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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#EO—FiTdH 5 Heterosigma akashiwo tshawytscha) S OFEFPHBF O TG EN TV S
(Hada) Hada i, Mi#har, (a2 S WIEHFF I T (Honjo, 1993) o

DR A T Ho HRTIEFEDL SKISHTTH TR & FRERWICER T IS S Heterocapsa circu-

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

i) SFOFPHPEOLTZF SR T ElMOENT WO CTHERR S N7 B 75 >~ 2 b v Tdh % (Hori-
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guchi, 1995), Z L LISKRAE 4 45 A #i PH & )4 F, 1990
ERBYF TIEHFE RS K H RS T H. cir-
cularisquama FREDBHEREND L H o720 KH
W7 H. circularisquama 7R#12 X > T, 7axvsiA4
(Pinctada fucata martensii), I3 ¥4 H A4 (Myti-
lus galloprovincialis), 7%V (Ruditapes philippina-
rum), B¥ (Crassostrea gigas) 7% & O K H #ZhH
T HE R EL 2, 1992460 H519984E D H o H.
circularisquama 7N X B HSEM E 44131004
FIZELTWR ZERHLNLE Lo TWE (BRI,
2003) -

OB ED SFEPANHLF L7720, THETIZ
AR OWERIEN,  SAWRIL, &M, WKIGER, =5
TESER, AV, T2 =), MEELKE, R
TIVIZ AR ER T, W, bRk
WA A SN, WIS I3 5 R
ORJE (22 b, HHABE) 2, ARERANOKETHE
LOERE (Zatt) & EolME» S5k EFERLIZIX
FEoTwawv (fRH, 1992; 49k, 1998), ME—, @
RIINEF TR I N TV L ONLILVER L2\ 72
IREIBREREETH %o L LR T B B3 B8 Calk
RIS R Z D25 LTwd b o0, EHMICHE-
THiLZ A L7256 ORE B RO B IR &
NTwa (FIH5, 2002), LEDO LX) ER»S,
AR DDA TR AR B B S DR 5K D H T W
%o

ZHLEBEROT, ARRICHTL2AMPDRE
ERoEVRET R E LT, WEREPICHFIEL T
B 5 2 RIS B AR BREANER 2 hvTw
A (fiH, 1994; 54, 1998), N F <l2, HEl%
e 3 5 MERHORIEEBRAE TH HHEH T HW
7Bk, N7 7)) 7 & o R R R4
s, ENSEBEREREICHZ (5 1998 4
I, 1999). # L T4, H. akashiwo \JJEY$ %
4 WA HaV (Heterosigma akashiwo virus) (Nagasaki
and Yamaguchi, 1997; Nagasaki et al., 1999), H. cir-
cularisquama \ZJ&G 3 5 7 4 )V A HeV (Heterocapsa
circularisquama virus) (Tarutani et al., 2001; Naga-
saki et al., 2003), 7 5 NIZ HcRNAV (Heterocapsa
circularisquama RNA Virus) (Tomaru et al., 2004a)
PHEHARDEEL D oSz b0 4 VAL,
FWHEEREZ FEOo N, i TEETRTH LN, F
72 BEBRAEH ORI RAEA S W S R &, AR
Bikp#l & L CHRMRME 2RO Z L0 (KRIR, 1998;
Nagasaki et al., 1999; Tarutani et al., 2001; Tomaru
et al., 2004a), AWFAREERY —vE LTOHRM
PEAHRE S T b,

FREBBRZ BB & L7z AV A AW 23809 R H
EHT BT, A NVAPEBROREBREIC SO X
ITHEEL TV B 0% T2 E b, B
BREEICARAE T D AERIIMVED 0 2 7 4 Vv 2 D5
R Lo e R il 2 47 ) LB D b HiE I
DWW, BIGBREIIBT 2R OB AV
A E ORI A S N BB 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 I BER AR 4 (2R
HIho2H b, L L, HBECOVTIL, WEERE
HOCHUT 3 B A R SR I B 5 % e A PRSI 3Ri S
NTwiv, BIZIZRELAEYREIZLNA FIA ~
RARKEE R I 2= R R B 23R, 1995) D36
WHFLEH, WK, SOKIEFHEENY, BB RWm, 1
WY, ERVEWSE O AW % Sk RS
DUFREBRIHE & LTI TWw A2, BURTIEE
WToOMHEBWE LAEWEMICET A2 A NI 4
VICHE T DIEIHFAE LRV, T LS, R
S TR R A T 5O RE XL o T

o Gk, HEIBiER, HHBRZFEELHWE LR T
DOHRAMAMFIHORESHEZ T 52 R Filsh
LT, A NITA VREZET IAEHAY D%
PRI B3 A BN T — 7 OFEMIBHTH 5,
DX BERDPOAMAETIE, &7 A4V ZAOMEY
WZ0F g B R RIS 5720, F9KESE FEEA
Th oMM, K, AEZLCCHW 77~
7 b kT AR 4 VA HaV, HeV %50
IZ HCRNAV OsgB %2 By Lize £72, BUEWRIER
YT A 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 A4V A DT EREFEWIZ 1, SWM- 3 0 ZE 55 (Chen
et al., 1969; i, 53, 1987) 12 2nM @ Na,SeO,%
WL 7281 % v 72 (Imai et al., 1996) o

HaV DEE

H. akashiwo (H93616%k) ZMF & L, AR
MG % 7 4 )V A HaV (HaVOL#R) % FEBRICH
Wizo XEOEEINICDH B H. akashiwo \ZFHE 38 L
TWW7z HaVOLRG 289 2 #8686 L, 65 ¥ 140 u mol pho-
tons m” s'C12 h: 12 h WIRFREWI T, Ha8EE20T T
ABHFIIREAE L, VA WV RAIEHIZ X 5 T H. akashiwo %
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B S 7z, BT, w0 (2,000 rpm, 10
5, 4°C) %47 o 72 H. akashiwo WO Lg%
RLL, SNz HaV Ei#il e LT T ORERIHW
720 F7z HaV ORERGLHAL, RAHRE (MPN) %
JAW Tl L7z (Suttle, 1993; Nagasaki and Yamagu-
chi, 1997)

HcV, HcRNAV D=

H. circularisquama HU9433-P #k&EfmEEE L, AERIZ
FRRIZEGeT 57 4 )V A HeV (HeVO0l, HeVo03, HeVos
F 721 HeV10#k) 7% & ONC HeRNAV (HcRNAV34)
B X O H. circularisquama HCLG-1 ¥ % 1g £ &
L, KRICERWIZEGET 57 1)V 2 HERNAV
(HcRNAV109) % HEERICH 720 BN 5
H. circularisquama \ZFHHi 38 L T\ HeV F 721
HcRNAV ¥ # % $4M L, JE58/%140 4 mol photons
m *s '"C12h : 12h BARGEI T, REEME20TC CTT2HF
ML, 74 NVRAEG X - T H. circularisquama
RRHE I, BRERT %, mO00HE (2,000rpm,
1050/, 4C) %475 72 H. circularisquama 75 5%
OLEFEERWML, 251208um X2 LRT 74 V%
— %7213 GF/F 74 V% —T#B LK% HeV
7213 HCRNAV ¥ 8 & L CRL T O EERICH w72,
HcV 72 & U2 HeRNAV O 3 By 1%, # ok 75 Bl
(MPN) % M\ Tl L 72 (Suttle, 1993; Nagasaki
and Yamaguchi, 1997) o

BEEMICHT BV IV AOREMEFTH
b ' = |

EERIZWET7avr A, AR AH4, 7YY, h
FEM, 206 OBEREIINT L7414 VADEE
AT %720, ETMEAOTA VAL TICBIT S
UE B 2 AT L7z SEBRIZ20004FE 6 H 22511 H O
24T o 720 FEBRBANG 4 HAT2> 50.2 uom 88 K % i
72L7230L RV A=K A — b & v 7 TEBRMRHEZK
1520°C, Paviova lutheri (1.0x10°% cells/ind/day) @
WS T CRE Lz, #oKIZmH —RATV, FEER24
R 2 S X TR H 26 4 TS 72,

Provasoli Otz iy (FaE , T, 1979) TH;
L TW B H 5 P. lutheri %#0.2 um I
WK THRL, 2.0x10'-5.0x10" cells/mL I27% %
I L7 T2 A VAR EZRML 72
A, SWM-3 i L7238k & 2 ENFEBRIX 32
W, WHRXEREE Lz, 72, HeV BRI
I FEBRX & LT, P. lutheri %= &L EBIIH L
HeV OIEETdh A H. circularisquama % ¥ TEHRM
L-RBRIX D E L7z 74 VA&, HavVolZ 5O

HeV03%& v 7zo FillkX 5 CEBA T - 720 7 A4
VAT BT H. circularisquama O i NEE B,
Table 172 & N2 Table 21278 L 720 &35 #330mL
Z520M0500mL b — VY —H—IZHFELTERI L
I7L—YarEffv, K- —NICERAZ—>
T ORI ANTz, BEERH BT L CTh 5 EB % B4
L, FEEBIBEE, 10, 20, 3045 HICH&ERZ 3mL 3
DRI L T uu 7 4 v HRENGRE % HOGLER
(Turner Designs model 110) 2 X hillE L 720 FEER
WT, HRZRIL -20C THRE L, % H3URE
BLU60C, 12RH ORI %217y, HREZRER
BHIE Lo T2FEEBRICH W P, lutheri DB L K
O BLRE vy, e R RIS E U 7z 3Ot
P ORI O P, lutheri BWEZHEE LTz T LTE
DEE T, 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 Wl t,, t, BB P lutheri BFE

(cells/L)

Vo EEE (L)

LIHFATA, THIBITHFOMEHMEEIZD
WL P. lutheri % FEH35,000cells/mL DL L, 73y
A A B L CTix1,000cells/mL PL 28T 5105 @
K% KD 7z, FEBIIFEAFIZEIT L &2 o 228
LTI, 7225007z, MEHHTIE ttest
TAT -7z (Stat View 2.0.2)

CL7 b s Bl

INHRIRGERE E LT, TWVT I T (Artemia salina)
H, ZORLRIELR S O EDAFRICKITT Y
ANV A D5 = BET U720 F2B320014F 3 H 12475 72,
100 um # v ¥ 2 ECHE L 7-8285900.1g ($92,000%%)
Z15mL LB ISR L, WEIEEmAKICH 1 IRERERE
., 1,800rpm, 54 ME.-OL L CLEEZETHKL, 2D
Bfe% 2 M %, RRRIIZ 0 2@ L, DITF ok
BRI W2 w4V 21, HaV0l7Z: 5 N2 HeVO0l =
Ji7zo HaV, H. akashiwo, HcV 7 &N H. circu-
larisquama D RFERMEIL L, KRR TThTh
6.9x10° EH ¥ 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 L7 5EBRIX, SWM- 3 55281 2.5mL (218 E R 28
2.5mL % $fl L 72 EBRIX, i FE A 2.5mL (27 A



10 HIILAER] - B EFSREEE - N — - SRR - b JR - FAEE] - ek - Ry B =

IV ABEFEW2.5mL & $fE L 72 FEERIX, £ LT SWM-3
R 5 mL 2 AN X2 6 R~ A4 707 L —
MR L7 ZRERX D7 = V30K AR EE O I KEgN
EEM L. &Y 2 VO EFEL 2%, 20T,
12h : 12h WG E I O G0 F TRE# 24T o 720 K5
M, B OIRE & 56T L 725 A 3B 38 h B B 2
U720 K338 3 0 HUBRIZEE & LT Nannochloropsis
sp. A L720 BLEIEE T = v ORINEITHR LT
WAL L7208 oEE L L, A5RENEH £ Tt
72T VT I TEICH LT, B LR R R
WAL B2 LB odE & & L, fat
fEHTIZ ANOVA T17 -7z (Origin 7])o

KEEE

KB EsEg e LT, BEF2H (74 €7 Swgas-
sum horneri, 7 71 * Undaria pinnatifida O BBK),
KL 2 8 (N2 ) Gracilaria textorii, <IVINT
~ / V) Porphyra suborbiculata), %%#MH 1M (77
7 F Y Ulva pertusa) %Wy, w74 VA DRE % MiEt
L72e 7 A VAL, HaV017: & WNIZ HeVO1 % v 720
FEBRIZ20004E 11 H A 520014F 1 H ORINIAT 5 720 K
HABX TOY A VAR, THESZ, TR
#371) Tt HaV 7 & N2 HeV TE R En1.6x%x10°
Y BT /mL, 5.1x10° BYHAL /mL T, JUNT
~/, THFT7TAHTRERENT.2X10" KRG AL
/mL ., 1.4x10° E&GHAL /mL & L7z,

T AEZIE, 20004F 4 AR OWEIIE GEH S,
2000) (Fig. 3A) 2 fliH L, 55201 v O LB Ll A,
TR EN72REORE B L RARE, RIREZHE L7,
7 A, BEhoREBRoOMBOEIK (Fig. 3C E)
EBEL, au——ORFEEZME L. ANV,
20004 7 HAZERE L 7288k o ek A 85 2 1955 0
K& SITHHE L, B AROR, R REZWEL 2,
RUNT VL, RIREED» OGO N Bk
(Fig. 3G) ZH\, ¥EME R oEAER, %502
EEENE Lz 7 7 431, BRI (Hiraoka
and Enomoto, 1998) 12X Wi 5 h -8 T (Fig. 3])
2V, BREIEPORFRERLZMNE L7z, SEH
FZENZN, SmL O A VAR (7 A v AR E
X)), 100C T 5 7 MIEMLEL A2 4T o 727 £ W ARGHEW
(BB A )V ZABEAEWEIX), SWM-3 55 Hh (o B X))
IZBWT, 20C, 50« E/m%s, 12h : 12h BINERE
ST TEEZ T o 70 HEIME~ VAT /),
7T AYT2HME, AN, TAA, TAEIT
4R E L7z, #K8F8WCI1E, PESI B (Tatewaki,
1966) ZdH S0 U 2 BILETHRML, RIEH, M
THEEMIE L7z, KRB IIBWTTHEY, SN/

VIZZFNZNI0MEL S N 4tk E L, T %
oW TRl OREAD I T =—% 3 oFoMERL
2o Flz, RUNTRIY, TFTFHIOWTIER;
FWPICHR T E 2 3EETF 284 L, B - EL
RO S 5 v & MR A IO Z N E L7,

BEAR
1. ¥XF37J

WAL RASIE I LN D~ I F 3 27 (Fundulus hetero-
clitus) WRALRESR 2 Bibefk & L CHw, AR d %
T ANVADEE LR Lz 74 IV AIZIE HeV08%
v 7zo FEERIZ20014E 7 HA 5 9 H O IZAT - 720
H. circularisquama X5 31 O = L AL E (2,000rpm,
10530, 4C) HLEZ08um X7 LRT 74V %
— T L7208 (NTah TR, YAV
AREFEWE, 72 & T A4 IV AR %2 100C T 5 41
BULFLL 7235 0 (BJLH Y £ OV AREFW) FAERL
TRECRT 3 MOFEERIHL L 72,

1EH

TR B U8 5 157K 450mL 12 45 FEER LR E50mL & R
LCHaRA LRI, <35 3 ZVEREf10
k% A7z, HIRX CldEBMRAE L LT SWM-3
K2 mmL, Rk~ 3 F 3 ZBLHEM10ME 4 2
ATz Kin%E22-24CITHRE, FEEBBEZE4HH F
TpH, BHEMHEREE BRRENE L. 72, 5
UAARDTER S N2 aE, MR E R H» 5
Y Bruazze SEERBAIGIE O & 4 OV 2K BT 5 7
AV ARG HATIX1.9 x 107 BRYLHAL /mL & L7z. %
BRId 3 BRIX & b 3 TIT o 720 MEHAAT I Fisher's
PLSD Method T4T7- 72 (Stat View 2.0.2) .

2EE

U6 PE B 0% 8 I K400mL 12% L, A b R BE R
1mL & SWM- 3 55 3299mL % 7 L 7z B 283 (%
BRIX A), T AV ABEEW % H I SWM- 3 85t & 2
NZN50mL §2O%@ M L 72/ 8l (EBRX B), 74
WV AREFRM &2 100mL R0 L 72K 38 (EBRIX C), B
£ OV SWM- 3 ¥t % 100mL 700 L 7285280 PR IX)
TN ZFNHE L7z, KEBRIXICBT 2 EEBRHGRO
7 AV A JEGHAL I FEEEIX A, B, C TENEFNZIX
10°, 4.5x10°, 8.9x10" E&HHifr /mL & L7z, <3
F a3 LA I0M A Z A, K% 23 -25CI2f b,
ERRE RO ENEZ 1T 5 720

3EA

v A4V ZAEEFEW500mL 12~ X F 3 ZRALHE A0
ke AN, Kilz24-26CIE, EBRFKE 4 HAE
FCHHY A VARG AL, pH, BAAMBERRE, 4
PR 2 WE L7z pHIRIXICIZE L LT SWM-3 2
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v, FREOBIEERIT 5720 ERBIERIC BT 5%
WD A4 ZJEYHATIET.0X 10° %GB /mL & L7z,

2. b7, BEIX, IEHA

FEEIIZPIEERE28cm O b5 7 7 (Takifugu ru-
bripes) MM, FEIAET 4cm D T A (Paralichthys
olivaceus) Hef, 72 & OIZFEHAEREL3ecm O~ ¥ 4
(Pagrus major) Fefaz v, ZNoOAEKRIIKITT
TANVADEBEERF L. 74V AIZ1E HeV107%4
5 OFIZ HCRNAV109% Fl v 720 92 B 13 20024F 8 H 12
oo BMBLEYANVADRYERIE T 7 7,
v X, wF A RBXT, HeV A2 hZ2h2.2x10°,
3.0x10°7% & O123.0 X 10° &G HAL /mL, 7 5 VIS
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 7o B A I fE £ %
ANz HEFIZHF B HeV 7 5 0N HCRNAV B 3%
WIRERFEX, P77 7E~<5 A4 TR0, 35
ATIR8HME Lz WA NVARBEROHFAZE0.2 4
m MK & 572 L72300 KRR L, 5 H ER
BIOWHA 7+ Y CTHEOBKERELT, 500
DEIMITHE L THB W2 ERwmm L7z, w14
ANVIRE L e o TR Z W2 EZBR 2 IRX & L
7oo 1 FEBRIXIIZI0MEAL EZ ML L, 96 HE DL
F7p O AR DOIRE & R IRIX & ik L 72,

vz

~ 7 ADWEZ 5 IZNIBAMRIC KITT I A VAD
B, WA REOR MR T 5 2 (B
JKEEAR R B S IR A B 2R, 1995) 2B E I LT
HElTo720 FEBRIZ20000E12H 12472 720 7 AU,
SPF &~ A (7a—XFaua=— Slc. ddy 48
Wy (M), HARSLC#L) %, FZBRBRBEC 1 EMBILE
B L72BICEBRICH W, BRI, &7 AV AR
P HIX, AEbY AV AR AR G-I, R R 2
HIX (fRIX) B L OB RES X (LX) o4
XAEHEL, TNEEA~ Y 2 SHST 2 ML 72,
7 AV APE5121E HeV10% v 720 HeV i A 2
5 I ATGALALER L 72 HeV o B Ge ALz Z h 2 h,
1.1x10" &Y A7 /mL 7% & O°125.5 WY HAT /mL
L L7

AV AR G XL, 2RI E TR L
72 HeV 2355808 & LTH W2, R LY 4V AR
WG XL, #EH L7z HeV 20mL 245 A ¥ v —
LIZ AR, JEEREE20,000lux O 412 2415 RN FE L 72
bR L7z MWARR RS- X GFIRIX) o5
AR, SWM- 3 SR 101 2 7 £ v A Dk &

[FAE D )5 1 THsMALER L 72 b @ & 720 25K,
BN K E IV, Tha X e L7z, Sl
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 —F{iZ VY v 7
S L TR S L 7z #5-8 3 BRI ISR,
MARZHE L, 20, 3, 7, 14, 21A%ICE&MAE
DEREZFHI L7z 72, 21HBICHEH 2 EBL, W
AR O IR & B2 L 72

BREEE

b ' = |

THHEBEOEEIIX T A HaV O 2Rl i ER O F5
W% Table WR L7ze 7YKL, AT F L 41,
TH B LS FOLREBRKXIZB W THOGHE L,
FEERRHIRE S 2 52 1B L Cwua /e (F— 4R
R o HAWEERER Y0 OEBHEEIX, f 718X
7 aXH 4B T IIX & HaV X & o iz
HREAIR SN o7 (ttest, p>0.05) (Table 1)o
THYVBLOAFOMEXE XU HaV SmImXIZ B
HENFNOPWMMEE D 1ZITHE LD -7 (Table 1),
DT LS, HaV ORI ERE I A H o088
BAEWEIICGEEZ 525 L id v g s,

THHBEOEEIIX T 5 HeV OBl il ER O F
H%, Fig 1B X O Table 2I2/R L7z 7IYHA,
LIV FATABLENFO H. circularisquama 7
MXiIZBWT, Thz2hoHEROLThECICHL
5, WORMEZML Y ET, BELRLTL4E
LC, FEBMBE PR 2B EEEIE A ST, 0t
WEDIZEAERD L eh o7z (Fig 1o —, #t
BIXB X HeViRMXIZB WK I H. circularis-
quama WIMX TR LN X9 RATENIR S $H L%
WF%EL T ZRITTB Y, FOGMEDHRL IS
LTwo/z (Fig 1o F/-HRAWRERE YD) DU
BWHEEE, A TABLET7IXYHAICBCTRHBX L
HeV R & OBICAEREIT R S N d o 72 (ttest,
p>005) (Table 2)o # F ORI IB X O HeV immX
BT ZNZENOWEBAFEICDZE LVEIRONE
o7z (Table 2),

AHART AXHA % EOZMHI H. circularisqu-
ama AT T, BREZVNT 2L THREOWE
WA CIIR LN WSEEE 2179 2 E A5
nCTwb (Matsuyama et al., 1997; Nagai et al., 1996;
Nagai et al., 2000), F7-ERMIZHzo THHIZ
H. circularisquama W% LT 5Z 2L -T, £
NODOTKMEIRCICES Z LD RSN TWS (Mat-
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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 -3 2.95+1.85 5
+HaV 1.12+0.31 464%10° 2.53+0.36 4

Mpytilus 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
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S 20- E 4 —O—+HcVv

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

0 10 20 30 0 10 20 30 O 10 20 30
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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 0.1120.02 0.89x10° =7 15.343.7 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
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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).
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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.



BT AV A OLRA RS 17

Py A VAKX LD b 7 A )V ABEEEHIX T RAFC
Hol2e ZDIENLT FT AV IFAROBERIIHL,
HaV 7 5 N2 HeV ISHEMIEMN T4 2 i3k we
SNz,
KRIGHEEIIH§ 2 7 A VA OBl T, &
PEREE DR & BUb L 2 ML - M o 3 313 & D FH
KBTI RONT, IR LRI - Bk
PRSI Nze oz &hs, RERIZHWY A
N ZAG KRB FERNR U CEI M oIS E 2 T
Ewv RSz,

BERHE
1. ¥v3F37J

1 H o TR o724 R % Fig 512K L7z,
HRBRIX 0 pH 137.4-7.9, BAFRFEEEI345-65
mg/L O cENZNEH L, EEMETh, #£EBRX
MTENSICHFLEZPHAND Z X o7 (7F—
IEFIR) . MK T, EBRGBHE 2 HH F TIo4E
BARAAT8 = 1R E TWA L7225, € DRI
THETHA L a0 o 720 NT 0 H 7 HEEERMNIX
B L OBMIL Y £ )V 2RI OFERHET g 0 TR AR
B, F#neEn o = 0B L8 = 1 ffkTH - 72,
=0, ANV ATMX O LR RN EBHE TR TS5
+ 3R T o 720 A N AEEEHLRINIX CA SR A
B o201, 3EOREBX D) b0 1 3K
TEBGH 2 0 HIFECEAES 8 Ak Icsn L 72
72D THY, HWOIHORRE, WNEIX L OFEEIIMHE
BENL ol (Fisher s PLSD Method, p>0.05)

2 0l H o B, & BkIX © pH 137.8-8.1,
AR FZIEEIE3.5-6.6 mg/LOMTEFENLENLEE)
L, HlBXECTENLICHELEZNHNDL Z ik h
Motz (F—FIEFR). FEERIX BIZB W THEERMG
%3 HHBEIW 2EE, S5124 HEIC L EEDET A
RENTDS, AHIRIX % et 3BRIX T3 BRI T I
FCRTEKIEMRE SN o (F—FIHFR).
FBHE TR BT 2 53 BRIX O 7 A )V ARG HALIE,
WO RERIX T b EERBIAA R & LT 5 % B
FTHAD L7z TNOLOHENPDHIEE, ¥~3IF 3704k
BAE M OEERY £ NV AEEHPNT, 74 IV A2
STHEEZIHI L EhVERIN,

3 HORETH SN 724 R % Fig. 61CR L7z,
%R ERIX o pH 137.8-8.1, HAFHEKREEX5.9-6.3
mg/L OB TENZNE L, RERIX W TR 220
BNhbZeldhhotz (F—yIEER). LG
D7 AN AEGHALIZT.0% 10° B WAL /mL Th -
7278, EBRIETHRICI31.4% 10" YL AT /mL ¥ T
BLTwie, X, FEERIX LS, FERFGE 3 HE

--.10‘ O— .-

» ~

g | N

T 8

=

5 )

£ 64

Pl

T4

2 1

B 2]

m o

0 T T T T T

0 1 2 3 4  (Days)
=— Control

o +H. circularisquama culture filtrate
—e— +Heated HcV culture
~— +HcV culture

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) ;
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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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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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