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Occurrence of Viral Nervous Necrosis in
Hatchery-Reared Barfin Flounder

Ken-ichi WatanaBg?, Mamoru YosaiMizu?, Masahiro IsmimMa?
Kenji KawamaTa® and Yoshio Ezura®

Abstract

Mass mortalities occurred in hatchery-reared barfin flounder Verasper mosert juveniles.
Diseased fish showed abnormal swimming with hemorrhaging of eyes and brain. Brain
tissue was stained by flourescent antibody technique using an anti-SJINNV (striped jack
Pseudocaranz dentex nervous necrosis virus) rabbit serum. Vacuolations were recognized in
nervous tissues and viral particles ranging from 27 to 28 nm in size were observed by electron
microscopy. Presence of the nodavirus was also detected by PCR. Detection rates of
nervous necrosis virus gene from egg fluids were increased with repeating egg collection
during spawning period.
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<Y 47 Verasper mosers i3, L FHEDH VA B TZOREOHS LTHHEORE» 5, AF
DO VBECHREIONSEE LTHEIN TV S, XAEOEHAERMCOWTIX () B
AEIERENSEBEEE (UTYH) 2, ZOBRYE» o EMEARICEFL, 1986 F2gD
THADEECEIN Uz, 0%, FELXEERIIEML 24, 1990 FiH» > REEK RS IV
MOHM% e T 2RAOHESEEIBED T, IhsOFAL > BROBEERIIBE S
BinotzhS, ¥R A% Onchorhyncus tshawytscha JEHSED CHSE-214 fifd i §IRE A 51
B e, TANABERBREDILTW, UL, ERYA VADDEBERCREES R
72

1993 12 WiFB L CEE OB T, BiE BRcHEERB O <Y & THA KBIEI R
Sl FWALS S D kL, —HIEKE 3 I RIRAN S KEC 0 TRBIEIEL Tz, K
6 X CIRORFK, BolEz CnBgEsnl,

7 4V A PEFEREESESE (viral nervous necrosis: VNN) 1%, A &% 41 Oplegnathus fasciatus {7
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FMOFLERBSED TEWER E LTRSS h (Yoshikoshi and Inoue, 1990), HHETIX %
D, * Y% Epinephelus akaara (Mori et al., 1991), 3 <7 ¥ Pseudocaranz dentex (HTTS,
1994), & 5 * Paralichthys olivaceus (Nguyen et al., 1994), 7 :x. Epinephelus moara (H13£ 5, 1994),
N Z 7 2 Takifugu rubripes (Fhft S, 1994), </\% Epinephelus septemfasciatus (Fukuda et al.,
1996), = F Platycephalus indicus (5K 5, 1997) 8 & A X % Lateolabrax japonicus (885, 1996)
RETHEINTVS, 7z, HANICR IO 2EA 2B TRESEIILTVS (EE S,
1998),

EESX, ¥VAHTOFKAB L VEAIOLTY A VARE LREABFIRE T, K
5% VNN L2 L, BRE: LTRABREDLNS I L EHO LI LD THRET 5,

wEEHE
HERORERR

W) 1986 FEEEH & 1992 EEOBEREE L b 17, BEORMEROFBERI DV THRE
BiTolze E17, 1993 124380 & EH LKA 3 B LS CHhAER P ICRESFE L/ biE
BEEXFOFES L CEEXFOBRTOERRI &, YE CARRGRE L FEROKRHE
REOEBRKHEREL 12,

BROFER

1993 FFiIC 538 55 & VLB H 5=V H VA SRS FEB X UHCHEBERT OBER
OFTENEE 21T, X 5 IHRADNEB X VI LEROBE 2T 7.

RIS IRE

VRS, SE DT, NEXHEEEb R 7 VRET2 HEEEL 2. BEER, HAD
S L UMEBHELT, BHRicLiznoTES T~8um OYIN 2EHL, ~~rFv V¥ xF
VUREERL T, EEMECLVBEELL, FRL—MOUR 2V THRAT 7 4 >
7T\, PBS T 1:100 iz L 724 STNNV (striped jack nervous necrosis virus) =7 4 ¥ [IiF &
37°C ¢ 2 BFREIRIE & ® 72, K PBS T 3 E#E# L, 1:100 AR L 7 BOGEBI Y ¥ ¥ IgG ¥ ¥
My (Dako) & 37°C T 2BEHRIGX ¥, MAEME LAV THER{To> %, 7, WARKEL
SED BT, ELICEREFBELT2% NS 74 NVAT VT ERREY VI VT VT E
FESHT 40, 4 BEOFBE 2T, a3V v — MEFMKT2EZKERL, 049 AR 3y
LT LC, 2MEE L, 0P aY L — MEEK T3 EBEL, BAER TR HIEC
AL, BEIEEERIL T, BRI 3% B Y T - 7 T VERSAT 2 EREEHEL, &
BEEFEMSE (Hiz, H-7000) 2T 1BkV THEL -,

PCR %2 & 371 W AREFOHRH

RAOIRR, K, B, B, B, R OES X USHEREEL, SRR E L,
B EERE E LT VNN LRI v~ 7 PFAER V. Bk 50 ul OB BE®
(0.5 mg/1 Proteinase K, 0.5%, Tween 20) &BMIL b3 SHHEIL, 200 ul ORERZHRML 2RI
37°C T 1 BERSIALEE U7z RIS, FHHE E S8 Tris-EDTA ¢f@fiL 727 =/ —n (pHT.8) %M
Z T U7-#, 12,000 rpm T 15 SRIE LSBT - T2 BOSHR, ABEZERL T, EEO
Jx/—nezouakih (1:1V/V) 20z CTHEEL -, 12,000 rpm T 15 S EEOTHE®
Foizo BLTHEER, REORERTo T, BEIXL KBS 90°C T54/MmeLEL, RT-PCR
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BOT7T 7y — & UTHE L 7z, RT-PCR %X Nishizawa et al. (1994) OHFFEC L0 - T,
Gene Amp RNA PCR Kit (Perkin Elmer Cetus) % v >C T4 S 2B L /2, T%bb RT Kt
26U MLV H 5 8ER, LOUDRNase { > b ¥ —, WpMD FTH 7 7 4 =— (-
CGAGTCAACACGGGTGAAGA-3) B L U 1mM @ ANTPs # S L EHEKRICF > A1 —F 1
ul ZERML, ¥—<nA44 25— (PERKIN ELMER 480, ASTEC PC-700 % 7- 13 TAKARA PJ
480) % T 23°C-20 43, 42°C-30 43, 99°C-10 43 iLEE 21T - 72, PCR KJiid, RT RIGHKIC 4
&80 10pM O LH 7T 4 v — (5-TCGCTGTGTACTGACTGTGC-3') & 2.5U o Tag DNA #
VA5 —¥iEt PCREFWKRZIMZ, Y—~<A¥4 275 —T720-104, 95°C-2 5B 7214,
95°C-40 ¥, 55°C-40 ¥, 72°C-40 WDBES 4 7 L % 25 ¥4 7 V{T- T, Bkic 72°C T b RN
BT, Boni: PCREMI, 2% 72— A5V TCEREKE L4, 05 ug/ml DL F o A7
u<4 F%&t TAE vy 7 7 — (40 mM Tris-Ee#%, 1 mM EDTA) 12335 LT 20 St L, H
BET 500 FREZRLR,

BFHE

1993 4£ 9 A 21 B4 5 30 Hiz, JLEBENOSH, A, BN, LBRCBT 2~V A7 OHME
BB THEFOMAIC DV T, PCREZHAWVT VNN 74 LV ARERAOFAEEIT-> 2,

1994 Fi2i3 3 A 28H» 5 5 A2 Hiz, B TERPOMRA 23 B0 5B B{T-o BB S
N-REREE XY, 3SEUHEBLIU6 A3 RICHEREAG SERLU-BEERE L LT, LED
PCR¥®ICE D T ANVAEEREETE L, 27, EIFFIHAO 3 F 29, 30,31 HizE o7 PCR
Ettom: SBOREE2HTAIRE 2T, BonksbFazRueEEEERRCBY
BUANAREREEZFTEL-, 251, YENUET 2ERRIERICAERT 2888 L UY
BOEmRL, BEseY 7 2NRIC VNN 74 VW A EEREOBE 21T -7,

1995 Fi it is & UK biFA AW EHEERRBIE BT 2 74 LV ARBRE 2 #/E
L7z,

& R
ERORERR

BEOBERRORERE %, UBOBEERERP L LICTHE L2, 1986 E£E» S 1989 FEE £ T
DEEFEFIE, NEREEZ SN KEFECHRADETR I L o0z, 191 EEOHEEREE
T, 191 £ 7 A LA SBR L -3 E/NEE X 2 hEERS I, NE S HEE» 5 KB
BREL, 8 Hiha 2 CTEREN 10% KiFL 2D, ThsORTCARERORFSEHES L
EHEIN TV, 2D &S KBEIZE LA THRAET SN T BT HIZIZFRFRCHER
N, BH/NEETOFEE TR, INEBEZIZ 5°C OKEBETH, BLEAETH 6:C DAEBIETHE
ZolBRAKBELSREE L HESh TV, £, FlHES P TIRE WL, 1990 FEOH
FEREF Wb, 1990 FO¥F L/NEIRC L 3 PEERFICEROEROFET ALBERE I N L
ENTWT2,1992 FFE O BEEREEICIT, 1992 FOEE £ AR TOEREH 0~31%, & 1991 F
D 0% 2AE  FE- 7288, 1991 £ L FERIcThh i H/NE & 2 RRIER Tt 999% B
LOBCEETHENWRETH D, B LB 2 KBOEHIZEPH ThHo L EWEXI LTV,

1993 £ AERBRE L LBOUB TCORBTHERE S Table 1 2R L .57 AMO@ABTIC L V¥
4K 41 mm O 110 mm F TRE U255, EBREKIZ38Y LB L LB o BTEDREIIF
BWERE0mm -7 8 ARNS TH o, FELEIF 1 HY2 D BT 1% L HERHEL 72 b
o0, FAEHEEZEL TRESREWL, 28, FAEKBRIEABTHBRED 15°C » SR THRICIE 4°C
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Table 1. Survival rate of barfin flounder juveniles affected with VNN at Akkeshi Station of

JASFA.
Start of rearing Close of rearing
No. of  Average total No. of  Average total  Survival
Date 'uve.n(i)les length Date survived length rate
] (mm) juveniles (mm) (%)
Jul. 26, 1993 3,874 41 Dec. 7, 1993 1,482 110 38.3
EFTETLR

FEODEERBC BT 3HEHE K> v VI VEEORBEECHS L AiRO#RE * Fig.
1Rl AEEE®Z19HE (HEB 8 HE) »5 21 BEZH» T T, ki3 135°C » 5 9.5°C
NEBBRETHRE -7 28HEED 35 HE» SFHTEHROBMMBIEZ - 72, 80 HEOHE HAM
O BRFCTRIZ 24% E LT, £, FROTEBERGCB T 3 FHEHHO RBTFETRIT 28% T
HoTze
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Fig. 1. Cumulative number of dead barfin flounder juvenile reared at Date farm in 1993.

HBRDIER

BIRL T\ LE& 2z sz, BEIZT 2 b 00K 3 I ERENE KA A TREE
AT TEMBEEINT, £, BT LhA RS BEERERIEGLED Sz, 4
BEZE T, OUEE L UERORFRSEE (Fig. 2) ¢, RERORTMPEEBFD Shiz, &5
2, BRO—MELRLTARBE-BHELO>0b2EELRD >N, BIHFRR TR, S8
HNERE T LM HIIHBRD s hafEk b BEI L,
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Fig. 2. Photographs showing affected barfin flounder juvenile by VNN,
: ocular side,
: blind side,
: hemorrage.

1w

IR E

A DOIRFRAMR OB T, FETHABRO—B, WERE, WHRIRE S & Ok EimiaE
IR DT RREEIC L B S B s, 7 OERIPNICHIFEASHET L < 8945 L Tuv B0 EE
anz (Fig 3), WHHBIC DWW T IRER L AR IC MO EIc & 2 £ 5 2 o h 2 LB EE
SNz, IRADOIRROMEMOREADEPT AR X 2B T, AT OZ a6 s B E e e
Stz (Fig 4), BFIRRERIC & 2 BRE T, MR OME I ER 27~28 nm D x>~ o —
TaRF R WERIEO Y A v AR TSR s h T (Fig 5),

PCREIZE BT IILARE

~ VA ViRAORKS X ORGEBOEIEY > 5 PCREICL D VNN &7 A ) 2EETF 25
ML, 77 v — AEKYkENE T POR EYIOMH 21T - 725558, BHHRE Licy~7 VFfaH» S
BonEEEY ERUY A4 XDB L% 426 bp O PCR EW & 1177,

RO 2512 B 2 HBERFO VNN 7 4 0 R F ORI % Table 2 103 Uz, FREMAS L
UHHBIIEE A2 BE Loy, 74 W AEET ORIz 80~100% TEiXA 5T, fFEH
BBl THREABL UMNETEREA» S YA VASKR S, SERTHO~ Y 7I3EAT
2R 150 mm IE L, MR EIXIER L Bbhizds, Z2OM» 574 VABEFSRE SN, 272,
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Fig. 3. Light micrograph showing vacuolation in the retina of affected barfin flounder juvenile
by VNN.
« : vacuolation,
Bar : 100 gm.

Fig. 4. Specific fluorescense in the affected nerve cells in retina by FAT.
Bar: 100 ygm.

HMOTREERE TRETOHAIC BT 5 VNN 7 4 )L A BEFOBLIAI % Table 3 iI2R L 720/
BOHERE S NIRCB T 2HER 60%, FZE T 15% THolz, HAITER SN, 24l
M, BB, MBI VLEOHALSIE, VA LAEEFIRHE S L5,

LIEB L UHROFTHEBRMSRDO~ Y 7 ViRAOZHE» S, PCREIC LD VNN 7 4 v 2 #Efn
FRMIE L 2GR, MELER SN ORERS L VKO ATH -7 (Tabled),

HEANDDOTA I AR

YR TEFFOMERADOINEYERE NS> PCREEIC LY VNN 74 L ABEFEEELER,
4 WABEEFOHH S W88, BIEEDETIC Lz > THEmL: (Fig 6).

LIS CHEBFOBEHAOEKL» 5 PCRECLD VNN A LV AEET 2B LI EE%
Table 5 1275 L 72, MEDBETIFIHIIC 72 2 3 FICIE, 74 VABETF IR S 0 2 BEEITEL
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5 [z =]
Fig. 5. Electron micrograph showing numerous viral particles in the cytoplasm of a retina cell.
V  : viral particles,
Bar : 200 nm.

Table 2. Detection rate of VNNV gene from barfin flounder juveniles reared at Akkeshi Station

of JASFA.
Total length  No. of positive sample Detection rate
Date Sample  Checked OTBD  Mean : mm) /No. of examined sample (%)
28, Sep. 1993 Diseased fish Eyes & Brain Not measured 2/2 100
26, Oct. 1993 Normal fish Eyes & Brain 109 4/5 80
2, Nov. 1993 Diseased fish Eyes & Brain Not measured 7/8 87.5
16, Dec. 1993 Normal fish  Brain 110 12/12 100

Table 3. Detection rate of VNNV gene from barfin flounder juveniles reared at intermadiate
rearing sites.

Rearing site Sampling Examined Total length  No. of positive sample Detection rate
date date (mm) /No. of examined sample (%)
Mori 26, Aug. 1993 21, Sep. 1993 63 - 157 6/10 60.0
Date 26, Aug. 1993 21, Sep. 1993 80 - 139 3/20 15.0
Shiriuchi 11, Aug. 1993 21, Sep. 1993 Not measured 0/2 0
Shikabe 28, Sep. 1993 29, Sep. 1993 Not measured 0/2 0
Yoshioka 11, Aug. 1993 30, Sep. 1993 Not measured 0/2 0
Yoshioka 29, Sep. 1993 30, Sep. 1993 Not measured 0/2 0
Hiroo 29, Sep. 1993 30, Sep. 1993 Not measured 0/2 0
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Table 4. Detection of VNNV specific gene from different organs of
affected barfin flounder reared at Akkeshi Station of JASFA

and Mori farm.

No. of positive sample

Tissues /No. of examined sample
Eye 3/3
Brain 3/3
Stomach 0/3
Kidney 0/3
Spleen 0/3
Liver 0/3
Intestine 073
Muscle 0/3
Heart 0/3
100 — 1 1 1 []
— ]
90
80 |
70 b

60 |

Frequency(%)
3

40 }

30 F

20 F

M NN N . N

28, Mar. 29,Mar. 30,Mar. 1,Apr. 5, Apr. 13, Apr. 15, Apr. 17, Apr. 25, Apr. 2, May
Date (1994)

Fig. 6. Detection rate of VNNV gene from egg fluid by RT-PCR.
[] PCR negative,
Il PCR positive.

otz as, KO 6 izl 60% OMEEORE S, S 7 A NV ABETHRE SR,

BEEEERICEIT271 LR EHIRR

1994 EOFERAEFE T3, FEIRFIEA O PCR DI 518 5 iz PCR MO LT A E vz
H, EEAEKEINE L LEHICKERIFHERS L, EEAB L UEFEADLS VNN 74 VAR
EFSBRH &Nz,

1995 FEOFER 4 BERRIZ BT 3, VNN v 4 L GBRETF OMHRI % Table 6 2R L7z, 1 EXR
2k PCRRECREDSMEFAZINEL THE T2 L 25, VANV ABEETFPREENS
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Table 5. Detection rate of VNNV gene from sperm of barfin flounder
reared at Akkeshi Station of JASFA.

Date No. of positive sample Detection rate
/No. of examined sample (%)
14, Mar. 1994 0/104 0.0
3, Jun. 1994 3/5 60.0

2R &R B mm OHMAE 60% OEBETEETSH I ENTET, 2,3, 4 BEXRIZIX PCR &Y
OFAERAVIE DD, HMEE5~2 HEX T4 VABEFSBRE RN, ZASDERT
DEBERXIZ, €5 25 mm OE T 16~51% TH- Tz,

Table 6. Detection of VNNV gene from barfin flounder on seed production in 1995 at Akkeshi
Station of JASFA.

Days after hatching

Round of Survival rate
seed production 5 39 15 90 25 30 40 50 60 (%)
1 0/6* 0/6 0/6 0/12 0/12 0/15 0/20 ND** ND 0/18 60.0
2 0/6 0/6 0/6 0/6 1/6 1/12 2/20 ND 6/6 0/12 514
3 0/6 4/6 0/6 3/10 0/12 0/15 0/30 4/10 5/10 0/10 14.9
4 0/6 0/6 0/9 0/10 0/9 9/15 0/20 4/10 0/10 0/10 130

*! Number of positive sample/Number of examined sample.
*2 Not done.

RERDEBRICERTIRBNOV M NAFBERR

1994 £z, BREIERIC AR T 2SO VA VAGEERE® PCREXAWTHEL - B8
WA THREINz 70 Y SH VL, zafvd, hoFvA, ATV e YA VBT
BERTH 25%, 38%, 30%, 23% OEECHRE S (TableT), LrLi#s, ACAHVAHET
VERBTREShIY UNF, v robbidRtiahihol, £, EREEATHRES L
2 TS 2T% OEIET VNN VA VABGFBREI NN, 277 X, YET7 VS
A, FRAVAL BB I LT, BREBTREINL VI TAF A ho bREEA
Tinotz,

BRah, BEshizeYh 70O VNN 7 A VARBRBE2FEL - 25, LEAT 0%, 2
BT 24% OFED S VNN v 4 LV ABREGEFHBE S i,

% =

<Y H VRADER, FHEABFIRES LY A L AREER» S, FERE Y 4 LA
BEFEETH 2 L2 Lz, BEYANVRE, Y7074 N AMERBERERRY A VAD
BHO DA EINPCREKZ LY, Z20REBETO—HMEMBETZ LB TEL 225,
SINNV 2RI TV YA VA TH B Z LB TRME s, Nishizawa et al. (1996a) iZvY AV D
74U AR R 7 4 v R % BFNNV & & ff1F, SINNV % 5% » L ¢ BFNNV,
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Table 7. Detection rate of VNNV gene from various fish species obtained from Akkeshi bay and Akkeshi lake.

Japanese name Scientific name or reference Checked organ (’II‘&)::L l:erllli;h) /11\‘713: S{f g:ﬁ;ﬁ:;tfgﬁe Detec(tci’/t‘)) I)l rate
Shirauo Salangichthys monodon Brain 93 3/1 217.3
Karahutomasu Onchorhynchus gorbuscha Brain 165 0/4 0
Usagiainame Hexagrammos lagocephalus Brain 366 0/10 0
Shimohurikajika Myozocephalus brandts Brain 245 0/5 0
Gisukajika Myozocephalus steller Brain 219 0/5 0
Kurogashiragarei Pleuronectes schrenk: Brain 240 2/8 25.0
Kurogarei Pleuronectes obscurus Brain 121 8/21 381
Tougarei Pleuronectes pinnifasciatus Brain 226 3/10 30.0
Souhachi Cleisthenes p. herzensteint Brain 302 0/13 0
Hireguro Glyptocephalus stellers Brain 273 0/10 0
Numagarei Platichthys stellatus Brain 167 3/13 23.1
Matsukawa Recaptured 1 year old fish Brain 129 31/61 50.8
Matsukawa Recaptured 2 years old fish Brain 277 15/62 24.2

6661 ‘(30§ = ¥ T ¥ X I
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TPNNV (+ 5 7 7 O#RBEFHE Y 4 L R), JENNV (£ 5 2 ORBEBEFHET AV R) BL U
RGNNV (¥ N OMEREIRIE Y AV R) L OB TH#ES > 7 BT 0 T2 g0 E R
Tl LTz, D%, BENNV 12 SINNV & 75.8%, OBt 2R U728, fLOEEY A VR
i2 SINNV & 77.4~80.0% O %2 T L, BENNV OBESMSESE L EP-o Z ERHELTY
%, & 5z Nishizawa et al. (1997) i3, T4 HROEREEFH 55 F R/ 2/ER L, BFNNV ik
SINNV LE—D 27 5 X7 —2FERET, JIOVANAI4 FTHE It EHLLII LI, 2hd
D Z kid, BFNNV 28 SINNV 24821t 3 % PCREZER L OBRETE 52 DD, £ DEER
TERE->TWBZERERLTWS, Le L, BT AN RIZH SINNV =4 F & % v 7o 3
HRECHRRIESER S N, HBAHEEELTWE 205, A YV DT VANEER YA
T BRET, BEREFICERBEC OLELLND,

AHERIZ, 191 £FOERK BT 5 E/NEETCORRERESR 1993 £0FE BT 2
BEREAITIE, AEPORKBORBERETE, EUESEML Tws, L LAKBRIETERSRS
RO SN h o1 1992 EOFEERER TIZ, FEEHROEIMIZRD > h TRy, 1992 FOEE
EEZBWTE, ERTHOEC I L VEEBRRL 28, FBRAZKTELZLZ S, HHs
NI EFEORD & 249, OFE T A VABEFHRE S h, [FHARK VNN B8RBEL TWwi-H]
getE ol 2 h, PRIBER 21T 7288 VNN VA L AZBELTWI-bDEELSNE, 2hd
DT E»S, KROREEEHEZRIUH LT 582 0ERIC L W HAOEHRESELL, HE
B L TO e YA VAR L THRT 5 Z L SRS 2, $72, = V5 Y D VNN I3HEAHH
KRELRR, 4 AN ECDIz > TRUSHRET 2 08B TH S, Zhid, KERNTREL
THAL SAPRR LV EESHACEEL, RACRELLLDEEZOLNS, Yo7 IT
2, BROFREMTAMCIZIZEON, BEALELIKEE TS (BT5, 199), vV H 7 THt
AHICREL, HELREMESEL - BT 2L, BERRBIZFLIRELRS, ZOERL
LT, BEORZIHDEY, VANVADI A T7OBOB I UHEBKEDROEENEZ Sh 3,
SHRORFBETSH %,

VTV TRBABEAEROELIBPFETCH L I EBHLMIZENT WS A (Arimoto et
al., 1992, Mushiake et al., 1992), <=V » 7 CHlfEH L b CBHADEFHEEY» & 7 4 V ABEFH
BHEh, Y4 LA X N2 EEROEIS I 60~80% M B HEL: 2 & s, BALKER
DELIRBEFTH 5 2 L BHEIND, 1995 FOBEHEEICB W TIZ, 4KkED 1 AR
HENB R BALZEET B ZLBTERLHDOD, AT A VARGEFIRE I,
DI riZ, SMEUFADRETRIEBAUT Cholz V4 VAD, FAOKE LML TR
AR bDEFEZON, FEROEIBEEBRLPBEATHIILERBRTIDEEL D, &
7z, FABERPTYVANVABETFVIRESWTOIMAZEET LN TELI LMD, KTV
ARBELTHLTLLRETZ2bOTREVEEZ N, FEOBEY KBOME L v -7
AOERREPBLH I 2BERNC LV RENBZRINI DO LHER IS,

EREHCERT 5880 VNN VA W ABEFRERAEERAEL - 25, = YAV ELREIL
AVAETHE7ulyIoHv4, 2alvs, roFvd, IFVABRELTWS I8
ook, —H, BRLETY A7 A VABETBRESRTWE I LS, &
BRIA L RRAMOD Y A W ARBERIOBH 2 HED T LEBD 5,

VAT, LEERORERFIENFEL L UAR AN TB Y, REROMBRIKERRE T3
LRAKTHD, o7 VTR, BADEN 2T L LAEROBBENHIENTE D (Mu-
shiake et al., 1992, 1855, 1993, Mushiake et al., 1994, Mori et al., 1998), <V A7 Tb Ih o
EEE LM SBRAORNEN, HARKEN BERROFBREMN G & CATERSOMBRE:
i EpAFE L CT\v> 3 (Watanabe et al., 1998), %72, K7 A4 V21X SB f#ilg (Lim et al., 1998) 8 &
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UF SSN-1 #fifg (Frerichs et al., 1996) 2 X D rBEI N 5, —MICEPEMIRW X 5 7 4 VA B,
BREL RBP4 VAR T BEET RISHREESIESE S W3 -0, ARh oK
TANANFEBRET 2 2 L8 TE 5, -8, PCRERLZVA4ANVABREFORELEEDOET
FETHHH, y=T7 VTR PCREC L VEFNLI-BEA»SESWI{FAEC VNN 3584 L7
PIghE XN TE Y (Nishizawa et al., 1996b), 7:, AR THOIL ko kd =Y AT T
bR TH 72 edd, IVEERYANVARHEOERENEENE, L5 T, 7=
A BT LRE»S DT A VA3 (Yoshimizu et al., 1985) » [Ekiz, SB Al % 7213 SSN-1
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