& KEMHE - FEHE #HY R U

FRA Japan Fisheries Research and Education Agency Institutional Repository

A E IR R RIS B 2AR8{DNAY 1 )L A (HaV
. HeV)72 5 N2 1TASERNA Y 1 )V A (HcRNAV) D £
FEAEYNZ T B eV REm R

E3E: Japanese

HhRE: KEMESHREY Y —

2FHE: 2024-10-02

*F—7—FK (Ja):

F*—7— K (En): Red tide; Algal virus; Acute toxicity;
Safety

EEE: SR, 88, REIR, 8%, &, #h—, 5H, 8B,
Wid, B8, H3D, 1§58, WO, 184, RIF, BE=

X=ILT7 KL R:

P/ : M B XK EERR 5L AR,
BRARRIR - T4 — - IZANAFTV Y,

Hr SROK B SRR, HRF R e XK EE AT 92,
BRARHIR - T4— - IANMFTV 7,
BRARHIR - T4— IANMFFTV Y
https://fra.repo.nii.ac.jp/records/2010818

This work is licensed under a Creative Commons
Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/

KWt v & —Hff, 51475, 7-20, PRL74E
Bull. Fish. Res. Agen. No. 14, 7-20, 2005

L3

AERMERFEICEYST S 2488 DNA 74 VA (HaV, HeV) SN
1 A8 RNA 74 VA (HcRNAV) D&FAEDIIRd 5 kM R

4

g - s T AT T ma
T - =

Effects of viruses infecting harmful algae, HaV, HcV and HcRNAYV on
bivalves, zooplankton, seaweeds, fishes, and a mouse

Yuji TOMARU ™', Noriaki KATANOZAKA **™° Yuichi KOTANI ™, Goro YOSHIDA *°, Satoshi
YAMANAKA ** Hiroshi TANABE ** Mineo YAMAGUCHI *°, and Keizo NAGASAKI ™

Abstract Harmful bloom-forming algae, Heterosigma akashiwo (Hada) Hada (Raphidophy-
ceae) and Heterocapsa circularisquama Horiguchi (Dinophyceae) cause a mass mortality of
cultured fish and bivalves, respectively. In recent years, a double-stranded DNA (dsDNA)
virus HaV infectious to H. akashiwo, and a dsDNA virus HcV and a single-stranded RNA
(ssRNA) virus HcCRNAYV, both infectious to H. circularisquama were isolated from natural
seawaters in Japan. These viruses have some important characteristics suitable as micro-
biological algicidal agents. However, from the viewpoint of risk management, evaluation of
their effects on various organisms is essential to assess the possibility of their use for elim-
inating the harmful algal blooms. In the present study, we have evaluated effects of the vi-
ruses on marine organisms (bivalves, zooplankton, seaweeds and fishes) and mammals (a
mouse), and revealed that there was no significant acute toxicity against the tested organ-
isms through the experiments. These results suggest that the algal viruses are safe for oth-
er organismes.
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b, H. akashiwo RN & < X ) A4 (Oncorhynchus

5 7 4 F#ED—FiTdH % Heterosigma akashiwo tshawytscha) S OFEFHBF O T HLEEN TV S
(Hada) Hada i, Mi#hai, (a2 S MWIERF I T (Honjo, 1993) o

DRI A T Ao HRTIEFEDL SKISHITTH TR & RRERWICER T IS S Heterocapsa circu-

ECIRE R EZ IR L, & ¥ /8F (Seriola dumer- larisquama Horiguchi (&, 19884E 2 & ML 2 WiE T

i) SOFPHBEOLTZFESREI T ENMOENT WO THERR S N7 FifiRi 75 >~ 2 b v Tdh % (Hori-
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guchi, 1995), Z L LISRAE 4 43 A #i PH & )i F, 1990
ERBYF TIEHFE RS K H RS T H. cir-
cularisquama FREDBHEREND L H o720 KH
W7 H. circularisquama 7R#12 X > C, 7axvsiA4
(Pinctada fucata martensii), I % ¥4 HA4 (Myti-
lus galloprovincialis), 7" (Ruditapes philippina-
rum), B¥ (Crassostrea gigas) 7% & O K H #ZhH
T HE R EL 2, 1992460 H519984E D H > H.
circularisquama 7N X B HSERL E 44 131004
FIZELTWR ZERHLN LR TWE (BRI,
2003)

OB ED SFEPAN LT L7720, THETIZ
AR OWERIE,  SATWRIL, W&, WKIGER, =5
TESER, AV, T2 =), MEBLKE, R
TIVIZ AR ER T, W, bRk
HAAA SN, WIS I3 5 R
ORJE (22 b, HHABE) 2, ARERANOKETE
LOERE (Zatt) & EoRME» S5k EFERLIZIX
FEoTwawv (fRH, 1992; 49k, 1998). ME—, @
RIINEF TR I N TV L ONLILER L2\ 72
IREIBRERETH %o L LR T B B3 B8 Calk
RIS R Z D25 LTwd b0, EHMICHE-
THiLZ A L7256 ORE B RO B IR &
NTwa (FIH5, 2002), LEDO LX) ER2S,
AR H DR A TR AR B B S DR SR D H T W
%o

ZHLEBEROT, ARRICHTL2AMPDRE
ERoEVRER R E LT, EREPICHFEL T
B 2 RIS B WA R BREANER 2 hvTw
A (fiH, 1994; 54, 1998), N F <l2, HEl%
TER 3 5 M EIEHORIEEBRAE TH HHEH T HW
ToBhik:, N7 ) 7 & o 2R B R R4
s, NS EBEREREICHZ (5 1998 4
I, 1999). # L T4, H. akashiwo \JJEY$ %
A WA HaV (Heterosigma akashiwo virus) (Nagasaki
and Yamaguchi, 1997; Nagasaki et al., 1999), H. cir-
cularisquama \ZJ&G 3 5 7 4 )V R HeV (Heterocapsa
circularisquama virus) (Tarutani et al., 2001; Naga-
saki et al., 2003), 7 5 N2 HcRNAV (Heterocapsa
circularisquama RNA Virus) (Tomaru et al., 2004a)
PHHARDEEL D oSz, s 4 IV AL,
FWHEEREZ FEOo N, i TEETRTH LN, F
72 BEBRAEH ORI RAEA SV 2 &, AW iR
Bikpsl & L CHRMRME 2RO 2 L0 (RIR, 1998;
Nagasaki et al., 1999; Tarutani et al., 2001; Tomaru
et al., 2004a), AWAREERY —vE LTOHRM
PR S N T W b,

FREPERZ BB & L7z AV A2 O Y 2380 R H
EHT B, A NVAPEBREOREEEIC SO X
ITHEEL TV B 0% T2 L &b, BR
BREEPICARAE T D AERIIMVED 0 2 7 4 Vv 2 D5
R Lo e R il 2 47 ) LB D b HiE I
DWW, BB BT 2R OB AV
A E ORI S N DB OHEF D BILE S
THBY (Tarutani et al., 2000; Nagasaki et al., 2004;
Tomaru and Nagasaki, 2004; Tomaru et al., 2004b),
7 A IV A & A EARER R AW & OAH IR AR 4 (2R
HIho2H b, LirL, HBECOWTIL, WEERE
HCHU § B A R SR I B 5 % e A PR SR 1R i S
NTwiv, BIZIZRELAEYREIRLNA FITA ~
CRARKEE R I 22 R R B 23R, 1995) D356
WHFLEH, WK, WOKIEFHEENY, SR RW, HIE
WY, ERVEWSE O AW % Sk RS
DUFREBRIHE & LTI TWw A28, BURTIRE
WTOMHEBWE LAEWEMICET A2 A NI 4
VICHE T ODIEIHFAE LRV, T LS, R
S TR R A T A BORE XL o T

o Gk, HWIBikR, HHBRZFEEHWE L7CRT
DOHAMAMFIHAORESHEZ T 22 R Filsh
LT, A RNITA VREZENT AN D%
PRI B3 5 BEN T — 7 OFEMIEBHTH 5,
DX BERDPOAMAETIE, &7 A4V ZADOMEY
WZ0F T B R E T 5720, F 9K FEEA
Th 5 MHAH, KgE, AEZLCCHW 77~
7 b kT AR 4 VX HaV, HeV %500
IZ HCRNAV OsgB %2 Mg Lize £72, BUEWRIER
YA FF4 v RBEIZ L2~y AT 5 205
PEERER (R G) 2 FEML, WFLBISH 3 288
AV A DREMZFHIE L 72,

A ETE

A IV AEEKRDEE

7 4V A DT EREFEWIZ 1, SWM- 3 S ZE 55 (Chen
et al., 1969; i, 53, 1987) 12 2nM @ Na,SeO,%
WL 7281 % v 72 (Imai et al., 1996) o

HaV DFE

H. akashiwo (H93616%k) ZMF & L, AR
MG % 7 4 )V A HaV (HaVOL#kR) % FEBRICH
Wizo XEOEEINICDH B H. akashiwo \ZFHE 28 L
TW7z HaVOLR; 289 2 $68E L, St ¥ 140 u mol pho-
tons m” s'C12 h: 12 h WIRFREWI T, Ha8EE20T T
ABHFIIREAE L, VA WV AIEHI X 5 T H. akashiwo %
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B S 7z, BT, w0 (2,000 rpm, 10
5, 4C) %47 o 72 H. akashiwo WO Lg%
RLL, SNz HaV Ei#il e LT T ORERIHW
720 F7z HaV OJERGHALE, RAHRE (MPN) %
JAW Tl L7z (Suttle, 1993; Nagasaki and Yamagu-
chi, 1997)

HcV, HcRNAV D%

H. circularisquama HU9433-P #kE £ L L, ABRIZ
FRRIZEGeT 57 4 )V A HeV (HeVO01, HeV03, HeVos
F 721 HeV10#R) 7% & ONC HeRNAV (HcRNAV34)
B X O H circularisquama HCLG-1 ¥k % 1§ = &
L, KRICERMWIZEGT 57 1)V 2 HERNAV
(HcRNAV109) % HEERICH 720 BN 5
H. circularisquama \ZF 538 L C\w7- HeV F 721
HcRNAV ¥ # % $:4 L, J658/%140 4 mol photons
m *s '"C12h : 12h BARGEII T, REEMEE20TC CTT2HF
R L, 74 NVRAEG X - T H. circularisquama
EVRE S, AR T %, mO0HE (2,000rpm,
1050/, 4C) %475 72 H. circularisquama 75 5%
OLEERWML, 251208um A2 LRT 74 V%
— %7213 GF/F 74 V% —T#B L iK% HeV
7213 HCRNAV ¥ 8 & L CRL T O EERICH w72,
HcV 72 & ONIZ HeRNAV O i By 1%, # ok 75 Bl
(MPN) % H v CTill % L 72 (Suttle, 1993; Nagasaki
and Yamaguchi, 1997) o

BEEMICHT B IV DR
b ' = |

EEIZWET7avr AL, A FAH4, 7YY, h
FEM, 206 OBEREIINT L7414 VADEE
AT 2720, ETMHAOTA VA TICBIT 5
UE B 2 WA L7z SEBRIZ20004FE 6 H 22511 H O
24T o 720 FEBRBANG 4 HAET2> 50.2 um 88 K % i
72L7230L RV A=K A — b & v 7 TEBRMRHEZK
i520°C, Paviova lutheri (1.0x10°% cells/ind/day) @
WS FCRE Lz, #KIZmH —RIATV, FEER24
R 2 S X TR H 26 4 TS 72,

Provasoli Otz fbys i (FaE , T, 1979) TH;
L TW B 5 P. lutheri %#0.2 um I
WK THRL, 2.0x10'-5.0x10" cells/mL I27% %
IV L7z T A VAR ERML 72
A, SWM-3 i L7238k & 2 ENFEBRIX 32
W, SHRXEREE Lz, 72, HeV BRI
I FERRX & LT, P. lutheri %= &L BRI L
HeV OIEETdh A H. circularisquama % ¥ TEHRM
L7-REBRX D E L7z 74 VA&, HavVolZ 5O

HeV03%& v 7zo FillkX 5 CEBA T - 720 7 A4
VA T2 B NZ H. circularisquama OIS L,
Table 172 & N2 Table 21278 L 720 &35 #E330mL
Z520M0D500mL b — VY —H—IZHFELTERI L
I7L—YarEffv, K- —NICERAZ—>
FTOMPIIANTz, BEERH BT L CTh 5 EB % B4
L, FEEBIBEE, 10, 20, 305 HICH&ERZ 3mL 3
ORI L T uu 7 4 v HRENGRE % HOGLER
(Turner Designs model 110) 2 X hillE L 720 FEER
WTR, HRZRIL -20C THRE L, % H3URE
BLU60C, 12KH ORI %217y, HREZRER
BHIE Lo T2FEBICH W P, lutheri DBFE L &
O BLRE vy, g IR RIS E U 7z 5O
W ORI O P, lutheri BWEZHEE LTz T LTE
DEE VT, FRBXIZBT MR A D P. lutheri
WX AR EE Y20 OEEEE (L/gdw/h)
ZRIUT L D EH L 72

C= ((nNy— InN,) x V) /gdw/ (t;— t,)

C: E#HE (L/gdw/h)

t: I (h)

gdw : HRZRER (g)

Ny, Ny Wty t, BB P lutheri BFE

(cells/L)

Vo EEE (L)

LIHFATA, THIBIOHFOMEHMEEIZD
WL P. lutheri % FEH35,000cells/mL DL L, 7 ay
A A B L CTix1,000cells/mL PL 28T 5105 @
K% KD 7z FEBIIFEAICEIT L &2 o 22
LTI, 7225007z, MEMHTIE ttest
T47 -7z (Stat View 2.0.2)

CL7 b sl

INHRIRGRE E LT, TWVT I T (Artemia salina)
HV, ZORLRIELR S O EOAFRICKITT Y
AWV A D5 = BET U720 F2B320014F 3 H 12475 72,
100 um # v 32 ECHE L 7-8285900.1g ($92,000%%)
Z15mL LB ISR L, R IEEmAKICH 1 IERERE
., 1,800rpm, 54 ME.-LL CLEEZETHL, 2D
ez 2 M %, RBRIIZ 0 2@ L, DITF ok
BRI W2 A4V 21, HaV0l7Z: 5 WNIZ HeVO0l =
J7zo HaV, H. akashiwo, HcV 7 &N H. circu-
larisquama D RFERMEIL L, KRR TThTh
6.9x10° E&H ¥ AL /mL, 1.2x10° cells/mL, % & O
122.6 x 10° &G A7 /mL, 2.9% 10" cells/mL & L7z,

SWM- 3 a5 #2.5mL 1277 £ )V AR#{%2.5mL %
Bl L 72 5EBRIX, SWM- 3 55281 2.5mL (218 E RG22
2.5mL % $fl L 72 EBRIX, i FE#E2.5mL (27 A
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IV ABEFEW2.5mL & $fE L 72 FEERIX, £ LT SWM-3
R 5 mL 2 AN X2 6 R~ A4 707 L —
MR L 720 FRERX D7 = V30K AR EE O I REgN
EEM L, &Y 2 VO EFEL 2%, 20T,
12h : 12h WIS R O G0 F TRE#E 24T o 720 K5
M, B oIR8 & SET L 725 A 3B 38 b B B 2
U720 K:28 3 0 HUBEIZEE & LT Nannochloropsis
sp. A L720 BLEIEE T = v ORINEIR LT
WAL L7720 oEA L L, A5RENEH £ Tt L
72T VT I TEICH LT, FEL LR R R
WAL 2 LR B odE & & L, fat
fEHTIZ ANOVA T17- 72 (Origin 7])o

KEEE

KB EsEg e LT, BEF2H (74 €7 Swgas-
sum horneri, 7 71 * Undaria pinnatifida O BBK),
R 2 8 (BN 2 ) Gracilaria textorii, <IVINT
< / V) Porphyra suborbiculata), %%#H 1M (77
7 F Y Ulva pertusa) %y, w74 VA DRE % MiEt
L7ze 7 A VAL, HaV017: & N2 HeVO1 % v 720
FEBRIZ20004E 11 H A 520014F 1 H O RINIAT - 720 K
HABX TOY A VAR, THESZ, T R
#371) Tt HaV 7 & N2 HeV TEREn1.6x%10°
YL BT /mL, 5.1x10° BYHAL /mL T, JUNT
~ /Y, THFT7TAHTRENENT.2X10" KRG AL
/mL ., 1.4x10° JE&GHAL /mL & L7z,

T AEZIE, 20004F 4 AR OWEIIE GEH S,
2000) (Fig. 3A) 2 fliH L, 55201 v O LB Bl A,
TR EN72REOKE B L RRE, RIREZE L7,
7 A, BEpoREBERoOMBOEIK (Fig. 3C E)
EBIEL, au——0RFEEZWE L. AN ),
20004 7 HACERE L 72858k o ek A 85 2 1955 0
K& SITHHEE L, B AROR, R REZWEL 2,
RUNT VL, RIREED» OGO N Bk
(Fig. 3G) ZH\, ¥R oEAkeER, &5 0N
EEENE Lz 7 7 431, BRI (Hiraoka
and Enomoto, 1998) 12 & Wi 5 h 7z T (Fig. 3])
2V, BREIEPORFRERLZMNE L7z, SHH
FZENZEN, SmL O A VAR (7 A v ARG
X)), 100C T 5 7 MIEMLEL 2 4T o 727 £ v ARG
(BB A )V ZABEAEHEIX), SWM-3 55 Hh (o B X))
IZBWT, 20C, 50« E/m?%s, 12h : 12h BIREREH
ST TEEZ T o 70 HEIME~ VAT /),
7T AYT2HME, AN, TAA, TAEIT
4 E L7z, #8FEWII1E, PESIEGE (Tatewaki,
1966) ZdH 50U 2 BILETHRML, RIEH, M
THEEMIE L7z, FHABRXIIBWTTHEY, SN/

VIZZFNZNI0MEL S N 4k E L, v %
oW TRl OREAD I T =—% 35T oMK L
2o Flz, RUNTRIY, TFTFHIOWTIER;
FWPICHR T F 2 3EET 28 L, B3 - EL
RO S 5 v F MR A IO Z N E L7,

BEAR
1. ¥3XF37J

WAL BRASE I LIN D~ I F 3 7 (Fundulus hetero-
clitus) WRALRES 2 Bibefk & LTV, AR d %
T AINVADEE LR Lz 74 VA2 HeV08%
v 7zo F2ERIZ20014E 7 HA 5 9 H O IZAT - 720
H. circularisquama X5 31 O & L ALEE (2,000rpm,
10530, 4C) HLEEZ08um X7 LRT 74V %
— T L7208 (NTah TR, YAV
AREFEWE, T2 & I A4 IV AR A2 100C T 5 41
BULFLL 7235 0 (BJLH Y £V AREFEW) AR L
TRECRT 3 MOFEERIHL L 72,

1EH

TR B U8 5 157K 450mL 1245 FEER LR E50mL & R
LCHaRA LRI, <35 3 ZVEREf10
k% A7z, HRX CldEBRMAE L LT SWM-3
K2 mmL, Rk~ 3 F 3 ZIbHEMI10ME 4 2
ANTzo K& 22-24CITHRE, FEEBBE4HH F
TpH, BHEMEREE BRRENE L. 72, 5
UAARDTER S N2 EE, MR E#EThH» 5
B Bruzze SEERBAIGIE O ™ 4 OV 2K BT 5 7
AV A K HATIX1.9x 107 BRYLHAL /mL & L7ze %
BrId 3 BRIX & b 3 TIT o 720 AT I Fisher's
PLSD Method T47- 72 (Stat View 2.0.2) -

2EH

U6 PE 5 D% 08 I K400mL 12 %k L, A L R BRI
1mL & SWM- 3 55 3299mL % ¥ L 7z K5 283 (%
BRIX A), oAV ABEEW % H I SWM- 3 85t & 2
NZN50mL §2o%@ M L7z 8l (EBRX B), 74
WV AREFRM &2 100mL R0 L 72K 28 (EBRX C), B
£ OV SWM- 3 ¥ 1% 100mL 700 L 728528 G HRIX)
TN ZFNHE L7z, KEBRIXIZBT 5 EEBRH GO
7 AV A JEGLHAL I FEERIX A, B, C TENEFNZIX
10°, 4.5x10°, 8.9x10" E&HHifr /mL & L7z, <3
F a3 PR I0M A Z A, K% 23 -25CI2f B,
ERRE BB 1T 5 720

3EAE

% A4V ZAEEFW500mL 12~ X F 3 ZRALHE A0
ke AR, Kikz24-26CIHE, EBRFKE 4 HHE
FCHHY A VARG AL, pH, HAAMBERRE, 4
PR 2 WE Lo pHIRIXICIEE L LT SWM-3 2
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v, FREOBIEERIT 5720 ERBIERIC BT 5%
D™ A4 ZJEYHATIET.0X 10° G A /mL & L7z,

2. b7, BEIX, IEHA

FEEIIZVPIEERE28cm D b5 7 7 (Takifugu ru-
bripes) MM, EIAET 4cm D T A (Paralichthys
olivaceus) Hef, 72 & OIZFEMAEEL3cm O~ ¥ 4
(Pagrus major) Fefaz v, ZNoOAEKRIIKITT
TANADEBEERG L. A4V A121E HeV107%4
5 OFIZ HCRNAV109% Fl v 720 92 B51320024F 8 H 12
oo BMBLEYANVADRYERAIE T 7 7,
v X, wF A RBXT, HeV A2 h2h2.2x10°,
3.0x10°7% & OM123.0 X 10° &G HAL /mL, 7 5 VI
HcRNAV 282 2h3.7x10° 5.1x10°7% & UI25.1
x10° &Y HAL /mL & U720 0.2 um {538 i K800mL
W2 A4V AREFRF200mL & I A - B A I HE £ %
ANz HEFIZHF B HeV 7 5 0N HCRNAV B 3%
WIRERFEX, P77 7E~<5 4 TIRI05H, 35
AT E Lz WA NVARBEROHFAZE0.2 4
m K 2572 L72300 KM RE L, 5 H ER
BHIOWHA 7+ Y CTHEOBKERELT, 500
DEIMITHE L TBW 2K Rwmm L7z, 714
ANVIREE L e o TR Z W EZBR 2R & L
7oo 1 FEBRIXIIZI0MEAL EZ ML L, 96 HE DI
H7p O WIHAIRDOIRE & RFIRIX & ik L 72,

vy R

~ 7 ADWEZ 5 IZNIEAMRIC KITT YA VAD
W, WA REOR MR T 5 2 (B
TR R B S IR A B 2R, 1995) 2B E I LT
HElTo720 FEBRIZ20000E12H 12475 720 7 AU,
SPF &~ A (7a—XFaua=— Slc. ddy 48
Wy (M), HASLC#L) %, FZBRBRBEC 1 EMBILE
B L72BICEBRICH W, BRI, &7 A )V AR
PeHIX, AEbY 4V AR G-I, R R 2
HIX (RIX) B L OB RES X (LX) o4
XAEZEL, TNEEA~ Y 2 ST 2 ML 72,
7 AV APE5121E HeV10% v 720 HeV i A 2
5 I ATGALALER L 72 HeV o G AL iz Z h 2 h,
1.1x10" &Y A7 /mL 7 & O°125.5 WY HAT /mL
L L7

AV AR G XL, 2RI R TR L
72 HeV 245580k & LTH W2, R LY 4V AR
B GX 1L, #EH L7z HeV 20mL 245 A ¥ v —
LIZ AR, JEEREE20,000lux O 412 2415 RN FE L 72
bR L7z MWK G- X GFIRIX) o5
AR, SWM- 3 SR 101 2 7 £ v A Dk &

[FAEOD )5 1 THsMHALER L 72 @ & 720 25K,
BN R E IV, ThaSx e Lz, S
P 5G24I RHT 2 D~ 7 A B ML - MiKIREE L, &5
ERNCAEZFHIL 72, &5m1E, &FRBXo<o 2
1R L5 30k0.3mL 2~ 7 A —FHIZ VY v 7
S LTRSS L7z #5803 BRI IR,
MARZHE L, 20, 3, 7, 14, 21A%ICE&MAE
DEREZFHI L7z, 72, 21HBICHEH 2EBL, W
AR O IR & B2 L 72

BREEE

b ' = |

THHEBEOEEIIX T A HaV O 2Rl 3 ER O F
W% Table WR L7ze 7YKL, AT F AL 41,
TH B LS FOLRBRKXIZB W THOGHE L,
FEERIRE S 2 D2 1B L Cwua /e (F—F R
R o HAERER Y0 OBHEEIX, [ 718X
7 aXHAITB T IIX & HaV X & o fic
HREAI SN o7 (ttest, p>0.05) (Table 1)o
THYVBLOHFOMEXDE XU HaV mImXIc B
LHENFNOPWRMMEED 1ZITEHE LD -7 (Table 1),
DT LS, HaV OAFAEIZ R I A H o088
BAEWEIICGEREZ 525 Lidhv g s,

THHBEOEEIIX T S HeV O R BEHli il ER O F
%, Fig 1B X O Table 2IC/R L7z 7IYHA,
LIV FATABLED XD H. circularisquama %
MXIZBWT, Zhz2hoHEROLTHECICHL
5, WMORMEZML YRS, BELRLTLLE
LT, FEBMBAPIEE 2B EEEIE R ST, 06
WEDIZEAERD L eh o7z (Fig 1o —, *t
BIXB X HeVimXIiZB WK I H. circularis-
quama WIMX TR LN/ X9 RATENEI R S $H L%
WF%EL T ZRITTB Y, FOGMEDHRL I
LTwo/z (Fig 1)o F/-HRAWHRERE YLD DU
BWHEEL, A TABLET7IXYHALICBCTRHBX L
HeV R & OBICAEAEIT R S N d o 72 (ttest,
p>005) (Table 2)o # F ORI IB X O HeV mnX
BT ZNZENOWEBAFEICDZE LVEIRONE
o7z (Table 2)o

AHART AXHA % EOZMHI H. circularisqu-
ama AT T, BREZVINT 2L THREOWE
WG CIIR LN WSEEE 2179 2 E2H 5
nCTwb (Matsuyama et al., 1997; Nagai et al., 1996;
Nagai et al., 2000), F7-ERMIZH7zo T BHIZ
H. circularisquama #W#E LT 52 2L -T, &
NOHEDOZKMEICICES Z LD RSN TWS (Mat-



12 SRHAETE] - FrEPSRAEEE - N — - EHEER - b B - B - s - R R =

Table 1. Filtration rate of bivalves on Pavlova lutheri suspension when HaV was added in cultures

Bivalve Experimental treatment Dry weight HaVo01 Filtration rate
" (infectious units/mL) (L/gdwh)™  n=

Pinctada fucata martensii Control 1.28+0.25 =" 2.95+1.85 5
+HaV 1.12+0.31 464%10° 2.53+0.36 4

Mytilus galloprovincialis Control 0.10+0.01 =" 14.37+1.54 5
+HaV 0.10+0.02 0.65x10° 16.70+5.60 5

Ruditapes philippinarum Control 0.25-0.28 -3 5.72 - 8.59 2
+HaV 0.30+0.02 936X 10° 4.78£1.13 4

Crassostrea gigas Control 0.05+0.01 =" 17.8+6.4 3
+HaV 0.03 -0.06 9.36 X 10° 15.8-159 2

*1 Mean valuetstandard deviation (n>2) or minimum and maxmum value (n=2).
*2 HaV infectious units in culture medium.
*3 HaV was not added.

*4 Filtration rates (C) were calculated as follows, C=((InNy-InN,)xV)/gdw/(t,-t,); t: hour; gdw: dry weight of bivalve meat; N,
N,: P. lutheri concentration at t, and t,, respectively; V: culture volume.

— P. fucata martensii M. galloprovincialis C. gigas
32100 - . -

&

E 80

5 il i i

= 1

@

o 60 - - =

@

Q

n

g 40 - - .

= 1 —®— Control

S 20- E 4 —O—+HcVv

% 1 —®— + H.circularisquama
x ol : : . : . : : : : :

0 10 20 30 0 10 20 30 O 10 20 30

(min)

Fig. 1. Temporal changes of relative fluorescence intensity during a feeding experiment of bivalves, Pinctada
Jucata martensii, Mytilus galloprovincialis and Crassostrea gigas in cultures of Pavlova luther: suspension diluted
in a filtered seawater passed through a 0.2 xm pore-size filter. Il (control) : with addition of SWM-3 medium;
O : with addition of HcV culture; @ : with addition of Heterocapsa circularisquama culture. Final concentrations
of HcV and H. circularisquama in each experiment were shown in Table 2. Filtration rates of bivalves were
calculated from the changes of fluorescence intensity representing an algal concentration.
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Table 2. Filtration rate of bivalves on Pavlova lutheri suspension when HcV or Heterocapsa circularisquama
were added in cultures.

Bivalve Experimental treatment Dry weight Hcevo3 H. circularisquama Filtration rate
(g)*' (infectious units/mL)"3 (cells/mL)*4 (L/gdw/h)*]*r‘ n=
Pinctada fucata martensii Control 0.26+0.04 =" -" 4.81+2.17 4
+Hev 0.29+0.05 3.35x10° - 3.69+1.17 3
+ H. circularisquama 0.38 —" 8.8x10° "2ND 1
Mptilus galloprovincialis Control 0.11£0.04 —" =" 18.1£6.7 5
+Hev 0.11=0.02 0.89x10° =7 15.3%3.7 5
+ H. circularisquama 0.10£0.02 =" 7.0x10° 2ND 5
Crassostrea gigas Control 0.053+0.027 =" =" 11.848.3 3
+Hev 0.065-0.073 4.6x10° =" 7.5-12.9 2
+ H. circularisquama 0.083+0.033 —" 7.0x10° 2 ND 3

*1 Mean value+standard deviation (n>2) or minimum and maxmum value (n=2).

*2 ND means not detected.

*3 HeV infectious units in culture medium.

*4 H. circularisquama concentration in culture medium.

*5 Experimental additives indicated on the head of a column were not added.

*6 Filtration rates (C) were calculated as follows, C=((InNy-InN,)xV)/gdw/(t,-t,); t: hour; gdw: dry weight of bivalve meat; N, N: P. lutheri
concentration at t, and t,, respectively; V: culture volume.

Hatching rate (%)

Survival rate (%)

100 100 - H?V :
——§————¢
90 | 90 o .
80 | wd l.————1
. i
70 70
= + Virus
0 o— + Host 60
1 *— + Virus + Host 1
(A) —o— Control (B)
50 T T T 50 T T T
1 2 3 1 2 3
1004 g=o—0d | 1001 g=g=g=t—* .
90 1, ! —e 90 Dol =3 ;
80 b 80 A
70 - 70
60 60
50 50
40 | | 40 - .
30 30
20 20 | =
" (C) (D)
012345672891 012345¢6728 910
Days Days

Fig. 2. Temporal changes of Artemia salina egg hatching rate and its larvae survival rate in a culture including
HaV and/or Heterosigima akashiwo (A (hatching rate), C (survival rate)), and HcV and/or Heterocapsa

circularisquama (B (hatching rate), D (survival rate)). H

: cultures including virus culture and SWM- 3

medium; []: cultures including host algal culture and SWM-3 medium; @ : cultures including virus culture and

host algal culture; O : control (SWM-3 medium). Error bars indicate standard deviation (n=3).



14 HIILAET] - B EFSRREEE - N — - S EHEER - b JR - AR - ek - Ry B =

suyama et al., 1997; Nagai et al., 1996; Nagai et al.,
2000) o AHFFEIZBNT D H. circularisquama % 7N
L 7z kBRI B W CEBRPIC TR R
LhaholzbDD, HOUW L\ EE) R HE O
W2 &b D WEMEDIZTEALWI Loz 2
ENS, TAXHA, LIV FATAZLTHFD
BEATENCN U H. circularisquama X BHE R 75 50 2
BRATT I ENFER I NS, —TF, HcVRMXIZH
WC B IX H. circularisquama & 5- 2. 72 &0 X
I R 2 R S, W IRIX & WAk 2 8 E) & 17
5Tz (Table 2)o 2D ki HeV OFFFEB L O
HeV IS & » THEBE SN2 H circularisquama O {535
WiE, ZACH oM EE G E) I LS W 2 w8 % 5
ATV EERBEL TS,

EL7 i s B N

7T 3 7O OKEE(L % Fig 27, 2B 12
R L7z0 HaV ilinX, H. akashiwo MK, 72 5
H. akashiwo + HaV iIMIX O 7V 7 3 7R ba1
xR X & A B 7R A3 D o 72 (ANOVA, p<0.05),
ZHOZ LI HaV 57 V7 2 TR I E X
WBELZ BVWHEERIEL TWb. H circularisqua-
ma FIMX 7 6 N HeV MK BT 2 P13
BX X0 KD o720 (ANOVA, p<0.05), H. cir-
cularisquama + HcV HMX TIEEFRX L I12IZHSET
» o 72 (ANOVA, p<0.05)o H. circularisquama %%
PN HeV 2 &2 HE6ATHRIM L 72384, #10%
D7 AV ANTBEBAFIEE LT\ b (Nagasaki et al.,
2003)o HcV + H. circularisquama VRIMXIZBWT,
HeV QWM 132.6 X 10° Y HAL /mL T, &k
ZEEIIHIOTH - 72720, KRN0 &Y
HfL /mL B HeV AT L Cuwiz b dfigish
%o H. circularisquama ¥ 7213 HcV % Z L Z L HLH
TT7 VT I 7TINCRE L7288 o ERI2on Tk
SO RLMEPLETH LY, Ll sdb H creu-
larisquama 7 & N1 HeV 25RAE L T A I5E121E,
HeVIZ7 V7 I 7N 2 52 v 2 L HES S
7z

TN T T WEDERRDRERLAL % Fig. 2C,
2D R L7z BMb# 4 HEH £ TI2id, HaV 250N
HeV EBR O W N O RERXIZ BT H AFRE1390%
D LEZHERL WA, 7 HH DRI X THERR
DT AR SN z0 HaViiIX % 5 N HeV #nix
OEFERIE, EBRIOHBIZBWTERLZEIARX LY
bEdrolzZ hn, HeV %2 5 WNC HaV OFFFEIEE T
VT I THAEOERIIH L CEREE X Evwb oL
LI Nz,

KB FE

FERIR LT HES, A X, AN, TF
7 A OB E% Fig. 312m L7z,

THEZIZDOWTIE, WINOFEBRRX THIEH2IE
BIREAR SN, HaV, HeV &b A )V AKX,
BALBL ™ AV 2R3 X R TR L4 & OISR BB
(Fig. 3B) OEEICEIR SN R -7 (Fig 4A).
HeV % 5 WNC HaV 2 & 5 7 7 & 7 OB E O
HIE, BORWREOMEE o 2B BIE SR
"otz

7 H A BEAR O K ERER X1 BT S xR R R % Fig.
4BITR L7z, BBAo 0 = — o R, MR
DFEEIFRIX I Y b7 4V 2AFEREX TH T K2 -
7ebDD, T AV AREIEIX & By 4 )V AREFER
X &M TIHITIZEL 2o 720 MEERBAETIEL »
HUWIZETOERX TRASEZ Y (F—7 K
R, o (Fig. 3D) AR LN, RS20
oL, ZhE® D VITHAREIC L 2T RO
Rohize —75, HEVERCRA T Y 4 v AR IX 7%
O BT 7 AV ZAEAHIX D A TH A (Fig. 3F)
BRSNS, WRE TR S E»o7 (F—2 3k
FR)o TNOOBIGHED S HaV 7% 5 N HeV I
£ %77 ABMBEANOREB L OB EAO I E 8
UARE NORE X -3-F (Wl

AN )T, ETOERKIZBW AR H
5014 (Fig. 3H, I) 2R SN/, Fig 4C IR
By, HaV, HeV &b 7 4 )V AKX Tldx g
KIZHAREVAROEENRED 72D DD, 7 A VAR
FEX & BB v A ) ARG IX T T I SR O B
ERRONIz, SO Ens, BVAROREREZER
E7ANVADEEL ZEBRTH Y, & LARERT
WZEENAMEEMIBH O S S MOERIC L2 D
R E NSz, T2, HeVIX TR, MBoXICE~XT
BNV AROREIIMEHTH - 7285, 1 2O ESIH »
LA LZEVAROKIIZ o7 (7= 5 EFER),

RIUNT ) OFERKEE L O TIZENE % Fig
4D IR L7z BERMR o4 & 2lEiE HaV, HeV & b,
SHHRIX KD b 7 AV AR X 2 & OIS BB £ L
ARFWE TR oz LELEDS T4V ARFE
WX 70 & DN BILBE > £ L ZREEE X BTl Bk
DOEFHEERIIFIZFE LI o7 2O END, X
X & LT AV AR X THARAR D 25 & 221
DL o 72D, YA NVAZOYWOEETIZE L,
HNI VITBIT BER L FERE, BERTICEINL Y
ANVAVUSDOBERIPHEL TWAE D LTSN,

7+ 7 A% TiE, Fig 4ERTE B Y HaV, HeV
&Y, B3R (Fig 3K) O EIRHK B X U8
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Fig. 3. Light microscopic photographs of seaweeds used in this study (except Porphyra suborbiculata). (A-B)
Sargassum horneri, A, An embryo at the start of the experiment (arrow 1= rhizoid); B, an plant at the finish
of the experiment (arrow 1= rhizoid, arrow 2= an leaf). (C-F) Gametephytes of Undaria pinnatifida, C, female
gametephyta; D, higher magnification of oogonium at the finish of the experiment; E, male gametephyte; F,
higher magnification of antheridium. (G-I) A pieced discoid tissue and regenerated thalli of Gracilaria textorii. G,
a pieced discoid; H, regenerated thalli from discoid cultured in SWM-3 medium; I, regenerated thalli from discoid
cultured under + heated HcV medium. (J-K) Ulva pertusa, ], germling; K, spore.
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Fig. 4. Growth of 5 seaweeds after 2 (Porphyra suborbiculata and Ulva pertusa) and 4 (Sargassum horneri,
Undaria pinnatifida and Gracilaria textorii) weeks of culture with or without vital HaV or HcV in medium.
Seaweeds were incubated under following experimental treatments, control: SWM-3 medium; +Heated HaV:
heat treated HaV culture (100 C for 5 minute) ; +HaV: HaV culture; +Heated HcV: heat treated HcV culture
(100 C for 5 minute) ; +HcV: HeV culture. Concentration of HaV and HeV were 1.6 % 10° and 5.1x10° infectious
units/mL, respectively, in experiments for S. horneri, U. pinnatifida and G. textorii, and 7.2 x 10" and 1.4x10°
infectious units/mL, respectively, in experiments for P. suborbiculata and U. pertusa. Each of the cultures were
added PESI solution at final concentration of 2% v/v. (A) Thllus length, rhizoid length and number of leaves
of S. horneri, (B) relative increase of gametephyte colony diameter of U. pinnatifida, (C) number and length of
regenerated thalli of G. textorii, (D) height and width of P. suborbiculata, (E) length of germilings of U. pertusa.
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Py A VAKX LD b 7 A )V AR TRAFC
Hol2e 2D ENLT FT AV IFAROBERIHL,
HaV 7 5 N2 HeV ISHEMIER T4 2 3w
Iz,
RIS 2 7 A VA OREFHlHAB T, &
PEREE DR & BUb L 2 ML - M o 3 313 & D FlH
KBTI RONT, IEE LRI - Bk
PRSI Nze oz &hs, RERIZHWY A
N ZAG KRB FERNIR LTI oIS E 2 T
Fwv RSz,

BERTE
1. ¥v3F37J

1 H R TR o724 R % Fig 512K L7z,
HRBRIX 0 pH 137.4-7.9, BAFRFEEEI345-65
mg/L O cENZNEH L, EEMMETh, #£BRX
MTENSICHEFLEZPHAND Z X oT (7
IEFIR) . MK T, EBRBGBHE 2 HH E TIoE
BARARAT8 = 1 AR E TWA L7225, € DRI
THETHA Lo 720 ~NT 0 h 7 HEEERMNIX
B L OB Y £ )V 2RI OFERHET g 0 A TR R
B, F#neEhno £ 0B L8 = 1k TH - 7,
—Ji, ANV ATMX O LR RN EBHE TR TS
+ 3R T o 720 AV AEEEHLRINIX C AR A
B e o7zmiF, 3EOREBX D) H o 1 3K
TEBRGH 2 0 HIFECEAES 8 Ak Icsm L 72
72DTHY, HWOIWORRE, WNEIX L OFEEIIMH
BENLh otz (Fisher s PLSD Method, p>0.05)

2 ol H o FEES M, & BkIX © pH 137.8-8.1,
A EFZIEEIE3.5-6.6 mg/LOMTEFENLENLEE)
L, ZHlBXETENSICHELREZNHNDL Z Lidh
Motz (F—FIEFR) . FEERIX BIZB W THEERMG
#% 3 HHBEIW2EE, S5124 HEIC 1 EEDET A
RENTDS, AHRIX % & et FRERIX Cl1d FEBRIE T IE
FCRTIEKIEMRE SN o (F—FIHEFR).
TR TR BT 2 53 BRIX O 7 A )V ARG HALIE,
WM ORERIX T b EERBIAA IR & LT 5 % B
FTHAD L7z TNHOHENPHIE, ¥~3IF 3704k
B LM OERY 4 N AEEHPNT, 74 IV AICX
STHEEZIAI L3 hvEERIN,

3 HORETH S N4 R % Fig. 61CR L 72,
%R EEIX o pH 137.8-8.1, HAFHEKIEEX5.9-6.3
mg/L OB TENZNE L, RERIX W TR 2 2E0
BNhbZbdhhotz (F—yIEER). LG
D7 AN AEGHALIZT.0% 10° BYHAL /mL Th -
7278, EBRIETHRICI31.4 % 10" YL HAT /mL ¥ TR
L Twie, dHRX, FEERIX L b, FERFGE 3 HE
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Fig. 5. Temporal changes of survived fry of
Fundulus heteroclitus (1°* experiment) in H :
cultures of seawater passed through an active
carbon filter (control) ; [ : with addition of a
Heterocapsa circularisquama culture filtrate passed
through a 0.8 um pore-size filter; @ : with addition
of heat treated HeV culture (100°C for 5 minute) ;
O : with addition of HcV culture.
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Fig. 6. Temporal changes of survived fry of
Fundulus heteroclitus (3™ experiment), in Hl :
cultures of seawater passed through an active
carbon filter (control) ; O : with addition of HcV
culture, and HcV infectious units in the virus added
culture.
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FCHCMRIIER I N LD o728, 4 HBICENE
3R, 1 ERDIETAFRD STz,

U EO#RENS, WA VA HVAYIFa sk
BIZx L, SROFEBRD LS 2EMMO ) HICEER
WERRITTI LI R0nbo LRI,

2. V7Y, ESX, THA

G HEERAND Y 4V AR OK R % Table 3
VR L7ze FEERII o oo %5 BRABRIX O KR, 32
NZN18—-19T, 30.4—31.4 %eDFHNTEH L7120
ko 7 7 RERIX TI1d, HCRNAVIEFEIXIZHBWT 1
A E AR S, HeV TIRIETIIRER S e
o720 T2 T ARBRXIZBWTYH, HeV %2 b N
HcRNAVIBFEIX & D HEM DI T I e oTze 54
ARERIX TlX HCRNAV BEE X 22 & NS IR X C© 3 ik
TR TR S 7275, HeV BE X Tk
DIWTENE o T2 WTRORERX TH AR IR
TIA NV ABEX TELWHEADILTIIREL 205
722 EH» 5, HeV 7 5O HeRNAV 25 f a0 4
FRATKT U CA I I 2 TR AR &
g shiz,

vy R

A NAFEGEXIZBWT, v A 1HEIIHT S
HeV $£5-8133.3x 10° &G HAL /mL TH - 72729,
WA BRI EE T A R4 Y I2hDbH, v 7 A1H

T HERS - 1l W - AR - R - R =

R L10° ek T- DL E 0¥ 52479 &) 2 (AR
KA R B 2SRRI B, 1995) A7z 3w
PG TETVWL LD LB SN, KRG X<y
ZREDOHER % Fig. TIZR LTze WTFho®kb5XIZH
W FIM R AREMER B SN, HeV 512X 55
BIIAD NG otz TEBMMp, <7 21247
R FEONB ELOZLDBIE SN o7z, SHIC
FBAE T H ORI & 5 IR O IREBIZE 0 5 b,
FZHIRICEFIIRD SN D o720 DEOKENS,
HeV X MED IR BT K54 v 2B E I L
< AT AMHEERBEICB VT, BRI RWD
D EHEINT,

E k)

bk HiW & U CEEY A v A DB~ D
#EZ5HET, FELEEAYIINTAEEZNET
b2, ZoRE%ERIET S L TARAZTHT
Hbo REFTIX, P& dEEERICHNZAEY
TR LT, BEY ANV RAZAMEE 2w e
Ba3Nize INFETOMERICBNTDH, SRV
oA NVADS, 15 R UM OBMEEIH L CERiE K
ZEhholzbn) ZEPHEIN TS (Nagasa-
ki and Yamaguchi, 1997; Tarutani et al., 2001; Toma-
ru et al., 200da)c DT kit HaV, HcV, HcRNAV
WEDDO THWEIRREEEZROZILEZRTHOTH
Bo FUMAMEE Y 4 VA THDENT NED Chrys-

Table 3. Number of survived firies after 96 hour incubation following virus exposure tests.

Time Control + HcV + HcRNAV

(h) (Individuals)
Takifugu rubripes 0 20 17 17

96 20 17 16
Paralichthys olivaceus 0 10 10 10

96 10 10 10
Pagrus major 0 23 18 15

96 20 18 12

Fries of T. rubripes , P. olivaceus and P. major were exposed to HcV10 (2.2x10°, 3.0x10
and 3.0x10’ infectious units/mL, respectively) or HCRNAV (3.7x10°% 5.1x10° and 5.1x10
infectious units/mL, respectively). Virus exposure time for 7. rubripes , P. olivaceus and P.
major were 10, 8 and 10 minites, respectively. Fries for controls were not exposed to the
viruses. The fries thus treated were incubated for 96 hours in a 30 L of filtered seawater
passed through a 0.2 pm pore-size filter. A half of culture seawater was changed to a new one

every 24 hour.
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Fig. 7. Temporal changes of mice weights (n=3) H:
administered concentrated SWM-3 medium (control)
: [J: inactivated HcV culture; @ : HcV culture (1.1
x 10" infectious units/mL) ; O : concentrated
autoclaved distilled water (no treatment) .
Concentrations of HcV culture and autoclaved
distilled water were carried out with using hollow
fiber membrane filter. The titer of the concentrated
HcV culture exposed under 20,000 lux light
condition for 24h was decreased to 5.5 infectious
units/mL and its culture was treated as inactivated
HcV culture in this experiment.
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FEFRBRRFEICEL TS 24KEDNATIILX (H
aV, HcV) 51 AXERNAIA1ILZ (Hc
RNAV) OFREEYICHT 5L MF MR

At (NEDO, $EBIBFZEE W NI K

PERFFERT)
FrEpfEs (RSt A - 74— - ZTANA F
7w 7 DX BETE  Hi-
tech BRA &AL
INli— (R ILKEERTZERT)
FHEER GO XK BERFZERT)
i 1B (A& 2 - 7T — - 22N F T
v 7 D AXWFFERT)

Hats (BRA&HTZ 2 - F1— - 221 F 7
v 7 2 AXHET)

el GO NI KR EERT 72T

Rl = (T N XK BERFFERT)

5 7 4 K¥ Heterosigma akashiwo (Hada) Hada 7
5 NG #: Heterocapsa circularisquama Horigu-
chi iz ZhZNAFAEME L O HBFARM IR L T
EEGZDRBEINEHTH 5. iE. H. akashiwo
HFRIICRET 5 2 A8 DNA 7 4 VA HaV, B
X O H. circularisquama % FF 20 KRET 5 2 R8H

DNA 7 4 )V A HeV 72 5 NI 1 A RNA &7 1 v X
HcRNAV 23K X D ZheEnni s, Rl
Mz E LB HNOMERE T > Twb, &
oD AV ZADWHEBEAOAY) B3R i H %17
) LTy KAV ADEIAEYITH T B R EE
EAMRTH A, &2 TRIIFETIE, ZMH, KEH
B, AEAROOICEYW 7T v 7 bk 2N
HaV, HcV, HcRNAV O 2R 21T - 720 F
7oy WA BREEEN T A o4 v eBEIcLizvy
ANOEG R E AT 5720 ZORE. TP
W BETANZDOBHFIEIRIE SN Dol
NoDOT A NVADIE LAY TH S H. akashiwo X H.
circularisquama YWY O 75 » 7 & 124 S R
MERELZVWILEZADETEZLE, KVAVAD
BAEVEIMD THWI EAURIE I N7z,
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