HPLC Coth
L7cfER. B—ov'—7 & LTSN, #9600 Da DME TH 5 LHEE Iz,

— . REEBREIToTWAIER T, b~ NEBERMETIZ A brassicicola JRF2RETH &
FAFHFEPBEEITIRI SN D Z LA RS b~ MERIZT & DR TR EWE
FEYD IARRSNL, £ZTC bv NEBPR) LA 0w NT 7 4 —IZ X0 RT3
FEEMEAZRER L, BONTIEEESCREOT TLC ST & T o T-kER. 50%EED S,
ik D 1 2OARy "3 EN., ZOARRy MIIaTREREEENED b, &
LN FRIFEEWEIL b~ NIRRT 2@ LAY Da- b~ F 1 Th B a1 %
z b2, TLC HybES Lo- M5 2% TLC TR LR, FU RFAEIZAR Y F 3
mEhiz, Sbic, FLES % FAB-MS 3L 'HNMR T LI-#ER LY., Brss
FREWE a- F=F L Th5 ERIE L

3. A. alternata 33 X O} Corynespora cassiicola DIBZUTI1) Ba- b<=F L DO#E]
b= ML B FREHEAMOY R=0Th Do~ h~FUBEEL TS, £ T,
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HST Z24EFET 5 b~ FOJEFRE CTHD A dlternata tomato pathotype (b~ k7 /L2 —F 1 7
ZEHE) BEVC cassiicola (b~ MEEEREURE) Da- M~ F AT BREME T,
T DREREHAEENC OV TRET Ui, B8 Alternaria BERB LN C cassiicola DIF-IEEE
Y Do- v F DR RRIAER, A dternata TIIFREMICEHE 2 £TOER. C
cassiicola CI¥ b~ MBEFREIRE DA a- b~ F AR R LTz, —F. b~ o3k
TAIRNED A. brassicae 3 N A. brassicicola, C. cassiicola D3 = 7 V BBHRER L O VEEA
FE CIRFRIERTF SN, a- M T AR Th o7, £, a- FeF U ACiEE
THD A. dlternata BEONC. cassiicola DFEIFRIFTo- M~ F L ZRRIEDIE WYEIZ#2
LT VIR LTS, a- T AT OIFIIEE TE o Te,

WIT, HST BNESTDREHED b~ bDBRYTBIT Do- b~ F gD BE iR+
DD, b~ MEGIRORE LR TS HST (CCT B3R DORBYSEFRIER% b~ Mok
TRIRED A. alternata 3 X O C. cassiicola %8 % AV TRz, FORER, CCT Eio- b
FNTHEGUED A alternata D b~ MADBREFFE LT, a- hFUITREZMHD C
cassiicola DRFGUIFHFE LR >oT, —F., b~ MIFEREMED C cassiicola B8F%a- h~F
VR R T DIRIRME 4. alternata @ SGF HIZIRET 5 &, CCT B3EIX C cassiicola
WFO h~ MORBREFELI, UEOHREY . b~ bTAF—F Y TERFRERS L O
b~ MEBIREORE TIT b~ M OBYLUERRICR T HST ARPISMNZa- bvF SRS
PUHTHDZ LBALMNE 20Tz,
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Summary

Certain fungal pathogens, especially in the genera Alfernaria are known to produce host-specific
toxins (HSTS) as agents of virulence or pathogenicity. HSTs are very useful for the study of the
mechanism underlying host specificity in parasitism, being reliable substitutes for the pathogens that
produce them. In the mechanism that determines specificity in the disease involving HSTs, it has been
suggested that the induction of susceptibility on host plants is established by a HST-specific suppression
of the defense responses in host plants.

Plants have evoked different mechanism to protect themselves against a great variety of invasive
pathogens. The plant disease resistance can be classified two types. One is the constitutive resistance
such as structural barriers or preformed antimicrobial secondary metabolites, and another is the induced
resistance such as phytoalexins or PR-proteins etc. However, pathogens use different strategies to
counter these plant defenses, including degradation of preformed antimicrobial compounds and the
production of molecules that suppress induced resistance. On the other hands, it has reported that
pathogens recognize the factors of host plants during the infection and differentiate infection structures
or produce functional pathogenicity factors. Thus, various compounds of host are involved in the
infection process of the pathogens. The purpose of this study is to detect compounds involved in
infection of HST-producing pathogens, and to discuss their pathological role.

1. Host compounds involved in production of host specific AB-toxin by A. brassicicola

A. brassicicola, the causal agent of black spot disease of Brassicae plants produces a HST (AB-toxin).
Although most of HSTs are low-molecular-weight secondary metabolites and are produced in culture
media as well as spore germination fluids (SGFs) of the pathogens, AB-toxin is a protein and is released
from spores germinating only on host leaves. The results imply that host-related factors for AB-toxin
production are involved in spore germination of 4. brassicicola. Therefore, the experiments were
focused on detection of the factors for inducing AB-toxin production in SGFs obtained from host leaves.
SGFs of the pathogen had the activing for inducing AB-toxin production within 3 hr after spore
germination, and subsequently AB-toxin was released in the SGFs. When spore suspensions in water
were incubate on non-host leaves and plastic plates, AB-toxin was not produced. However, diffusates
from host leaves treated with SGFs of the pathogen on plastic plates induced AB-toxin production.
These results indicated that factors for inducing toxin production are released from host leaves by

germinating spores of 4. brassicicola. The toxin-inducing activity of SGF was heat-stable, and insoluble
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in organic solvents. Furthermore, the activity was lost completely by treatment with KIO, and o-
mannosidase. A toxin-inducing factor was purified from SGF by gel-filtration chromatography. The
purified factor was estimated to be about 1.3 kDa and was confirmed to be a glycoside containing
mammose and galactose by GC and GC-MS analyses. The activity of the purified factor was detectable
at the low concentration of 20 ng/ml. Based on these results, the mechanism of AB-toxin production by
germinating spores of 4. brassicicola is summarized as follows: (i) release of a glycoside from host
plants by substance(s) derived from germinating spores, and (ii) release of AB-toxin from germinating
spores by recognition of glycoside.

2. Plant compounds involved in spore germination of A. brassicicola

When spore suspensions of 4. brassicicola at high concentrations (10° spores/ml) were dropped on
plant leaves and plastic plates, spores germinated on host leaves, but not on non-host leaves and plastic
plates. This result implies that a host-related factor is involved in spore germination of 4. brassicicola.
Therefore, spore suspensions of A. brassicicola were dropped on various leaves and SGFs were
collected after incubation for 24 hr and assayed for spore germination-stimulating activity. The activity
was detected only in SGF on host leaves. Spore germination-stimulating activity of 4. brassicicola were
detected 2 hr after inoculation, and spores began to germinate 4 hr after inoculation. Spore suspensions
of non-pathogenic 4. alternata were dropped on Brassica leaves, and SGF collected after incubation for
24 hr. When the SGF was assayed for spore germination-stimulating activity, the activity was detected.
These results suggest that the spore germination-stimulating factors were released from Brassica leaves
when spores of various pathogens exist on Brassica leaves. A spore germination-stimulating factor was
purified from SGF of 4. brassicicola by various chromatographies. The purified factor was estimated at
about 600 Da by gel-filtration HPLC.

When spores of 4. brassicicola were suspended in homogenates of tomato leaves, the spore
germination was significantly inhibited. A spore germination-inhibiting compound was purified from
homogenates of tomato leaves by various chromatographies. The compound was detected as a spot on
TLC plate and had the same Rf value as o-tomatine, an antimicrobial compound in tomato. From the
results of FAB-MS and 'H-NMR analyses, the spore germination-inhibiting compound was
characterized as a.-tomatine.

3. The role of a-tomatine in infection of A. alternata and C. cassiicola
In tomato plants, a.-tomatine, a steroidal glycoalkaloid saponin inhibits fungal growth. Therefore,
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tomato pathogens that produce HSTS, 4. alternata tomato pathotype causing Alternaria stem canker and
Corynespora cassiicola causing Corynespora target spot, were investigated for sensitivity to ai-tomatine.
Although spore germination of 4. altermata pathogenic and non-pathogenic to tomato and of C.
cassiicola pathogenic to tomato was not affected by 0.1 mM «-tomatine, spore germination of C.
cassiicola non-pathogenic to tomato was significantly inhibited. This result shows that A. alfernata,
regardless of its pathogenicity, and only the C. cassiicola pathogenic to tomato are resistant to o-
tomatine. Germinating spores of 4. alternata and C. cassiicola resistant to o-tomatine detoxified a.-
tomatine by degrading of to a less polar product. After inoculation of tomato leaves, spores of 4.
alternata and C. cassiicola non-pathogenic to tomato germinated and formed appressoria, but did not
form infection hyphae in host tissues. When a HST (CCT-toxin) produced by C. cassiicola pathogenic
to tomato was added to non-pathogenic spores, colonization to within leaves was observed in A.
alternata, but not in C. cassiicola. On the other hand, when spores of C. cassiicola non-pathogenic to
tomato were suspended in spore germination fluid of non-pathogenic 4. alternata with o-tomatine
detoxification activity, the fungus could be induced to colonize leaves in the presence of CCT-toxin.
These results indicate that 4. alfernata tomato pathotype and C. cassiicola pathogenic to tomato
detoxify o.-tomatine during infection, and that this detoxification is essential for host colonization by
pathogens that produce HSTs.
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