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A., Atokinsonella

A. bisporus, Agaricus bisporus

AM, ammonium medium; minimal agar medium with ammonium as a sole
nitrogen souse

AS, anastomosis group

bp, base pair(s)

Bq, becquerel

C., Cryphonectria

ccDNA, closed circular plasmid DNA

CMC, Carboxymethyl cellulose

C. S., conidia suspension

CYPC, Czapek-dox medium containing yeast extract, peptone, and

casamino acid

D. D., deacetylation degree

dsRNA, double-stranded RNA

DTT, dithiothreitol

EDTA, ethylenediamine-N,N,N', N'-tetraacetic acid

F., Fusarium

f. sp., forma specialis

FusoV, Fusarium solani virus

HM, hypoxanthine meidum; minimal agar medium with hypoxanthine as
sole nitrogen source

IPTG, isopropyl-l-thio j?-D-galactoside

K., Kluyveromyces

kb, kilo base pairs

kDa, kilo dalton

1pDNA, linear plasmid DNA

MM, nitrate medium; minimal agar medium with nitrate as a sole
nitrogen source

MMC, chlorate medium: minimal agar medium with chlorate

MOPS, 3-(N-monopholino)propanesulfonic acid

NaPB, sodium phosphate buffer



NM, nitrite medium; minimal agar medium with nitrite as a sole
nitrogen source

OD, optical density

ORF, open reading frame

PDA, Potato Dextrose Agar

PEG, polyethylene glycol

pfu, plaque formation unit

PVDF, polyvinylidene difluoride

PTH, 3-phenyl-2-thiohidantoine

rpm, revolutions per minute

S., Saccharomyces

SDS, sodium dodecyl sulfate

SDS-PAGE, SDS-polyacrylamide gel electrophoresis

spm, strokes per minute

ssDNA, single-stranded DNA

ssRNA, single-stranded RNA

TCA, Trichloro acetic acid

TAE buffer, Tris-Acetate-EDTA buffer

TE buffer, Tris-EDTA buffer

UM, uric acid medium; minimal agar medium with uric acid as a sole
nitrogen source

VLP, virus-like particle

X-gal, 5-bromo-4-chloro-3-indolyl 7 -D-galactopyranoside
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Fusarium@ X, AN5C2EW M (Deuteromycotina), ¥ 78 2 4 A K#& (Hypomycetes), 771
WEANSEAZ B H (Tuberculariales), 7 757 7 ') 7 WiF}k (Tuberculariaceae) (2% 3 % IKK TH
D, ISHEZ M3 B TSR RSB D T RS Tdh A, Fusariumifl D& L,
Meic, BB & U CHAES 2 MMM OMOREELIZ X - T L, WO
i FlignEtk, UG, [l SR A LI A, X &M 7% Fusarium@ T& A
F. solaniy F. oxysporum Tifi A I3 245 RMEDE . S OfE EHIMOFF R % i
Fr& L7257t % (forma specialis: f. sp.) 25FLL FORUIH W ERT WA (FA)E et al.
1980)0 1& FHIMORESRNEE GO KM § %M EVER B & s - L XV Chlfe 3
A7V, Fusarium@ %15 & L7 4 LR RORESLETH S, KRR T
DIZE BV OB R F — IRARHBABRIDPIZ L AL TH Y, Rtk Dbk
IR DRLAABRD MFEDIERN I Tdp 5 72O I B IBHBE D 2> TV D (FK
and JiL 1990), —J}, Fusarium@WN TSRS 5 PR 7 ¥ - s hiud, K
Wi 72 2 P IOBUE O 16) ST T & Fusarium@ O 47§ 5 M{n FOGEMBT DSBS -2 5
EEZEZLNA, ZOFHBERIZERET AR (Autonomously Replicating Sequence) @ FCii
& LTI, #M/ADNA, I F22 > F') 7DNA, #4K7F A I FDNA (linear plasmid DNA:
IpDNA) 2 EDYefuthdh L 7)) a B EZ L b, BN L 7)) a2 3Z0H A X
DHRARFICHBE L ThI W s, ARBIRENEERRN S ¥ —OMEIE L Tw
Ao

FRAIRFIC BT HHMAAL 7)) 32 D% {iE, 1pDNA & 2 AFRNA (double-stranded
RNA: dsRNA) Tdh b, dsRNAWXWHEID T A WA THAYAAIAIWVADY ) LELTH
ENTWA, IpDNAZ 7 Fusarium($ T O Eln 28RO #4E C A 5 I B dn i
N7y —=H4 6 Wi b & Y (Kistler and Powell 1990), R #HA~DIEHIZIXIpDNA %
MBDD—KHTHB, LA L, EERNATAWVADFEHNRY 5 —~DIGHALLF IR
THTEHINTWS (kH and ) o 1) #IZFRBDIEFICH L, L
Vi, 2) 13 & AEDRNAY A Vv AD e EAI P CHIGES A DT, 1 EORBERE I JFKAF
MTdH 5o 3) DNAKAFPERNAKR ) 2 5 —EDOMHEHRFAETTL, VA VAY 7 LDk
G- #IRETTRETH A DL, Ry - IHERDOEH EIThbETWAM, 1 O s A%



MR TBLIENTE D, 4) 7/ ARNARAIPRMICBR I N DO T, MlIZEATAM
AT rwv,

Fetathh L 7)) 3 RENERIFT 20 EHICHA REBE 52 A58 MbhTw
bHo REMNLHITIEF 7 — I % AT ABERE Saccharomyces cerevisiae DdsRNA (Bevan
et al. 1973) 2 Kluyveromyces lactis ®1pDNA (Gunge et al. 1981), #&i~ v ¥ 2 )b — A4
(Agaricus bisporus) \ZHERME & FEEROLIZ 25| R I FTdsRNADPHISG LT WA
(Marino et al. 1976)o X 7-HiMIEMEARIKE 2B VT, dsRNAREAILL 7)) a2z
AT A MO ERIZ T AWETEIE R E R IZT EE 2NN ABIA ST
¥) (Nuss and Koltin 1990), $¥i27 2V 7 2 V) JiA598 & Cryphonectria parasitica \Z38\T
af# L PF7E 2 41TV % (Anagnostakis 1982; Nuss 1992), C. prasitica DdsRNAAS, & Tl
PVRS S B IVE 2 KT A G99 IEYEIZEL (hypovirulence) % ZALL TW A I & A3 gtk
¢DNAZ W Tk £ 4172 (Choi and Nuss 1992), E#etEcDNA L IZ, dsRNAL 7Y 22D
G EecDNAZ mRNA & L THERE T A strand (positive strand) 2325 215 K ) ITHESEL 72
iR~ 7 ¥ =D Z & T, &S EcDNAZ HW T B3 % F CTHIBLE 1 ICdsRNA DS
Platbd, £72, ZO99MEYEEZ LAY AdsRNADYR RO IS X - TR EbR Az X
L, I PERASSR N DB BT ABEB L TWwh, COBRREFHLZ, 7
A1) F120) BAASHS 8 O 477 72 11 (biological control) 253 — 1T v NK YT A 1Y) /1 TfT
bhTwWwh,

Pefo kb L 7)) a2 EEFNERIFT 0 EDOBRICBWT, FefafkhL 7)) a 23D
FOGREITH LML ARG RMIAAIEL TV D ET 5D H 5 (Kistler et
al. 1987; Kistler and Leong 1986; Miyasaka et al. 1990)o 4¥!Z Fusariumi# (BTl
IpPDNAZ® F. oxysporum O LIEE I IR S i 7-BI28 S Tw A (Kistler et al.
1987)e ¥ 7- F. poae ICBWTIRAZ ) —= 2 7 L7-2TOKICASRNADEAE L 7B A5
5 247 (Feket et al. 1995), Fusarium@ i, MiWREHO P THEARONELZLOD

DEENTEY, FLMEWEIET A7-0101E, SFEOHY), 1EWICBRERER % TV
fii FAE) g T ALEDHDH (AL et al. 1980) F. oxysporum, F. poae TH. G L7247
LAY, FAFROIAFAET Atk 7Y avpRINTCE A S LI, MoFEE, e
i 22 [ SETEDIS A E 2 b b,

FIRROFAMAILL 7)) 0 2 OBRBBMR ENEA S0 EOR G BIZ 24 LT B HIc



SOWT DA T DI D ERIZ % ) | IpDNATIIDNADS' Kbl ¥ 2 23 7 A4
77 A3 FDNA &, DNAD K¥uhsiligs L7-~7 ¥ U Hi&ED 75 A 3 FDNAD?2 fi%ins
FAET A (F% and 5 F 1991)0 5 K¥wIZ ¥ Y N7 DG LSRR 7 77 94 VRIS
BWTHROLNDNAY ) ADKY YNV BETIA~Y—ICHWTHRENWL Tur A >
794 327 (protein priming) EFIVOMEH I NTE Y, Kigli7 ¥ s %2 f5o
IPDNARANT EVEHIZ=y 2DMEb N, ATE T IA4A~v—ICHWTHEET £
7794 I TETIVHHERZIT WA (Miyasaka et al. 1990-b), ¥ 7. Claviceps
purpurea D1IpDNADIEILHH AT S HTE D . 2 FEIBIOORF (Open Reading Frame) 7% b,
O olzh, H4ADNAKY 2 F—¥, RNAKRY 27 —FBIIHEUDVH o7 F2205
DORFIE b7 E U a2 DIpDNAD & #i it 4L TV A URF (Unidentified open Reading
Frame) & MliE%Z /R Lz B0 6, T O DIpDNAEY 4 W ARDOAL D HiRE L - L %
Z 5TV A (Oeser and Tudzynski 1989)e /7, dsRNARfafAYLL 7)) o X Ell~ A
IIANWADY I A THAHN, RNAZ7FTAI FEFINSE ~BOL 7)) a2y 5T 5,
YA AT A NVALBRNATFAI FHILIS, L7 a2y fgha— F¥ ARNAKIETERNA
K1) AT —=HIZX o THRMEFF S LTV S (Koonin 1992) 72 Z ORNAKAFPERNARY)
A7 —EDORPUESRNAY A WA GED ETCORELRN &% - TWwh (Bruenn 1991;
Koonin 1992), dsRNA¥(ORALL 7)) a2 2B W T L, BRSO A TrbiiTH 1 it
{2 - OBHED VTIFEATHEA TV S (Icho and Wickner 1989; Shapira et al. 1991; Esteban
et al. 1992; Polashock and Hillman 1994), IpDNADOHLIIEE LT A4 IV AN 2 & 7z 4k
\2. RNAZ7 A I FHRNATZA VA ZME LTIRELZZEZEZHNTWAS (Koonin
1992), LA L. 5L, BIERH L XV THIT S Tw A RadstL 7)) a0
Blidd7e (| IHERRN 2 ¥ — & LUOSHT 5720100, Rtafhkdh L 7)) a > o BIRAHE
LML I T B RS L EE EZ LD,

DERRTEZ X912, RIKEOFMENL 7)) a0 id, UTICRTRzIBHNIZBW
THRBKRDFE -1 5, 1) RIKE CTO P BRAEZE iR 2 ¥ —~DISHAHiFcXx %
C&o 2) M EROENC B A KT OIS 1) | FRICHIIEE R T EMPIce 3 5
WEME R KT S A60H%H 0 . HIWHHIE E O AP 710 2 18 (biological ¢ontrol) ~DIE
PPRETE BT L, 3) Hi, UMb M IAFAE L T A BIA B Y | i 2 s gk
DISHAWFFTE AL & 7o, BRI TIPS L 7)) 2 0 DAT§ 5 BE R



BURBRE (Z0f L CHRASFE - b, £ 2T, AR TR RN 2B HEMERIKKTH 5
Fusarium@ > L3N L T a2 DA D) =20 T #4757 EDOFER, =T HT 7T
A3l F. solani f. sp. robiniac SUF704%k1Z, 2 FiBIOdsRNARAOIRYIL L 71) 3 2 HAF
fELTWAZEZRWE L SHHDASRNAXY A I TANVADY ) A THo7z, 22
V253 L72dsRNAZ 7/ ACAHT AV A 374 WADY 7 AdsRNADSEIERLH| R @ n 112
4 % W38 . F solani SUF7048DdsRNADBIERIY O Peigid, BRI O fif
B, HEHRNR7 ¥ —~DILHDO AR LFRNAT A VADGEF L EETH S, Kig LD
W1EDLE I WIIBWT, FusariumW® D HDOREHNL T )22 DAY) —= 7| F.
solani SUF704%k5> & DAsRNAE ~ A4 37 4 VADKR, ~ A I 1 )V ADIEEHOR
af dSRNAZ% /7 LA DGR D P, in vitro replication Rx HW/izv A a9 4 VADH
OB Ic oW TEET 5,

WK AR ISR AT S &, MPEDIRED —-2ELT774 7 LXF T 2 EIF
N5 ~FHOMEMAZEIET o COBX, 774 M7 LIV 2FETIMEET) >
y = LIPS FusariumB OMNSHERENT & LTHF PO HFEER TV L Z EMFHE S
T A7 (Hadwiger and Beckman 1980), 4 % Y #IEH 18 F. solani f. sp. phaseoli & =
Y FyOIRAROMEERIZBW T, HOMBEED S ¥ M2 4 ) I~ —Hihi S,
D774 b7 LX¥T 7 (pisatin) LED L) ¥ — 1l B EEZLNTVA (Kendra et
al. 1989)0 MK OMP DG BT BVTHF M, 16 EHW. WER A A 5
Bea 8% 2T H EEZ B A, FICH M2 o MEER SR OMILEEL S D F M2 4
) I —DWHE AT VWA EEZ LN, Kendrab &, T2 F7 OIS O 156 H /-8
EDROMNBEL 0 L, ¥ M) ITv— 2S5 mEE Y L T4, LA
L. Fusarium@Ds¥ Y 2 3EBERE 25> T0 A E D) DI OWTRG L7z id e v,
Fusarium@ O F b+ —Hid, [ACOMBEBEORFIZBWTH, T EHM~D Y
BWTHEELREMHERITEEZ LN S,

FrHoA)TY—E 774 M7 LI 2BFEETHEDPY TR, WEOAERE W]
FTAHNEDSH A Z EHE SN TWASZ EHD L (Allan and Hadwiger 1979; Hirano and
Nagao 1989), MB8T5 FHGRAE L TOISHIAPRE SN TE, S50, MR
W2F Y2 2 47T A Fusarium@ O BROWBA T, Fusarium® OMILRE % 7575 5 F b



R & . Fusariumdn B IR T A N4 A0 )vay ba— VICHWAZ EATE
LU HEEDH 5, F b —I&, #lA (Pelletier and Sygusch 1990; Hedges and Wolfe
1974; Tominaga and Tsujisaka 1975), B (Sakai et al. 1991; Price and Storck 1975),
% (Fenton and Eveleigh 1981) 25 23T, KR I Twb, #&MIZ, ¥ M
F—FIZHEF bV OBRT 2 F VLIS X > TEMEA R ), o F b 2 )i
L > THEMITERES NS,

Fusarium® OFPIREVEREBLUC BT 2K fF0 -2 & LT, RBASPLATHF b —
Y ORPNDEGN AT NI RKERIRECEETH S, 72, EHIAITO Fusarium¥
ORI LT, NMATTPHvary ba—IZx b —E4ER 2o 3 A 0 EMED
EZ b, b6, B4 2 Fusarium@®, ROVX M2 20—k EHE LTRSS T
MR O F M oA L ORE R ) — = v T Lz, ZORE BnFd M5
figifi?E % 413 % F. solani [. sp. phaseoli SUF3864k% IR L, F/7oF M 2 28K Hurp A7
LG THF M F—Y¥&24ET HME & LT Acinetobacter sp. CHB101 % HigE L 7=,
K XDFEAFIIBWT, ¥ M F—EEERDOR S ) —= 7, ZHEHORAE Lid
LDOF b —EORE, ISERYDOGHTIZOWTHIRE T 5,



g1 5
Fusarium@ 7> & Otk L 71) 21 U FusoVO R R E ZOMWH

#

FAKM BT 2Rt L 7)) a2 0% < iE, K7 X 3 FDNA (linear plasmid
DNA: IpDNA) £ 7213 RBID 7 4 IV A (mycovirus) DY/ L5 D2AHRNA (double-stranded
RNA: dsRNA)TH A Z LD HOENTWAD, ThbHD¥EANL 7)) a2 3L TOSET
& 55 (forma specialis: f. sp. © HWWEEH 2 BT 5 00 2 0B TRET S MY O
Bl X - THBIE N 5) Rrace (LB T OB TS 2 A% RN OR 2D
HRICIRON DG ISV O S) . E2EREAETE (anastomosis group: AS) IZAFSRIIZAF
fiE L TV 255805 1TV A (Kistler et al. 1987; Kistler and Leong 1986; Miyasaka et
al. 1990), 2512, THEDHEUNL 7)) T B ENERIFT 1 ER IS A 228 %
-2 AR LT WA, L&KM 72 ¥ TIXEERE Saccharomyces cerevisiae®D ¥ 7 — I HE %
Y ALF AdsRNA (Bevan et al. 1973), [l U< ¥ 7 — R % ALY A WEEE Kluvyeromyces
lactis D1pDNA (Gunge et al. 1981), < ¥ =2 )v— A (Agaricus bisporus) (23T La
France discase % 4| &2 Z FdsRNAZ EAYAIH LTV A (Marino et al. 1976)0 4 (A ¥
BPEAARR Tk, 7 2 41 2 ) 4S9 (American chestnut blight) & 5] 22§
Cryphonectria parasitica |- BV TAsRNADFAET A Z &2 X - THi BRI 5965 ME
M4 5 9996 5Pk (hypovirulence) (B AL T A Z £ AR & LT A (Anagnostakis
1982; Nuss 1992)o Fusariumi# |Z33V> TIXIpDNADS F. oxysporum D7 ALE I ZHF S kR
M ENBIAHEGE STV A (Kistler et al. 1987), F. solanilZ B\ TIXLLATIZIpDNADAF
{EASHGY S MU T W 7228 (Samac and Leong 1988), dsRNADREASL 71 2 2 idHIH T
Wi o 72o Fusarium@ (2541 HdsRNAICET 5 £ b s 7 4 VAR O #E I F.
moniliforme DA T V) F#ll 2 F7RIZfTbIL TV b - 72 (Bozarth 1972), #Z T, F.
oxysporum & LML RITO RN HEA TW S F. solani PR AENNL 7)) 20D
AP == T hfrolze COFR, =7 H Y THMIIRE F. solani f. sp. robiniae
SUF7048k%> 5 dsRNAD SRS L 7)) a =2kl L7z o

ATl F. solani . sp. robiniae SUF7048KDAsRNA L T a7/ LAHTH 74 VA
DR ZITV, Fusarium@ D7 4 W ADHT&479) £ IRIZ, £O{EMKIZOW TS )

Nk



Sl (5 o

&5 1 1
Fusarium@@ 05 DOFEHENL TV a2 DRA 7)== 7, RFFOL 7)) a2 OWY

1. EEROHW

Fusariumi@ \Z BT 53085 L 7)) 3 > OF7Eh & 5L RIF 11 22 IpDN A D AEAE DS HL
Z L (Kistler et al. 1987), 72245 DIpDNA % W 7= Fusarium® T O JE R drn i G2k &
FIHBR T 2 IEIRANR 7 ¥ — 5 515 (Kistler and Powell 1990) 7 & BUKIEVLBLRAS
WM INTE TS, £ZTAPIRF SN TV B Fusariim@ DA NVF ¥ —aL s ar
(Okazaki and Saito 1987) 2> L F /- ettt L 71) o > okl HiNE L THEBRET-
Lo

2 1 EBRJE

AFEERIAEH L7 R OV By Lk, EHaTIC121°C Tl oA — b2 L—7
BB Z LTIV z, FFICRNAZIUD ) FEERTIX, A— b2 L—TDO%MH%125T T20
IR L7,

2-1 D FEBRICH 7z FusariumWi bk, B ONE DR 3E5:0F

AGFFE N 72 Fusarium§ % Table 1-1 123 L7z HASHAFR 2R T FFF A Pu—2
FERK B # (Potato Dextrose Agar: PDA, Difco) (M L, 25CC1 Bk L7, 72,
Fusarium® ORACHEFFIZ S PDAZ V720 BRI IZ H v 2 MTKIE 50 mldCY PCHARRS
H (Czapek-Dox medium containing 0.1% yeast extract, 0.1% peptone, 0.1% casamino acid:
Czapek-Dox medium, KzHPO, 0.1%, KC1 0.05%, NaNO3 0.2%, MgSO,4*7H;0 0.05%, FeSO,
0.002%, Glucose 2%, PH6.0) (ZPDAK T FIZE S 230 =—% 55 mm x 5 mmD K X
SICYD I LZ2WAR 10 BEBML, 25T, 180 rpmT 1AM #T A Z LI2L > TH
442



2-2 . Fusariumi® 7 & DB O

geta b L 7)) 2 DA YY) — =2 7T Specht ©HDDNAFIHIEZZE L THW

(Specht et al. 1982), CYPCHUARI i TORIEIZ X o T 6 N2 A 2 W5 [EEIC X - TH

AKX DU, R KGFER=N=FF VY BRE, BEEZHE LT,
WARZ FAFAE F THAILE IS X o THRARKRZ T L. BR460.5 g24720 10 ml®
2%DSDS% 7 L AL A (50 mM Tris-Cl pH 8.0, 150 mM NaCl, 100 mM EDTA) (2%
L. 05m®D MV Z@iiL, EinT24kE0, 100 spmiie®t L7z, WARBABEWIC,
0.1 D5 M NaClO ik, BEREFRO 72/ —)Vv - 70a T4 VA - AV T IV
T —)b (25:24:1) A R EAM L, =058 (10,000 x g, 15 430, %) L7z, %
LB X o TS (B) &R (PR (208 L -lB e S K& I L 72 (7 =/ —
Ve 2una7 g )IxA-hI];.H)o KEICFEEOZ7OT 7 4 VA - A7 INVT VI— )b (24:1)
2R CEML, 2008 K-> TKBE G (7 007 3 Vv adli) KTk
|2 RNase A (S U)E 50 o g/ml) Z @I L 37 C T2 WM BUS X4, X\ T Proteinase K (
IR REE 200 2 g/ml) ZENIL 37°C, 2 BefALEE L7z, BERMABRORF %2 M/ oo
7 4 v adhilig, 2 iy -V EERML, —80TC T30 rMmk+4sZ T, A
U7z v % 05 8 (10,000 x g, 15530, 0C) IS X > THIR L7z (=48 /2 — Vil thhk
%200 p IOTE #RMHHE (10 mM Tris-Cl pH 7.6, 1 mM EDTA) AL, 7 U — A7 VE
SR AT ISV B E L7z,

FFIZdsRNASAARAL L 7)) 0 > Bt 3 5 HIW T, Seroussi © D iRdsRN Al 4 % H
V72 (Seroussi et al. 1989), 0.1 gD W HAEEZ 1.5 ml~A 7 0F 2—THT1.2 mlD2xSSC
(0.3 M sodium chloride, 30 mM sodiumcitrate, pH 7.0)|Z k& L. #BEEAK 1 T8 /1 HIALEE
SRR % a0 8E (12,000 x g, 15 200, i) TR L7z, BREKERED ST A —-X
(FLEE 0.45 mm, HNOg TR A) IR, EIZ100p1D 7/ —)v - 7007 4 )VA - 4
VT INTIVI—)V(25:24:1) ZWINL ., # TR DSR2 ABIT50  1DRNase 7
) —RROKEMA, 1 MRV T Yy 7 A I FH—CTRML, #0058 (12,000 x g 15 5

W, Bl IS X o THBEL KR E T LT 2— T8 Lze = DK Bt it K fA]
L—F VML, Bk, #5058 (12,000 x g, 1 70H, i) LABEZI)BR{ -
TVl &2 Mgk R L7z, —— 7 ViR OKRE 50 O M A = & — Vi TRl
L. 20 4 1OTE $EERUICIEH LT 7 A0 — R 7 VEKIKEIATO7-ODOREE LT,

10



2-3 1 etk L 7) a2 X ORR

5 gDRAAED S 2 2 CHB L /-8 %A 2 mIOTE MEHICEM L 72, 0.5 M NaCI&
f12.5 % ¥ a B % &G4 TE bufferls, BMREW2 ml% T L0508 (80,000 x g, 20 I
M, 4C) 2 TVWEM AL E LTI L 7:0 & OBR(ETH O I/ % 3 mIDTE #& i
AR L. IARREE0.5 pg/mICRAL LT T A R i b i 2 1.55 g/ml& %2 5 X 9 (KL
AT, B0 HE (84,000 x g, 4 KR, 20C) 217o 72, $AMRBSHIC X -
THHERT AN FERY L, ASHA V7 I V7 va— Vil TR/ T F o A %
DR E, TE MW L TEN 2TV REMAR L L7,

dsRNADK R IZ FEto PSS, EVva—A A5 Aa2u< b 757 14 =12k HHW
%477 (Franklin 1966)s #iH., LV O— L HFA T MNTF 7 4 —THIsRNADKY
WIZIXCF114 7 A (Whatman) # V5 & Z 5 % Avicel ## 7 4 (Avicel for chromatography,
AL T L7zo 5 gD BAEKE BARSER VTl L, 155 172 @R K% NaPB (100
mM sodium phosphate buffer, pH 7.5) (2 & L. Kb T1 BEf, =% (100 spm) L7z, &
RBEEE2 MO T2/ =) 7ua 73 )vaflii L, KWTroo7 4 )b A, =¥
J = IV TRMR O % L L 720 HRRIEE %5 mID15% L5 / — v & G irSTE kil
(50 mM Tris-Cl pH 7.0, 0.1 M NaCl, 1 mM EDTA) (Z{F# L, [E#&EH TRkl -t
=R T L (H1T7 L4KH052 ml) %58 L TASRNAD AR & WAT S 872, 517 LD D15
%L% /—)%&ErSTE buffer CHEHHE, 7 T A D2 f5iikDSTE EWEH TAsRNAZ EH X
Lo A

2:4 17— 2 VLK X BT

B> Fid, M FikICfEv1.0% 7 70— A4 V4 KE) (TAE buffer: 40 mM
Tris-acetate, pH 8.0, 1 mM EDTA) I X - T/rlR, ¥ WVEaSALZFF 7 LB (05ug
/m)THAE L, FNRBHTICE Y I FFILDBA vy —hL—2ar LIBRT T
DFET S0 E L TR L 72 (Maniatis et al. 1982),

25 I RNase A2 X %6 k44 L 7) a2 » D4k
23D JIETHBL L 7=l EL (1 1 @) % IR RE2xSSC, 0.01xSSC (1.5 mM NaCl, 0.15

11



mM sodium citrate, pH 7.0) E %A X ) IZHBR L, SHBREA20 pg/ml & % 5 X ) IZRNase
AT, 37C T30 MBS S ¥z BIGH T, 72 /= - 7uu 7+ )b Adhil,
L= )V, = /= VilBIC X o> THMARIR L. 50 £ IDOTE K@ L, 7
A0 — 27 WVRSKEN AT ICH WS 3RE L7C,

26 . BRERZMR )M RNEA |\ X DYt tkil L 7)) a ook

HHREHIEREE A . S1 nucleasell X AL 7)) 2 VBl O s 8 % Tk T
17> 72 (Maniatis et al. 1982), 7z, R L 7)) 0 2 OREEDIPHT D 728012, Bal3l
nucleaseZ 5. 10, 15, 20, 25, 307 bUS S22 T 7 Hu— A5 )V ik
AT LN AN FOMEF 220 A 88 L 72,

3. MIRMUEE

3 fli, 13 7ML H72 %60 ¥ROD Fusariumi®i (Table 1-1) 2> Mt L, 7 H o —
A WEGRKINC L BRAENL TNV D DRI ) == T it 18R, =k T7h o7
H A AN I8 Fusarium solani f. sp. robiniae SUF7044%k (= Hypomyces solani f. sp. robiniae
SUF704) 2D &2 kb EED K E X DPfafhkb L 7)) a2 Ebh ANy FHKI S /s
(Fig. 1-1)o FiRAE A W7 o — X7 WVESKIKEN 3HT A 6. F. solani SUF704 %25
EW SRR L 7)) 2 2 iE 2 HindlTH A Xv— 71— L DA 51.9 kb& 1.7 kbD
2 FiRUAAET A EDW D E R >7 (Fig. 1-2)0 BAIKE)TORBEE (FRIKDNA (5
LT) DSy F (1.9 kb) M1, BEIEDOKE /32 F (1.7 kb) ZEM2E @t L7z,
GE T, Fusariim@ 12 BV THEODPORAMAKILL 71) 2 0 DA HE STV A5,
ZiL61E, FIZ F oxysporum 706 W72 2 3L7- (Kistlar and Leong 1986; Kistler et al.
1987)0 Kistler 2 & A ~#OMF7EA 6, F. oxysporum Tld, fii ERIMIZ ST 508D
IHMER, race DEEVIZHIS LT, K4 Bl BREE A LI AT 7 £ 1.9 kb DIpDNADMFAE L T
A UREVEA R E 7z,
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Table 1-1 List of Fusarium strains used for screening
of extra-chromosomal replicon

Species Forma specialis Host plant SUF No.

solani batatas Ipomoea batatas 1327, 1328, 1329

solani cucurbitae Cucurbita moschata 440, 499, 529,
575, 784, 969,
1013, 1196, 1246,
1305, 1309, 1356,
1357, 1358, 1359,
1360

solani mori Morus bombycis 217-11, 217-5,
217-9

solani phaseoli Phaseolus vulgaris 386

solani pisi Pisum sativum 224, 305, 449,
517, 654, 833,
1197, 1205, I1-9,
I11-7

solani radicicola Solanum tuberosum 122, 208, 209,
210, 270, 277,
290, 352, 471,
1245

solani robiniae Robinia pseudoacacia 577, 578, 704,
T55=2; IV=1,; IV

solani xanthoxyli Xanthoxylum piperitum 407, XV-1, XV-23,
Xv-25

latelitium cerosiae Cerosia cristata 820-1

latelitium crotalariae Crotalaria juncea 935

latelitium mori Morus bombycis 1156

latelitium xylarioides Coffea arabica 937

roseum cerealis Oryza sativa 554

Triticum aestivum 570
Dianthus caryophyllus 1281

13



< b T = T © ™~
BE8538283 3878
23.13 kb g e~
942 u
6.56 |
436
232
202
0.56

Fig. 1-1. Detection of extra-chromosomal replicon
from Fusarium strains. Total nucleic acids were
extracted from fungi, separated through 1.0%
agarose gel electrophoresis, and then detected by
ethidium bromide staining. Lane No. indicates the
SUF registration numbers of Fusarium culture
collection.

li] CRkZe B & LT, Wi IitEdt -3 @ Rhizoctonia solani TIX R Al G BEFE M 72
IpDNADAFAED i STV 5 (Miyasaka et al 1990) £ T, fud =+t 7 % & 7 Kehlig
Wi F. solani f. sp. robiniae 5 ¥k (SUF577, SUF578, SUF755-2, IV-1,1V-7) %* & D ¥efa kbt
L7 a Ot & kA7, Bl i § I3 TE RS2 (T—9REF) Samac &
Leong (&, 20 #£® F. solani (f. sp. cucurbitae race 1 (13#K). [. sp. cucurbitae race 2 (2#£).
f. sp. phaseoli (2¥K), . sp. pisi (1 #&), JEMELTERK (24K) ) P HIpDNADA 2 ) — = T %
frv>, F. solani f. sp. cucurbitae racel 75 pFSC1 (9.2 kb) £pFSC2 (8.3 kb) # WL T
WAAS, [a] -4 LR, [6] - race DDA S & 77 A I FDNADRRIL E e o7
(Samac and Leong 1988) VL LD i 6 F. solani Tl& F. oxysporum TH.oM/- X 9 7%
IPDNAIZDWTH, T/, AR TIDY EIF72dsRNAICDWT & 50L& getttkhi L 7
oy EDOMMMFBRE RINTICIRESL 2D 7,
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M1 (1.9 kb)

\

M2 (1.7 kb)

Fig. 1-2. Agarose gel electrophoresis of extra-chromosomal
replicons purified from SUF704 by CsCl buoyant density
gradient centrifugation. Lane M, A-HindIII size marker;
lane S, purified extra-chromosomal replicons.

F. solani SUF704D A0S L 7Y 2 255 &, BUsCORT R OB, [il1.55 g¢/ml @
At 2 AEHP TN Y FE BR80T 2 — 7Ok (SIEEN) c#HFRL-Z L.
M REEL TR b S e o722 &% E0 6| 1pDNATIEME < dsSRNA T & A 1] HEVEDS/1-ME
37z, RNase Ald, iK1 (2xSSC) Tl 1 ASRNA (single-stranded RNA: ssRNA) % 75
3 HAH5, dsSRNAIX/MH L vy, — 7, KHEIREE (0.01xSSC) TidssRNA, dsRNAJLIZ%
T AR ENTEY), dsSRNADSHTIZ L L W6 LT W A (Barrosso and Labarére
1990; Mor et al. 1984; Pryor and Boelen 1987), € Z T, F. solani SUF704 O 3Atik4} L
71) 3 Y HAsRNATH 5 0 &9 DO ICRNase A% V2, S DR, 2xSSC D ik
BEZRME Tt RNase A (T PEZ 23 L7245, 0.01xSSC DRI S0 Tl 2R L%
D, ARRAARIL L 7)) 22 13dsRNATH A = £ AR X7z (Fig. 1-3)o
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M1 2 3 1 2 3 M

Panel A Panel B

Fig. 1-3. Analysis of purified M1 and M2 digested
with RNase A. Ml and M2 replicons were digested
with RNase A in high-salt or low-salt conditions.
Panel A, RNase A digestion of dsRNAs; Panel B,
Rnase A digestion of total RNA from Pharibitis
nil; lane 1, intact M1 and M2; lane 2, M1l and M2
digested with RNAse A in 2xSSC; lane 3, M1 and M2
digested with RNase A in 0.01xSSC; lane M,
AHIndIII size marker.

ZDORTHAT, Seroussi H D HdsRNAFHHTE (Seroussi et al. 1989) A HWW /2R 7 1) —=>

FebBRMIhiZ k., FLAsRNAICKH LTT 74 =F 4 —%#R_R$ENVO—RA AT A1
Y hTT 74— THKBGEZR Z & F. solani SUF704 O3RN\ L 7'1) I 2 HSdsRNAT

HAHAZEXZFFL TS (T 75329 Sl nuclease & Bal31 nuclease | X AdsRNA#
RS L 7)) 3 M1, M2D5HT %247 726 S1 nuclease 31 AEFEREFF RIS HBE
ETMI, M2y 7 2 ENb UL, 70— A VERKS TOBENE I EL 5
(X3 THAH, - Ji Bal3l nuclease (X, 1 AFIFEMAF RN Zendonuclease 1Pk & 122 ASH
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Bl B & L, 5y 3 W00 550§ % exonuclease 1 TE% £73 %4 (Sambrook et
al. 1989), Si nuclease WFL#IT->7-856. M1, M2 7 H0— X7 IWVERIKE) TORE)E
2B e o -6, M1, M2 =y 7 2o TRV hffoTwa E LT Kt
fEChbEEDLNA (F—¥1”37F), }iBal3l nuclease |Z X AL THEFIIZMI, M2
DNy FAERSFHIRICZEIL L Two722 806, M1, M2IZHBIKOREE % L7-dsRNAT

hAHEEZEZELNI (Fig. 1-4),

MO 510152025 30

Fig. 1-4. Bal3l nuclease treatment of
purified M1 and M2. Ml and M2 dsRNA was
digested with Bal3l nuclease for various
time. Lane number indicates the reaction
time (min). Lane M, AHindIII size marker.

HIRE TOAsRNAIL, HEID Y 4V A (mycovirus) DFAthke LTRIGNTWS, —#K
MR~ A2 )V A 2~4 KT L 7-dsRNAZ 7 2 A IZFHEDHE 30~50 nmDERIK Y
AIWAR - THN, 40~125kDa D 1 FIEIOFXF v+ 7Y FH N2 BHIC k> THRENT
% (Buck et al. 1984)g ¥4 AV A VAW, T YT AICALY) == 7 LIS ARED
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10~15 % DRI WZZ2 D v ) #iG S H D (Bozarth 1972), JEMIL {AFAELTW
HAEEZLNTWAS, LA L., Fusarium®|ZHBVF HdsRNA~Y A a7 1 WAL, F.
moniliferum TILAEA0 nm D7 A IV ZAEKL |- (virus-like particle; VLP) A E L7 & 3 5
e B DI Tt e F7EBlid vy AP TR L7-M1, M2i&, F. solani THIHTH
WS -dsRNASARAL L 7)) a o THhAH EEZ Lz,

5 2§

Fusarium solani S5 072~ A4 2% 4 )V AFusoVO KR & 753+-¥1

1 EEROHM

F. solani f. sp. robiniae SUF704 %5 dsRNARfa R4 L 71) o 25Kt 4172, dsRNA
AT A NVADY ) LELTHILENTEY | F. solani SUF704KkDdsRNAASM1, M2
E2DIHILTWAETHY A I A VAD—RKM 2 MHIC - L7z, 2T, dsRNA
FeA R L 7)) 2 M1, M2ICBMET B~ A 37 4 VADOKR & kA7,

2 1 BNk

AT AN L 72 SRR OB L, EHTIC121CT1s ot — b o L—7
W% LTIV 2o SFICRNAZ LD 89 EEBRTIX, A— 2 L— T D&M %2125TT20
THNCEE L7,

2-1 : F. solani SUF704 kD52 41

PDARS Hy THACHERSE L TV 72F. solani SUF7044k7> & PDA AR M V= 15 % HiIA L
25CT1 BM, (ZIZEMICRARDILAS E TR L 720 T 0= — DKM % BRI IR
AR TUHI T A L2 X 0 E 2 7, PDARHL 1 BSOS %100 ml @
CYPCHART HIZ K L, 25°C, 180 rpmT 1 MRS E L - fARE~Y A I AV ADORHR
ICHWz,
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2.2 * F. solani SUF704D 6D~ A 277 4 W A D i #

CYPCHUAK: A TIF & M- A2 Wy | JEBIC X ) e, MR AMKIC X ATk, R
e Koy =3 —= 8 A VTN BR & | WURSEBAAAE P TSI IS X > THRARL ML
720 5 g ORI A% 20 ml?ONaPB (100 mM sodium phosphate buffer pH 7.2) |Z58#% L |
KT 1 WER RS (120 spm) 3% P CHIahhit 2 5720 0008 (12,000 x g, 10
s, 4°C) THINERRE 2 Y B 7o, Bst0or8E (270,000 x g, 2 B, 4C) #2175
7ro WAVTHETIHON/ANL Y FE22 mIDONaPBIZBEEE, AE %10 ml D25% O =B
% fr AENaPBICTRG L, Bt O/ (110,000 x go 4 IR, 4C) 2910 720 fEb 0z
Ly F%2ml ONaPBICER#E L. 10 ml O 3 BFEEEAAL (10~50 % NaPB) EICHRE L,
a0 #E (140,000 x gy 3 gL 4C) 2175 720 #ELGHK, slBHE BULT 2 — T DICH
5500 pl T20W Lz, M T T4 VA ZEFHLEZEZ LA, F7rmiiix LT50
pl DFEBPE 72/ =)V - 7007 5 VAL, =— 7 Vil =% /- vz X -
THMEZ MWL, TE RERICEME, 70— 27 VEAKENC X > TM1, M2O#H
SHAGME Lze ¥4 374 WVA LRG0 2 %S, a0 (390,000 x g, 2 I,
AC)ICE>Tw A a7 A WAL EEE LTHILL, KTy 2 ™7 28 KA Bl sy
(d=1.375 g/ml, 180,000 x g, 20 B[], AC) IZXAHWEIT 5720 500 pl T4 L
IZRED G, THU— AP VEGIKE)IATICE D~ A T4 VAL G4 EOY, KR
AR LTEN L, BiR~A a4 VAREE L7z,

2-3 I dsRNAIZBM A MY 3 7 FBG RO

220 A ATANWARBA T v T aPEEARRLTRONI YA 374 VA%
Wi %1% 7 0— 277 VESIKE) (TAE buffer) L, RALFFr7 At UM% Beilifk,
W] 7" V% 7 < — 7 )V —%W (0.05 % Coomassie Brilliant Blue R250, 50 % methanol, 10
% acetic acid, 40 % distilled water) T Bt tl, BifuH (5 % methanol, 7 % acetic acid,
88 % distilled water) T Wit 35 Z & TY YN DN Faekit Lz, £ 72045
%DNase I (RNase free) &RNase Al & L2175 2 3UB & W 2001 b 17 720

24 1 EMRE ML A< T4V ADBILE
220 i TR L 7=~ A4 39 £ VA Bk, pHTF 14 TR 5D % 5D
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2% phospho-tangstic acid (pH 6.0) & G L7z TORASWEIU T F Y E Ay AT
)y B RIS Uz S0, SRS FHiiMsE (HU-12A%, HITACHI) TBI% L7,

25 1A T NVARKT B Y 737 B DSDS polyacrylamide gel
electrophoresis (SDS-PAGE) |2 X 5 74T
221X DKWL~ A AT ANVAGE 20l ZHWT, 8% KV T Z7YNT I FT N
% W 72SDS-PAGEIC & A93Hi 2475 72 (‘TFEF 1989)0 KW FusoVHL % i DSDS-H > 7
VAR (125 mM Tris-Cl pH 6.8, 20% glycerol, 280 mM 2-mercaptoethanol, 0.01mg/ml
bromophenol blue) & #75 LK1 C5 0D, HAIKE) L 72, HAKED
BT Vo 7<= TNV —EHT6 FREMERR 2 10kt L 2o 3t L, KW ThEa®R T
MLk, RSN FELTYA ITA VAR T L5 N7 HERE L7,

26 . WAL T UK BY A TTA IR Y X7 EDh R

RBALS 7 &k, RYNRTF FEHO X F4 = 258D C Kiafll 2 L2 YR 50 2-2
X DIFE N~ A 7 AV R3] & B IS 20T T, R S AT B &V S
oo ¥AATANARY NI HEL BRALT T 2 2 ET70% FRRGRICHM S, i
T2ARE MG U720 B2 1 ONs LR THZ S S & CSDS PAGEH ¥ > 7 boN
77—\ L, SDS-PAGET/#EL 72,

27 . XA TATALIWARY YINFEDOPVDFFEAND M7 VA7 7—ROT I/ RV — 7
IoH— 12X BT I /RS ORE

WAIKENER D7V E200 mID 7Ty 7 4 2 7EWC (25 mM Tris, 40 mM 6-amino-n-
capronic acid, 20 % methanol, 0.05 % SDS) (2% L T5 i k@ L7z £ FFA4 7
Uy 7 4 » 7% (Sartorius) ([ F HEBEMEMIK, 70 v 7 1 ¥ 7EHA (0.3 M Tris, 2C
% methanol, 0.05 % SDS) (Z¥e L 7-8#K2 . 71 v 71 » 7B (25 mM Tris, 20 %
methanol, 0.05 % SDS) (% L 7-#E2 A, PVDFJX (PVDF #* > 7L, BIO-RAD), PAGE
v, Ty T4 2 TEWCICE LR 2 B BERERN L & 4 S{ESAL v 9IS
fifa, 1 mA/cm2DERHTIOM P> A 77— Lo M7 A 77—, PVDFli%
200 mIDARKIZE LTS 5MikE L, 7 vy — 7 Iv—34008 (0.2 % Commassie
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Brilliant Blue R250, 40 % methanol, 10 % acetic acid) THZ7r %o L, Bty (60 %
methanol) T8y 2 7577 FOBPKL %25 F THE, KWTAEKICX H8EH%5 77
4T o720 WS, ¥ oNTHEONY FEYIDML, 7I/BY— 27 L 0H—TOHHID
SEHE L7 CE¥F 1993) YA ATANADA ¥ 7 b RABONY F, RURALY 7~
HRTIHELNTNY FRLT7I /BN E T I /8y — 7 2% —PSQ1 (i), RUR
Mo — 2 224 —476A (Perkin-Elmer) & W THE L7z,

3. MRKUEE

Fusarium@ 7 6 DOREENL TV A DA 7)) — =2 TOF K. F. solani f. sp.
robiniae SUF704 7 & 2 Fil{OdsRNADHI S 47z, dsRNAWX, ¥ A 37 T IWVADY /4
ELTRBRIEENAT E LY, F solani SUF704 6 A 374 VADRR % ATz,
F. solani SUF704 225D~ 4 277 A v AOKTRE, Mafhit S8k 2> & #Flin 0 M 4 4
DT Z & TITo7, ARBEBRE DALt o v A B R RS0 8T O 1250 i 6
Bt L, 7 70— 27 VESIKENC X 5 50T O R % Fig. 15 1225 L 72 dsRNA
M1, M2ASRRI S B — 253 Bdi7 %L 1.36 g/ml Tdh -7z, dsSRNAD KD T HeH
&L B 1, S 1 BiOFER2- 30 2 7 AEIEA AL BE (d=1.55 g/ml) DR,
W T 2= T DI EnbZ EDH1.55 g/ml LLETHo7, w4 T 74 VARED
Fide, TTHEERE 1.36 g/ml IS SNz ik, SHEHDASRNADY YN e L EBE
RE R L TV AH M2 /R B4R Th o7z FMbE Y ABEHUD TORBEEE
1.36 g/ml {&, fODASRNAYA T 7 A4 VA THLENTWAI (1.30~1.40 g/ml) & R —
B L7z (Lemke and Nash 1974), HIHDERIKORNAZ £ W AIZOWTHF 4 iR, pH
WCEkBar 73 A= a v ELETHO— AP VERKIIC L > TRIET 285X H - 7:
DT (Heaton 1992), ¥ a BiEEARE LI X > TIRONI~ A AT A W AG % ZD F
 THOU-RYVERKIIZ X B0 2RI Tz BRIKB LY VEBBOA >~ 5 —7
b=2a ZHlTH AT F 7 ATHRE L, BIRRY FTHonBM Y FE, ¥
SN HDRERITH D 7~ — TN —Ff TR ONIN Y B0 oM EIcEh T,
7=y TDFM/N 2 Fid DNase I, RNase A LB T - 72 (Fig. 1-6)o
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Fig.

buoyant density (g/ml)
high <= & low

1.47 1.36 1.20
v

M

1-5. Agarose gel electrophoresis of

dsRNA extracted from fractions obtained by
CsCl density gradient centrifugation. The
top, bottom and dsRNA peak fractions had a
buoyant density (g/ml) of 1.47, 1.20 and 1.3
6, respectively. Lane M, AHindIII size

marker.

1 2 1 2

-~ nucleoprotein

Panel A Panel B

Fig. 1-6. Nuclease-resistant nucleoprotein structure
of mycovirus FusoV. Sucrose gradient fraction,
showing the peak of dsRNA content, was treated with
both DNase I and RNase A, and separated by 1.0% agarose
gel electrophoresis. The resulting gel was stained
with ethidium bromide for nucleic acid, and
successively stained with Coomassie Brilliant Blue for

protein.

Panel A, ethidium bromide staining; panel B,

Coomassie Brilliant Blue staining; lane 1, intact

fraction;

lane 2, nuclease-treated fraction.
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PLEoERE, BIbnFF oL, 23— T — iR THER S 1L/2/3 2 FA5, dsRNA
Yy UNRTEOBREERTHY, ¥ /N7 HIZ X > TIsRNADS nuclease D7 ¥ v 7 L AR
FXNTVLMIEICHLEEZOND, THODEEDE, dsRNA M1, M2HSV A 27
AWADY ) K ThAHZ ENMRL R ENTz, BENBRYA ITANAGEERTT AT
etn LB @R MBI CBIS LA R, =2 RO — TR RWVIEE 30 nm DERIKO

rye. = P ey LY R B Frarateh * A

Fig. 1-7 Electron microgram of negatively
stained (2% phosphotungstic acid) FusoV
particles. Internal Bar represents 100 nm.
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K2R S L7z (Fig. 1-7)0 LA EOK A ©dsRNA M1, M2iZ F. solani SUF704%k+H1 12
{AAET AR 30 nm DEIKDY A I IAIWADY ) ATHAPHHLPIC T D
*A 374 WVA% Pryor & Boelen |2 X An#aikiZHE> T, FusoV (Fusarium solani virus)
& %443 72 (Pryor and Boelen 1987)o FusoVZ 3 % % > /37 B DSDS-PAGEZHT A 5 |
44 kDa®D ¥ » N7 AR E 7z (Fig. 1-8)0 ¥4 A7 ANAE K1 BEOX v 7
YR UNIEHTIANAKFEZIEE L TWA DS, FusoVTHRIEE /44 kDaD ¥
INZ B D FusoVDF ¥ T FE NI EHTHAEEZ LT,

=66 (kDa)

- <45
* 34

24

Fig. 1-8 Polypeptide present in the FusoV.

The final FusoV preparation was boiled in SDS
buffer, and electrophoresed in a SDS-
polyacrylamide gel (8 %). The gel was stained
with Coomassie brilliant blue. Molecular mass
markers were bovine albmin (66,000 Da), egg
albumin (45,000 Da), pepsin (34,700 Da), and
trypsinogen (24,000 Da).

FusoVIZ1.9 kb, 1.7 kb D222 L72dsRNAZ ¥ ) AICAH T ALy RUO— T % /-
RWIEFE 30 nm DERIKDO I A W AR A THY, ZORFIEFEIC44 kDaDF ¥ TV F ¥
NWIZRICX > THER AR TWiz, ZOMSIE, ~ 1374 VADO A LHEE, T4bb,
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1) Lo N0 — 7 ZFF- VI 25~50 nm DRIROK [ THAHZ &, 2) 1 FEOF v 7
S K& 87 E (42~125 kDa) T A W AR RS LA T &, 3) i L TWiwvd,
VIZEAIZ 3 HET L72dsRNAZ Y/ ACAHT AT E, ) iy 7 A3 & 454D 4 IV A
FinNw =T 7a3nTnAhAZ e E L B LT/ (Buck et al. 1984), FusoV®D
FXYTYRIONIEDOT I MRV EZIRET H72OT I /By — 7 20— L X B0
#fTole AVIIVEFXYTYRY NI AEMCIGE, 73 /BN ERETAHZ
ERTELhhoTze MEDERDLOLXF YT F¥ 287 BN Kbiuid ] & DO % i)
TwhtEzbhl, £ZT, BALT T VM TR L 0/z 15 kDa & 29 kDa DMl & H
WTEREIT-7-E 25, 15kDa Ml 26134 » % 7 b 2B BEN A 235 S T
WHL LK, 7I/MEFERETHIEDNTELRS7

44 kDa

I 15 kDa I 29 kDa I

cyanogen bromide
cleavage point

N-terminal C-terminal

Fig. 1-9 Presumed structure of capsid protein. Cyanogen bromide
cleavage of the capsid protein generated two peptide fragments of
15 and 29 kDa. N terminal of intact protein and 15-kDa fragment
was blocked against Edman degradation. Twenty-eight amino acid
residues was determined from 29 kDa fragment using 476A protein
Sequencer (Perkin-Elmer).
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-Ji. 29 kDa Wil & HlV7-45 8%, 287 3 / MBRIEDBRH| Z RETE 720 15 kDa Wl
N AWM SN TWA I &, 15kDa Wil £29 kDa BTl 2 Bbe b k44 kDa &1 >~ %
VM ¥XTVFI NI RER UG Fb B ENL, RLTT O RICEDA ¥
I X TV N EONAKEmA 515 kDa @O, C KA 529 kDa DR X7
F FRi Ao/ E EZ L7z (Fig. 190 ¥+¥ 7Y F¥ 237 HON KA S
TWwahAHlE LT, ®EESaccharomyces cerevisiae @D L-A virus Tld, NAKWA 7 £F WL &
NTWAIZEFWLERPICR>TVES, TOT T VLICH 16 EREREO B FMAK3
(maintenance of killer) 287 U — =2 7 & TW5A (Tercero et al. 1992), Z D#{n 1 PEY
N-acetyltransferase ’#§E L W F ¥ 7L F¥ N2 HOREEGHHE XL, 714 IV AK
[~ % T & 7% 7 A (Tercero and Wickner 1992; Tercero et al. 1993)o FusoVIZBWT
28T L {/RTDH, dsRNA M1, M2id, B4 —2DRIETF (KIAF—¥EF¥ T
FE N2 #a—=FLTWAHNL, ¥+ 7 F¥ N7 HONKmOBEHGIZE Y53
AREKIEERINETHLEEZ LN,

Tk e AAsRNA™Y A W AL, 778 dsRNA 77/ A5 10~12 Kb b5/ Lk
# N> TWAbBReoviridaeFr &2 V2538 L7=%" / A % FFOBirnaviridaeFHI B S Twb,

“Ji. ¥ A 374 ) AIX Saccharomyces cerevisiae DL-A virus D X 92, 5 kb §5D 4534
L TW2WASRNAY / A #F5OKIK™ £ W A Tdh 5 TotiviridaeFt & , FusoVAS& T 52~
4 ARIZ93H L72dsRNAY / L % 47§ A ERIK™ 4 W A D PartitiviridaeFt (Ward 1993), HiiZ
Cryphonectria parasitica D85 EMHEIRH Z5| SR ZFCHVIZ ENFGEINA11~13 kb D
TS 2 I % ¥ HypoviridaeFHZ /PRI S LA (Murphy et al. 1995),  PartitiviridaeF2
DN L TWA Y 7 A% £ 8 CBirnaviridaeFHI BB TH 555, 7/ 2454 X & #tz
OS> T A (Koonin 1992) HypoviridaeFHE, 77HiL TWiawnwkE e (11~
13 kb) DdsRNAZ Y/ AllF->TwH I L, FLFXF YTV FEUNIARFLY, T ¥
IV BENTWA E W) LR —THiG % fF > TWA LT (Hansren et al. 1985),

K2~ A 37 4 W AD TotiviridaeFk, PartitiviridaeFt & 13427 W EEAT R > TWwh,
WRUZERT B~ A 77 4 )V AFFIC TotiviridaeFt, PartitiviridaeFCld, Bk |2
HAsRNAY A WV A A~HEERICHAML L TEBD, LA IVANVALRETHRLWAEE EH
WATrbh b A VANTRO a7 EHENLBRESY 37 AR E OBBPED R S 1
TVW% (Chengetal. 1994) — 4. ¥4I 4WVARE LT EERIBIZZ A TotiviridaeFF
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A TR S I/2dsRNAY A W ARG T, 7 PartitiviridaeFHZ MW 7 4 v 2
DecryptovirusBSE EFNHEEZX LN TWVWSD (Ward 1993), 7, BTk, & b, 7 HF
e EOEP B> © PartitiviridaeFt 7 A W A ZEBLO 2~3 KI5 L7-dsRNA%Z
picobirnavirus DFEWAEE 45 % &£ (Ludert and Liprandi 1993; Gallimore et al. 1993;
Gallimore et al. 1995), WEUICHRMEZEZ LN TV 1| ~BAIZ/HI L7-dsRNAZ A ¥
5l HE 5D ™ £ )W A (Totiviridae, Partitiviridaekt) 75804 - Mi¥H 6 6 W23 n -
ZEDBFusoVEGFDIZYA AT A NWAD, THEHISRNAY A WV ADMEL % G X 1) B
BWIFZEMRIC R A EBDbNS,

o5 3 i
FusoVO{ziERE

1: FEEHM

WS, YA TV NVAIEEREBR SIS L%, Ml ofREsIC X 5 KT
BRETE RV, ¥4 ITf VADKFERIEYA T4 VAL FFOWE N - RARMaH
WIETAROM THRAMAIC X > T{THIL5S (Lemke and Nash 1974)e —Ji, FaF%4/rL
TORMAANDIRE VN - Td 25040 - &2 3 A6 OERIEEVAS, AR
ThaH TR T TOREITR D IS WHIL WG SN TWA, FusoVASHFRRA ClaiES
LD, N &2 LTEDRELET HDD 20T 2175 720

2 . ERG
2-1 D EBRICH Wz Fusarium@i#k, B UZ OB 51+

ARIBRI ATz Fusarium @ \X, =47 71 2 7 BAS§ F. solani f. sp. robiniae SUF704,
W 1578V X > T3 & 17 FusoV K ##k SUF704 free, [A45MEH @ SUF577, SUF578
WTH Y, PDARI M I CHECHERE L 7o MadsRNAFII ISV A 12, 5 mIOCYPCH;H
T30TC, 100 spm, 5 HMK# Lo WARMEEROBDO~—H—HHEE L THMEFELR
RAVAE S A R0 28 R MRDIEI % LUF D S CAT - 720 MEFHERFE L TV APDARIL Lo
H=—=%55mm x 5 mmIZEARAEZY D L, MMCE:H#b (Table 1-2) IZHIE L, 25C T
BRI BT AN EE DL 7 7 — %5l L. BN A M2 0 & MMES Y
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(Table 1-2) (T LEFAE L2 A 0 WL oM xiT- 720 50 2Bl -5 8D
MMEEHE TP AR ZESL TV oo = — 2T A2 M LA RIAE R E LT
L0

Table 1-2. Medium compositions used for nitrate assimilation pathwaj
mutant

basal medium trace element solution
sucrose 30 g citric acid 5g
KH,PO4 1 g ZnS04* 7H,0 54
MgS0y4* 7H,0 0.5 g Fe(NHy)2(S04)2* 5H,0 lg
KC1 0.5 g CuS04* 5H,0 0.25 g
FeS0,* 7H,0 10 mg MnSO04*H,0 50 mg
agar 20 g H3BO4 50 mg
trace element NaMoOg4* 2H,0 50 mg
solution 0.2 ml per 95 ml of H,O (pH 5.6)

per 1000 ml of H,0 (pH 5.6)

MMC medium (minimal agar medium with chlorate)
1000 ml of basal medium

L-asparagine 1.6 g
NaNO; 2 g
NaClO; 13 g (PH 5.6)

MM medium (minimal medium = nitrate medium)
1000 ml of basal medium
NaNO; 2 g (pH 5.6)

NM medium (nitrite medium)
1000 ml of basal medium
NaNO, 0.5 g (pH 5.6)

HM medium (hypoxanthine medium)
1000 ml of basal medium
hypoxanthine 0.2 g (pH 5.6)

AM medium (ammonium medium)
1000 ml of basal medium
ammonium tartrate 1 g (pH 5.6)

UM medium (uric acid medium)

1000 ml of basal medium
uric acid 0.2 g (pH 5.6)
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2.9 N eV ) %A A FusoVOARE (BPEY A 2V T Ot x4

PDA CHKCHEFF L T & 72 F. solani SUF704%% B 7- \ZPDAKTHBICHIE L, 25C T1 M
kA L, BEHRINCILAS> 72 0 0 = — % BRI & K3 mITHE 5 FCor AN Bl
7. COBBEE., 1.0ml HOERYy My TIIH T AT — v &ibd 75Nl
WHO7 4 vy —%i L, BALZRREZID Rz, 74N &b oy 8% ik
SHIBTHE L, AR B2 010 2650 MERFE 425 X912, 4R - EE
APDAKSHUICHR D IV, 25TC THIE L7z, Wl FHRO 0= — %2 HIRCHEZE L, [6 2
O=—%F LWPDARTMICEBHI L -, CORRICLTROI/, Bl 58 K%Z5 ml @
CYPCHF MBI A LB €. f#O N/ @R 2m OB Ko ThAXL, %1 5855 1 §§i2-2
D i kdsRN A (Seroussi et al. 1989) % W TAsRNADKRI & 17 726

2-3 . WAMAIC X A FusoVO(LE

$i R RS SRR A > 15 5 M7 MR LR RS SRR IR, R E L CHiiiE % &
{NMEEHL (Table 1-2), 7 ¥ E=7 A% G AME b (Table 1-2), JK8E%Z & HUMES b
(Table 1-2), hypoxanthine% & {rHMK7H#b (Table 1-2) ICFHZHHR L, SR TOMKR
& PO SUF704, SUF704-free, SUF577, SUF578¥kE JLBd % 1C, fili BRI LR DA
R TRE R DR AR ICAREZFFOnit\ E R DN, MR CH &, MR TR &
OWBBIE FICERZFOnt3LE R TH HDH, WM EOTEMRBLICEREI NS
TNTT7ra77 28 —ORIEFICEREFONIMKTH 5 D92 U L7, L3RI
TR LR L ORA G DR Z H T, MMEGH#L |- CSUF704 kDL 5k (FF—)
&, SUF704-free. SUF577, SUF578 (LY ¥ b) Zxtiilsag L7z Witk v
T == DEERINC, WA X o TlROZL A MIH S 7odh RE LAl &
HoTRRTB2ATON ) 4 ORAEBEL, MMET25C | 1 BRK#E L, ~T
BANA D0 — % R ARK TG LR F 21472 OB ERFPLL Y EL
Y PORBBOME ML, ZOBMASRNAZBRIFL TV EHE D DIV THHISRNA
i (Seroussi et al. 1989) = X W Bt L7z,
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2-4 . {-FEH 1% 4r L 72dsRNADALE ([iMEH 4 7 WV TOIEEALR)

F. solani & —R&MIZATPEIERAS RO D> TR WASEL2RBUS RIS LA A5, F. solani f.
sp. robiniae (I AP TH % FE MRS WODP->TEBH, KEPETH S A2 et al.
1980), F. soalni SUF704, SUF577 |mating type, MF (+)] , SUF578 [mating type, MF (—
)% W T AR EER (mating) 2172720 RRICIE Ok ZPDARM FIC oo =—% ik
X4, b OMAPDARHL FOM T HO 20 =—H 5 REAR K TRV L0 4K 7%
wwe LTHEL, PDALO 0= — 12504 FEEEE A, ROLEEREZE vy Xy
PCH) BRE, 25°CTq BETET 5P TIro o KALHEERIE, SUF704 (PDA: growth
on PDA) x SUF577 (C. S.: conidia suspension), SUF704 (PDA) x SUF578 (C.S.). SUF577
(PDA) x SUF704 (C. S), SUF577 (PDA) x SUF578 (C. S.). SUF578 (PDA) x SUF704 (C.
S). SUF578 (PDA) x SUF577 (C.S) DA B LY TITo 7z, KBROKH PDA Bl EiC
s hb (fEREm# L, A54 FF/ A LIcke, ZRAKEBNLAN-T 5 A %8
HTMLE L2 A, HPHMBEIC X HBRTTFER TIPSR SN, FERERAD
LorEET ABICHIVGAL MER b4 suv ¥ a L — ¥ — VT 8% /0
Lo FERF2Z7VI—VRERELTHEIF—IVATL FPT, BREKICELZELEHE
HEMWTHt Lz, oWl KEDDAIN—T 7 A122% EK%E GFLPDAK HE D
WY — PO HOWICHEY, 0%, MNEFrirHOEICHD 17 #iMsE T < F#1
kXA 70w a2 l—F—ThH#L7z, BODOR T %08k, PDARH EIZRET,
25°C TMpir L, MONTE-WARLZH LVPDARSICE L7z, 145 W7 rlEbkd & )
HMdsRNAFHT T (Seroussi et al. 1989) 12X - TdsRNAZH L, #8 F-% 4 L TFusoV
MWEET HH5 L PG L7

3. MARMUEH

F. solani SUF70AKD & 1% 5 17 Bl - /3 MERR 2> HdsRNAZ I L, 7 70— X7V
KB Tt 24T > 72 (Fig. 1-10)0 42 BRDITMEMRZ 50HT L7245 R, €D 85 %ldh7-5
36 #k2>5HdsRNA M1, M2k & 4172, FusoVDAsRNAY / AM1 EM2IE3 2 —#l
TRESINTBEY, MIELEM2OBRD(E S NIRBIFE L ol B~y v a
v — I\ (Agaricus bisporus) TlXdsRNAD B X, HOBIEIAE X V) 2 T KW REE TH
L, 20=—0%MmxYh i), FrLORMICBRL, St CRiEd 28280 K
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4 Jii): (Lemke and Nash 1974) C, ¥/, C. parasitica Tl —10TC T 24 Ffffjok#5 3 5
(Friese et al. 1992) 7= EDO#EE = R TR T 5 EICL > T EDTRHLNS T LA
X N TWhe LA L, F. solani SUF704K TIXHLIZ HiRL 1-77#EIC X - TAsRNABL&HRA®

fi;’ "-J itf-:w

single spore isolates

Fig. 1-10. FusoV transfer through conidia. DsRNA viral
genome was extracted from single spore isolates of F. solan:
SUF704, separated by agarose gel electrophoresis, and
detected by ethidium bromide staining. Lane M, AHindIII
size marker.

Z DFusoVIBL#M A SUF704-freebk & L TLBEDIZERIZHIVI 72, C. parasitica DdsRNATE
FETIRGGREE R E OISO P DOE., EEENK T, 2o0=—FEoLit, ik
PERETEDARY , 43BN FOH PEVEDAX T A3y 2 LTV A (hypovirulence associated
traits; Hillman et al. 1990) FusoV T, SUF704#k & SUF704-freebkific, MifeiE, =
b= —JERE, A, AN oA EN R EORE I UL S W e o7,
Wl 50 MEME TASRNAZ fRFE L TV A BIE, 2TM1, M2 1l 25 L Twi. T
26, FusoVOBBRIZERL T, M1, M2 BRI EMAF 2 MRICHAH 2 e d Iz,
ARSI X AFusoVO{EEL WL T A 7012, FusoVD F+—& %5 F. solani
SUF704 £ Lo ¥ Y MIZHIV A, SUF704-free, SUF577, SUF578 D&MRIZ~— 71 —
BUHEN ST 508070 22T, BETORARMAREOUEIBRICAHWLENT
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WA LR RIBLER~— I —ZH WA Z L2 L7 (Correll et al. 1987; Klittich and
Leslie 1988; Malardier et al. 1989), fljH 72 fiMe[a1L RO %> Fig. 1-11 IR L7z,

NOQ'

Molybdenum
Regulatoly gene
cofactor 3)
(NitM) i
~, Required = Induction
ClOg~ NO4 -
3 -
nitrate =
reductase > QLT =
(nit1) -
c

<urrnnnnnRnnRnNNd

N H4+

Fig. 1-11 Nitrate utilization pathway in fungi. Nitrate was
reduced to nitrite by nitrate reductase. Resulting nitrite was
subsequently reduced to ammonium by nitrite reductase. Nitrate
reductase was regulated by pathway-specific regulatory protein
and required molybdenum cofactor for enzyme activity. Nitrate
reductase reduced chlorate, an analogue of nitrate, to chlorite.
Resulting chlorite was toxic substance. The chlorate resistant
strains can be classified into three types of mutations, nitrate
reductase structural locus (nitl), pathway-specific regulatory
locus (nit3) and loci associated with molybdenum cofactor (NitM).

By Hbrh A 1L nitrate permiase (2 X o> TRAAWIZHY) A 4, MREERICEER (nitrate

reductase), AN TCREH (nitrite reductase) 2 & > TERILI I, EWICIEZT7 »E=Y
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AELTHMENS, WRED T 717 TdAYFENE (chlorate) &, MMEECBEICL ST
mc s, HYEWETH S HLEEME (chlorite) x4 LAD T, MMEETRERIGTEL bO®
IR EM S OMMCE P TIEE L K 2O Z HLIH S b, MMCE; Hirh CH{ME R TS
AR L REB P DT ANGF 2 BRBELTHMLEZ ¥y —E LTHMT A
LR LA RES IS PEAS KA L 7o bk & 7l L 7o 8 SRMRIZ LA e S TR R O Rl i
B THAEREZT, M2 -BHRBL L TEOGMMEITH 2 AT & 22 Vonitl
MM TR, ERTMRE CRE R OM MR FICERZ L, WML - RREET5
NME L & MMEF LT 143 2 BURAST & e vonit3, MNESRICRER DIGTERBLICER S L5 E
) 777778 — AT 5 BIEFICEREFFONUMICHT AT EHTE S, Y
T7FraA7 77— RXY T U LIRBNOR 21T 7)) Y BKKEREK (purine
dehydrogenase) IZBW T LU THH | NitMA ARIIMME L, CARFH 57 20 -5
FBIZEOHME I TR T A vy T ORISR KU % S 3 AR Rihi % BF A bk
T AT ET, MR KIAERRD Z £ 70T % Lize SORRICL TG 7
nit ZRMEDOH, HOHBETHARICBRERT AH0OH b7 X AR O liE -7
BURTRVH A% A (Daboussi et al. 1992; Julien et al. 1992; Langin et al. 1995), F.
solani ZYa W% & LR MMCR ) THREEL -6 25, kDF w75 —A% 1 a0
Z=blz) 1t 5 —OBPRETIHIL L7zo SUF704TIEAE & Nu7- SR Mei MR Sk D
# 80% ASMMEFHurp TIIFWIRARD I 0 = — Z kT AWMERLRRIAL K TH - 72
(Table 1-3)o AilfARIE] LR RKIAL RARD LRI OBITIE, 16% AT MR TCRE A& OB 58z
FICARZ S Onit], 31% HSMNESCREFRE, MATNESTRER 2 8 L T v A Bl s 11
LR % b Onit3, 23% PHMRITHEOTEHRBICERSWAE) 7Fya 7775 —IC
WS % Wt f 2R % 473 HNitMTdh - 7= (Table 1-3)s SUF704 @ NitM & SUF704-free
D nitl k% W TAT - - BAMA EROF R, W0 =—-DBRMI, ~7ah) 4 At
IS &> THRADLERDHF ST O NAUPEAEE D) BOMREABILE S 17 (Fig 1-
12)o SUF704 NitM#k & SUF577 nit1 ¥, SUF704 NitM#k & SUF578 nit1 ¥k % HI V> 72 6f ik
BRAE T, BRI HIRT AR RAR %D R IEBIE S e b o720 SUFT04E
SUF577, SUFS78IXORAMARICIET A7-0Mfli Sk holzeEz LD,
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Table. 1-3 Genotypes of nitrate non-utilizing (nit)
mutants from F. solani SUF704

number of nit mutants class
chlorate number of
resistant nit
mutants mutants mt1@ 3l NieMe
100 78 36 24 18

a mutation at nitrate reducatase structural gene locus
b mutation at pathway specific regulatory gene locus
C mutation at molybdenum cofactor loci

F. solani F. solani
SUF704 SUF704-free
NitM niti

Fig. 1-12. Hyphal fusion between F. solani SUF704 and its
FusoV free derivative (SUF704-free). NitM mutant of SUF704
possessed a mutation at molybdenum cofactor associated loci
required for nitrate reductase activity. SUF704-free nitl
had a mutation at nitrate reductase structural gene locus.
Hyphal fusion between SUF704 NitM and SUF704-free nitl
resulted in an appearance of aerial hypha (wild type growth)
on the Czapek-Dox agar plate because their mutations were
complemented each other by making heterokaryon.
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SUF704 NitM#Fk & SUF704-free nitl BRO RS G TR O L2 B AERIR R O HgE S /-t
M MEdkD S L ey peRE A CHMESH TR TZ 2AMMET I TR T & 22

nitl IO % BN L 720 nitl kD HAsRNAZ Al L, 74 00— A7 WELKE)TorbT L
Foikd 12 WL MERRDFI00% (CHT-AH11 D HAsRNA M1, M2ASRRi S /-2 &
o BAMAIZX > TFusoVAMmEEN A Z ENMEL 2N/ (Fig. 1-13)e

M single spore isolates

.

Fig. 1-13. Transfer of FusoV through hyphal
fusion. Single spore isolates from
heterokaryon hypha were tested for nit
mutation class by comparing the growth on
various nitrogen source medium. DsRNA viral
genome was extracted from single spore
isolates possesseing nitl mutation, and
analysed by agarose gel electrophoresis.
Lane M, AHindIII size marker.

RN [6] B R R G BER CIXdsRNADT R B S B A%, 2 A RO BE R CldfaE
SHIZ { vy dsRNA hypovirus 25K ARG X > THREVERRIC(EE S 40, W IETER & 5995
BPERR B a3 AP % IV 72 C. parasitica @ biological control I2BW T, Kk
MG BEDBERE |- X 5 dsRNATZED B BRASHIEIZ 72 5 TWv A (dsRNA hypovirus (587 A
ABETMCIRMZES T, FLLMICE>THONS (R T~bIZEALILES L
W)o C. parasitica Tldbk4 e ARG BEOMRIZ dsRNA hypovirus 28 AT 57-012, A

L5590 L PERK (engineered hypovirulent strain) DFERAE 2 LT b, A L5 ERR I
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dsRNAY / A D5E4 FecDNA%Z mRNA & L THERES A strand (positive strand) 265 S 4L 5
£ ITHESE L 7o IWE R 7 ¥ — (EYeMEcDNA) # W IR X > TH O WA ILE
AT, ML P IZcDNAHI K D dsRNADMFAE L T2 % (Anagnostakis and Day 1979;
Choi and Nuss 1992; Chen et al. 1993, Chen et al. 1994, Nuss 1992),

Fusariumi@ (IAEERBUZSBIS TV D5, F. solani f. sp. robiniae \$ATVEIAY (73
A BRSO TEY, MDY Hypomyces solani % 721%, Nectria haematococca
Td b (B et al. 1980) F. solani DACHLIX, — /i D¥RZEPDARG ML DB &4 7- a0
——E LT, ok AR &R E LTHE L, PDA Lo I 0 =— 204 1B E%
WEMZA AT ETIT) o F. solani DIFHEHHKTORBIINT O ) v 7 THY, Zhid
MER A+, — ORI IAE S 2T UTA R SR S e v, 7, JERIER 1
REY v 7 Th)MMOKE DKRLZ: LICPDAK L L CTHES I FHERF2EINT 5, F7-,
F. solani \ZHEHEADRR & MERERAE DD D B0 & Z TOMEVEE IZPDAKHL T
Z— xRS E LDk E L THW GG ICOARLE e D Z & T, JEPEE 13048
(IS OKE LTV A SO AR EEL RO Z ETH S, MERENADKIZPDA
Eillaoo=— 2Bl Th, sER FEHHE L THWETORRETRER D Z
ETdhA, 2F Y, F solani \2i&, MEREFTADHIGH (+) DFk MF (+)]. MEREEADHIG
B (=) O [MF (—)]. BEPEORIGH (+) O M ()], BEEDORIGH (—) OFk M (—)), i
PEDOHIGH (+) Ok [F (1)), HEVEDORIGH (—) O¥k [F (—)] DAEAET S (R )2 et al. 1980),
SUF577& [MF (+)] Td V) SUF578I [MF (—)] D€, &L 5 ZPDAK FiIcoo=—#%
RS TH, llhoke s ER FRERE LCams id 31 7% Bk 5 4klE T
&b, F.solani SUF704 &£ SUF577, SUFS578HRI CORBLEERRD S, RIS h
7oAl A G HEIE, SUF577 (PDA: growth on PDA) x SUF704 (C. S.: conidia suspension) @
HATHo72, T2 FU—)IVDSUF577 (PDA) x SUF578 (C. S), SUF578 (PDA) x SUF577
(C.S) TIX FEERDILAEE Sz F. solani SUF704 O3l 1~ & PDAR; b E (2T
L7zSUFS77# 10 = — DR A G DE TO R TR DA WO e, 20 T8l F-H 8%
SN EDDS F. solani SUF704 & M (—)] TH A EE X Lhs, SUF577 (PDA) x
SUF704 (C. S)THrH 1728 2D HEld - HiBEAK 2> & dSRNA DAl % 47 - 72 A3dsRN A 134
SN -7 (Fig. 1-14)6
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M ascospore isolates

Fig. 1-14. Transfer of FusoV through
ascospore. Ascospores from mating between
F. solani f. sp. robiniae SUF704 and SUF577
were obtained using micromanipulator under
microscope. DsRNA viral genome was
extracted from ascospore isolates and
analyzed by agarose gel electrophoresis.
Lane M, AHiIindIII size marker.

ZD#EDPE, FusoVIZ T 20 L TaES N wiliEEd» " &/, F. solani %
L5 TWAIpDNAR B AYLL 71) 2 > DpFSC1, pFSC2i, BHE®{ET 2 HAH S 1
TWwh, 2% 1), PDARIHL - Cou=—% Lk &€ 2 HEPEMRICIDDNADR R bR 2 JH W 7236
DA, N FIZIpDNAAYMEE X $L5 (Samac and Leong 1988)e D KT, F. solani
SUF704 7"MEPEDMET 2o & & DU TFRusoVAMmE S e Wil REMVEDYE 2 H 7z,
HEVER 1 (asexual spore) & £A7PENE - (sexual spore) TdsRNADIZE/N Y — AL T 5
Blid, ¥R D Melampsora lini T#IZE & LT % (Lawrence et al. 1987) = D7
dsSRNAD B AR A RIS X A{5EMOEWIE, dsRNADTE EAEA TORAERMIC L -
THRZ->TWAEEZLNS, —RIZTA I T4 NV AZHILE /AL L TV 5 (Lemke
1976) T b | BRMaD LD M BN OB E TN TIMESNLD, A
YA TIIMRIEZT AL £ 2 5N D, FusoVOIZEEBROEERIE, MR ~<AL a4
WADILGEIZ L { L THBY ., FusoVid F. solani SUF70AD ML E v THIRHMERF X h
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TwWwhtEzENMA, YWD cryptovirus (&, 2 DI L72dsRNAZ Y/ 224 L, 1
ODF¥ XTI FY NI ATHBRENS Lo RUO—- T2 FLLRVEKIRIAVATHY, <
A7 4 WVAIEPOREZFF>Twh, Lo L, fi EMlah COFAERMAS~ S a7 A
WADMNLE THAEDIZR L, MY cryptovirus EBIAHFEL TWA EEZLNTWA I
TH% - TWh, K cryptovirus 1 IBZIAFAET A2 EDE, [ERZNLIEETLEFE
MR R d 5 (FK 1993), ikill, 70 b7 IR MELZfE ERE~Y A TITA VA%
PEGILE: T A2 E TV A A7 A4 WAD NN LA %1T- 7= WD % A (Van der Lende et
al. 1995)o FusoVICBW T, [k FIKIZ X 5 AR MO AHRAOB AL, 1 FIRo
Bl O TR RE T AHA, FusoVASEA SR E BRI T 570D 3R~ —

A —DWRBELTRAOP->TBELT ., 4HROMAERETH S,
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42 ¥ FusoV dsRNA%Y / AHA T A BIx fI22oWVT

e

=75 7 BA W E Fusarium solani {. sp. robiniae SUF704 LR E /o~ A
A W AFusoVid2 22708 L7dsRNAY / L% A L, ZDH A XIEM1A%1.9 kb, M27°
1.7kbE/INE L, 44 kDaD 2D X X T FF N7 B 6 7 B30 nmD ERIKD ™7 A
WAR A Tholze SHEDFFED HFusoVIE, PartitiviridaeFHIIE S A~ A 37 4 VA
TdhhE# 2z 6LA (Buck and Ghabrial 1991)s dsRNAT7 A IV AL, #RMWIZKD L9 7%
FHo MBI X TV A, 1) Reoviridaekh, 10~12 KIZ/0Hi L7247 7 A % Fy o B e ik i %
HTATAIWAT, 8. W% 1 EI123 % reovirus, rotavirus 25HIH LTV 5, 2)
TotiviridaeFt, 5 kbFEJEDIMHI L TW A WdsRNAZ A1 5 5 L. 7 7 . U — 7 & Ff /- WERIK
DA W AT, AR ®EEE Saccharomyces cerevisiae 16 EAST 57 4 W ADHIL T
TW b, 3) CystoviridaeFt, =27 20— T %[ ¥ HERIKIAWATIDnHiLIzy/
L&FFO7 4 IV AT, bacteriophage ¢ 625F £ 5, 1) Hypoviridaekt, ¥ ¥ 72 F ¥ 2N
7Y, HEHRO YT 22 7 VIZWENRTWAI3 kbFEDO K E SO L T
WY ) L HATATIAIWAT, C. parasitica i &35~ A 714 VA hypovirus
CHV1 %&£ 5, 5) PartitiviridaeFt, 2~4 KIZ/MHi L7zdsRNAZ AL, =z u—
T o f§ 72 VERIRD 7 A WA T, FusoVER LDV A TII A VADEL B GTENS, 6)
BirnaviridaeFF, 2 2I2%3Hi L7-dsRNA% %"/ ZZATT B A WA, PartitiviridaeFHZ
BLY A ZHKEV, COFHIE, 8% L9 5 infectious bursal disease
vitus WEE N D, STTIRLAEODORTIMEAMN L 7 4 VA IZDOWT, dsRNAY/
ADSIERH DI HITOITEY) . 74 WV ADAT 5 s F-OBGEO W TIHFRAHEA T
V% [Wiener and Joklik 1989 (Reoviridae); Icho and Wickner 1989 (Totiviridae); Shapira et
al. 1991 (Hypoviridae); Mindich et al. 1988 (Cystoviridae)lo — /i, MEDI AW AL L
T, ERRFTH S L% 2 605 PartitiviridaeFt Tl it £ TAsRNAY / A DSIERLY
DD T T W h oz,

BEDYT A WVADPETIE, BT A1 FISETOLIROBH Y 4 VA, iy AV
AEVS TR G, TANAY ) AR EDKEBBETHRIKEhTWw A D, ¥/ 4 Lol
[EF O E o 2 AW R 2 R T, MELIET R ShTwd, KB
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. KA VAMAORE LTHBIEH TV A VADOROW, 320k
(Reoviridae, Rhabdoviridae, Bumyaviridae) 7S HEE) R JEAFHEBI WO 7 A W R & [6] CRFIC
JPELE I (Ward 1991)0 Z ORGP A VA D cryptovirus A*
PartitiviridaeFHZ A B DT W ERBE I TW, ZOBHIIE, 714 VADHE O
BBETH S 2210 L2dsRNAR Y/ [AT L, oy aa—T2:%nw1 20
FY TR NI ATHESNIZERIKDY A WR), LU, PartitiviridaeFkD ™7 £ )V 7
IZOWTRHEERS O WA Z LW E &0 L rRIDOZ WD HEE L TWirv, RNAT A
ATIIRNAKR ) AT —H¥DT I/ BEVIDPBDOKELFEEE > TWA T ML, MY
cryptovirus M U ParitiviridaeFt~ 4 2177 4 v A DY IERCH) . FFICRNAKAEPERNAK 1) A

T =Y ORS 2 W 60T AT EDFEIZNT W (Ward 1991)0 IxVE. SAK S =)
T 7% £ choke disease % 5| & Z MY RIKE Atikinsonella hypoxylon 7 5 5
W & L7z PartitiviridaeFk~ A 17 A WAD3 D501 L7247/ A dsRNADIEILRLY A3 i
Z#17: (Oh and Hillman 1995), FusoV & A. hypoxylon D~ A 1774 VA & Tik, dsRNA
T A2 DNGEHIT AP, 32NGHITAPDNTRKELRENDDH S, FusoV dsRNAY
J LDYHERCH W 6202 L, A. hypoxylon ¥ A 2177 A v ARHHY cryptovirus Dtz |-
BT A S & T, PartitiviridaeFkr A W ADY ) AREREOF AW L PICTHHHSTE
hEBEZbA, F/:FusoV &, EWICHMEREDTIANWATHY, 4557/ LY
A AHNEL, TANVARE RIS ANVRY ) AOBRBREOMPOETVE L
THLTWwWAEEZEZLNS, LEDHZWEDIZT A HMTFusoV dsRNA 77/ A
HcDNAZ I L, HUIERCH| DN #1175 72,

1o EERHM

Fusarium solani f. sp. robiniae SUF704 /»H3 R E 72~ 4 277 4 )V AFusoV dsRNAY”
J LDATT HRBUE LR ICT A HINT, 77/ AdsRNAD HDNAD G E TV, Kk
ALY DI, ORF (Open Reading Frame) DR, HEE SN E 7 I /7 BRACYI O AW VAT %
T-72

2 . EBRIL
AGEFNAEN L 72 SRR B VR &, T 121°C Tl oA — b2 L—7
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W% L THW o FICRNAZ Y ) FBRTIE, A — b7 L—T7DOEMH%125T T20
SIMICAER L7,

2-1 . %"/ AdsRNAIZXT 3 A cDNAD K

F. solani SUF704%%* & DdsRNAOGM R, #i#- 1 f{i-2 30t v —Ah 548710
< 797 14— THIB L 7: (Franklin 1966) Hi%dsRNA 20 21 (7.5 ug) 125 u1 D50
mM KEEIL A FVAKSBREZZMHE LT, /o, 794 ~—¢ELTlApugDI ¥ hnF
Y —REML, FiwT10 7 OLMR 2475 720 ZPEAEHNI5 41 D700 mM 2- A )V
HTPLY = NVEIMZ, FimT5 FHBER, 2x1(740 kBq) D[ a -32P] dCTP (110
TBq/mmol) % @I L 725808 %2 Fv» T, TimeSaver cDNA Synthesis Kit (Pharmacia) {Z X 1)
DNAB W ZAT> 720 D cDNAKT IZ EcoR1/Notl adaptor %7 4 %" —3 a » L, S400
Spun column 25l L, 4357 7% adaptor ZBR AR, 77— 3 FXZ ¥ — pUC118®D EcoRI
HA MIFAY—=YaryLlzo DNASATT)—E, F45 = a v UISHZELH )V
U AETHB L7 E. coli IM105 2 ¥ > MRS B+ 5 Z & TER L7
(Sambrook et al. 1989), HIAMZIAT T A 3 F2GFT 5 R HEERIAIZ, 5004 g/ml @
isopropyl-1-thio- 8 -D-galactoside (IPTG), 100 g g/ml @ 5-bromo-4-chloro-3-indolyl- 3 -D-
galactopyranoside (X-gal), 50 z g/ml®ampicillin % 5 LBIE KRG H 284 L37CT -
Rk, Haou=— %IRRT 5T L T/

22 Fy b70y bNATYFAEL Y a 2K ABM1, M2 cDNAZ t— » Ot

21D N ETHEWL/ZcDNAZ U — 5 M1, M2EH 6 DAsRNAY 7 AZHIRT 5 D08
A FAH®IT, dsRNAY / AM1, M2Z 4R Fy b7uy bLAEAY 7L v, %
U= 70—=TICHWINA TI T4 EL v a s &kiTo70

FiBdsRNAY /7 AM1, M2% 7 A0 — A7 WELGKENZ & ) /7L, SUbz T 5 A%
ik, YU EMI, M2OSY FEY D LA, K480 H LAY VA EHdsRNA%
SUPRECTM-01 (Takara) % JHWCTHIIIL L, =% 7 — VLt 100 ng/ po | OUEBEIZ 7%
A &) ICTE B HICIER Lo /P BERIN L 72M1, M2ZFRZRI10p]l (1pg) iy 10x1 D
10xSSC, 6 1050 mM KEEIL 2 F VKSR, 4 1 DBR AR K% bl 2 %0 T 5 50 MBE L
dsRNAZ 2Vt 2472, Fv b 70 v b#{# (BIO-DOT: BIO-RAD) (=M &K T5 47,
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KWT2xSSCTI10 M pAlBE L7+ 4 1 X > 7L ~ (GeneScreen Plus: Dupont) %+t v b
L, ZPSE7-dsRNAZ V=7 4 — )V FIZHEA L, BRI LdsRNAZ X > T L I
WAs 24, 80C T2 We[H#zff S ¥dsRNAX B L7z, T bu— & LTHW/2cDNAD
Ty sy 7iE, RETVA)ETHH L7277 X3 FDNA 2541 (1 1g) 1751 D
0.25 M NaOH, 0.5 M NaCl i & 2. SimT10 rMBaE L., 7 A ) 2387,
100 21 DZMET 7 A I FDNAIC ¥ D0.2xSSC #@ML, Fy b 70y FEREICK T
FA R R IFLFETEY b Lig,

cDNA7 T —7i&, Bk 7 VA1) ik THiti L7275 A 3 FDNA% EcoRl TiH{t#. cDNA
A% —bh &7 70— A7 VESIKEITH#EL 7 Ta—Ar vrbyly it Lz
(Sambrook et al. 1989), 7 # T — A7 )b & Offi ADNAKTF T DI IE Gene Clean I Kit
(Bio101) & w3725 50 ng DcDNAA >4 — b % Multiprime DNA Labelling System
(Amersham) % JH\v T 32p 3% L 72,

Bilex 70y LA T LT UNA T ) T4 ¥ A 2 a %M (0.5 M NaPB pH
7.2, 7% SDS, 1% BSA, 1 mM EDTA, 50% deionized formamide) Z 1 2 42°C T 1 kel 7L
IATN)FAX -2 ar&ki{io74%, cDNA Ju—7& Fx1)7—DNA (100 g/ml D
salmon sperm DNA) 2L, 42C Tl6 BefiiNnAg 7)) ¥4 - a v &{1o 72,

NNATNFAX =2 arth, AT OB EIE, 5% SDS TEHH (5% BSA, 1 mM
EDTA, 40 mM NaPB pH 7.2, 5% SDS) {2 T42C T 5 #MES» k¥ L, #I121% SDS
e (5% BSA, 1 mM EDTA, 40 mM NaPB pH 7.2, 1% SDS) I2T42C T 5 43 HfEe»
IR L CTiTo 7 WA T L 22T Ty TTHEY, X#7 1 VA (X-OMAT:
Kodak) I &, NATUVFAES v arv T Pvemiti Lz,

23 HHINAT)FALEAL T a/IZk HDNAZ O— 2 DT

7 V¥ AIDNATA 77 —bHBIN=—2BIRL, BET VA VIETT TR 3
FDNAZ Al L7zo ¢<DNAA »H— MBI, EcoRI £721& Notl THALIC X > TRZ ¥ — &
DY L 7O =R IVESIKEICE > TEORE I AL LT e THHDNAS &~
H— MY DN 500 bp UL EOWiF #4795 AcDNAZ U — 2 2B, FEE, 200 ng 124D
75 A I FDNA% BIREBEENALHE, 7HO— XX VEZIXKE LT EXKBBOZVET
Wh 1) bT AT 7 —¥H (0.4 N NaOH, 0.6 M NaCl) 1230 77l L7z, EABATS
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G, ZVAN M Z AT 7—@WTI0 M7 Loy bLAFA MO A TL Y
(GeneScreen Plus: Dupnt) & 7'V & /N¥ 2 — AT 0y 7 1 7 74 (LKB 2016 VacuGene
Vacuum Blotting System: Pharmacia) iCt >y FL, 7IWAV b SR 77 —HWREMNNT
suy bLie 7O T4 2 THEDALTL %1 M Tris-HCI pH 5.0, 2 M NaCITY ~
A L7, 80T T2 BEMi# LDNA%Z A » 7L ZICBE LTz 7O —TDEHK, 7L
A TNITAEAar, NMATIVITAEAYar, MTIUTLEL v arkor TV
YOUE, NMTNVTAEAarvyTHVokliZ, 220 Fy b 7ay b4 7)) %
14 areCFRETIT>7,

24 NATNVFAEALAa ZIHWI- AT L 2 OHFIH

NATNFTAEAL L a iz A2 7L k1% SDS % & TE #&ii T30 7 & #
FTAHAIETTU—TZNY Rz, SMPLPRIRAT 2 BOHEES VW 24—+ T
VAT T 74— THeltk. BRI L,

251 M1, M2 (ZH1K$ A cDNAD S IERCH DR

M1, M2 HIBEDDNAZ U — 26 K& %2 cDNAA > H— bl #FF> 7 0o —
YEBEIRL, Hilli L7277 A 3 FDNA% EcoRl & Vspl T2t L7z COHET
EcoRI {H{LIC X ) cDNAA »H— M 28I D 3 & LIRS ¥ — pUC118%3 DD Vspl
Wi L2 Y —DHCTA Y — > a Y X B BHERBEON Y 2 759~ Fewd
SE7o EcoRIILL, 7 A 74 R 779 —=E ICL->T5 Kink i) »#bL7:
77—=Y 3 FR2 % —pUCI118 (%I ~<7/- EcoRl, Vspl {H{LDNAWIH %2544 — < a
Ly BAEA VT AP CHE LI E. coli IM109 3 > €7 7 MRS EERICT 5 S
ET, WHIZcDNAA >4 — M ASHLAGA M-S O-IMZ 79 2 3 FE2BHET 5
IU—2 %3720 TORRKICLTHONIZDNAZ U— 2 blifbE sy A — b FF
L E A E 350 U TR R L 72 ceDNA (closed circular plasmid DNA) 120 W 524 70 1 BRI
#T2 WL L. Kilo-Sequence JHl ‘Deletion Kit (Takara) % Ji > CRIERH iz 0 7 1
b=Yarru— 2 #ffliLrz, ShoOEERNPGER 7 0— 2o liftt s Mg
LRGSR ETHM L7275 A 3 FDNAZSM 2 vy, Taq Dydeoxy Terminator Cycle
Sequencing Kit& 373A DNA Sequencing System (Perkin Elmer) % JH T B JER0H % oo L
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7o Dot L7-YaJERlH % Genetyx Mac ver 7.3 (Software Development) % v T#E G 4
L. M1, M2OJa el & Lz 72, LBV 7 P27 %M1, M2OSEHEES, 73/
BEACH D AT IV 72,

2-6 . actinomycin DI PERNAZR 1) 2 7 —E itk R

F. solani SUF704%k, M UFSUF704-freetk#> 5, HiHE- 45 2 i 2-2DFusoVHER A 7 v 7
ZBEV25%  a By v v a BT E LTS 7z & EBRICH W2, i
%2 mld15 SSB (15% sucrose, 10 mM Tris-HCI pH 6.8, 5 mM 2-mercaptoethanol) (%
L 723100 2 1% 200 p 1D BUSEEHE (reaction mixture: 100 mM Tris-HCI pH7.5, 10 mM
magnesium acetate, 1 mM each of ATP, CTP, GTP, 0.5 mM UTP ([ a -32P] 12.6 MBq/ s« mol),
200 units/ml Ribonuclease inhibitor (Takara), 50 g g/ml actinomycin D, 5 mM 2-mercapto-
ethanol) £ A L, 30°CT36 MM TS S €720 BUGHKR, 7= /—IV - 7007+ )L Al
e zoa 7 valitth, =& 7 —VilBIZX > TRNAZKR L7z, B EN/ZRNAD
Beitiid, 1.0% 7 70— 277 VASIKE) (TAE buffer) (X - T8k, 4"V %7% TCAT
30 SrIMEE LG |eRIR, A— PV AT 7714 —-1C&koTiTo 7

3. HAKRUER

SUF704( D5t VO —RA AT A7 U< b7 57 4 —THR L 7-dsRNAZ FIW T,
cDNAD WM ZIT 720 KiREERNTHE, DNART Y ¥ AANFH 2 —%T T4 v —|2H]
WV KB A FOVKSRAZMER & LTHOABHEIS, 2 kb O K X XDcDNA F THKAS

@ TE (Fig. 2-1)0 - H. 794 ~—124) TdT % MW7 BUS TldcDNAD S B AHEDS
TE Ao/ ENE, FusoVY /7 AdsRNA I poly A tail #3' KMICH -2V & AR
WStz YA T A IVATIE, dsRNAY / 412 poly A tail 243 AH1E . FusoV & [
CCIRFF L 2R WHIATHE S TWA, HypoviridaeFrOCHV1 Tl positive strand (#{z 1
2= FLTWVSH, mRNAE L THAIET %) D3 K8IC poly A tail 758 b AHEHDS’
A1 poly U & 7% - T/ (Shapira et al. 1991)o — 47, poly A tail % 2D 4" ) ;=57
=\ Z E NS TotiviridaeFt D S. cerevisiae DL-A virus R PartitiviridaeFt® A. hypoxylon
virus CHT 4TV 2 (Icho and Wickner 1989, Oh and Hillman 1995),
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Fig. 2-1. Detection of synthesized cDNA by agarose gel
electrophoresis. Purified dsRNA was denatured by 50 mM
methylmercury hydroxide, and then used for template of

cDNA synthesis. Newly synthesized cDNA were 32p_labelled

by incorporating [a-32P]dCTP as a substrate. After second
strand synthesis, cDNA was separated through agarose gel
electrophoresis and detected by autoradiography. Lane 1,
synthesized cDNA using randomehexamer as a primer; lane 2,

synthesized cDNA using oligo-dT as a primer; Lane M,
AHindIII marker.

BELE S. cerevisiae O L-A virus X7 A 1) 71 7 ) lKi 98 & C. parasitica DCHV17% £ T
. BHBOASRNAG FHABIE SN TWA, SHEHDISRNAZGFOR, K5 DdsRNAIZ~
A7 4 WADBE % AT AAsRNAY / L DOIRBURA KA L 72 K HidsRNA
(internal deletion dsRNA) T 5 = & A% & 12 X T A (Esteban and Wickner 1988;
Shapira et al. 1991-b) 16 DHBKIHISRNAZ f-1d, #BIzF%2 72— FLTWARTIZ
WA, RNAMKAFPERNAR ) 25— Bl k> TEBRENDL LV AFBEF - TWAH D,
RADTANVRKIF LIV T ) a b LTHERF & LA, £ T TFusoV dsRNAY / A
BWT, M1EM2DMIIGERSIAAAET A E D By TM2AMI DWIEASH dsRNA
THLEDNE)DERALEDIZ, Fy bh7ay INA TV TALEL Y ar RUSHFE N, T
VA ¥SL Y a v EBRE T 720 E. coli IM105 ~DBHIERIZ X > TSz 0—
OB L72cDNAS ¥ — b 2 70— ZICHW Fy b 70y bNATY ¥4 ¥4
¥ 3 OFFE, M1, M2 dsRNAICHT AcDNADZFNERAIR S - Z L HFER S 7z
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(Fig. 2-2)e Fv k70 FO&EHD S, 6 EOMI % cDNA (pFSV1-74, pFSV5-40,
pFSV20-73, pFSV10-37, pFSV17-1, pFSV20-16) & 2fOM2 Hik cDNA (pFSV5-100,
pFSV8-4) Al S 4L7zo M2 HIHD 7 1 — ¥ OMBUBIENED - 727, M2
B 7u—7E LTH pFSV5-100 DcDNAA ¥ — MEFF (450 bp) AAMLICH§ 57
o—7% LCHE pFSV10-37 DZ 4 (1.1 kb) (B L TR » 7o HINA S % & 5

zZHhiz,

Panel A
123 456 7 89 1011 12
M1 M2
“© *e -
o+
13 14
Panel B
123 4 56 7 8 910 11 12 M1 M2
13 14

Fig. 2-2. Dot blot hybridization analysis of cDNA clones.
Hybridization analysis was done against dot blotted Ml,
M2 dsRNA and by using cDNA insert from each clone as a
probe. Panel A shows the result of hybridization using
pFSV10-37 as a probe, panel B shows the results of pFSV5-
100. No. 1, pFSV1-58; No. 2, pFSV1-74; No. 3, pFSV5-8;
No. 4, pFSV5-40; No. 5, pFSV5-100; No. 6, pFSvV8-4; No. 7,
pFSV8-37; No. 8, pFSV20-73; No. 9, pFSV10-37; No. 10,
pFSV10-91; No. 11, pFSV17-1; No. 12, pFSV17-49; No. 13,
pFSvV20-16; No. 14, pUC118; M1, M1 dsRNA; M2, M2 dsRNA.
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M12 3 45 67 89 M12 3 45 67 89 M12 3 45 67 89

-.-'-.-—-‘,-“

Panel A Panel B Panel D

Mi2 3 45 67 89 M12 3 45 67 89

Panel C Panel E

Fig. 2-3. Southern hybridization analysis of cDNA clones.
Recombinant plasmid DNAs from each clone were digested with EcoRI
or NotI, fractionated through agarose gel electrophoresis, and
blotted on nylon membrane (GeneScreenPlus). Panel A shows ethidium
bromide staining gel; panel B to E were autoradiogram of
hybridization using cDNA insert from pFSV10-37 (B), pFSV5-100 (C),
PFSV1-10 (D) and whole plasmid DNA from pFSV10-6 (E)as a probe.
Lane M, AHindIII size marker; lane 1, pFSV10-37 digested with
EcoRI; lane 2, pFSV5-100 with EcoRI; lane 3, pFSV1-10 with EcCORI;
lane 4, pFSV21-58 with EcoRI; lane 5, pFSV21-58 with NotI; lane 6,
PFSV10-91 with EcoRI; lane 7, pFSV10-91 with NotI; lane 8, pFSV10-6
with EcoRI, lane 9, pFSV10-6 with NotI.
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FIT, YHFINATNVFA¥Aa TR, Fyb7uy bT7o—7ICHWA
pFSV10-37, pFSV5-100 PIAMZ HEH4H ADNART D & \» pFSV1-10 (1.6 kb), pFSV21-
58 (0.9 kb), pFSV10-91 (0.9 kb), pFSV10-6 (2.6 kb) % 71 v b L7z, pFSV5-100& ®D />
A7) T4 - arDR3n/, pFSV10-6 # 7u—ZICHW/#R, Fy b 7oy
FTWRY T FNVDI SN b > 72 pFSV21-58, pFSV10-91 ASM2IZH$ T H5cDNAA ~
H— MR 24T 5 EDRINT (Fig. 2-3)0 WINA TN FAEAL T a VERIIBW
T, MISERM, M2SER T O —TDONHNINA T) 54 ¥~ a »&/RTcDNAZ U —
YERWET I LR TE b o205 (Fig 2-2, 2-3), 7 FiD/NE VM2 dsRNAIIMI
dsRNAOWIKHUZ X DALz b D Tid e . M1, M2 ifjdsRNAIZ%S 4 Gl DEI5 %
- FLTCWHEZEZ LN

Table 2-1. cDNA clones constructed from FusoV genomic dsRNA

Derived from M1 dsRNA Derived from M2 dsRNA
pFSV1-10 (1.6 kb)a pFSV10-6 (2.6 kb)
pFSV10-37 (1.1 kb) pFSV21-58 (0.9 kb)
pFSV12-25 (0.9 kb) pFSV10-91 (0.9 kb)
pFSV12-96 (1.3 kb) pFSv21-86 (0.9 kb)
pFSV21-57 (0.7 kb) pFSV5-100 (0.4 kb)

for ssDNA synthesisb
pFV101 (M1l positivec) pFV301 (M2 positive)
pFV201 (M1 negatived) pFV401 (M2 negative)

a cDNA insert size.

b In order to obtain single-stranded cDNA of each strand,
pFV101 and 201 were constructed which contained cDNA insert
derived from pFSV1-10 at an opposite orientation
(vector pUC118). Similary, pFV301l and 401 possessed cDNA
inserts derived from pFSV5-100. (See Sectica 3)

¢ Positive strand is gene coding strand.

d Negative strand is the complementary strand of a positive
strand.
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500 IDCDNA 7 10— > % 38T L7, BRSO DDNAS > H— bl 24352
o—>& LT, Table2- 1R L7272 0—rdf§bisz, THEDDNA 70— 2 6EMI
TIdpFSV10-37 £pFSV1-10%, M2 I8 L CTidpFSV21-58, pFSV5-100, pFSV10-6 % Hl
W ESERCH & e L7 (Fig. 2-4)o M1 2 10— pFSV10-37 O4fi ADNAKFH 1,
pFSV1-10 O ADNAKTF NICERICEENTWAZ ER S, pFSV1-10 DRLY Z M1
dsRNARCHI & L7z —H. M2 HEDCDNAZ U — 2 pFSV10-6 (&, $fi ADNAKTI %52.6
kbp TH Y, 7HO—AYX VERKEICL > THEL/M2OKEX1.7kbp £ ) KE D>
720 pFSV10-6 O4fi ADNAKIF i&, TR L2-HIBREE L HuX 2> &5 M2 HIDCDNADSY 7

MBS HET->TWA EE 2 L/ (Fig. 2-5)

M1 cDNA

sequence determined region (both direction)

ﬁ
BB frn X

i X pFSV1-10

pFSV10-37

M2 cDNA
t epeat (fi
lil“:(ljle:rl‘llrllllil(ll:fil)llllllIIIIIIIIIIIIIIIIIIIIII’ L1 ﬂ urnﬁelﬁél S‘:t.aggpg)" ERER R NRERNR Il'
pE3
DEL pE2
pE1hinc2
H H HH H HH
o 4 F?-'*l i b
pFSV10-6
'l'if ?—I H HH HE SH H HH
s *__
-t pFSV10-91 pFSV5-100

pFSV10-91 pFSV5-100

M

sequence determined region (both direction)

Fig. 2-4. Overlapping cDNA clones used for sequence analysis.

cDNA

clones derived from M1 dsRNA were pFSV1-10 and pFSV10-37. pFSV10-
6, pFSV10-91 were M2 derivative cDNA clones. PpFSV10-6 insert DNA

possessed tandem repeated sequence. pEl, pE2, pE3 and pElhinc2

were subcloning derivatives of pFSV10-6. Thin line region of

PFSV5-100 and pFSV10-91 were deleted in pElhinc2. B, BamHI;
EcoRI; H, HinclI; S, Sall; Sm, Smal; X, Xbal.
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(A)

tandem repeat (first) tandem repeat (second)
e e S

nun TN =
pE1hinc2
e Sy N e SRS
HH H ESH H
LTI i
HH pFSV10-6
pFSV5-100 HE SH H
pFSV10-91
EERERERRERREEEEERE RN R R R R RER TR R R TR R R RNk Rk R ER R RN
1234567890123456789012345678901234567890123456789012345678%0
pFSV5-100 361 : ACTGGTTCGGTGTTGCCGAAAACAACCGCTCAACTCTTGTTCCGGGTCCACCCGGCACCT
pElhinc2 140 : ACTGGTTCGGTGTGGCCGAAAACAACCGCTCAACTCTTGTTCCGGGTCCACCCGGCACCT
EkEEE
1234567890123456789012345678901234567
pFVS5-100 421 : TTTCTAGCAGGTGTCCCCCTAGTGTTTACCACGGGGT
pElhinc? 200 : TTT(T g >
32 nt
226 nt
e ’ttt#t’t
123456789012345678901234567890123456789012345678901234567890
pFSV10-91 174 : ACGGGAGCTGCTGTCTTTGCCGCCGGTGCCCCTGCTGACCCCGTCCCCCAACCGGGACGL
pElhinc2 201 : CGGGAGGC
o e ok ok ok ook ol ok ok ok o o o ok ok ok o ke ok ok ok o o ok ok ok ok o ok ok ok ol o o ke ol o o ok ok ok ok ok ok ok R ko ok ok R ok ok kR ok ok
1234567890123456789012345678901234567890123456789012345678%0
pFSV10-91 234 ; TACCCTGTGGTCTTTCCATCGGGTGCGGGAGAACCCACGCGCGATAGCCTATTCGCGTAT
pElhinc2 210 : TACCCTGTGGTCTTTCCATCGGGTGCGGGAGAACCCACGCCCGATAGCCTATTCGCGTAT

Fig. 2-5. Combined region of pFSV10-6 tandem repeat. The
sequence of combined region was determined using pElhinc2.

The determined sequence was compared with pFSV10-91 containing
5' terminal region of M2 positive-strand and pFSV5-100
containing 3' terminal region. The first repeat sequence of
tandem repeat lacked 32 nt at 3' end and the second repeat
sequence was deleted 226 nt at 5' end. (A) cDNA clone map of
the combined region. Thin line region of pFSV5-100 and pFSV10
-91 were deleted in pElhinc2 (the original clone pFSV10-6).
(b) Sequence comparison among pFSV5-100, pFSV10-91 and pEl
hinc2. The numbers above the bar with arrows indicate number
of deleted nucleotides. The identical sequence indicated
asterisk. The number beside the nucleotide sequence indicate
position of the sequence from 5' terminal of cDNA insert.
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» 11— pElhinc2 DM P Lo NI- 7 > F L) E— b L7z 2 2ORH OS5 ORE
| %, M2 dsRNAD KInf % & ErcDNAZ O — > L& 2 5 BpFSV10-91 (positive
strand? 5" A¥wHUK), pFSV5-100 (positive strand? 3’ HUK) DcDNA A > H— |k iihr DI
EBCH & DB Z 1T > 720 pFSV10-6 DI ADNAWTF D% > 7 A1) E— bi&, pFSV5-100
DORY) & DILEA 53" A%H™32 nt fli7-5" A¥wufll) € — FACHI &, pFSV10-91 DAY &
OIEED 55" KIaH A 5226 nt Wl 723" Kl ¥ — FREFIAY > FAICKEL TV S
ZENRSINTZ, pFSVI0-6 i&, cDNAGHIIR7 7—Y I FRZ ¥ —pUC118 I/ 01— =
Y73 HERIC, 2 DDcDNAKH (5 Avmfll) ¥ — b &3 Kiwfll) E— b)) A —-DDXR2Z
y—lhF ez ru—or FENLOICELET—F14 772 b THY, %cDNAY
0— > OB MEIE R WEZE 2 bz, PLES»S pFSVI10-91, pFSV10-6,
pFSV5-100 DAELH Z M A G HETM2ORN & L7z, Gl L-/ESiE, M1T1645 bp
T (Fig. 2-6), M2TId1445 bpTdh - 7 (Fig. 2-7)0 ZDM1, M2DOESITE 2R TIE
WAL, 441645 nt, 1445 nt& 7 H 0 — 27 )WVELIKE) THEE L - K& 2 D85~90% %
HOTWz, EELAZTIERL W LI, 7HO— 27 VESIKE)C X AdsRNAD K
& ZOHEEMIZASRNAD A Hindlll ¥ — 51— L DL TRD-DT, HAHRIEDOR %G
ATWAZETHhh, Melampsola liniDBI T, dsRNA & D TRD72dsRNAY /) LD
# 4 X (4800 bp) IZdsRNA & DILEETRSDZ=4" 7 584 X (4200 bp) & D 14% K& {HEE
417z (Dickinson and Pryor 1989), primer extension |Z & A KA #URKOR A 226, e L
M1, M2ORBREHNIZSERRICSEW S EBHEE SN (F— ¥R EF) UEDOHM1, M2IZ
T—= FENTWABRFOORFORI I TREE £ 2 720 o L7z HiIERLY % JCIZORF D47
Wikfro/zb 2T A, M1, M2JEIC ~DDIIZ4RIZH 7 HO0RFAT )i D strand DAIZH
t 4172 (Fig. 2-8)0 100 7 I /B L% T — FulHERORFIZ 6 3l 1) DFE AR O W TR
if L7278, Lidol3iZ4RICH 72 5O0RFUSMAAE L % 4 72 (Fig. 2-8)o MIDORFIEAR Y
Yav16 O FZAUGTHE D, KT ¥ a 1573 D& FYUAGTE DY,

519 7 X /M & 72 A HER ST -5 59,707 Da D ¥ 87 B A3 — FulETd - 72 (Fig. 2-
6)c —77 M2DORFIZKRT ¥ a x40 OltsEI FZAUG 226, AV ¥ a 1279 O3
FYUGA THY, 413 7 3 /BH 5 7 AHEGES [t 44,185 Da D ¥ ¥ /3o % 21— K]
WETH - 72 (Fig. 2-7)0 EAAEDOME D F > EORAFRS & LT Kozak L5 ASHEIE &
nTwa,
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- L
GGCGATGCTCTAGCCATGGTAGAGCTGTTTGTGATGGTTGATCCTACAACCAAAAGACGCCGCATTCAGT CAACCCTCGGTCCTTTCTTGTCTGTGCCGGGCCTTCAAGAGAT CGCGCGA

MY ELFVMVYDPTTKRPRRIQSTLGPEFELSVPGLQETIAR

TATGGTGGCTACGCCACCTATCGTGCTGTCCGGAACACGGAT CCATGGAT CCGTCAATCT CTGAAACTTTTTGATCCTGACCTATACGGTAACATTTATGGTTTTACCCGTCGACCTGCT
Y GG Y ATYRAVRNTUDPWIROQSULIKLFDPDLYGNTIYGEFTHRIR RPA

GGACCT GAAGGGAT GTACAAATCTCTGATGAAGT TTGGTGAGT CGATGCCTCGGTTTACAGATATGT CTACCGTACAGCGTTCAGCGAT GAAGACCGCCATCACCGCCGCCCGGAAGAGG
G PEGMY KSLMKTFGE SMPRTEFTODMSTVQRSAMEKTATITAARIEKIR

TTTAAGACT CCCGTCAAGT TTGAACCCCTGGAGT GGTCGGAAGT CGGT CAGCATAT GAGACGT GATACATCTGCCGGTGTTTCCTTTCCT GGAAAGAAGAAGGGAGATGT GATGGAACGA
FKTPVKFEPLEWSEVYGGQHMRRIDTSAGY S FPGKT KU KTGDVMEHR

ATTTATGCTGAAGGACGTTGGCTGGGT CATCGTAT GAAACAAGGT GGTAAAGGACGT TTTGATCCAAGGAAAGT GCGTATGCCTCCTTGTCTTGCTACGCAGCGCGGTCACCTCTCACCA
I YAEGRWILGHRMEKA QGG KT GRT FDPRIKVRMPPCLATAOQRGHLSE?P

AGAGATGATCCCAAGACACGTTTAGCGTGGATCTATCCCT CCGAGATGLTCATGGT TGAAGGGCTTTACGCCCCTACTATGTACAAGGCTTT CGAGGCAATGCCCGATAGCCCGCTTCTG
R DDPKTRLAWTIY®PSEMLMYVYESGLYAPTMY KA AFEAMPDSUPLIL

L G KGSHRLFSEWVYVYSAATPGMRLYSGLDFSSFDTI KUVIPAWLTIH
Region |
ACCGCCTTTGATATCCTCCATGACAATATAGACT GGTTACATTGGAGAGGTAAACCTACCACCAAACGTTCTAGACAAAAGT GGAAGAAT GTGT GGGATGGTATGGTGTACTACTTTATC
T A FDTILHDNTITUDWILHMWRGI KV PTTI KRS SR RQIKWIEKNVWDGGMVY YYFTI

TTGGGAAAGGGCT CACATCGGTTGTTTTCCGAGT GGGT CAGT GCT GCAACCCCGGGTAT GAGACT GTATGGCCT CGACTTTTCCAGTTTTGATACGAAGGT GCCGGCGTGGTTGATCCAC

AATACCCCCATCTTGATGCCT GATGGAAGGAT GTT CCGCAAGAGACGCGGTGTGCCTTCTGGCTCTTGGT GGACCCAACTTGTTGACAGCGT GGT CAACT GGATACTTGT GAAGTATCTC
N TPILMPDG GRMFRIEKZRRIGVPS GSWWTQLVDSVVYV NWKWIILVIEKTY'L

Region 2

TCCCTGTGT CAGGGAGT TAACGCAAAGAAT CTTAGAGTTCTTGGT GACGACAGCGCCTTCATGGCAGCT GAAACCATGGATCTGAGT GT GGCAGCGGAAGACGCCGCTGCCGTAGGTATG

S L CQG lV N A K N[L RV L GDTUDS A FI M A AETMDILSV AAEUDAAAVGM
Region 3

GACCTAAGCGATGAGAAGT CGATCAGCGT GGAAGACGCGACCGAACT GAAATTGCTGGGT GTACGATATCGTGAT GGACAT GCATT CAGGGAAACT GAAGAATGGTTCAAACTGGCTCTC

DL SDEIKSTISVETDATTETLTZEKTLLGYRYRDGHATFRTETTETEMWTFIEKILAL

TACCCGGAGGGAGATGTACCCGATATCGCCACATCTTTAACACGT CTAGTCGGTCTTTGGAT CGGCGGCGCCAT GT GGGATACAAAATTCTCACGCTT CATGGAATACTTTCAAGGGT GT
Y PEGDVPDIATSIULTRLVGLWNTIGSGAMMWNDTUZEKTFSRTFMEYFAQG®GHC

TACCCTTGTCCGT CGGAAGGTTGGTTTTCTAAAGACCAAAGACGAT GGATGGAGAT CGTACAT GGAGGGCGAGCACCT CGAGGAT GGACGAAGAACAAGAATTTATTCTGGAGGT CAATC
YPCPSEGWTFS KD QRRMWMETIVHGGRAPRGMWTI KNIEKNLTFWRSTI

TTTTATACCCTGTAGGGTAGCTGTTTATCAGCGCAACTTATTCCGGT GCATCCGGTGGGTTGT CAACGCTTGCGT GTGGAACGCG
FYTL

Fig. 2-6. Nucleotide sequence of M1 cDNA. M1l ORF is shown with the
amino acid single-letter code. Initiation and stop codons are
underlined. Kozak consensus sequence for translation initiation is
indicated by an asterisk. Boxed sequences represent consensus RNA-
dependent RNA polymerase motifs, region 1, 2 and 3 as described.
Sequence was deposited in DDBJ under the accession No. D55668.
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L]
GCTCTCCTTCATTACAATTGCCTGCCT GACAAGCACAACAT QT CATCTTCT 6T CGCCCCTGGCGACTTTGTCTCTTCTGCGGGAAGCGGGAAGAAAAACCGT CCCGGCAAGAAGGAGCGA 120
MSSSVAPGGDEYSS AGS G@GEKEKENRPEGEX KER 27

CAGGCCCGTCGAGGTCTGTCTGAGGCTACGGCGT CTAACGCCCCCTCATCCCTTACGGGAGCTGCTGTCTTTGCCGLCGGT GCCCCTGCTGACCCCGTCCCCCAACCGGGACGCTACCCT 240
DARRGL SEATAS NEAPS SLTGAAY FAAGAPADPYPQPGRY®P 67

GTGGTCTTTCCATCGGGT GCGGGAGAACCCACGCGCGATAGCCTATTCGCGTATGAT GGT GAAAGCATT CAGGACACGGTTAGT GAACTTACT GATCGTTATGT CCAGAACT CTAAGTAT  36@
v F PSS G AGE PTRDSLEFAYDGE ST QRQDTY SELTDRYVERSKY 187

GCCGAGTTCGCCGCTCACTCCGGACT GAACTTCGGCGACCT GGAGACGCT GATCCTCCGTGGAATCTTCCT CGGT CT GGCGCAGCAAACCGT CCATTCCCATGT CAATATGGGTCTACCT 480
AE FAARSGENRNRFGEGD LET ELITLERSELELGLEAQOAET VHES HNVYHMNRLGLP 147

600
187

GGCTACGAGT CGACGGTAGCCGCCTGTGTTCGT GCTGCGAAGCGCGCGGACT CAGATAACCCTAAACGCCT CGCT CAAACCTTCTGGCTTCCAACACGTGTGGACGACCAACGTACTAAG 720
6 Y ESTVAACVYRAAKRADS SIDNPKRLAQTFWNLPTRVDDAQRTK 227

TATGTGGTCGCACATAAGTTGGCTTCCTACTGCATTCCTTTTGGT GTATACCT GGATGTAGAGGAGCTGGCTCATCATGTGTTCTCATCTTCTTCGGATGCGTGGGATGCTGTGAAGGTG 840
YVVAHKILASYCIPTFOGVYLDVETETLAHHYFSSSSDAWDAVEIKYV 267

CTCCTTGGTGCT GACGCT GCGGCT CAAAACCGCTTTGATTTTCTATTCGGTACTTACAACACCGAAGCT GCCTTCCTGTCTCTCGTGACGGGTAGTGCAGATCGTGTCGACTGGCTTGCC 960
LLGADAAAQNRFDF FLFGTVYNTEA AAFLSLVTOGS ADRVYDWLA 307

CGTGTGCGTAACACGCT CGCCAAGTTCTTTTCTCTCGGTTCTGGT CTCCAGAAT CGGGCTGCCGCCTCCGGTTCCCTTGGCCAGATGTCTCGTGTCGTAGACATGTCTGGTGTTTCTTTG 1088
RV RNTLAKTFTFSLGS 6GLQNKRAAASGSLGQMSRVYVDMSGVSL 347

GTTTCTTCCCGTCTGGCGGTTTCCCGCCCCGGAATACT CACTGCTTGTGTGTTTCCCGTTCTCTGGTCTGTTTT CAGACCTGACCCCGTATCGTGTGGTGTTAACCACTTCGTTAAATAC 1200
VS S RLANVERPEI LTAECYFPYNLESYFRPOLAPY SEGY NNFVYVEY 387

GGGTCAACGAGCTACGGAGTTTACACAACTAGALT GGCTGTGATTTCCGATACGCTTAACCGCGT GTGGGCTGOTCTATGACCGCTTCCATCTTTCTAGGAGCAGCTAGGTTTATCCAGC 1320
6 S TSY GVYTTRLAVISDTLNRYNAGGIL 413

TTGGCCAGAAGATGATTATCCAGCAGCGACTGGTTCGGTGTTGCCGAAAACAACCGCTCAACTCTTGTTCCGGGT CCACCCGGCACCTTTTCTAGCAGGTGTCCCCCTAGTGTTTACCAC 1449

GGGGT 1445

Fig. 2-7. Nucleotide sequence of M2 cDNA. Amino acid sequence of
M2 ORF is shown with single-letter code. Initiation and stop codons
are underlined. Kozak consensus sequence is indicated by an
asterisk. The amino acid sequence determined from the purified
capsid protein is boxed. Sequence was deposited in DDBJ under the
accession No. D55669.
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M1dsRNA

5'->3F | : Initiation Codon |: Termination Codon

Ll 1 il 1 Ll

g
il

501 1881 15081
3'<-5'

M2 dsRNA

5'->3' | : Initiation Codon

: Termination Codon

l Al

J
. |

581 1881
3'<-5'

s .
. T

Fig. 2-8. Reading frame analysis of the translated sequences of both
strands of M1 and M2 dsRNA. Long vertical bar indicate the position
of stop codons in each frames and short vertical bar indicate the
position of initiation codons (ATG).
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a vt AR (A/G XXAUG G) XB% 3 FZAUGDA%R 1 & L72HEC, FRED —
SOMEDAFEZIICD T ¥, +ADNBEDOGCORIFMED G, — 3, +4 OMjlEIkE H =
DAY ARINHE) B, 2REDELLD P> TWAEENRIIEAETDH
% (Kozak 1981), F. solani 75 HLEE S /- HERCH I 2SEG ST W A BIR FIc2oWw T,
Kozak BCHIAS U TR E B 5 &) IOV THEG L 745 K. cutinase TIZACCAUGA, P450
TIXAACAUGC, A b L AIBEME#EIE stid35 TIZACAAUGU, D-amino acid oxidase Tl
AUCAUGUTH ), —3DNLi#I1E4THOHIT Kozak ALHIZ—F L 7= (Soliday et al. 1989;
Maloney and VanEtten 1994; Choi et al. 1990; Isogai et al. 1990), FusoV?% / AM1, M2
DORFOBM; T F > DJPHOBSN L, %4 AGCAUGG, AACAUGUTH V), Kozak K52
2 T & 7: (Fig. 2-6, Fig. 2-7)0 COHHE, M1, M2DOHEEORFO MG T F 2 ATEBSIC
BHES 5 nhEMEAS B AT B

MI1DORFOHEET I / BERCHI I, 3 B ATICRNAMKAFPERNAR ) 2 5 — ¥ D{RAFH
WABIEE S-S dsRNAY / A OB REET | ZBEGET A RNAKAFERNAK ) 2 5 —
YaI—-FLTWAEEZ LI/ (Fig. 2-6)o dSRNAT A WA TIE, 74 VAR FHNICH
Wg T\ BHE T ARNAKAFMERNAR ) A 7 —E2FFo TWA I LD DD HIC > T
W5 (Koonin 1992)o Z#L 5 ORNAKAFMERNAR ) 2 5 —FIXDNAKAFPERNAKR ) 2 5 —
YD EHRTH Aactinomycin DIZIHPETEH 5 (Barroso and Labarére 1993; Lemke 1976;
Fahima et al. 1994)s % Z T, SUF704#k & SUF704-freebkr625% ¥ abs v ¥ a V&
DT MED AT v 7 THRL7-3HE % BT in vitro replication EER* 1T 720 BUSTEH
1) 32P-UTP 2B & L TH B ENRNAZ 7 H U — A7 VIR kI, 4 — b
FIVAT T ATRIN L, TOFRE, FusoVE AT ASUF704HH1Z 50 xg/ml D
actinomycin D (ZIHPEDRNAKAFPERNAKR ) 2 7 — EIHPEAREI S 72A%, SUF704 free
PR TIIRNAMKAFPERNAR ) X 7 — BRI T E b o 72 (Fig. 2-9)e 72, B3 HIC
BWTHFL RTA, KiBlFusoV R 121E, ssRNAZGIT A IETIEME & dsSRNAG I 18
CHREETEPRRRIE SN TB Y, FusoVE A FI FARNAKAFERNAKR ) A T —E¥ & FffoTw
A ERHLDIZ L,
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Fig. 2-9. Analysis of actinomycin D resistant RNA polymerase
activity in F. solani SUF704. Crude extract fraction obtained
from F. solani SUF704 and F. solani SUF704-free was used for ir
vitro replication. After reaction, newly synthesized RNA was
separated through agarose gel electrophoresis and detected by
autoradiography. Lane 1, lambda HindIII size marker; lane 2,
reaction product of SUF704; lane 3, reaction products of SUF704
free.

M2OHEEORFD 7 I/ BEHI X, BIET/RLIMRF Y TV B N2 B Lk
i L7:28 AT I 7 ALY &[] — % BCHIATE®O L7z (Fig. 2-7) HiIRF YT FS
AP LPE LT I 2 BACHIE, 5L 7 2 O RAF S 1z C Kl 29 kDa
DT T Wb 5 6 g STz (Fig. 1-9)o M2 ORFO 7 3/ BEACH 5 & HEE S o 5 JAL
7 X AMAORHIE148 FHDMet& 149 HFHOGIyDMITH V), Met?DCA Vi il
THMT AR T AKX B Y N B O E Bl 7, BRBsGSEHESIRS
1 HFHOMetH 6 90210148 T HOMet £ TOHEE T I / BERLYI DS FHI S B R T F
F#rr O fiki315469Da &40, KiRX Y 7Y FI NI ORI 7 53 TS
NN KO T F FHh D% Fit (15 kDa) & R~ L TWwiz, Th b DORERIZM2
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dsRNADHEEORF A FusoVDF ¥ 7Y FH NI B a—FLTWAZ EEFIFE L2V,
F /oM SN/-ORFORSG T F 2 EPICIE Kozak BEYIARSNA T EIZINZ, ORFHH
HwEENDRAAY 7 YA LG F 2 ETOXRTF FRFOG Fic b liR* vy 7Y
FEONTHEHDRALY 7 2 3 TR ONANKEMO T T FlF O A3 L7z %
&, HEE LGS B OMEOZ Y EZ /R L Twb,

M1, M2& b HIERCH B 6 HEE S HZ-ORFD 7 I / BRI A 6 . % 4 RNAMKAFPERNAGR
JAFG—E, FXTIFIINIEZI-FLTWAIZEPRIN, ThHD220D#
L THEE NS A IV ADHNL, TotiviridaeFtDS. cerevisiae L-A virus (Icho and
Wickner 1989)%° Leishmenia virus (Stuart et al. 1992), PartitivirdaeF+® A. hypoxylon virus
(Oh and Hillman 1995), & & (2% cryptovirus DRYEV, CTeV (Dr. T. Natsuaki #Af3) T
BHNbs L-A virus % ED TotiviridaeFt Tld, 738 L TW22 5 kbp FEEDAsRNA R 4/
MALTEY, TOASRNAY Z AZIEF ¥ T F ¥ N2 B (gag) &£ 2T —F (pol)
= F352200D0RFHFEHLNS, TotiviridaeFk7 A VATIX, ¥ ¥ 7L F¥ NI H
SIS S A DS, R 25 —FiX, —1 ribosomal frameshift = X > T gag—
pol MGy N7 HE LTRSS, PartitiviridaeFFD AhVIE 3 2125307 L 72dsRNAY
L kffoTEN, 4 XADKE%)iHHAsRNAL, dsRNA2, dsRNA3E@MmHAShTW
5o dsRNA1, dsRNA2IZIIZIZERIZD/ BORFAMAAE L, Z N ZNRNAMKAFPERNAR
A=, ¥F¥TYFI NI B %I~ FLTWAMTIEFusoV & A TH 555,
dsRNA 3 IZI3BHET 5 £ Z X LN AORFARRI SN e h o7z, FusoVEESD, RNAKAFME
RNASRY A7 =X e XX T FH N7 BIZRNAT A VADBBRS 5D E e iw/NR
DEE A DHATDLETHALEEZ LD,

BIETRLEEHIZ, FusoVDA 27 72 b XX TV P N2 ETR, 7T /8
V= L= TCORHBEARHETH 722 eh b, NRGEI S »OBHiZZiTTw5b
EEZOLNT, ZOFXF YTV FY 2N FONKEOESAE LR TH 5 F. solani
SUF704 HEROBMBEE TIrbh T A EEZX N5, TDMT, FusoV Id1E EM K
fFLTBY, FusoV 2O ISEA T ABOFIMRERICEZ NG EEDNL, OIS
XA 37 AW ADBEDTE TR IAKAFT AP, S. cerevisiae D L-A virus THBIEE S
TBY, 74 NVADOMEFRFIZMMES 516 £ #{5 F-# % mak (maintenance of killer) & FFA
TWh, 20 mak BI5fDW mak3 (& L-A virus DF ¥ 72 F¥ 2N HDONKEGD T +
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F WAL { N-acetyltransferase % 21— F L TW3 (Tercero et al. 1992; Tercero et al.
1993), mak3 BIZFICERZATAMBTRF YTV FY ONTHADPTEF MEES L
WD, YA VAR ADREDSE EFL@DTIT, 74 WADBE L TO { BIRHBIEE
ENTWA (Tercero and Wickner 1992),

M1 dsRNA7Z & HEE X 4L HORFHIZ WL 7Z S UZ-RNAKAFPERNA AR 1) X 7 — EARAFALY
\& positive strand %"/ L2473 ARNA™ 4 )V R (positive strand RNA virus) & dsRNA ™
AIWARIZBWTHRAFSILTE Y, negative strand (positive strand DM 27/ AT
A D (negative strand RNA virus) TIIEE S L2 WEYTa 5 (Poch et al. 1989; Koonin
1992; Bruenn 1991), ff 4 @ positive strand RNA™ £ )V R & dsRNA™ £ IV AMIZB W T
RNAMKAFPERNAR Y A T — B RAFFUR % FusoVORAFHUR & B L 7-85 %, 18~51% DM
[AEACH & 17 (Fig. 2-10)0 FusoV & H#H i A [al P ASHERR X i - A%, MM 17%
Dbeet cryptic virus 3 (BCV3)., 51% @ radish yellow edge virus (RYEV), 41% @ carrot
temperate virus (CTeV) OHiY) cryptovirus Tdr -7z, £ 72, PartitiviridaeFt®D ™7 4 W AT
& % A. hypoxylon virus (AhV) (28T 38% DHIEMEAMEL S 4172 (BCV3, Xie et al.
1993; RYEV and CTeV, Dr T. Natsuaki fAfi5; AhV, Oh and Hillman 1995), A%
cryptovirus (&, T 20— T % /- WIEE 30~38 nm DERIKD 7 4 VAR FTdh
D, 2~3 K2/ L7:1.5~2.5 kbp DdsRNAY / L & L, 55 kDa FEED 1 EO X v 7/
YV UNTHATHESN TV (K 1993) S5 OFFBIIFusoVAIR T AL EZ D
1% PartitiviridaeFt 7 A W AD LR ERPLTH S Z LD 6, FY) cryptiovirus 2%
PartitiviridaeFH\ZJ& 3 % W HEYED/RIE S 4L T W7 (Ward 1993) BIfE, 74 W AD/EIT
RELRE RS> TV LRI A NVADAT HBIZFOWHHTH D, FFICRNAT A VAL
BV TIIRNAKIFHERNAR ) 2 5 —EDT 3 /BRI DEORE RIREEE 72> Tw
%o RNAMKAFPERNAR Y 2 7 —EDORHNIIRNAY A WA IZBWTHE ~AF STV AH
WTdhH, 2T positive strand RNA™ 1 W X, dsRNA™7 £ )V Rl C X 5 ME— Dk
Ao, 7 X/ BRHI L NIV TOREIREEE LTHWA Z EAFTE LD 5 THh A (Koonin
1992)s D RUTHIM cryptovirus & TF ParitiviridaeFb~ 4 2177 4 )V A DIEIERLY, 4§12
RNAMKAFPERNAR Y 2 7 —EDORSN Z W6 I3 5 Z EHFE- LT W (Ward 1993),
FusoV. AhV EHY) cryptovirus & ORNAKIFHERNAR Y 2 7 —EOHIRMEOE S 1k,
Y0 cryptovirus A* PartitiviridaeFHI 0 BITEAZ E X LFFLTWA EEZ LA,
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Region | Region2 Region3 Homology
ssRNA virus (%)

Qbeta: 36-ISSMGNG YFFELESLIFASEARSVCEILD- 20
Tmev: 46-&1@,«&Ak‘§smmmﬂr¢v1mumw- 26
Pvx: 41-MRLT GEGPTFDANTECNIAYTHTKFDIPA- 22
Cviv: 49-CRMS GDI NTSLGNY LL MCAMYHGYMRHLG- 28

cmyv: 49-KRMS GDMNISLGNCILATATTHDFVTKLG- 26
Bydv: 48-HR 'mzsmnmeccmmAYLKxLﬁ- 26
Hev: 48- QRWWSAGN&&&VLTW?AFCEM 12- Imcﬁitcn 28
Wnv: 56-QRGSGQV VIYALNTFTNLAVQLVRMMEGE - 33-MAVSGDDCVY 22
Bbv: 55-GV. ;@szPHNTQYﬁGCVEFTALTFEH 12-GPKCEDDGLS 22
Thrv: 52-GLPSGFA LTVVUNSVFNETLTRYAYKKIA-13-LIVYGDDNLT 42
Tev: sa-ﬁuwmvonnnvmuﬂcexc& 7-YYWNGDDLLI 20
Bnyvv: 45 vms“ T! LGNTILMGAMLNAMLRGTG- 3-MAMKGDOGFK 20
Bsmv: 47-QQKSGNCDTYGSNTWSAALALLDCLPLED- 3-CVFGGDOSLT 24
Try: 47 QQI@@AW{YNA%[RTL(ALLSELPLEK 3-VIYGGDDSLT 24
Tmyv: EL91 sx‘fwsq- 47 -QRKSGDV TTFIGNTYITAACLASMLPMEK - 3-GAFCGDOSL L 22
Onv: ET@IA§ 5@6 47 -MMKS GMF LTL FNTLLNTTIASRVLEERL - 5- AAFI@&\III 24
Sfv: ETDIAS-FDKSQ- 47-MMKSGMF LTLFINTYLNITIASRVLEQRL- S-AAFIGDDNIV 24

dsRNA virus

Reo: NIDI-SACDASI- 85-TFPSGSTATSTEHTANNSTMMETFLTVWG-21-YVCQGDDGLM 26
Rota: YTEV -SQNDSSQ- S9-AVAS GEK QTKAANSIANLALIKTVLSRIS- 9-TIRVDGDDNYA 32
phi6: ATV -SDHDTFW- 57-GLSSGQGATDIMGTLLMSITYLVMQLDHT -29-QISKSDDAIL 26

CHV1-713: IAD-ATAYDSNC-179-GGGT GQSATSWDNTATFKLGYISAWARAT-12-LYNTSDDTVW 18
CHV?2-58:  IAD-AKAYDSKC-179-GGGT GQSATSWONTATFKLGYISANARAT-12-FYNTSDDTVW 18
Mit-dsRNA: GFDLTAATDRTP- 28-KSPQGFT TYAVGQPMGAYSSFAMTALTHH-18-YCMLGDDIVI 18
Rice-dsRNA: ENDL-TKQDRQT- 45-MRLT GQA TFALGNCITNMQVHSKFVIKNK- S-ALFLGDDMCM 20
W-dsRNA:  SSDMKSASDLIP- 46-GILMGLP TTWNAILNLMHLWCWDSADRQYR- S-CRVCGDDLIG 22
T-dsRNA:  SADLTSASDRIP- 49-GILMGLP TTWPLLCLIHLFWVELSDNAPA-13-FRICGDDLIA 22
Leishmania V: L-DPGSMGNCGI- 75-TLMSGHRATSFINSVLNRAYIICAGGHVP- 1-SMHVGDDILM 24
L-A: L- BGASSFCFDY- 60-TLLSGWR LTTFMNTVLNRAYMKLAGVFDL- 5-SVHNGDOVMI 3
FusoV: : D 62-GVPS GSWWTQLVDSVWNNILVKYLSLCQG- S-LRVLGDDSAF 100

BCV3: 51-GIPS§SYYTSIVGS ﬂNRLRIEYIWRVLF 6- CYTQEﬂﬂSLI 47
RYEV: 51
CTeV: 71-GIPSGLF ITQUL HS\WHYTHLATILSALG 7-IKVQGDDSIT 41
AhV: 94 -GVPSGILMIQFI DSFVNLTILLDGLIEFG-10-VFIMGDDNV I 38
Consensus: SG T NT N GDD

Fig. 2-10. Alignment of the conserved motifs of the RNA-dependent RNA
polymerases from positive-strand and dsRNA viruses. The consensus
sequences are shown on consensus column. Identical residues with
FusoV sequence are shade-boxed. The numerals denote aa number
between each regions. The sequences are obtained from the following
sources: Qbeta, bacteriophage Q-f (Leviviridae: Mills et al., 1988);
Tmev, Theiler murine encephalomyelitis virus (Picornaviridae: Pevear
et al., 1987); Pvx, Potato virus X (Potexviridae: Huisman et al.,
1988); Cyrv, Cymbidium ringspot virus (Tombusvirus: Grieco et al.,
1989); Mcmv, Maize chlorotic mottle virus (Bromoviridae: Nutter et
al., 1989); Bydv, Barley yellow dwarf virus (Luteovirus: Miller et
al., 1988); Hcv, Hog Cholera virus (Togaviridae: Meyers ete al.,
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1989); Wnv, West Nile virus (Togaviridae: Castle et al., 1986); Bbv,
Black Beetle virus (Nodaviridae: Dasmahapatra et al., 1985); Tbrv,
Tomato black ring virus (Nepovirus: Greif et al., 1988); Tev,
Tobacco Etch virus (Potyvirus: Allison et al., 1986); Bnyvv, Beet
necrotic yellow vein virus (Furovirus: Bouzoubaa et al., 1987);
Bsmv, Barley stripe mosaic virus (Hordeiviridae: Gustafson et al.,
1987); Trv, Tobacco Rattle virus (Tbravirus: Hamilton et al., 1987);
Tmv, Tobacco mosaic virus (Tobamovirus: Goelet et al., 1982); Onv,
O'Nyong-nyong virus (Togaviridae: Levinson et al., 1990); Sfv,
Semliki forest virus (Togaviridae: Takkinen, 1986); Reo, Reovirus
(Reoviridae: Wiener and Joklik, 1989); Rota, Rotavirus (Reoviridae:
Cohen et al., 1989); Phi 6, bacteriophage ¢6 (Cystoviridae: Mindich
et al., 1988); CHV-1, Cryphonectria parasitica hypovirus 1
(Hypoviridae: Shapira et al., 1991); CHV-2, C. parasitica hyvovirus
2 (Hypoviridae: Hillman et al., 1994); Mit-dsRNA, C. parasitica
mitochondrial dsRNA (dsRNA genetic element: Polashock and
Hillman,1994); rice-dsRNA, dsRNA of Oryza sativa (dsRNA genetic
element: Fukuhara et al. 1993); W-dsRNA, W-dsRNA of Saccharomyces
cerevisiae (dsRNA genetic element: Rodriguez-Cousifno et al., 1991;
Matsumoto and Wickner, 1991); T-dsRNA, T-dsRNA of S. cerevisiae
(dsRNA genetic element: Esteban et al., 1992); Leishmania V,
Leishmania RNA virus 1 (Totiviridae: Stuart et al., 1992); L-A, L-A
virus of S. cerevisiae (Totiviridae: Icho and Wickner, 1989);

FusoV, this work (Partitiviridae); BCV3, Beet cryptic virus 3 (Plant
cryptic virus: Xie et al., 1993); RYEV, Radish Yellow Edge Virus
(Plant cryptic virus: Dr. T. Natsuaki, personal communication) and
CTeV, Carrot Temperate Virus (Plant cryptic virus: Dr. T. Natsuaki,
personal communication); Ahv, Atkinsonella hypoxylon virus
(Partitiviridae: Oh and Hillman, 1995).

L% L. positive RNA™Z 4 )V A ® Tamato brack ring virus (Tbrv)& D T$42% & FV i
EMEABRESNLZEPL LA LIS, LLERICERAFHIR 1~3 07 I 7 BRI OH
MPED DA TR E L THISTH LD T, T OBRLFHIE 1246310 b 7 2 RH1 4k
o TR O % PHYLIP (Phylogeny Interence Package) Version 3.57C (Felsenstein
1989) IZ X D fro 7z (Fig. 2-11)0 A WA TIE, £ DREAN DERD X ) (i mic

OOMLLZ 72 £ D A71F % monophyletic origin ZMHETEZ (, FTMICRELTEL
polyphyletic origin Tdh A E EZLNTWA I ENL ., ZORL AMB A RN 22 #ELD
G RTEREZLNLRVA, E7 A NVAMORBMEREZ RTHREL LTIRAHTDH
ho ZORMBIZEVTS, FusoV, AhVOD PartitiviridaeFt™7 4 )W A EBCV3., RYEV,
CTeVOHIY) ctyptovirus 25 WERICH H Z EDR S 7z,
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Potyvirus-like  Tobamovirus-like

o =
& @ & &
Luteovirus- like & & i _55'
; e&

Bromoviridae (ssRNA) Mcmv
Potexviridae (ssRNA) Pvx

B0 R Shiv
Vip, 5 Togaviridae (ssRNA)

NV 1,
CHV2.58")  dae
CHV1-713 “steny,

Cystoviridae (dsRNA) Phi6 H iridae (dsRNA)

Leviviridae (ssRNA) 2-beta

Leishmania

L-A

Totiviridae (dsRNA)

Partitiviridae (dsRNA)
and plant cryptiovirus (dsRNA)

Fig. 2-11. Evolutionary tree constructed from amino acid
sequence of the RNA-dependent RNA polymerases conserved
regions. The tree was generated using PHYLIP program
package (Felsenstein, 1989). Potyvirus-like, Tobamovirus-
like and Luteovirus-like group classification was described
by Bruenn (1991). The sequence source is described in the
legend to Fig. 2-9.

L72RNAKRY) 27— ERAFEH D A% Jo72356 . FusoV & B @ WA PEZ /R L 72
Tbrvid, PartitiviridaeFt™7 4 W ARLHIY criptovirus & ix07% ) BRI L ko7, &
DFTHNE, Wi ctyptovirus A3 PartitiviridaeFHZHENAH Z E R EHL RBTLHLLDTH A,
COFRMB THEH <&, dsSRNAY A VAN 2RE LTHEZREL TWHDO TS,
PartitiviridaeFt, TotiviridaeFt, HypoviridaeFt., dsRNA gentic element 5% 4 . B4 D%
b EofiEE -2 & Th A, ReoviridaeFt Tl rotavirus & reovirus 25HI 12
Hypoviridackt % s o2 72 o TRV B 05R13 ) I WL R E o7z, 2O
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A ARIE, Koonin (1992) DMFETHEE SN TEBY, dsRNATA VAL E RS D
DAsRNA™ A )W A %6 H#EAL L T & 72D Tld 7% { positive strand RNA™ 1 )V 2 %> 5 dsRNA ™Y
L WAL TG FE LT REMEZ 8 L TWwb, ZDIRFE T positive strand RNA ™7
A WVADEAsSRNA™Y A WV AIZH#ALT 2088 % 2 DOBRE, T4bbil 1 BERy & L TssRNA
7' ) ADASRNANDZAL, 55 2 BFBEE LT 4 IV AR FNNDORNAKIFERNAKR 1) 2

7 —Y DMWY Ak % E 2 TWwh, positive strand RNAY A VADHERIE, —HICLLTD
WWFETHESTS Do 1) 1 FHIMLICES L2 A WA D647/ LD positive strand RNA A5
S mRNA L L THERE L, RNAMKFEMERNAKR Y X 5 —FHD T A VR Y NI B B
T Ao 2) G S LI-RNAKAFPERNAR Y X 5 —H 2 X - T, positive strand RNA % g7
IZ negative strand AT A & THEPAL L THOAsRNAL 2B, 3) RWTZ D
dsRNAZD S F 72124/ A Dpositive strand 3G 2 b, JGIZeE <7, positive strand
RNAY A WAH HAsRNAY 4 W AHFEA L7c & T AIGHDE 1 BRI A RBER B HAT
HOTZASRNAD T A NVADYy ) L LTHHEINAZ ETH Y, 5 2 BKFFIZdsRNARZ D
FFTIImRNAE L THEETE WD T, 71 VA - 5mRNAE 72 5 positive strand
T Y AIETE R FFO 72012, 7 A W AR FINANRNAKAFERNAAR Y 2 7 —E &Y A
HZ EThHb, T positive strand RNA™7 A VA D EHASRNAT A W ANDEALD #FE T,
¥y TV Y Ny EDBIE | % Btk 74405 RNA plasmid TH A EZE 2 HLTW
%o RNA plasmid (& dsRNA genetic element & b FFEXHL, Fig. 2-11 D544 Tl
PartitiviridaeFt ™7 4 W A BRI W BIARICH i L7z 245D dsRNA genetic element
\ZAEBERE S. cerevisiae @ T-dsRNA, W-dsRNA, 7 A1) 71 7 ) iAh38 & C. parasitica @ 3
bz B 7 NAETE dsRNA (Mit-dsRNA) 28& 1) . £ EHdsRNAY / A4 Xid, 2.9
kbp, 2.5 kbp, 27 kbp &E%->THEH, K4 DODORNAKAMRNARY) A5 —¥2a—F
LTWwWhEEZLNAORFZA L TVy/z (Matsumoto and Wickner R 1991; Rodriguez-
Cousifio et al. 1991; Esteban 1992; Polashock and Hillman 1994), £7-4 2 H5RH Eh
7z Rice-dsRNA 1 T16 kbp & K&K, A% H2 DDOORFZF 4 DFHAFIZA LT
(Fukuhara et al. 1993), T-dsRNA, W-dsRNA, Mit-dsRNA (ZZ D7/ Lk |-,
PartitiviridaeFt ™7 £ WADIHIY 7 AOWXF X T2 F ¥ 82 Bk a3— FLTABHIANK
BHLIARELEZEZOLNS, LA L. Rice-dsRNA X PartitiviridaeFt 7 4 WA &35
) DAGIED e ) Ko ) . FDASRNAY / LDOKE S, 2 DDORFZ Bl 4 Dbl 4 L
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T A % EDFX HypoviridaeFtOCHV1R°CHV2 IZ BT V) | PartitiviridaeFl ™7 A
WAD2~3 kbp FEEED 3 HidsSRNAD L L L7 L ZE X 5 DIXNEETDH 5, Rice-dsRNA &
4 ) LA FRBYEDS RS X LT\ B HypoviridaeFk ™7 4 WA Tld, ZOHIERH 2 6 H#E
EENBRNAKRY AT —E, AV A—¥, Tur7—ED7 I/ MEN % bED/Y 7 A
1% & OMMEYED & positive strand RNA™ £ )V A T A Hi¥) potyvirus & DHEILIY 72 W3
PEASRIE S LT W A (Koonin et al. 1991; Nuss 1992). HypovridaeFt ™ 4 )V A 1% Z & FRifihst
- T3 potyvirus-like 7 Wv— 7 & LW ERIZH A, HypoviridaeFt™7 4 W A D5 F &
HHEY)IR A C. parasitica Tdh A Z 06, M ~O KRB FE T oc 4 1Y) positive
strand RNA™ 4 WA Tdh - 72 potyvirus ZMIFAHNIZHLD AL, BATIDIANVAY ) A
AssRNA X D IXLEMEDE WAsRNA L L THRMHFFEN L X ) IS ko2 EX LR TWL
%o Rice-dsRNA DMEALMYEIEIZIE L Tid HypoviridaeFt ™7 4 v A DAL I 3 K
HOFEIZ, 4 2D LT zpositive strand RNAT A W AP SHEL L2 EZ HDHEY
ThbHLEDLNDH, TDOHEBGEET 5 7- DI IERNAKAFPERNAR ) £ 7 — X DIR(FEL
FIFIRD A Tld e < X ) IRV 2 BLO 8 s O % ¥ OdsRNA, ssRNA™7 1 )V A [H]
THETAZEFLETHLEEDNS,

PAET 3 7 BRRLHI O L X)VC, PartitiviridaeFk™ 4 )V A FusoV, AhV & %)
cryptovirus, BCV3, RYEV, CTeV HIZE#MAEIZD L0056, W) cryptiovirus
(& PartitiviridaeFH 23T A2 OD@E L T H L E X L/, PartitiviridaeFt7 4 WA E
WCREfE EE o TWwh, WEL FFICHPREE I3HY & DM TR A 22 LV TR L
TWa EZEZ L, MWIAAAE L7z PartitiviridaeFF DML 4 W AHDSHBUIZI D AT h
A, FEHEDLFEF TORMET A VALK AT h LMLV RL, kel
WY, BBUC PartitiviridaeFt ™7 A WAPER L T 2 BBEPHEE S T D, SO
EREMTOI A VADIERIX, HypoviridaeFt7 4 WA IZBWTHHEE SN TS
(Koonin 1991; Nuss 1992), #iTTid b, 7HFED L PartitiviridaeFk ™ 4 Vv A £ K
DFEH % 47§ 5 picobirnavirus 258t XL TH Y (Gallimore et al. 1993; Gallimore et al.
1995; Ludert and Liprandi 1993), PartitiviridaeFt™7 4 W AA5, #B, HWICRLT XD
KW EIAFEL TV A DS, 16 EDIEITEL 2 52 5 WIEE TSV -0 RN I
Thhdol-HMESEZ LIS,
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i3 7
FusoV D& BEERE IZ DWW T

i

FusoViZ% 7 AdsRNAIZK LT L 72cDNADSEILECH| DOfFHT 2 & . RNAMKAFIERNA
RYAT—ELXx TV FY NI ED2 EOBIEF2ALTWAZ EHIRINT,
RNA A WA A WVARAFHINAAET B5 ) LOFFAEREBIZL > T, 2 20520 % %
mRNA & L CTHEfES AssRNATH 5 positive strand RNA™Y A )V A & 57 L5 H mRNAD A
§DssRNATH 5 negative strand RNAZ A VA, & 5IZFusoVD X 9 ZedsRNADSY / L &
75> TWAISRNAT A WAL/ BE S, THHDW, positive strand RNA™Y A )V A 1345
EHEAIC A S 724"/ L positive strand RNA 2SmRNA & U CH#RE L . BB L 7%
RNAMAFPERNAR ) 2T —ER X ¥ 7Y F NI AR EPRGHEI NS, ZOFIZE
W X LA RNAKAFPERNAR 1) 2 7 —E % BV T positive strand Z#8 & L THRDP 1D
b, —~Ji. negative strand RNA™ £ VA LdsRNAY A WA T, 7/ ARNAZZD T F
TIEmRNA L L THREL 272, 7 A W ARFIN'T negative strand £7213, dsRNAD 5
positive strand DL %179 LN H B, TD/2HIZ, THEHDRNAT A VAT A )V
AR FNICRNAKAFPERNAKR ) 2 T —E & FF> TV D RN E % > T 5 (Koonin
1992; /kHl and 111 1991) dsRNA™ £ VAL A v AL - T positive strand #5755
HBE, Bl & L7 positive strand RNA 252D F £, 74 VAR MBI SRS
PRAFBI R (conservative replication) & Br7- 124 X #1172 positive strand RNA 235/ LD
dsRNAH D T 4 {F4E L 7= positive strand & {83 X 15 FARAF I BR (semiconservative
replication) M2 i ) OB REEEE W STV 5D (Wickner 1993),

FusoVASEDRE R BB X A L TW A DD, KW FusoVHL 1% I\ 72 in vitro
replication FEBRIZ X - TEGHTT 5 & L1288 FAIENIZAFAE T A FusoVER G REYIZ DWW T
J=INATNVFALBAL a v IlEbGHEiTo7

1. EERHM
FusoVD #REERE AW & 0123 5 HIW T, Fi®FusoVAL % H 72 in vitro replication
FERTORNAGIHNY — > D50HT, K O%E EMITEN TOFusoVIERG PEY DAFAETZEEIZ OV
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T/ —HFINATN)FTAE—Yaraikito7

2 . EBRHE

AEERIAEH LB R ERGH I, 121 CT15 Mot —brL—7
WML E L THV 7z FFICRNAZ LD ) EBRTIX, A — b2 L—TD5EM%2125TT20
IS EE L7z,

2-1 . in vitro replication FEE&

95 1 555 2 1+ 2- 2D Fuso VIR A 7 v 712 X Dbt o 7 AHREAREORIR L 72
FusoVHL % 15 SSB (15% sucrose, 10 mM Tris-HCI pH 6.8, 5 mM 2-mercaptoethanol) =&}
L C&EHr L. in vitro replication FEERIZH V> A FusoV7ij & L7z,

Barroso & Labarére (1993) @ JiiEIZHEVy, 100 g 1D Fuso VA3l % 200 g2 10 UG TR
(reaction mixture: 100 mM Tris-HCI pH7.5, 10 mM magnesium acetate, 1 mM each of ATP,
CTP, GTP, 0.5 mM [ a -32P] UTP ( 12.6 MBq/ g« mol), 200 units/ml Ribonuclease inhibitor
(Takara), 50 g g/ml actinomycin D, 5 mM 2-mercaptoethanol) £ i L, 30T Thk4 7 IR§fid]
BUS 2 €720 replication Ui, 7= /=) - 20073 bV Aafiiliic k> TEIEL, kv
Truu 7+ vafiiti® L7z, RNAIKO.S f5HD76 M BERET > E=7 A &3 5D —20
TR L7z 7 —)v (99%) Z@INd 5 Z & Tk S8, & 0508 (12,000 x g, 156 47
fl, %) (S X > TRYLL., 10 px \DZEEKICER L7z,

IS NLZ-RNADKE I, 1.0% 7 H 11— A7 WELKE) (TAE buffer) |2 X - T/
&y 7V %7% TCAT30 M E LRGEEKR, A - 77475774 —1l&>THr»
2o

2-2 1 38AE) F 7 AP IC X B ssRNA & dsRNAD 558

in vitro replication FEERIZ X - TH M S 1L/ZRNAPEY) 7> £ ssRNA L dsRNA % - #E3 4 H
T, Mk 57 LK %47 72 (Chen et al. 1994-b), in vitro replication fUL%, 7 =
J—=)v-zun7iibaihitt, zoo7 s vadhiit, =¥ 2 — VB THRR L, A%KIC
S L -RNAB ISR BIE2 MEL A L) IC10 M KEML) F7 A28, kP Tl K
MPRFF3 % = & T, 7ol L 7-ssRNA% #0708 (12,000 x g, 15 701, i) T L7z,
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MO EETEL NS FISIC 285Dy ) — VI LR L 7-dsRNA % 30V iz & -
THUX L, ssRNAZMH], dsRNAZME & HICARAKICEE L, 7HVo— X7 VESKKENIC X
%ﬁ}ﬁmﬁﬂ& Lf:_'c

2-3 : ssRNA in vitro replication EEIO Fy b 70y bNA TNV ¥ A E—-2a il b
UKy

W2RIIBVWTHERLA, 77—T I FRZ % — pUC118 ICM1HIKDDNAZ 10—~
pFSV1-10 EM2HIHKDDNAZ T — > pFSV5-100 DcDNAA > H— bW Fr A% J5 0] |21 A
AFENTZcDNAZ 11— 26 1 AGDNA (single-stranded DNA: ssDNA) Z 8 L7z, M1
KD pFSVI-10 P OHERLA-MAERZ 7T A3 FOWN, ssDNAZ #R L 7B positive
strand D3GR E N LR AP ZIKT T A I F% pFV101 &, negative strand PG S5
7T AIF& pFV201 Lt L7zo [BRICM2H1KD pFSV5-100 20 SR L -l A 2
K77 A3 FOW, ssDNAE LT positive strand 3G 215 L D% pFV301, negative
strand PG I L D% pFVA01 L7z STHHD pFVIOI A H401 Z 8k A IV~
Y ATHBEL 7 E. coli MV1184#kD 21 » ¥ 7 > M IZ TR e L T3 & W7o IR s
Bk % ssDNAB R I W72,

SSDNAWXBXRZ2 Y —% AT AE. coli 7= |IANWIN—T 7 =T Z 5 LT
WL 720 pFV101H5401% 473 5 E. coli MV1184 %150 p g/ml® ampicillin % {5 A 72
2xYT (1.6% peptone, 1.0% yeast extract, 0.5% NaCl, pH 7.6) #fARs Hy TRk 2 L |
ODgp=0.02~0.052% A & 9 IZHiR5 AW % 150 2 g/mlD ampicillin, 0.01% thiamine % %
{3 mID2xYTHUAKT (- HEFE L ARTHE L 720 ODgpp=0.1~0.2DF, 30 1D~V /83—
77— M13KO07 (106pfu/ml) Z 1z, 37C T30 7 HfER 2 I iR¥RE %, 70 g/ml &
7% & 912 kanamycin Z#M L. 37CT 14~18 BB L kB L7z, Bk 1
e, BUL7THE (8000 x g, 5 70 M, i) CRALZIDBRE, 1 mDKAE LRI L T200 u
IDOPEG-NaCl{## (20% polyethlene glycol, 2.5 M NaCl) iz B A L, 15 /Sl i
Wiz KWTulLJ7#E (8000 x g, 5 7], %im) IS X > T EHEEEICINDBRE, k%
100 e IO TEREB I ERIIED Lo, 50p10 TERM 7 £/ — NV &IMA. 10 B AL
HAIL7z0 10 M BUfE R, w058 (8000 x g, 5 73], i) Ik o> TKEAH L, 7
ou 7 4 b At £y 7 — VIS X o TssDNAZ KL 72,
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% 4 10xSSCIZ A L 72200 ng®ssDNA% F» b 71 v k#i# (BIO-DOT: BIO-RAD) %
HWT, BRBEARKTS 7, KV T10xSSCTI10 M Lz F 1 a2 TL Y
(GeenScreen Plus: Dupont) (28F LT, &R CMG| 3 A Z & TssDNAZ 2 7 L 2 (WA
24, 80T T2 WEf¥zR S ¢ssDNA% & L7zo 70— 7| in vitro replication M2
LI T LIS X D KR L 7232P- 5 )V B zssRNAZR W o NA 7)) ¥4 ¥ —
VarOFRMEE, 22210572,

24 ) —=FINAT)FALE¥ - a 212X BE EMIEH DO Fuso Vs pEW O 43#t

CYPCHiUART #i TR 2 L 72 F. solani SUF7048RD i % & A HRAAAL T CRLERFLMEIC &
DL 720 10 gD WHAHE AIZ20 ml? guanidin thiocyanate solution (5 M guanidin
thiocyanate, 30 mM sodium citrate, 100 mM 2-mercaptoethanol, 5mg/ml N-lauroylsarcosine
sodium solt) & 20 mIDFH AR KEZHE ML, EiZA0mID T =/ —)v - 2007 4 VAHEH
WEMZ, BV7Fy 7 ZAIFH—12X) RAEHL 7, #8058 (10,000 x g, 30 73], %
i) (2 &> TKRMZHI L7 COKBEHE 2.5 ml H7-01 g DL I8 &2EML, 10
mIDORNAAEHEW %2 ml D 5.7 M Bifbt > 7 A7 (5.7 M CsCl, 0.1 M EDTA pH7.5) |-
(R L, B0 8E (110,000 x g, 22 BE, 20C) X > TRNAZ LB E LTl L
7o CORNAMEE#® 2 ml @ Tris-EDTA-SDS solution ( 50 mM Tris-HCI pH 9.0, 1% SDS)
WCERICEM L, 2o 7 vadlitth, =% 7 —VikE&IC X ) total RNA ZRR L 72,

) =HFINATNTAE¥—V a ik, BURNEFEUENTIrolze EUSVEHW
P2/ —=WINATN)FAE¥ - a i, 2.2 M formaldehyde ZPE7 A — A4V (1.2%)
W CHEAUAKE) (20 mM MOPS buffer: 20 mM MOPS pH 7.0, 8 mM sodium acetate, 1 mM
EDTA) L 7= (Sambrook et al. 1989)c JEAMES IV & LT1.0% 7 A0 — 24 % Hlwiliaiik
) (TAE buffer) L7z, kB, RLTF 77 At TRNAZ BRI L, XV T 20xSSC
(3 M NaCl, 0.3M sodium citrate) T/ L7y b LA a2 7L XNV %EIN
Fa—ATOy 74 7¥%BICEY PL, 20xSSC %2 P T VA7 7 —BlEHWT 7Oy
TAYT Llzo 7O TA VTR TH®, FAU AT L% 2xSSC TY VAL, 80
C., 2 REMIBE LRNAZ 2 7L VIl L7z,

)= INATNVFAE¥—-2 a VOERIZHWATa—Tix, M1, M2D % positive
strand, negative strand % FFSEMICERINT A 2512, pFV10125401DssDNAZ S & LT
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JHv>, Multiprimer DNA labelling system (Amersham) |2 X > THM L7z 794 ¥ —IC
&, universal primer (M13 primer P7: Toyobo) ¥ 72{Z Multiprimer DNA labelling system
f} )& ® random hexamer # 37z, pFV101 2 SHFBIICHWTEK Lz 70— 71 M1
positive strand FFRMIZHRINT 2 70— 7 & UTHAEET S, [AKIC, pFV201, pFV301,
pFVA01 ZSME L THEM Lz 70— 71k, £ L M1 negative strand, M2 positive
strand, M2 negative strand Z4¥8M BRI A T u—T ¢ %2 B (Fig 3-4)0

) =B LN T) TR~ a YEBCOTUNA TN FLB—a s WM TYT4
Y¥—ary, ATV OHEOFRHE. F2HE-2-21 06> 72,

2-5 I sSRNAZ G ATV AFusoVHL fFDONA 7)) ¥4 ¥— a IZ X i

B1E - 207 - 2-21IC X D FusoVOR R 0, bt oy ABEAREGIZE D15
BN ZH0H (500 1 1) D550 plDREHIOWT, 72/ —)v - 7o 73 baiiiih, =
57— VILBIC K DRNAZKER L, IFEMRMD1.0% 7 40— R 7 VESKIKE) (TAE #%&
) IS X D e, EERAU2 4K, FAU ATV ICMN T VAT 7L,
positive strand X I nagative strand ¥R 7O — T HW/z ) —HF g 7)) ¥ £ —

varEeirol,

3. HMRMRUES

dsRNA™ £ )L A 1% negative strand RNA™ £ WA &I, 7 4 )V AR F-PICRNAKAEME
RNAR Y 2T — B2 > TV A DD -2 TH b, dsSRNATA WVADY J LD
RIE7 A VR HGPET HRNAKIFHERNAR Y X 7 —FIZ X > TITbIL TV, FusoVD
dSRNA% / B2k T B cDNAR G L, £ OMIERHI O54TH 5. M1 dsRNAICRNAMKAF
PERNAR Y A T —EH T - FERTWEHERLI, EBRIZ, dsRNAY A VA TH 5
reovirus , rotavirus, bacteriophage $6 [ZBWTH, WHIAZME F & T AHdsRNAT A IWAT
& A C. parasitica DCHV 1, Aspergillus foetidus @ AfV-S R Penicillium stoloniferum @
PsV-S . Rizoctonia solani, Ustilago maydis, ¥ b IZX3 %985 D Blastomyces
dermatitidis (23T, in vitro transcription, in vitro replication {2 X ) 7 A v AR {2
ki L7RNAR Y A T — EiGEA B S TW b (Joklik 1981; Chen et al. 1994-b;
Bamford and Wickner 1994; Fahima et al. 1994; Lemke 1976; Tavantzis and Bandy 1988;
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Ben-Tzvi et al. 1984; Kohno et al. 1994), BERE S. cerevisiae @ L-A virus Tid, in vitro
HRTOY ) LAsRNADBBLAZ, 754 P IANVADY 7 AOBRIBE I TS
(Bruenn et al. 1980; Fujimura et al. 1986; Fujimura and Wickner 1988; Esteban and
Wickner 1988; Esteban and Wickner 1989), FusoV®D ™ A )V A -7 M1 dsRNA DL IERL
ST D & HEGE S NZ-RNAKAFPERNAR ) X 5 —EiFHEZ AT 50 L) DICoWT, in
vitro replication EERTHEGT L7z, FusoVZ HIV 7z in vitro replication FEERIE, Agrocybe
aegerita THWOLN/-HEBR *#Z%E £ L7 (Barroso and Labarere 1993), &4 D EERIZE
WTh, IRATAENDD A15F F. solani DRNAKR ) 2 57 —EDME RIS 720
IZ. RNA 7 4 VA DRNAKAFPERNAR Y 2 7 —E¥ & ME L 2WAS, 16 ERHRODNAK
FFPERNAR ) 2 7 —HIZ X ARNAG L 2 45 SR MIZFH 5 9 S actinomycin D Z ¥ L 72
(Barroso and Labarére 1993; Lemke 1976; Fahima et al. 1994), ¥R FusoVHL % T
30°CC1 KR, in vitro replication UG ZI VA EICX > T, HKEHE L THSRICAST
V% a-32P UTPASUY AT N Bz ICGHSHIZRNANY FHA -+ FTFT 577 14—
& o THERRZ S N7 (Fig. 3-1)0 & DFEEAD & FusoVAL A RNAKIEMERNAKR ) 2 5 —F
WPEZ AT 35 2 EDMER S 1720 in vitro replication FEERIZ X - THM S L/ZRNA X B
BEDRLRD 20Dy FE LTRSS, M1, M2ICHYTH2KRE SO ) BEIED
REBNY FEBBIED/NS RN FDO2 DY T IvE LTHERB S, ZOFRNTIREB
MEORKE LN FELTRIEESNAML, M2Z2 R4 DY 7F vk L THERT 5 DIX W
Tholzo BEYED/NS /N2 FIEM1, M2 dsRNAL ER LB EEZ LN, £ZTH
INY FOWIRE 6T 572012, ALY F 7 2 0L IZ X 5 ssRNA & dsRNA D47
ARz, SOKE, in vitro replication FEWON, M1, M2& [ UCBEIEA /R LN
FIZdsRNAZ Ty A K40 T 7 LB D i Sz, ). BEEO/NSW
in vitro replication PEYIX, ssRNAZME TH A E L TR S L7: (Fig. 3-1) £72, B
BEED/INST2/8 2 RS ssRNA THhAH T Lid, FHESMFT T RNase A 70 (55 1 545 1
fi-26) ICXo T OMRENT (FT—7RET) o ZOKEDE, FusoVid in vitro D UG
AT ssRNA & dsRNA 28T A LWL LIS SR,
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- M1 and M2 dsRNA

Fig. 3-1. Detection of in vitro replication products from FusoV

particle. Newly synthesized RNA species that incorporated [a-—32

P] UTP as a substrate were detected by autoradiography. The
position of the purified M1 and M2 dsRNAs was indicated by an
arrow. lane 1, in vitro replication products; lane 2,

supernatant fraction after LiCl precipitation; lane 3, pellet

fraction after LiCl precipitation, lane M; 32p_1abelled A HindIII
size marker.

Z @ ssRNA 7° positive strand H#Tdh A D7D, negative strand HHETHEDNIZDOWT
57813 % HIWT, ssRNA in vitro replication MY % 70— 7IZHW/A-Fy b 7oy A
TNNFTAX =2 arphikeirolze ZOFKE, M1, M2 dsRNA®D negative strand (Zdh 7>
%pFV201 & pFVA01DssDNA £ DNA 71 ¥4 ¥—3 3 ¥ HHER SN (Fig. 3-2)e =D
i BAX in vitro replication JEERTH L 2415 ssRNA 7% positive strand Thb Z & #x L
TWwh, 2% 1), dsRNA# 8% & 3 % positive strand RNA DS TH 55
(transcription) & #r7-Zpositive strand RNA Z 8% & 3 AdsRNAD G, Tdh A Bl
(replication) 23fTbiL /- & /R L TV %, in vitro replication UG TR ENLEW %5 77
] Z & SRR (S BIEE L 7oA R, BUSHIIIICssSRNADS I S 41, KWV TAsRNADSEATL C
W NS — 2 BB S L (Fig. 3-3)0
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pFV101  pFV201 pFV301 pFV401

Fig. 3-2. Dot blot hybridization analysis using LiCl-
precipitated fraction of ssRNA species from in vitro
replication products as a probe. Hybridization membrane was
blotted with ssDNAs corresponding to either strand of M1l and M2
cDNAs. The probe used in this hybridization was ssRNA species
of in vitro replication products. pFV101l, (+) strand of Ml
cDNA; pFV201, (-) strand of M1 cDNA; pFV301l, (+) strand of M2
cDNA; pFV401, (-) strand of M2 cDNA.

FusoV Tl positive strand RNA 7% S 4, KWW TAdsRNAND BRI bt AN
y—UHRLENT, dsRNAT A VAT, 25D OWRREESIHE S W TE) | £0En
i positive strand RNA OGHMFEIZ 4 A (Bamford and Wickner 1994), VA4 F 181 1
(semiconservative replication) (&, F7-IZ A B & 172 positive strand RNA 2588 12 v 7c
dsRNA@ positive strand RNA & #E# 24, FFRIdsRNAHIHED positive strand RNA A%
AIWVAK AR S b, — i, RAFIIEBER (conservative replication) TIXHr 7z (26K
217 positive strand RNA 2%8%IdsRNAD positive strand RNA &R XA Z L3k
(L, ZDFEEFTANVAK A E B, Penicillium X Aspergillus D<A 377 4 v
A, bacteriophage 6 7 & T FRAFMBIR AT\, S serevisie D L-A virus X HiFLED
reovirus, rotavirus [ XBRAFIIBIRZTT) (Gottlieb et al. 1990; Wickner 1993), in vitro
replication TODFusoVHL 12 X ARNADGH/NY — >~ Tld, flIZssRNATH A positive
strand RNA i S b, 2% D, FusoVOAsRNABIRTIX, IS S 15 positive
strand RNA %%ssRNA & L THAFHAEL TV A FZRL TWh, ZHUd, FusoVHRAFHBIR
IZX 5> TASRNAZMEFF L TWA T EARLTWAEEEZ B ILA, b L, FusoVAREARIFH
B A5 5% 01F, BICAM 25 positive strand RNA 25881 dsRNAH @ negative
strand RNA & Mgl 2 23 2O T, RIS OBSHEYE% F¥2 in vitro replication
WILdsRNA L % %133 Th 5,
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M 5 1015 20 25

Fig. 3-3. Time-course analysis of in vitro replication
products. RNA species, synthesized in vitro
replication reaction for various times, were extracted
and then detected by autoradiography. The faster
migrating band was dsRNA species (M1l and M2) and the
slower migrating band was ssRNA species (M1l and M2

positive strand). The lane number means reaction time
(min). lane M was a 32p_jlabelled A HindIII size
marker.

in vitro D Tldd A DFusoVDEEEPEY) & LT positive strand RNA AYRAF 851 B RE
TOWINAZ ENIRENT, £ T in vivo TOFusoVEEGFEBIZOWT, 7 —HF
ATNTAEAS L a VIl X B0 e ARz, BEDTLETHLEMS WV ERHWIERT
i&. positive strand $¥5¢1¥, negative strand $¥ 5218 probe Z HWTHH OBV 7 Ivd
MK S AP 12 (T — R ET)e TOFRIE, F. solani SUF704 B S L7z
ERNAICIRAL TWAASRNADEW L F AT AT L I VAT 72— &R0
(2, dsRNAICHERT ANA TN FA A a7V bRIEEN-EEZ bR, £
T, LR TRNAZESKE) L 70y LAY 7L 2 ZHWT, strand $5 R 7
=T ENATN)VITA XA arE85HT L TFRusoVDASRNAY / A 2[5 $ AssRNAD
AHERM L7z, HBM1, M2dsRNA%R 70y b LA L—CTREDTO—T 2 WS
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BTUINATNTAE=2a TNV eBRINTE kb o705, SUF704D S 4l L7
ZRNAICH L TIdpFV201 & pFV401DssDNAD & B L 7= negative strand 4F 581 | 2K
TAT7O—=THWIBEDINA T ) FAL =2 ar 7 FHIVHG 607 (Fig 3-5)0
in vitro TliX, FusoVH. 113 positive strand RNA 28K T AH, "M TV ¥4 XL a >
YT IVHBHERENI-DIX, M1, M2JEIC negative strand ZAFRMICKTT AT u—-T %
MW EGDARTH 72,

Positive strand specific probe

Complementary strand synthesis
(negative strand)

Universal primer

(MIMmcs N Mi1ormM2 cDNA I
Positive strand Vector

Template:
Single-stranded DNA clone

Fig. 3-4. Synthesis of strand specific probe. The probe was
synthesized using ssDNA template (positive or negative strand
cDNA). The primer used was universal primer (M13 primer P7:
Toyobo) or randomhexamer. The resulting probe will detect either
of M1 or M2 specifically.
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M1 (+) M1(-) M2(+) M2(-)

TD TDTDTDTD

Fig. 3-5. Northern hybridization analysis of FusoV
related ssRNA species in host cell. Strand specific
probes were used as a probe. Total RNAs and purified
M1 and M2 dsRNAs were fractionated through native
agarose gel (1.0%) and blotted on the nylon membrane
(GeneScreenPlus). The probes used for hybridization
were indicated on the top of each autoradiograph. (+)
and (-) means positive and negative strand specific
probe, respectively. lane T, total RNAs extracted from
F. solani SUF704; lane D, purified dsRNA (M1 and M2).

ZOKRIX, in vivo Tl M1, M2 @ negative strand RNA 2SR L TV A AR L TW

Ho MHASRNAY A VA OBRTIE, MIE 2, negative strand X* dsRNA 34F4E L 7%

WE XN TWADT (Koonin 1992), Z® in vivo TPDnegative strand D&EAEIE, FusoVIZ
BNRGHRTHHEEZLNL, SHIZ, TOssRNATFRMIKRITETEANA T Y
A¥A v arikZFIH LT, F solani SUF704%kH112, ssRNAZFFD ™7 A )V AR T-HHFAE
THEDPE)IDICOVTHRE Lz, TOFRR, bty AFENREOTETHE LK
SO, positive strand FFERK T O =T TN, TNV FA ¥~ ar 7B ois:
DiF, AL FF 7 2t CBISE X L AHASRNAD K — Z 43l X ) &, TFlER BE A 451
ICBWTTdHY ., negative strand FFRW T O — T2 H 7255463 . FEEE OV ET
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BigE S L7z (Fig. 3-6)0

buoyant density
high~@—————— low

v v M v v M v v M

" "

ethidium bromide staining autoradiogram using autoradiogram using
pFV101 template pFV301 template
) probe probe
buoyant density
high~@—————- low
v Vv M v v M v v M

ethidium bromide staining  autoradiogram using autoradiogram using
pFV201 template pFV401 template
probe probe

Fig. 3-6. Northern hybridization analysis of FusoV related ssRNA
species in CsCl buoyant density gradient fractions. Template
plasmids used for strand specific probe synthesis were indicated
under the autoradiogram. Total RNAs were extracted from CsCl
gradients, fractionated through native agarose gel (1.0%) and
blotted on the nylon membrane (GeneScreenPlus), which was a
condition that eliminated hybridization signals derived from
dsRNAs. Lane M, AHIindIII size marker; V¥, dsRNA peak fraction; v,
SsRNA peak fraction.
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FHEEED ~Fawv, ®O0TF 2 —TORICHYT A5EIZOVWTH, N 7)) FA4E-—
avi T FVAERLNAED, THIETA VAR FIZT— b IR TV R VssRNADRH &
W= &%z 51 b, bacteriophage §6 & S. cerevisiae @ L-A virus Offf%87 5, Bamford &
Wickner(ddsRNA™ 4 WV 2 OB BLEREE . 7 A W AR 155 D positive strand RNA DI
Hi. T positive strand RNA 225D A WA F N7 BOFR, Fzllidbhizor A v
AZ N7 E positive strand IC X BF /oI ANWAK A DNy =T 2T, T4 VAR
{-IN T positive strand RNA % #% & 9% negative strand RNA DFHIC X AdsRNAY/
LD5EKE# 2 T b (Bamford and Wickner 1994), & DFEICdSRNA Y A )V A DR Ot
FETldssRNA (% positive strand) ZHF 57 A VAR FDEL S, TDT A VAKX
dsRNAZ A3 2 KA 4 IV AR I L TIRBER DMK %2 5 (Lemke 1976; Fujimura
etal. 1986)o LLED5 ., FusoVIidfd EM N TAsRNADBRLEFE D & HEE S5 positive
strand RNA # &t A W AR T-& 2, 4 F TIZHE D %2 W negative strand RNA #§§2
TANAKADFELTWD EER LR,

in vitro replication FEERD& Hld, FusoVHL -4 5 positive strand RNA 3G S T
AT ERRLTWID (Fig. 3-1, 2, 4), 1 EROMIEIAFAET HssRNA E LTl negative
strand RNA 2% & 472 (Fig. 3-5)0 = @ negative strand RNA (&, M1 positive strand 72»
5 EHAR X IZ-RNAMKAEPERNAAR ) 2 9 —BIZ L > T, M EHOMBE BV T positive
strand RNA 2*5dsRNAZFH L TAR S - & HEE S b, Ak, A ERMRES T
dsRNAZ #% & L T positive strand RNA DG HEZ > TWH EZEZLNAHH, Fig. 3-5
DFEERIZ N 7-SUF7048KD total RNA flli#FE T, & &b EssRNAE LTHAEL T/
positive strand RNA & negative strand RNA %%, dsRNAIZ7 =—1) » 7 L7z#&, positive
strand RNA (20 U T & i lSAFAE L TV 72 negative strand RNA 7S strand 5811 7 0 —
TEHWINA TN FA ¥ avilioTRIaWzEZEZ LR, £72. positive
strand RNA % $§20 7 4 )V A4 {- & I negative strand RNA ZFF2 7 A )V AR A3 &
17 (Fig. 3-6) Z#Lid, 16 FEOMBLIN T positive strand RNA PA#HC negative strand
RNA SfFAEL, SIS DssRNADSF 7 IEL N DT A WARN FIINy r—J v 7 &b
CEERLTWAEEZLNS,
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Positive strand synthesis ;
(Transcription) Negative strand

accumulatton

&
..... (), Trans_latlon \

/ N pZ #’\\

p

- 4 s
@@ gftﬂilﬂ L Sunplv I)

Mature FusoV

+)

\ (+) strand

polymerase dsRNA

\ / synthesis \
. Packaging , / i

synthesis

Negative strand synthesis i
(Replication) dsRNA
FusoV propagation cycle RNA plasmid-like cycle

Fig. 3-7. Replication model of FusoV dsRNA genome in the host
cell. FusoV propagation cycle was thought to be conservative
replication. RNA-dependent RNA polymerase encoded in M1 dsRNA
would be possessed replicase and transcriptase activity in the
cytoplasm as well as in the FusoV particle. DsRNA genomes may
replicate in the cytoplasm like a RNA plasmid replication manner
and synthesized ssRNA was packaged into the new viral particle.
Negative strand, packaged FusoV particle, could not possess a
template activity for dsRNA synthesis. Negative strand
accumulation in the host cell could be caused by lack of this
template activity. (+) strand is positive strand, (-) strand is
negative strand.

Figure 3-7ZFusoVOfE EMlAN TORBEMFEIC OV TORFHZ /R L7z, dsRNAZ G
W FusoVE X, RAFMBIRIC X Y, B/ lZA& M S #L7: positive strand RNA #™7 1 L
AR AT 5o 45 EMIKE 123\ T positive strand RNA 25 F ¥ 7% K& 282
B, RNAKAEHERNAR Y 2 5 —EHXFMREN S, ¥+ T F¥ N7 E, RNAKIE
RNASRY 25 —¥, positive strand RNA D5F 729 A VAN fE L TN r—J 27 &
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L, 74 IVAK AT negative strand Z G LASRNAZ AT HA T 4 VAN A%

Do N, fE EMINLTEM S NRNAKAEMERNAKR ) X 7 — AL B CTHFEL
positive strand RNAZ* 5 dsRNAZ G L, Z DdsRNA % & %11Z positive strand RNA,
negative strand RNA 2°& 4 S S b, S EN/-[MssRNAIX, Hi7zZ7 A WAKF- &
LTy =7 ENbH, positive strand RNA ZFFD 7 4 )V AR {1385 DFusoVH
WA 72 WIRIAAEND, — )5, negative strand RNA 2T A4 VAR FIZBWT
Fi-f-N T Dnegative strand RNA %87 & 45 positive strand RNA O S HEAHREE L Wz
S, 18 EROMNL 2 negative strand RNA 25O 7 A W AR FHERHL TV Z &
ho COETNWERGEL TW L 720I2IE, EEMEDNARORERR in vitro TOKR
FusoV RNAMKAFYERNAZR 1) 2 5 —+ % HIv»7zpositive strand RNA, negative strand RNA,
dsRNA DEILE L HWICH WG EORNAGHN Y — L ExFMICHIR L T { LE
WhhHEERDNL, £72, FusoVTIIRAFMBBIZ L DAsSRNAPBR STV B EEZ DL
NIz, PartitiviridaeFt TYRAFBR LT ) EENETIANVALHY), ThHEDI AV
AN T HRNAKAFERNAKR 1) 2 T —EDFusoVD L L & EOFEEE R % 5 DO h IEFBKIE
HETa Y, D PartitiviridaeFt ™ 4 W ADHEIERHI A S P IC S5 Z LD A,
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4T
Fusariumi } U Acinetobacter/ &l D4 pES A F b+ —E IOV T

#a

¥ M YRFFIORT F MU L > TRONDEMT, HRFTIREBIOMILEE
RoENA L EGAHNRE TV A (Bartnicki-Garcia 1968) TRMIZF b &, 77 =%
IEDOHREDPLFHEOLNDLFF L OFENLRT EF LI K> TRON TS, F MY
DFRIZE > THELLF M2 A ) T — X RBR M O XA EEH R (Allan and
Hadwiger 1979; Hirano and Nagao 1989), MW TO7 74 b7 L ¥ VMK T S
x1) ¥ ¥ —{fitk (Hadwiger et al. 1980; Kendra et al. 1989) 2 Z & TiEH S hTw
bo ¥ MY AT —DHEMEIFIATHEE Bbh s F b 2 3 EEE ISMIR (Boucher
et al. 1992; Hedges and Wolfe 1974; Pelletier and Sygusch 1990; Price and Storck 1975;
Sakai et al. 1991; Seino et al. 1991; Tominaga and Tsujisaka 1975; Yamasaki et al. 1992;
Yoshihara et al. 1992) X8l (Alfonso et al. 1992: Fenton and Eveleigh 1981; Somashekar
and Joseph 1992) # S L E L DAY TRWEE N TWA, MAEYOXF b+ —F¥ DS
&, REF MY 2y FRUIINKGRT A RSO RIS TwD, $72, ThLORE
KIILEAX MY OBRT v F IWMEEEIC X o TIHWDS R A Y | FR I F MY 2 2800
FTARIL > THEEMICEEIND ZEFRESNT VS,

Fusariumifi \Z\X, & OMYHRERAEZENTE D, MRS E LTHF M8
& ¥ T A (Hadwiger and Beckman 1980), F. solani f. sp. phaseoli& L. F 170 3 R#]
MOMEEHICBWT, BOMBBEDL L X M4 ) Tv—ARtEh, ShHx7714 b
7 L ¥ 7 (pisatin) EPED L) ¥ —E LTR L T EFBEENTWA (Kendra et
al. 1989)e CDT7 74 M7 LF Y VIEHOERMEHRTH ), WOKSD & HIPIHIRE %
Y HIE0ENH D, Kendrab ik, =7 FOORBED L1F0 172 F b 0 RERATHN
DMifaBEZ /ME L, ¥ M4 ) T —2 NS5 iEMEHE L TWwb, LA L,
Fusariumifi F1 3 5% MY 2 3 BER 2 £ > TV AP E ) POV THG Lzl 2w,
Fusarium@D ¥ b+ —FIREHCOMBEEOAHIcBVWTH, /-0 Y~ B
WTHRELEHZ RTINS S,

FAKE OMIBLRE IC I IS F T U PEEN TV D, HPIEHRIKEIC X 5 5B LT
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BYEO 2 LTHFFF+— oA LMEEOEREMET S, T4, LX) ITHFF
F—CAER O RIRBDOEREAET 5, [ARZBAP S, Fusariumi® OMKEEIZ ¥ F
B EENLOT, ¥ b —HEI X AMNBED /3% 1C X - T Fusariumf D4 1z % #i]
CRHEEZ NS, PLED LSS F M —Ch R Fusarium A5 | % & = 3 HWws
T ANAAuadhanvary ba—=VIZnHTEA050EERED 5,

PAED S, FusariumBPRIFvR, ROVF P 2B kFEHE LTHET AHA Y AT
DWAEWD O F b G E b ORER ) —= T LTz, ZOHKK, BwF b2
SMRIEYER A+ A F. solani f. sp. phaseoli SUF386#%k & . Acinetobacter sp. CHB10 14k % i3
WL, ENEFNORELNHPOLF M F—EL R, ZOMHELGH L7

W11 Fusarium@OHEPET AF b —+F

1. EROHM

Fusarium@ 1 5O X b F— £, HOOMEEEDH R, HEMPICT) ¥ -k L
THEMTAF Mo OBMICMbLEEZ LD, FusariumAF R 5 X by 2 3G T
EOOWEAZ)—=VTL, DX M- EeHRILZEeHMWE LT

2 . EBRIL
2-1 ¢ FEBRICAER] L 72 R USRS RE& 1

AWFZEl v 7z Fusarium@ &, ARPECRAFE TV 5 Fusarium@ 7 v F ¥ —2a L 7
I a » (Okazaki and Saito 1987) 2 H%7z0 ¥ MU REHDO R 71) —= 0 71
0.25% DF Y > L7 T WVALEE 70% (deacetylation degree: D. D.) | % H.— ik i & T
Czapek-DoxFE KK D RARICH KR 2 M2 30°CTREE L 72,

2-2 . ¥ M — et

F M F—EIETE, F M ODUKMRIC X o TlERET S BT R A, Fe(CN)g3 A
5Fe(CN)gt - D JITIZPEV -7 1) K3[Fe(CN)g| D #{ s\ BAA S A R A D& FIH L
7-Schale?: (Imoto and Yagishita 1971) 12 & > THIE L7ze 0.5% ®F FH >~ (D. D. 70%)
&850 mM MERRT B 7 AR (pH5.6) 2 mIC 1 mIDOBERBEWR AWML, 37CT15
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~305- MBS S 7z, BEEBUSZ106T | 3 MBS TEILL, 2.7 m®DSchalesd
(0.5g K3[Fe(CN)g] par 1 liter of 0.5 M Na,CO3) Z#HIL ., 100CT15 MG S €7, %
inE CAEZWHIL, ODgo% il L7z, e LT, BERBHOLDH Y 1225 mM RN
b AR (pH 5.6) Z VT, 0.5% ¥ b WIS L4 AAAET A STREHR 2 30 L
7m0 BMEESUBICHIK T A AODyoffie Z Va4 3 2 # W TR LB & i+ 54
TG 2 ER Lz F M — M1 2021 g mol D 8 ohl % e fl 3 A Wi &
1 U (unit) L EFL 720 BEETICX S X P F—EiEMIEIXLTO LHETIT- 72
(Ohtakara 1988), 0.1% ¥ b >~ (D.D. 70%) % %150 mM Fi:MEF b ) 7 A8RM# (pH
5.6) 3.5 ml & BERIEFHS.5 ml (L ERBA1E50 mM FEMEF + 1) 7 A (pH 5.6) THAMK
L7- R 2 A, KEEGH (Shibata® 1%) (ZTEA L, 30T TG S SRR 1A
DITEDHHMEZ W N ADIZE T AR 2 fll%E L7zo HHREE (specific viscosity) (& (7> 7
WO EIE/ ZRRKOWTHE — 1) LEFLz,

2-3 . ¥ MY —EHERNOKG

F. solani SUF386KD ¥ b+ —ECHERN AR T A28, 2% DIV a— R & ixH#
B2 & T Czapek-Dox#BUARE b Tt BOWMBERIN  TREE L 2= v FROWARKE TS F 1
H— (HARE) 2 T, mAKEBETI5 BHMORNTRAR M L7z, 7 L7-BH%
Jr % 3505 #E (10,000 x g, 10 200, %ild) 1S & - Trble s L TR L, 3RlAR K% v
T3 [MPEH L7z 50 mIDBEREARAKIZEE L2HARF 2565 mE Sk EREEZ &L
Capek-Dox AR 45 mI A L7, #KRHICHIRTR, 26'CT7 HM=%EREHE (116 rpm)
L7z B5aEfR. BARZMEEICX>THYLL, 80C T3 Ml S CTilimAllE L7z, &
7z BiAE BiTid20 mMORERE S I 1) 7 LM (pH 5.6) TENTR, EokEikici-T
¥ b —BiEEEREE L7,

24 ¥ P —EOHR

2TORREM X 4 CTIr>72 F. solani f. sp. phaseoli SUF386 %*& ¥ b+ —E %
KRS 572002, PDAKIME (A 9 cm) IR L2 0 == 20 B AKTHWIB L2
BEWB A 1000 mIDOCYPCHAR: oI M L, 27°CT5 H MREHT % (90 spm) L7z 4
liter OKEFAE L3120 L T80% MM D4/ Z#41v>, ACT -ME L & /3 7 B % ikl
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STz, ¥ Ny BB w058 (4000 x g, 10 70, 4C) ICX > THALL, 40 ml D
25 mM FERET b ) 7 A KR (pH 5.6) ICIEME L. [El#RM T Vi1t L 72 Sephadex G-25

NI LTI ETHELE KOTHEEZ20 mMY) Y BEH ) 7 AEW (pH 7.0) TF
AL L= FOFo 738 4 b AT A (2.1 x 23 em) IZF ¥— T L., [AEERT o128
Bk (1 7 2RO 245) . 20~500 mM DRELELD ) 2 BeA ) 7 AR (pH 7.0) TH
&€z, COBROWHAIZ22 m/hT1HE 23 mlE L7z, F MY —EiEtomEz 7 —

VL. Sephadex G257 7 A% i3 Z & THIE L 720 KV T20 mM FERET b U 77 A fRfrl
(pH 4.5) TFA#{t L 72 CM-Sepharose CL-6B# 7 A (2.1 x 17 cm) ICiAE 2 F v —T L,

[l Rl TEHR, 0~1 MOKCIDOUEEA AL 2177220 mM FEMRF b ) 7 A f& M (pH
4.5) THI Lz, COBORM#IZ22 mI/hT1 2E %3 mi& L7z, F M —BIEMES
%25 mM FERES b Y) 7 ARRTE (pH 5.6) T F#y{k L 7z Sephadex G-1007 7 4 (¢2.0 x 55
em) \2F ¥ =T L, [WEERTY o7 B E2E L 2 OBOWHMEIZ29 ml/h T, 1 77
7210 1.7 ml& L7z, Sephadex G-1007 Wi# Il X - TH 67z F M — EiG ks

. MREEEE L7,

251 77 VIVT I FPIVESKENC X 5547

iRy N7 BIX, 10% 7V % H\7-SDS-PAGE (Leammli 1970), & TF10% 7" )v & H
V27> native-PAGE (Reisfeld et al. 1962) IZ X 25047 %475 72, BRIKEETS VE 7 ~v > —
TN—RBTEIE LT INIHEDONNY FERI L7,

2-6 . ¥ VINT RGE R
BrE DY oy BHEIE, T—) —3: (Lowry et al. 1951) ICX > TER L7z, T DER,
DY T IVT I By N I W,

2-7 . WEIrU~ N TT 74128 BF VY —E@EENONEE

F I F—BICLXBMAKHENEERF 7O~ T 7 4 —IC X > THHr L7z (Sakai et
al. 1991)o BUSH (100 1) &, 50 mM FERET b ) 7 A8RME# (pH 5.6) IZZEE & LT 1.0
pmol D2 w65 HADF M4 1) Tv—F 713250, g DF M~ (D. D. 100%)
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REHh, BEX M —¥ 5 mU) 28ML, 37CT-BULS €7z, 100T, 3 5rHD
BB CREEUG 241 L, 87 L— b (HPTLC Aluminium Seets Silica Gel 60 Fasy :
Merck ) IZAKy b L, BIEBHICn- 7O =V / K/ BT IV,/30% 7 7 E=77 A
(6:3:1:1) (V:V:V:V) E HW/- g 7 u~ T 7 4 —%ATo72, 7L— P EREER, £
L7 I /%= e F) Rk TR L7,

3. HRRUEEH

X b U RIEYER A9 A Fusarium@® DA 2 ) — =2 7

ALV ENT VWA 162 KD Fusarium@ # HWTH b MR DR 7)) — =2 T
iTo 72458, 22 kD Fusarium@iCBWT a0 ——DOFMICK P OF b D& ) AF
RS NADZ EICX o TELAEWE (/N0 —) A35BI%E S L7z (Table 4-1)0 22 HRD/NT—
R U7z Fusarium@ X, RERL7- 9D 4 FIZE /-, $¥ICF. splendens& F.
solanilZ BV TF M 2 pRIEYEE 47§ B ATV TBIEE S L7z (Table 4-1)0 F.
solanil> BT AFELL T O /p8E LT, WEML/RTE B OEWEILE L2MER
(forma specialis) EME XN TV 5, F. solaniT/N1 — % JER L 7-#kiZ kB L 72 9 401 Y
ETICb0, HMEME X M 2 RSO G SRR R o 7o, SRBRL7C
22 RPN O—DEREFO I —DEEDHAN 1.3 LI KTho7z, 4 27 KWK
W F. solani f. sp. phaseoli SUF386#k (=Hypomyces solani {. sp. phaseoli IFO9974) % LLFF
DRIz, TOSUF3864kE il —HMEBOMDKTIX, =2 FYyOHYHMIZEBW
T774 b7 LX< 7 (pisatin) G2 FET 5, ZO pisatin DFER T & L THOMN
BEDOWERES A X P U AE X 5TV (Kendra et al. 1989) TDA 2 1) — =2 7Dk
il T, RBRL7-ETOKIE2% ZIVIT— 2 £0.25% ¥ b~ (D.D. 70%) Dli#H % &
i Czapek-Dox XK L TO a0 ==, 2% 7))V — A %51 Czapek-Dox JE XK H |-
TOau=—(CHBLThEL, KPR eI =—BiRL ko, ZORE, F
MFACEDERIEIRIAZERZ/RLTED, LVWHEID Fusarium (22 LTH bH
YRR E LTHRPHLZ LR LTV A,
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Table 4-1. Halo formation test of Fusarium strains on chitosan
containing agar medium

Number of strains

Species
Tested Halo formation

episphaeria
lateritum
moniliforme
nivale
oxysporum
roseum
solani
splendens
tricinetum

= @©
A= PV - - AT~ N N )

| d
cwomoNnNMEHEH O OO

¥ b —EHhpER OB

¥ M — YO PENFIKEIRNARLGF T L DD % B3 57012, F. solani SUF3864#k %
Czapek-Doxifi /AR | bk 4 7 ik AR 2 URIN L 755 b % v TR L T & o853 B
DF b — Bk Z E OB ik TRl L 72 (Table 4-2)s F. solani SUF3864ki22% N
TFHEFNTVaYI R - RERICHOR T, BRI - ox b
F—EiEEl A E R D (2.8 mU/ml), 2% Z VI — A% kFEHEIZCHW54 (0.58
mU/ml) OF 4 & o7z N aH I 2 2 RFRICHWIHE, BROMREIRIBSE S L
AW, F b -kt Eh e h o720 F M+ —VOUEWZHETE7-012,
WA (VCEEE ) M- oF P+ — BN E L, COFRE, N7EF LTV
I REBICHOWA KB TOEEND, 2% Z VI — AL ik FKBIZHWEE0
Lotz TOREIZ, NTEFNAVTINVIFI VICF M F—PAELMKEXEL5)
RDidp A Z & %W L7z (Table 4-2) BIKZEVZ &2, F. solani SUF386#iX, ¥ b
F—EDOREELRLF P2 (D.D. 70%) H—KFEHRE L T0.25% & F TV 5 HifAs:
WTIRELHMTERD o0 2% ZNV—RE0.26% F M > Olj#H % R FFICE
BRI BVWTHMM L 2N e S, COMMOMIENIL F. solani SUF386#KA HLIZ ¥
PO RRFERE LTRHTE LW EILLZDTRLL, FM U ICEoTHIERT &
NAHRRMILEDIINTH L Z LR S Nlze KW F M — B4 EMEYTIX, F b
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BB ICEINT A Z £ THEENICF b F—EDEPES LA (Pelletier and Sygusch
1990; Fenton and Eveleigh 1981)0

Table 4-2. Effects of carbon source on chitosanase production by

Fusarium solani SUF386

Mycelium Activity per
Medium Carbon source dry weight activity cell mass
(9) (mU/ml) (U/g-cell)
CDa Glc (2%) 0.146 0.58 0.20
CD GlcNAc (2%) 0.081 2.8 1.7
CD GlcN (2%) 0.052 NDf e
CD Chitosan 70H (0.25%) nile ND R
CD Glc (2%) + nil ND —
chitosan 70H (0.25%)
CD+YP Glc (2%) 0.350 2.2 0.31
CD+Ce Glc (2%) 0.178 2.4 0.67
CD+Pd Glc (2%) 0.256 1.6 D:31
CD+YCP Glc (2%) 0.471 9.9 1+1

Cell were grown in 50 ml of medium at 26°C for 7 d on a rotary
shaker (116 rpm). Initial inoculum corresponded to 0.005-0.01g (dry
weight) cell per flask. Values represent the average from three
samples measured in three independent experiments.

a Czapek-Dox medium without carbon source
b Yeast extract (0.1%)

¢ Casamino acids (0.1%)

Peptone (0.1%)

Little growth (<0.02 q)

Not detected (<0.2 mU/ml)

Hh ® Q

F. solani SUF386 K TO X FH+—E¥ DAL, ¥ MU 2G0HBTREL (HOER
FHEXN7-OFHMATE LV, F MY V2T A8 THA 7V ad 3 2 TlaHml
B35 0D R LN o7, £72, 0.25% F b (D.D. 70%) £2% 7 v —
ADihj ¥ % &ty Czapek-Dox ERKFHICBW TN — 2o au=—2BETAZ &
(Fig. 4-1), 2% V3 — R & iR KBS EORARERICBWTK M —E24ETHI L
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6. F. solani SUF386¥kDF b+ —EHPERXF M ICX 2 FEELLELET, £

oo IWA—RICKBHAIRTA D) T Ly varezgiirnweEzbhlc, BELY

A, NI/ M, KOXRT b O AOEIME, B47- ) OF M+ —Eihtkz 3~
4 f510, WARERS/) TiX 1.5~3 RIS 28K > /2 (Table 4-2), KK Z
2% FNVa—AE L, BEREZ XA, AHI VB, X7 b U & ERICRHICERIM L7256,
e 4720 OF b F—LHEHEA9.9 mU/mie 2 ), RERLAEFMFNTRKEZoT £
CTIDOEREFMNTHONREE EFHEIOX M —EORR 21T 72,

Fig. 4-1. Growth of Fusarium solani SUF386 on chitosan-containing
agar medium. The plates were incubated at 26° for 5 days after
inoculated with mycelium plug from the colony grown on PD agar
medium. The media used were Cazek-Dox containing (A) 2% glucose,
(B) 0.25% chitosan (D. D. 70%), (C) 2.0% glucose and 0.25% chitosan.

* p o — B ORH

F. solani SUF386 D EPET A F b F—+H¥ %, SDSPAGETH /N> F&% b FTH
W7 (Fig. 4-2) ZOK®IX, © FOFT 7/8% 4 b, CM-Sepharose CL-6B, Sephadex-
Gl100D3 BRED I TG u~x T 57 4 =TI\, 10% OEPEET, 36 fFICHRINL
(Table 4-3)0 £TDATALAZ U T 74— I2BVT, F b F—EEHIEIHE-E—7
ELTHIEN/ZZ Lid, F. solai SUF386HDS 1 B X MY piEHEHETH 5 ~
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NI EEFWL TS RERL TV, MRBEEDS F#I SDSPAGE (2L )36 kDak
5 2 L7z (Fig. 4-3)o Sephadex G-1004 T A 70X b5 7 4 — COWEMLED & HEE
SN b intact ¥ b F—E 5 XTI EH DI icld, SDS-PAGE TRO&ER L DXL
holze THEF b —+¥ & Sephadex G- 100 DY IV~ F) v 7 ZADMIAT 6 ORI E
AR 57270 THAEEZ LI, ZVIVIl#AIC X 5 intact ZREKE DT OHEEIEA
nHETd o 72,

A (Da) B
66k =

45k
35k

24K
18k

Fig. 4-2. Analysis of the purified F. solani
chitosanase by native (A) and SDS (B) polyacrylamide
gel electrophoresis. The purified enzyme was
electrophoresed. Proteins were stained with
Commassie brilliant blue. Molecular mass markers
were bovine albumin (66,000 Da), egg albumin (45,000
Da), pepsin (34,700 Da), trypsinogen (24,000 Da),
and B-lactoglobulin (18,400 Da).
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Table 4-3.

Purification of chitosanase from F. solani culture

filtrate
Volume Total Total Specific Recovery
Step (ml) activity protein activity (%)
(U) (mg) (U/mg)
0-80% (NHy),S04 51 6.08 38.8 0.16 100
Hydroxyapatite 58 4.18 8.39 0.50 69
CM-Sepharose CL-6B 21 2:71 0.44 6.4 46
Sephadex G-100 17 0.60 0.11 5.7 10

o
(3]

o
»

O— 0D 280 nm
o
w

A

- Hydroxyapatite

0.2

o
—

+

Chitosanase activity (U/ml))

- 500

—1 400

—1 300

—1 200

— 100 .

50 100 150
Fraction No.
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Fig. 4-3. Purification of chitosanase from F. solani SUF386
(A) Hydroxyapatite chromatography. The crude enzyme after
ammonium sulfate precipitation was desalted through the
Sephadex G-25 step and was applied to the hydroxyapatite
column. (B) CM-Sepharose CL-6B chromatography. The enzyme
obtained at the Hydroxyapatite chromatography step was
applied to the CM-Sepharose CL-6B column. (C) Sephadex G-
100 chromatography. The enzyme obtained at the CM Sepharos
CL-6B step was applied to the Sephadex G-100 column.

Symbols: (O, protein (ODjygqp); @, chitosanase activity.

F M — R REER O TR
(i) F P F—EEMICRIZTpHE BEDEE

) 3= ¥ b8 E LTHWEE, F M — BRSOkl pH M Ui
BEEZENEN pH 5.6 £ 40C Tdh- 7= (Fig. 4-4)o
(ii) ¥ b F— X OREF R

X M) — Y ORE £ OIE K § B % Table 4-4 IR L7ze A¥ M —Eid
) a—=)v¥x b, F M2 (DD. 70%) (AT AEMEDE L. F Y2 (D.D. 100%)
WX AIEMEEF P2 (D.D. 70%) TOIEMEICHBL T, #160% 1L o7z 71
T—=)VFF URHIVARF Y AT )bt — A (CMC, carboxymethylcellulose) (2 xf4 A G
RS, 7 a—nx b TOEHEREL T10% LT Th - 72,
(ii)yF P+ —Xi kb F MV BBROKELA

A¥ b F—EiX, F M B (D. D. 70%) ORI % BUSMGELHE D & ER I
247 (Fig. 4-5)0
(iv) BUSAE B D 5347

Ax b —¥ix, 26584 3EE 48EKOF M A) Tv—%0MTEY, b &
Kx b4 Tv—% 2 ke 3 mAEOREGWIH# LT (Fig. 4-6)0 ¥ FH 2 (D.D.
100%) ZILE & L2t ABEEIS RO 3 RALDRED 2 Bk, 4 8K, 5 RAKDORA
WaHR L7z,
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100 |- 100 -

(91
o

- o

Relative activity (%)

0 L1 1 1 ldqn’*} 0L 1 1 1 1
3 45 6 78 9 20 30 40 50 60 70
pH Temperature °C

Fig. 4-4. Effects of pH (A) and temperature(B) on
F. solani citosanase. (A) Buffes: (O, 50 mM Sodium
acetate buffer; [], sodium-potassium phosphate
buffer; A, Tris-Cl buffer. (B) The reaction was

done using 50 mM sodium potassium phosphate buffer
(PH 5.6).

Table 4-4. Substrate specificity of F. solani chitosanase

Substratea Reducing sugarb Relative activity
(nmol) (%)

Glycol chitosan 56 100

Chitosan (70% deacetylated) 52 93

Chitosan (100% deacetylated) 32 57

Glycol chitin 5.3 9.4

Carboxymethyl cellulose 1.4 2.5

The reaction mixture contained 0.25% substrate except for glycol
chitin and glycol chitosan (0.5% each).

The amount of reducing sugar liberated after a 30-min reaction
with 3.7 mU of the purified chitosanase.
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Specific viscosity

0 10 20 30
Reaction time (min)

Fig. 4-5. Reduction in viscosity of chitosan solution by F.
solani chitosanase. Reductions in viscosity were determined
with an Ostwald viscometer. Specific viscosity was defined a:
follows: [(flow time of reaction mixture)/(flow time of
distilled water)-1]. Different amounts of enzyme was used.

The amount of the enzyme: (), 0.8 mU; [, 1.2 mU; @, 1.6 mU;
.' 2.4 mUc

F b —iL, A (Pelletier and Sygusch 1990; Hedges and Wolfe 1974; Tominaga
and Tsujisaka 1975), WA (Sakai et al. 1991; Price and Storck 1975), H%i (Fenton and
Eveleigh 1981) 2 L KR E LTV %, Myxobacter sp. D¥ bHF+—¥iX, ¥ b DAL
5FCMCIIx LTt % 4 L Tz (Hedges and Wolfe 1974), F. solani SUF386#k
POMRINF M —EiMbOF b EFE L LCMCIZH LTITE A LM%
RELRHPolz, F M F—E¥iittid, XEE L THOWAF M OR7 EF VLEEIC KL 5
TR EZTAZ EFASL N TV A (Ohtakara et al. 1988), F. solani SUF386#k®D ¥ k4
F—¥ik, W7 EFVLET70% DF b3 0T BIEMD, B7 EF VLE100% D F b
AT AERE DV Er- 220, F MUY FROI VI T Vvat Iy
MOKEGIZHB LT, N7EF VT Ivas3y—Zvay 3 Moseicd$ A0MEEDs
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HWEEZOLNZ, — /., ¥ MV EROMELERPIK T XEHZ 056, AF by
F—BRTY FRICE b 2R LTV LHIPRBI N, KISERBOMTH S, &
F M F—ER5BEEULEOF b)) Tv— %y FRIOKKTT ¥ ¥ 4K #
L. 3&ALULEOF ) Iv— 2 FELREFMETHEEZ DR,

glucosamine =
chitobiose =

chitotriose =

chitotetraose =
chitopentaose ==

Fig. 4-6. Analysis of enzymatic hydrolysates by thin-
layer chromatography. The substrates used were
chitobiose (lane 1), chitotriose (lane 2), chitotetraose
(lane 3), chitopentaose (lane 4) and chitosan (D. D. 100
$: lane 5). Lane S contained a mixture of chitooligomers
ranging from glucosamine to chitopentaose.

F. solani SUF386#k(Z BT % F b+ — A ED LB ER AW THL, F MY
FT—EDRETHSHF Y 2 IZ X > T F. solani SUF3S6HKRDIRIAE L HES AL
EL F M UFHARRTREAOMNIEER OB N/ THELTWAZ ERL, A
F b4 —EH F. solani SUF386DF bV FALICHIEL TV B L IEF ZIT{ v, &
¥ b Fr—EokEle LTINS EDH, Ik L7-RAROMBBEEZ 753§ 5 HOEMRIC
F7-6 e TH B, BHOEMETHF T —EHXHCEBEMIZIEZ/6 {HliX, Mucor
rouxi \ZBWTHE S LTS (Reyes et al. 1985) o F. solani SUF3867% i FAHYI~D g
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FBREICBWT, F M F—F¥2WTH5D0EI D, 2. AF M F—EXHCOM
RaBEA MR L, BT AX P20 LEF MU Tv—A ) v ¥y —& L THRIET
LD E ) PRIEHEOBHAT REBREHTH S,

95 211 Acinetobacterl B DHEPET A F b —EIZOoNT

1: EBROHM

F M — VAR, Fusarium® OMILEEZ 73 L2 HHI§ 52 12X D,
Fusarium@ 7235 | 2 Z SRR OBrZ HE LA AT hvar bao—VilHwa
CENTELIEMDS DS, FXTHF M2 KERL LTRRETAHEALRIATD
WA E YEPOAZ) - T L, FOF b —E RS S Z & & Fusariumifi DY
M ESROBER HI & L7,

2 . EERNIL
2-1 . FBRIAEH U 7o R OB 2 51t

¥ M F—BHEEFDA ) —= 0 G —KFEFRE LT0.25% ¥ > (D.D.
70%) % 5 LMOKFH (NaHPO4 0.6%, KoHPO4 0.3%, NH4C1 0.05%, NaCl 0.05%,
MgSO,*7H,0 0.025%: Sambrook et al. 1989) % v 7z, REFUL b HI A 2558 135 % i A
A AICEE LEFO® YA, 50 ml OMI-F MY AR HICHE L, 256C TT7 HE
PR HEAE (150 rpm) L72o KW, ORI ml% FEEE 50 ml OMO-F b4 > A5
CAEB, AT 7 H MRS L, 150N Ka8 2 5 AR LMO-F b3 96K E;
HIZ® D L30T CTHHMBEL, B oF M ICX 2BV P0MIhbsZ el
SFoTHLEANU—Zau=—DR ) IZERTAMEZHEEL 7,

2-2 1 % MY — BAEMIA O 55 Bl 2 SR

HgESh7-% MY BB O REANALEMN T EZ, BOLRXVEDI L TITo72,
BUT 72 B8 BRI Bergey's Manual of Systematic Bacteriology (Krieg and Holt ed.
1984) IZfE- 720
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2-3 1 ¥ M — i

A - 2- 20 FEEASHEV, F M2 DOYIKEIC X > THelEd 58O i % Schalelk:
(Imoto and Yagishita 1971) T#llsE L7z, KSEECFIC X A% b4 —E Gl % iXOhtakara
D i A HEV 37 CO UG THT- 72 (Ohtakara 1988),

2-4 . ¥ M —YORKE

ETORREREL 4 CTIr>720 ¥ MY 9% E Acinetobacter sp. CHB101#k%, 500
ml D0.2% VI3 & kKR ETAM BAR HICHE L, 25C T7 HMREL
7zo 500 ml OFFEE EHFICH LT80% fuMIDMEL /i 247\, 4C TMIEL Y /37
a7z, & 237 Bikhk % s 057 8 (1000 x g, 10 47, 4T) (2 X - TRILL
20 ml ®20 mM KEREF b ) 77 AR (pH 4.6) \JIEME L, [aARMHRICH L CENT 5%
TBIE L 720 R, AR %20 mM FERES 1) 7 A8 (pH 4.6) TF#i{L L 7-CM-
Sepharose CL-6B (¢2.1 x 25 cm) \2F ¥ — 2 L, [W#EEW T ok Lz, ¥ 228
120~1 MOKCIOWELW B Z 177220 mM BEMET b 1) 7 ARG (pH 4.5) T L7z,
C DOBEDOWEHEIX30 mI/hT1 430 &7 1) 3ml& L7zo CM-Sepharose CL-6BA #4 > A7 1
Y74 —ICEDF MY F—EiiHE 200V L-E—2E LTHIELE, 220
F b —BiEME & K 4 D, 25 mM BERES b ) 7 AR (pH 5.6) TH#L L7
Sephadex G-1007% 7 A& (2.0 x 51 cm) \=F ¥ — L, [WEEHTY o2 HeBiti L7z,
ZOBEOWHIX14 mI/hT1 47 % 3ml & L7z, Sephadex G- 1004 WV#IZ & > THHH
7oA F M —-EETEE R, REBERE LTS,

25 7 7IIVT I FYNVELRKEIC X A58

Ry 28X, 10% 7 V% /- SDS-PAGE (Leammli 1970) (2 X A5 % 17>
Tro BRIKBBINE IR —TN—Bf0 T B E L oTH 2Oy FRBIL
A3

2:6 . ¥ Ny BHERE
BBy o8Ny Bk, 75 v F7 4 — Fik (Bradford et al. 1976) % [\ 72 protein
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assay kit (Bio-Rad) \= & > TER L7 TOBE, DVIMETNT I Y 2EBE#SY VN7 B
Hwiz,

27 . W@ U bNTTT7 14— XBF M —E¥SMED DI E

¥ M F—BICLAIMKMREWNZER 7O~ b 7T 7 14— X > THH L7 (Sakai et
al. 1991)o BUSHE (50 1) &, 50 mM KERES b ) 7 ARHE# (pH 5.6) ICXEH E LT 054
mol D5 WAKDF b4 Tv—F7213125ug DF Y2 (D.D. 100%) &4, BEE
ELTHFMF—F¥I1, I 2843mU, F/032ug DMLY N7 BUICH YT HH58 LI
ZWIML37TCTT WL S¥72, 100T, 3 OB TREEUG Z4571E L, Aifi-2-7
DHETHEB IO VST 74— %1To72,

2-8 . Acinetobacter sp. CHB101#k® Fusariumi#i \Zxf 3 A¥MHEEH & 7o b 75 A Mt
i
CHB101#KD Fusariumifi (= %53 2 W FLER R 2 K 572012, PDIERK H E THflERS
Wx1T> 720 PDERKEHO Y UL Fusarium solani f. sp. robiniae SUF704¥ % HE L .
SUF704%D Wil =, Acinetobacter sp. CHB101#k & Acinetobacter calcoaceticus
ATCC23055 (type strain) Z i L, 30CT3 HIMRTEL 7,

CHB101#kD KA L h D Fusarium@ 434 70 b 77 A MUIETEZ B 3 57290
(2, AP OFRE 11> 720 PDIERRIHL (1519 cm) THEZE L 72 F. solani f. sp. robiniae
SUF7048k> 5, Kilh ~Bord a0 = — % A28 K3 mITEEH§ 5 P ToA R 1 s
1370 TOGEN &M A 40 ml OCYPCHUAR HEIZHIE L, 25C T -BpKi# L T
SN HAREE REAHAKT2 M, ¥IZ1.2 M MgSO4, 10 mM NaPB (pH 5.6) T 2 ¥k
L2 ml?1.2 M MgSO4, 10 mM NaPB (pH 5.6) IZ8& L7202 mIORABHEBICH LT,
CHB101#E%0.2% Z WV a4 I » & B HUR & 3 5 MOMRRT #h THEAE LI5S h/-hi€ |
WO E (1.5 U/ml) 21 ml Mz, 37CTHE L 1 K Z & I Fusarium® O & %
JERE & A B THIRE L 72,

3. HRERRUER
F MU RENEATATBEMEDORA ) - T
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F MU LEMEOR 7 ) - ZIZBVTHMY-F b R FICKE L
ENNT -2 4T Ha0— %R T HMEP BT HETE 2 ZOBBICOWVTMI
3= AWARR R, MO-F b2 AR T REE L Z-BR oMM S M S v s ¥ b
F— VIR RE L7zo MO-F MY A T S TOMB Mk F b+ —E %24
PEL7Z0 —Ji. MO-Z IV — AWHEEHTH MY F— ¥ 2408 L7-#kiE 1 ¥k (HEEKNo. 5)
DHTHSI(T—=FRET)e TOKERNE, No. SHRITHERMICF MY RRER & 4
ELTWS, W INVIA—RIZEE NI K54 M ESZT evwEEZ LN, 22T
Z D HLEERR No. 5% B4 L LAREDRFZR I HI v 72,

Z DNo. sSHRDIHRIFI LB I % Bergey's Manual of Systematic Bacteriology (2§t -
TAT> 720 & A, Acinetobacter/® 2778 T& /- (Table 4-5)0 OB ETAIIHT-

DB & ILHEL L7z, BIAE, Acinetobacter/&\Z[¥ L Cid 1 FEEIOFE A. calcoaceticus 734
MENTWALLTTH S, Nobbkid, MERLZBIHICOWTIRIZE AL A. calcoaceticus
type strain ATCC23055 &[] U TH o785, F Mo biga A5 &, KME I
KEWE LTHHTELVETR > TV, LEMS, No. SERIZOWTHEDPE 24T
H§ Acinetobacter sp. CHB101 & @&% L7,

Table 4-5. Characteristics of the chitosan assimilating bacterial
isolate

Gram negative, Aerobic, Non-motile

Rod (0.9-1.1 x 1.6-1.8 uym), commonly in pairs

Agar colonies: circular, flat, glossy, nonpigmented, mucoid

Growth temperature: 20-37°C (optimum 30-35°C)

Oxidase test: Negative

Catalase test: Positive

Indole formation: Negative

O-F test: Oxidative

Acid formation from glucose: positive

Starch hydrolyzation: Negative

Carbon source usage: glucose(+), glycerol(+), glucosamine(+),
N-acetyl-glucosamine(+), arabinose(+), ethanol(+), lactate(+),
DL-malate(+), L-alanine(+), L-leucine(+), L-tyrosine(+),
chitosan(+), acetate(-), chitin(-), carboxymethyl-cellulose(-)

Nitrogen souce usage: nitrate(+), ammnomium(+), chitosan(-)
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¥ b — A ELNOBGT

Acinetobacter sp. CHB101#k®D ¥ b ¥+ — YA PEIZ RIZTIKEBRO /LB L, £
I MO- 7V — AWAR ., MO-F b AR TRIE L 726 0. MifaS i S
NADF b4+ —EiHtEx2HlE L7ze CHB101ARIIMOF b 2 AR HIZ B8\ T b Hhl
%R A (HACRERE 280 43), M9- 7 )V 01— AR TORGHE (HHACHRT110 43) ICH#d 5
& R EAME T L7C (Fig. 4-7)0 2 H MR REORE Ll 7-0) O F b+ — Ll
iF. MOZ )V — ZAKEHTO0.2 U/ml, M9-F M VB HT0.1 U/ml 1S3 L7z, BBREWC
EHR & b A BOURI Tk, F MY —EEEAEKV LV (0.01 U/ml BUF) I2&
ETD, EFMIGEL TOOLIEMDSH KL (Fig. 4-7) COFRIE, BOREEICEITS
F M —EOARE, T wA, MBRORMERE IR L TWhuiEtEE /R L Tw
Bo EHMNCILENATEMAS, T4 MINIAAE L TV A ¥ M —EAMINL OB 12
Lo THIBACHE TWAIREMAE X Gz, L LERMOM, AfE #1 x 109}
/ml) A%4 H MR 2B L TORADT A eV & WP EI R o Ml o
WF M —EIEESRIE SN o 1R S, COWEBERGBETE L (F— RS
o

DB T 5 RIEYER . MO-7 L — A kR, MO-F M iR T2 H
5528 L7z W o R4 L 2w Tille L7z, MR Lifid¥ b2 (D.D. 70%) . ¥
P2 (D.D.100%), 7)) A—NFF ML TEMHEEMEE R LA, 7)) a—vF b
P, CMCIZH L TRIISTEE R E R o2 (T— R EF)e M-V 0 — AWAAS: b
TORAE LI POM Y /37 % CM-Sepharose CL-6BH 7 L7270~ b7 57 4 —ThHril
L&A, ¥ b4 2 (D.D.70%) ZHE LTHWZHA, ¥ M2 BIETER 2 Fi
DE—=2 L LTHM L, A 4 VMETHERT A E -2 (E—210) BB7 5V
(LEET0% DF b P ZY) a— v FF IS LT HMMRIEM %R L, Ak i
ING = ZIIM-F b AR T ORI L h OBy D7 BICBWTHBIEI N (
F—=IRET) CO2HEDOF b F—ENEESINLINY—ViZ, FVaHhIv | N
TEFNINVAYI Y, V) eu— Ve fLRFERE L THRMLARBICBW T Bk
KBS IN/ (T RE8%), LP»L, CHBI101#kiZ 7)) a— V¥ F Vst % e+
AZbhhbbd, FVa—-VvxFr, Ul FXF 2 -kFERELTHMETHI L
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Fig. 4-7. Cell growth and extracellular chitosanolytic activity of
Acinetobacter sp. CHB101l. Cells were grown in M9-glucose medium (A)
and in M9-chitosan medium (B) at 30°C with shaking. At appropriate
intervals, cell density was measured by determining the OD610, and
the chitosanolytic activity in a culture fluid was determined by

using chitosan (D. D. 70%) as the substrate. Symbolsi), cell
growth (ODgig nm): [J, chitosanolytic activity.

2FiROF M —EORR

Acinetobacter sp. CHB1O1#RODERET 5 2 RO X b+ — ¥ 2M9- 7V a4 3 ik
Rith TE il £ THRIE L7-RE LA O RR L 72 (Table 4-6, Fig. 4-8)o 7 NVa% I %
KAV N0, RBR LR EBEO P TR L D720 O F b — VistEd e b &
Dol b ThHA (77— 7158 F), CM-Sepharose CL6BH T AU ST 74 —I2&>
T M+ —EEHIE2Oo0E—- 2 E LTHIL, B4 VETHELTAE—IL &
A4 VETHERTAE— 2L 220 Zh, ¥ Y+ —¥I, I &Ll Mx M
T —+HIXCM-Sepharose CL-6BH# F A2 U< T T 7 4 —IZKWT, Sephadex G-1007 7 A
JuU<x b7 574 —2X>T, SDSPAGETH.—/NY FE % b T THRIN (Fig 49)
SDS-PAGETOBENED & RO /-F v+ —E¥ 1, Il O FiiEEh £, 37 kDa, 30
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kDa T# 72, Sephadex G-10041 7L 2UY 757 4 —TOHMLEDPLHEE S NL
intact 72 ¥ b —¥ ¥ VNS HOsFFiIE, SDSPAGETRDIKRE 1RT—BT 5
RO THALI EPLMF M —EPRHEERTHLH I EATRINTZ,

A
40 _
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O - | -
@ 0.15 20 =
O
—1.0
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Fig. 4-8. Purification of chitosanases from Acinetobacter sp.
CHB10l. (A) CM Sephrose CL-6B chromatography. The crude proteins
from culture fluid were applied to the CM Sepharose CL-6B column.
The chitosanolytic activities were eluted in two peaks. The first
and the second eluted peak designated chitosanase I and II,

respectively. (B) Sephadex G-100 chromatography of chitosanase I.
The peak fractions of chitosanase I collected from the CM
Sepharose CL-6B step were applied to Sephadex G-100 column. (C)

Sephadex G-100 chromatography of chitosanase II. The peak
fractions of chitosanase II collected from the CM Sepharose CL-6B
step were applied to Sephadex G-100 column. Symbols: (O, protein
(OD3gp); @, chitosanase activity.
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Fig. 4-9. Analysis of the purified chitosanases I and II
by SDS polyacrylamide gel electrophoresis. The purified
enzyme was electrophoresed. Proteins were stained with
Canmassie brilliant blue. Lane 1, molecular marker; lane
2, chitosanase I; lane 3, chitosanase II.

Table 4-6. Purification of chitosanases I and II from Acinetobacter
sp. CHB101l culture fuild

Volume Total Total Specific Recovery
Step (ml) activity protein activity (%)
(U) (mg) (U/mg)

Culture spernatant 453 101 a —_ 100
0-80% (NH4),S04 27 107 2.06 52 106
Chitosanase I

CM-Sepharose CL-6B 11 24 0.22 109 2

Sephadex G-100 21 17 0.05 334 17
Chitosanase II

CM-Sepharose CL-6B 11 28 0.07 406 28

Sephadex G-100 21 16 0.02 800 16

a Protein contents could not be determined because of a
disturbance caused by unknown constituents in the sample.
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¥ b — U RIREEE O
(i) ¥ b+ —EEHRICKIZTpHE REDHE

FMF—EL LONFELT)a—VFF U2 RKHE LTHVWEE, pH5~9 D
KW TIRIZ - EDEME R Lz, BT EF IVILET70% %% M2 2B IH W5
. ¥ Mrr—¥rendEn€h, 65C, 50C THRADIEME%E/R L7 (Fig. 4-10),
(ii) ¥ M — Y OIREE RN

F M- 1 1 Ofk4 ZILE IS T HRI0HEME% Table 4-7 ISR L2, F MY+ —
Y LI 7 £ F IWALEE 70~90% D F b 10 L THRWIEM 228325, B’7 £ F Vb
100% ¥ b¥ >, a0 FFF, ) a— Vv FF i3 5050 Er-0 —H, F
FFF—ENRT7) - NFF 0 L TROBDIEEEZRL, F M OR7E2FV
ALBEASHE < 72 A 1205 TIHPEAME T LAFICBE 7 £ F WALHEE 90~100% D F b4~ i2xf L
TRIZEAETEHREZRE ol MF P F—EEDLT) I—F b2, CMCICK
TAGREN R E 2 h o7,
(ii)¥F P F—BIC LB ¥ M VEHOMEET

FhHF—E I, 1, BSOS SEEF b 28 (D. D. 70%) DREEZ KT &
£72 (Fig. 4-11) BICHERLETROLE LWIEHROBEEZH VS, HERKTOE
AWk, ¥bHF—¥1, I TERRFRLTHo7,
(iv) BUSE B D55 Ht

FMF—F¥1L, DI LT/ VvayIr5kEzid, ¥ 42 (D.D. 100%) % 2E
EL-REEBSOEEMEEE s~ 7974 —THRIN Lz, SRV #E7o~x
T 74 —DFHTIE, BRELPLSEAEITOF M 4 T2 #TiETH-
720 F MY F—E1, IKIC5REDF M 4) T — %2 IEITHWIZ5E. 5RIC
EoTHELS 4 RAEUTOA) Tv—2RINTE 2D -7 (Fig. 4-12 lane 3 and 4)o 6k
2y 2 0AD 5 4 AR ZIEECH WA b EM IR T E Lo 72 (F— YR E ),
—H. FMFUEEHICHCIEEEI AL TR S BEAEUTOX o4 T
V= DHBIRED S H > 77 (Fig. 4-12 lane 1 and 2)o — i, SR LEST W OMBEE %
Hv-8aid, 28 LTHWAF MY (D.D.100%) . ¥ M4 ) I — (5 6fK)
ORI EBIZ, 28k, 3EREDF MY A4 T —IZETHME N/ (Fig. 4-12 lane 5
and 6),
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Fig. 4-10. Effects of pH (A) and temperature(B) on
activity of chitosanases I, II. (A) Buffers:O, 50 mM
sodium acetate buffer (chitosanase I);@,50 mM sodium
acetate buffer (chitosanase II);[], 50 mM potassium
phosphate buffer (chitosanase I);[ll, 50 mM potassium
phosphate buffer (chitosanase I1I);<{>, 50 mM Tris-Cl
buffer (chitosanase I); ¢, 50 mM Tris-Cl buffer
(chitosanase II); A, 50 mM glycine-NaOH buffer. (B) The
reaction was done using 50 mM sodium potassium phosphate

buffer (pH 5.6). Symbols: (), chitosanase I; @,
chitosanase II.
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Fig. 4-11. Reduction in viscosity of chitosan solution
by chitosanase I and II. Reductions in viscosity were
determined with an Ostwald viscometer. Specific
viscosity was defined as follows: [(flow time of
reaction mixture)/(flow time of distilled water)-1].
Different amounts of enzymes were used. Symbols:), 4
mU of chitosanase I;[], 16 mU of chitosanase 1;@, 4
mU of chitosanase II; [}, 16 mU of chitosanase II.
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Table 4-7. Substrate specificities of chitosanases I and II

Relative activity (%)b

Substratea
Chitosanase I Chitosanase II
Chitosan (70% deacetylated) 86 45
Chitosan (80% deacetylated) 100 35
Chitosan (90% deacetylated) 85 17
Chitosan (100% deacetylated) 20 10
Glycol chitin 22 100
Colloidal chitin 15 30
Glycol chitosan 7 2
Carboxymethyl cellulose 2 2

a Each reaction mixture contained substrate at a concentration of
0.25%.
b The amount of reducing sugar leberated after a 15-min reaction

relative to the largest amount for each chitosanase (280 and 290
nmol for chitosanases I and II, respectively).

glucosamine =

chitobiose =

chitotriose -
chitotetraose =

chitopentaose =

1 2 345 6

Fig.4-12. Analysis of enzymatic hydrolysates by thin-layer
chromatography. The substrates used were chitosan (lanes 1,
2 and 6) and chitopentaose (lanes 3 trough 5). The enzymes
used were purified chitosanase I (lanes 1 and 3), purifed
chitosanase II (lanes 2 and 4), and crude proteins (lane 5
and 6). Lane S contained a mixture of chitooligomers ranging
from glucosamine to chitopentaose.
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M RIHMEDO LEPCDR 2 ) == THh G, M- Z NV a— AR TH b
F—YEAEPETAMBHHEE S, Acinetobacter/BRIE L M E X7y, ¥ M+ —¥ 44
PEY % Acinetobacter/B A (X I HE S 1 BIA > Acinetobacter sp. CHB101 & %4
L7zZoMEIX, ZIva—A, ¥ MY (D.D.70%). ZV+tu—)b, F)Va%3Ir, N
TEFNTNVIY IV ZRFERETHMI FEHICBWTHF M+ — B2 WAE LT,
CHB101#kiZF bH 2> (D.D. 70%) Z W kFEW & L THEMI B TR MM L2, 2o
TERS, BiibOF bV IEER IS T ORISR S IR ORI HI S b &
Exbhlze L LA BOURIEIC ISR F b4 — Btk < . Kragdse miic
Eo T LRI AKRPGONT, ZOKKIE, CHBIOVKRA K - O ¥ b % kK
RE UTRAN RIS 20 BOUROU RS2 R ICF P —ERIBEA LWL
WZEERLTEY, HEMMBICEITAF M2 ORI EOICITODRTWAD
DIBRAFF oD TORUICB LT, WBOMMIIC B W TARE S AP EDF b
+—EA, MIEOWAM % L2 52T Th A HerE, $IHH O oh e ko ¥ b
F— IR E TRE T E RWho F b 2 MBS BIAUINIZ B W THAEL * b
FDOMRICIZ5VTWAIRERL X b b,

Fusarium@ OMIEREIZIZF P PG ENRTHWAZ EDL, M2/ TEAF M
YO AS, Fusarium@ ORMHEEH 2 F-oZ LW S b, £ T, Acinetobacter
sp. CHB101 ¥k Fusarium@ (23t § A IR BLEME ] 2 $5 2o 00 &) 2% . PDIERK | Thf
IRFRE #3595 TR L 72 (Fig. 4-13)o Acinetobacter sp. CHB101¥®D JE B Tid F. solani
SUF704RDRABMETE o7z —Ji, 37 bu— )b & LTHIRE L7 Acinetobacter
calcoaceticus ATCC23055kD JE [ TIXSUF704 kD R A DM RIIMAE S Wb o 7z, 3
¥ PO — VIZHVWZATCC230558kE ¥ P+ — ¥ &AL 2WI EH 6, CHBI0O1KD
¥ b F— A FusariumB OMMLEE I AEH 34 Z & TRORMHE 25| 2 & Z 30 GEMED
EzbNlz, 2T, CHB101#ORE A Fusarium ORMIRE (DB LL 25| SR
THhEIPIZOWT, Fusarium@D 7 DT T A MM ZREE LTBE L, ZOK
K. S5 2 B IZF. solani SUF704 DB A OMaBES rE S 70 b7 T A
MELTWAZ EABIEE XN (Fig. 4-14) COFERN 5, CHB101# A LR IZHAL
Fusariumi@ OX5E % 8§ 5 Z & T, Fusarium¥B\Z 3§55 A0 T A va >y pa—)hil
IS T & B REMEA R S 720
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Fig. 4-13. Growth inhibition of Fusarium solani by
Acinetobacter sp. CHB10l. F. solani f. sp. robiniae SUF704,
Acinetobacter sp. CHB10l, and A. calcoaceticus ATCC23055
(type strain) were inoculated on PDA plate and incubated for
3 days at 30°C. A, Acinetobacter sp. CHB10l; B, F. solani
SUF704; C, A. calcoaceticus ATCC23055.

Fig. 4-14. Protoplast-forming activity aqainst mycelia of Fusarium
solani. (A) Germlings of F. solani (young mycelial cells originated
from conidia). (B)Protoplasts formed from mycelia after incubation
for 2 h at 37°%C in a 1.2 M MgSO4, 10 mM NaPB (pH 5.6) containing

chitosanases of (NH4) 2S04 precipitation fraction (1.5U/ml). Interna.
bars, 50 pum.
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Acinetobacter sp. CHB101HRDE: & LIl O R S - 2B OF M —¥ 1L 11 1E.
ERPIZHF MY U EROREL IR T S50 0, ALY FRIICHMELTWEEE X
bz MRBREMVINEOF b O RERWEL % b5 AL EOF b
AN T—TLlE-TBY), TNOEHFZOFFTHRICHY AT S EIZEZIZ W,
HREEX WG EICE, F MY, ZVvay 3 s ke 80 E L0yt 2 &
K, 3REDF M A4) Tv—THo7-ZeHh o, FMF—FL, IPANICF P
BT AEIOBENFIAELTVAIEFWELENICEN, COBE3IOREKIE, ¥ M
Y Wl O E CTRIBTE b o 22 D0, BOTOF b on LTHER
Y, B FOF) I — I L THMERERTEEXONS, F M —F L T
SoTHERINEF M) Ty —%, TON3OBEFEN2 K, 3 8K E THR
L. ZDOHRCHBIOIKRICH D AT B S hHEEZX S5 A, CHBI0O1HRDF b2 4
i, RBBEAP O 0I5 LT, COMEORMIRETH S,

FrHF—¥1, IOREFREZ, F I ORT7EFIVEDESVDHETREST
Wiz BNCHE S TWw A F MY MR 0% &, ROTEHOB 7 +F VLED
M a@T A1 BEOX M —EER AL CHBI01KKRIZ 2FEBIOR LS5 4
TOF b —EEEETHIEICED, 0~100% TTOBRT F MUEDF b2,
FFLeMMTILIEHPHEES NS, Kb EHFPOF Y+ —E 1, 1T DIEHEDEH W
ELTRIINT A2 EHD, Tho OBEREDAA AR 7R3 T ORREE R | KA L T
B REVEARME S Tze TCA RNTEWRI THAE L T ok b — B A5 R O RIS T PR
uvtey s rran, nRESNAHEELBRNTLAIZ LR TELWE, F P —¥
DAFEDPRIEA 7 — VG L TEE LAV THB SR Tw L SRS 5, ¥ M-
YA, BROFHBE MM TALDIC, FMF—¥ 1, 1 OBREfFE70—-="
I ¥R HROBETH S,
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Aot

Fusarium@ 35 2 MY 2 B0 5 TEEEMHINO EELMREETH Y . £ O
RGO I3k A 27 70— FPLETH L EEbh b, RIKEOREEAENL 7)
AvELT, KT T A I FDNAEASRNAD B K AL TW D, FFIC, MW EYERIKE
@ Cryphonectria parasitica Tid, dsRNAFAAARSLL 7)) T 2256 F W OfE ERIP I
LIEME KT S HPFO N TWAE, ZOMIHRIKEOGMANL 7)) a1, HiK
KTOHMERAEEBERNR Y & —~OIHPHfFTcE 52 &, M, X3 tRFFRmMIC
fAAEL TV BB S Y | W2 AR DSOS T E 5 2 LI2B VT b BKRHFF
Foi b, HBEWFFRD M TSN L 7)) a0 0 OF$ 5 BUE 08 R ok L THEpRAS
-t b, £ZC, KEGRAFFusarium@ 5 6 DOFABAARNL TN A DA ) —=0 T %
12720

Fusarium® OMBERERN & LTHF MU 3GEN TS, 2 F7D F. solani f. sp.
phaseoli DR AIZB VT, FHOMMEEN L X b4 Tx—0SEh, Thh774
b7 L¥ 7 (pisatin) EFED ) ¥ —1Z b lHEEINTWAZ ED L, Fusariumi#
HEDA T 5F b —CRMWEEOBRIM L roxHERI-TEZEZ LN,

/o, RIS xF M —EHEREAT AMEWIE, Fusarium@ OMBREZ 54 Z &
ICEDAEREMPHITE L0 REMAH S Z LD 5, FusariumiOPFBRICE L TNAM 40T %
Vay ba— WG TEAREELSE Z b, L EOBLSEH» G, KEARAFED Fusarium
W, RORBE FHRL0 LErO X MV o EE A2 =T L, F b F—E
DFREITV, TOERFHERICH L TEE L

#1EICBWT, 60 KD Fusariam@®H 6, RPNV TNV I 2DRA 5 ) —=0 T %
{To kiR, =74 ¥ 7 HARIEF. solani {. sp. robiniae SUF704#k7% 2 FiB{DdsRNA
M1 (1.9 kb)EM2 (1.7kb) 2 RFFL TV 5 Z & Kt L7zo [/ bB Ok Tld Hetitk
WL 7)o g S d o7z, F. solani SUF704%% HdsRNA M1, M2% %'/ A ICH
FTAHAIAATANVADOKERE XA CTOFER, EE30 mmO Ly Yz a—T%Fkwn
ERIKD™ A WA, FusoVAF5H 172, FusoVidd4 kDa?D 1 EOX ¥ 7> F¥ U NI HT
BRI TBY, ¥ 7Y F¥ N2 HONKmIEH %51 Tz, FusoVas 2 D
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SHIL7ZzdsRNA% Y/ LA TAHAZE, 1 BEOX Y T FY ORI BTSN ALY
FrO—TEFFLBVRKDTA VAN FTHAZ LiZ, BEITHRESLTWS BN
A IWADFRIC B L 7o FusoVIid#H85% DN FIEEX NS5, KBS L - TIE
LNh A F~OIREIBE SN 2D 572, F. solani SUF704%kE | Wil 1/ 8D T
5 5N zFusoVD/RK#& L 7-SUF704-free bR DA ME [ (b R R FHZ bk & Tl ToT - 721 % il
EFEBROKR. FusoVIZRAMEIC L o THORMRAMEENTHETH A Z EARENT,
Hi a1 MEDOHE KA% & NL/2SUF704-freebk £ SUF7044KICBW T, RHEE, Ju=——jF
B, RAERENESR ISR b % | FusoVIZZ S D~ A I 4 )V A kARt ER OIS
RELEBERIZERWEEZ LN,

W2 RIZHBV T, FusoVODAsRNAY / AM1, M2A6cDNAZGH L, 441645, 1445
ntDIEIERY) 2 RE L7zo M1, M2E HIZIZ2RICD-5 1 DDOORFAKIE &/, M1OD
ORFIZ5197 3 / M5 2 A HE5ES f-it 59,707 Da®d ¥ 32 & a— FLTEY, HE
7 3 7 MEECH ) H 121 positive strand RNA™ £ )V A £ dsRNA™ £ )V A CTEIEE X L ARNAK
FFYERNAKRY 2 5 —EDORAFBHN DWW Z E sz, T 72, in vitro relication BN 6 |
FusoVRLF ICRNAKAFMERNAKR 1) 2 7 — BN dD 5 Z ARSIz, — )i, M2DORF
34137 I /DO AHEES 7 44185 Da DY Y N7 Hea—FLTEY, #ET 3
JRECHIPICHRF Y T FY NP LRELLT I/ BEVIFFFAEL 7o BLEDD
FusoVIZRNAKAEVERNAKR ) A G —B XX TV F I NP B D2 DOBIEF DA% FF-o
TWAI EWIREINTZ, 221278 L72dsRNAY A 27 4 )V ADKEIERH| & L TIRAMHT
HOLDPIZENTbDTH A, RNAKFMERNAKR Y 25— EORLERLYIE positive strand
RNA A WA EdsRNAT A WA THE—~AF SN TV ARSI TH Y . Z ORAFELH| OB
X7 ANAGROEELRFEREL 2> Twvb, BERIORNAKIFMERNAKR Y 2 T —F DR
EFusoVDRELH % ol L 7-4k e, 7 A4 WV A O FEPPEA % X L T ZzFusoV & G e
PartitiviridaeFkD < A4 27 4 )V R EHY) cryptoirus & DRIZT I/ BEALHI L~V THWE
WA &z, 72, WEL 5 ICHIP R 2R & OM TR 2 L OV THESEM L
TWhEEZLNLZ END, PartitiviridaeFk~ A4 277 4 W A &KW cryptovirus HSH%
I AAAE L7kl ET A WA L L - AE L oz, U EDD
FusoVIZAH cryptovirus & $EIZ PartitiviridaeFHZ 3T A DN WY THhHEEZ LN
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o

9 3 BB\ T, in vitro replication EERD 5, FRFusoVH T ICRNAMKAFPERNAKR Y
A 7 — PRI E 17z FusoVALF I in vitro SRIZBWT, dsRNAZEHRIE LT
positive strand DssRNA % 1§ 5 5 B & TGVE (transcriptase) & positive strand RNA %
L L, negative strand & 513 5 BIREEKIGYE (replicase) 2B S 7z, BEREHIIZE
D7z in vitro replication PEPIAHE 5 D IS VTG L7cAT R, FusoV Tl I
positive strand RNA 2% S 4L, KW CdsRNANOB BN TbI B85 — 3R o h iz
o, BRAFBIR (conservative replication) |2 X - TAsRNAY / AR I TWwWAZ &
WRENTZo in vitro DFHTIEFusoVOIEGHEY & LT positive strand RNA 3G E 7z
A%, in vivo TOFusoVIEGREWIZOWVT, strand FERY 70— 7% Fv T, ssRNA% TR
WHIRRIN T BB R D ) —F N T T A ¥ =2 a VLK BN ik ATz, O
. in vivo T negative strand RNA &G L TWAFAIREI Ny T2 DNAT) 54
Y 3 HEIZ L o TssRNAZ FFOFusoVAL AT A R L 7-45 . positive strand
RNA. negative strand RNA % Z 1 ZFNA T HFusoVH 03 S 7z, fa Eiiah To
negative strand @D &HHRER. negative strand RNA Z 455 7 A )V AR DAL, dsRNA
TAWA-RICHONABRTIE R L, FusoVICHFBITTH L EEZ LI,

B ATEIIBWTC, 162 KD Fusarium@ 5 6 F M MR e 2 FFobkE A7) — =0 7
L7cA R, 22 KkTF MU IC LA no—DROoN, ZROKERNTU—-%2K L/
A 27 YU F. solani . sp. phaseoli SUF3864k2> & ¥ b4 —EORRE A A7,
SUF386#KIAN-7 £ F W7 W a4 I U & ikFEFRICHWGE 1Tk S S ¥ M — it
DWARE P TWAERE L7z )i, F M F—EDRETHD ¥ Mo % RERICHW
ToWARRE R ICBWT, SUF3S6HRIITERICAERPHEINF P — ¥4 EIR LR
Mo 72, F. solani SUF386HKDREHE LI o 1 EIOF brF—E¥h b Fuxs 73 4
MAZAL70% S5 74—, CM-Sepharose CL-6B# S AL 710~ 5574 —, Sephadex
G100A T AL7Ux T 74 —ICEoTHRLZ, A% M —ED5F&IE SDS-
PAGE 2536 kDa TH A Z ENRENiz, TOF M+ —X¥R3 B 7 T IWVLET70% &
100% DX b, ZYVa—x by, ROEF IRV =R (Va5 84K %
ARG, FPEA—R (IVaHI 028K, ¥P M)A —X (3K, F b

112



ThIA—R (48K), 7)Ia—VFxF >, CMCRIBLedh o720 /2, KF b F—
Fid, F MV BHOMELERLPICETSELZ DL, TV FRICEHLTWA L #
bz,

—J, TELLF P URCEMEE R 7 ) — = S L IRER, BHICE MU
LS TOF MY —ERAETIRECHEL, COXF M BN E%
Acinetobacter sp. CHB101#k & 5% L 72 CHB101KKDKE & L b x b4 — ik
X, BRI TIMEC EFE IS A> T LA L7z, CHB101#DE 2 Eifh o F b
J—¥ % CM-Sepharose CL-6B# 7 A2 0= b5 7 4 —, Sephadex G-100%4 7 A 2 1= b
7574 = ICEoTHRLAER, 2HEOF MY+ —E (L ) BPHFLELTWA I LA
mRENT, F M F—F¥ 1135 FRE37kDaTHY, B7EF VLET70~90% O F hH >~
AR L., ¥ M —FE I35 F#30 kDaTh Y, K7 FIWALE70% O F b
Y, A0 FxFr, FIZZ)a—VvxF I3 A0l E» o7 F b F—F 1,
Mk, ¥ MU BROKEZERLPIETESRLIENS, TV FRUEHLTWAD E#
Aol F M F—¥ 1 I ORSEEWES B EOFX b4 Tv—Tho7:
A, HIBEE TORMRED X 2 ik, 3RMAEDF P24 ) Tv—Thols TOTELDL
CHB101#IE ¥ bHF+—¥ 1, NLUAMIEI DX M EBER L W LTV AT EDUR
S/, CHB101#RIC I FusariumB (a2 HEERIA S 1) . B3 Li5IC1E F. solani
SUF704kOMIKaREZ 53 L 70 b 75 A MET AIEMEDH L Z L5, Akt T
AT A Z & TFRusariumdi DBk B E LA Audhvay ba— VIZSHTE A0
REPEDE 2 b7z,
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AR T, BRI ) . D OoRRCOMBI & & 3 LEMA R ERE T
SR Z R YT 0 R 2 W B RE L  U U R E 0 FRE CHEBAE . TSGR B B
CRERAMEERLE T, o, WABIE ¥ LM LRI
L afR A MR GE o U MR AR R M DR S A BU% . /D SAREBE% . BI I — B
ICERMVLE T,

AW EAT) Iz B HEIC X A FusoVOMNTIC T w7z 72nw iz, FHRE
HRAE RO AE R AR AR A e, TP REREB B IZ 72V LT, Fusariumi O %EKL
B LA TBY S 2 THE & LGN EsAe " A e R o Pl e 1o, /oM
Picryptovirus RYEV X UCTeVDAsRNAY / A DR AL L TW 5wz, F#E K
B, EBKREER LicZow LT <l e L EiFE 3, Mz sichizh, Ml
N2z, ISR, WK, I K, REUEMK, FHER, KEFEHK,
H TSI e a0 A5 PR WM 7 S0 1 A WO RL 2R U A 1 ol 0 B IS R Il 7
L,
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