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Studies on interactions between marine plankton and viral haemorrhagic

septicemia virus

Dong-Bin Yun

Department of Aquatic Life Medicine, The Graduate School,

Pukyong National University

Abstract

Planktons and viruses are the important biotic components in the marine and
freshwater ecosystems, but there are only a few studies reported on the
effects of co-existence of them. Some studies have reported that
plankton might serve as a transmission vector for viral diseases.
Therefore, this study aimed to investigate the interaction between some
types of plankton and viral haemorrhagic septicemia virus (VHSV). In
this study, two types of phytoplankton including Skeletonema
costatum and Chlorella sp, and one type of zooplankton, Rotifer
(Branchionus plicatilis) commonly used for feed in the laval stage of
farmed fish. The phytoplankton and zooplankton were cultivated in
F/2 medium at 20 C and sterilized seawater at 25 C, respectively.
Each phytoplankton at two different concentrations (10°, 10° cells
mL™") were co-cultured with VHSV (10°, 10° copies mL") at 20 ‘C for up
to 16 days. Rotifer (50 ind. mL™") was fed with Chlorella sp. (3.1 X
107 cells mL") co-cultured with VHSV (10° copies mL"') and
co-cultured with VHSV (10° copies mL"') without plankton harbored at
20 C for 3 days. The mixture of each plankton and VHSV was
separated into supernatant and pellet after centrifugation (4000xg Smin
at 20 C). From each subsample set, VHSV was quantified by



real-time PCR, and also viral activity was analyzed using TCIDs,
method. Approximately 62 x 10°, 52 x 10° copies of VHSV were
measured in the pellet containing phytoplankton up to 4 days and the virus
was active as each phytoplankton pellet showed 3.5 x 10°, 5.2 x 10° TCIDs,
pellet’, respectively. In Chlorella sp. co-cultured with VHSV, VHSV
concentration in the pellet was decreased from 10° to 10* pellet’ for 16
days. The virus concentration in rotifer that has been fed with co-culture of
VHSV plus Chlorella sp. for 3 days were 10' and 10° copies rotifer’ on
day 1 and day 3, respectively. VHSV concentration in rotifer that has been
co-cultured with VHSV without plankton harbored 10* and 10° rotifer' at
day 1 and 3, respectively. Based on the results of this study, it seems that
VHSV could internalized into Chlorella sp. although it is unable to
proliferate inside the plankton. This study shows that plankton can act as a
transmission vector for VHS, and virus in the marine environment could be
accumulated in the upper trophic level and may be involved in disease

transmission.
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vt A Al ddHer AHstn U=
Hlo] 2 2~ & & 4 9l & - (viral haemorrhagic septicaemia virus, VHS)<> Family
Rhabdoviridae, Genus  Novirhabdovirus©l %£3l= RNA Hfo]g]x=9l
Hlol ¢ 2~ & d A 3 & Fufo] 2] 2~ (viral  haemorrhagic  septicaemia  virus,
VHSV)ell 93 Aoz OIEAE BHuA Aoz A rHOIE,
2019). VHSVE 1963 ®lmp=ol A w4Edas oftd FA S oA A&
Yz 1980 b o] F &1

ofrlotA & vl Fstel A MA Ao Gt aAE of Foll dEE 8
Ay olt}(Jensen et al, 1979; Brunson et al, 1989; Winton et al., 1989;

g o] 3 Z(Jensen, 1963), +3 Wwuk o}

S

o

s

Meyers & Winton, 1995; Skall et al., 2005; European Food Safety Authority,
2008). -EuEke] 4

o
o
WX kAo x&H o7 AAA S Asl JOo=Z(Kim et al., 2003)

20010 H%EZ Ha¥E o]EZRE AF L7

3

FAge] AW wa WEE 207 98 fd wdo] Wed A4

H AFoAMe FAH EAstE EFAE=0] viruse] vector® 283t
7be/del ERlEIL T o & Eo], dE Biwad o EAl5=
AEEHIAEY FEZTIAECERYH Koi  herpesvirus;  Cyprinid
herpesvirus-3  (KHV)7} A &5 03 (Minamoto et al, 2011), A<
HolAE=2  F2 o] 85 =  brine shrimp (Artemia  sp)t B
FTEEHIELS white spot syndrome virus (WSSV), infectious myonecrosis
virus (IMNV) 72 #lo]#] 2~ 9] vectorZ 2t8& 4 Q&8 H313}1% th(Sahul
Hameed et al, 2002; da Silva SM et al., 2015). Mortensen %5 (1993)=
infectious pancreatic necrosis virus (IPNV)7} A&H 29109 turbot
(Scophthalmus — maximus) F27%  FH 3G XA S= Artemial A

vlol & =7} A& QAl,  Diporeia spp. (Pontoporeiidae, Amphipoda)©l A
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U(Faisal et al, 2011). $ke] o dA4s& THLS w, M
AEES ofF, @4F vrold A WY vector= & 7hsAd ol
S ez Holy dA iyl ole FHE Ayt HFH3
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211 A EZHIE (Chiorella sp., Skeletonema costatum)

2 E5ZH A= (Chlorella sp., Skeletonema costatum)< =73 387 =<
(Korea Institute of Ocean Science & Technology, KIOST) 3l YA] 5 A ol A]

wgRtol AT M ERFY w2 Guillard and Ryther 1962,
Guillard, 19759] ¥H-S w2} artificial seawater (35 psu)oll 500 ul F/2 2000X
(AlgaeBoost, Australia)S % 7}3}o] F/2 mediumS #1233 v A Z=5F uf Aol
gtk Y 21 2009 S22 AAE 7)ol 3 20 pmol
m-’s",  FF7]=  10L:14D, =27 wAgs XSt wjdasivt.
ANEZHIES cell densityi= hemocytometerS ©]-83le] AA Aw]A

sholl Al 200X wl&=2 S48ttt

N
=
)

TE=EF3IE (Rotifer, Brachionus rotundiformis)

off
il
il

w3 E (Rotifer, Brachionus rotundiformis)2 $-#lvet AAEdE &4

2
o

7 (Rotifer H] F Aol Al Aold= A Rotifers vl sl 2L

X
r2
ofr
Sy
il

121 C, 10min 7t 1257 B3 & o] &3ste] 25 T

o
E

Ao AFEStATE FEETAES cell density= Sedgewick-Rafter

Counting ChamberE ©|-8-3}e] AA] Awn|7 stolA 40X &= S s3 T}



22, vholH 2] v g 2 A FH

221, AFEE uvlolgl A 9 wjg =7

B ATl ARERE el As AT HV]E aged AT A
T YgHk2 viral haemorrhagic septicemia virus (VHSV) KJ2008 strain 1Va
type)= ©ol-&3sATh. WA mpolelx wjkS 93] Epithelioma papulosum
cyprini (EPC) cellS 10% 5 %=9] fetal bovine serum (FBS, Gibco, USA), 1%
%9 150 IU/mL penicillin G, and 100 pg/mL streptomycin (P/S, Gibco,
USA)o] 7l L-15 medium (Leibovitz, Sigma-aldrich, United Kingdom)&
o]-&3lo] wjYTRaL AFEE 2EE 28TE AAH 5% CO, #j%7]d

Hj ket 34 7F wj e EPC cellS =3 dAn| A4S o] &3} monolayers
82l35tal old mediumsS A AS U 2% =2 FBS, 1% %9 P/S7}

HA7FE L-15 mediumS A= FH7FsE o] 200 ule vlold] A H =&},
15 TColl 7943 wjYst o 90% AXES] cytopathic effects (CPE)E

o
rlr
~

Akt VHSVZE E3E A5 HS 4000xg, 10min 18|31
T z7og YRS 3sto] syringe filter (045 pm)E  ©] 831
of st det. mpole] 2= Aol AR ETZ] A7bA -80TCel H a3t

2.2.3. RNA 3%, ¢DNA &4 2 real-time PCR

Total RNAT TRIzol reagent (Invitrogen, CA, USA)S ©|&3}o] A x=ALS]
A %o wel RNAE 5% 38t 5 uL Total RNA] 1 puL DEPC water,
2 pL N gene Forward primer (10 puM), 2 puL N gene Reverse primer (10
uM)E #H7}ste] N gene PCR (58C for 10min) A A]3}A . 7 & MMLV

reverse transcription kit (Bioneer, Korea)E A}M&3}o] 10 pLe] PCRAHE ]



4 uLe] 5 x reaction buffer, 2 ul DTT, 2.5 pl 10mM dNTP, 0.5 ul
Ribonuclease Inhibitor (Takara, Japan), 1 ul MMLV reverse transcriptase=
A 7vate] 9 AA PCR (40 C for 60min, 95 C for 5min)S =3 20 ule
cDNAE FAAth.  cDNAE  E4 A&7 H7bA -80Tel
B #A3A T Real-time A% PCR  AccuPower Plus Dualstar gqPCR Master
Mix (Bioneer, Korea)E A}F-83F% 3 2 pl® cDNA®] 12.5 pl Dualstar Master
Mix, 7.5 ul DEPC water, 1 pl tagman qPCR Forward primer (8 uM), 1 ul
tagman qPCR Reverse primer (8 uM), 1 pl tagman qPCR probe (4 pM)=
A 7Fske]  Exicycler™ 96 Real-Time Quantitative Thermal Block (Bioneer,
Korea)& ©|&38Fo] AAISA T} PCR 2712 94T oA 3++7F pre-denaturation
2] ¥, 94Col| Al 5%%F denaturation, 58 C |4 10%%} annealing, 72C ol 4]
15%3F extension®] 7S 2 40 cycles 3T VHSVE  copy
numberi= Pierce 5(2013)8] WHE o] &35t F+A8% T} Standard curve:
10° ~ 10'7FA] &4 8] 413F plasmid DNAS o] &3} Hlolgix HHFe

kg
M

plasmid DNA copy #t(x)°l ©lgt Ctak(y)el 3|4 y=-3.3273x +

42.406= ©] 83} T}

2.2.3. TCIDspS ©] 83+ virus titer 349

ZFaE EAsE violglxe dHdEE FHs = WHOE TCIDsE
o] &3}t (Reed and Muench, 1938). 96 well plate®] 7z} welld L-15
medium (2% FBS+1% P/S)ol 10° cells mL"' X2 EPC cell &E 100
nE etk AEe 107 7HA A o sukE o R Zh welld 100
WA HEste] 15Tl 547F wiFstar U 7 sMueE R HEAT

welld] AE @=L #AFs3 CPEE F5FZ2 Z& #dd welld %=



Al%¥skel TCIDsy mL™! &9 = npo]2] 25 A skt

23. A EZHIET VHSVY A3z 24

231 AEZFIAE &A= VHSVY FHF

T T AEEZFIAE  (Chlorella sp., Skeletonema costatum)s =%T
20 Col WA 7] 10L:14D 23 FHEFL 20 pmol m%s! FHoR

T25 flaskoll |3tk VHSVE F Fo wlAZFol (2 x 10° copies mL™

-

9 x 10° copies mLNYE ZZ HFstaL 6, 24, 48 183l 96A7F Fot

H .
ettt 1 mLe] E3FS Aol YA (4000xg, Smin at 20C)E 3L

‘%% 9 (Supernatant)®}  Pellet ~ AIEE T Pellet AIES
phosphate-buffered saline (PBS; pH 7.2 to 7.4)= 23 Atz o £

TRIzolE& E53tg o™, RNA = A71A -80TCd ®33t9lth

232. A EEFIAEY EAs= VHSVY A 4

o] ANEZFAE(C sp., Skeletonema costatum)s == 20 Tol
WAy 7] 10L:14D e 3 EES 20 pmol mist RAOE T25
flaskoll Wi katdch 28]l F F9o AEZHIAE (10° cells mL')o] VHSV
(1.98 x 10° TCIDs, mL", 442 x 10° TCIDs, mL")E Z}7 HZEF3sicoh
AMEH S hpi 960 AAEH L AEH WHES 1 mle £FANs FHED
AAEE] (4000xg, Smin)E oA AA|ste] AJFAS A AT Pellet
AMZS AT Pellet MZS 1mLe PBSE 23] AHS & 1 mle L-15

medium (+2% FBS+1% P/S)E ®F3dx w4 HA7A -80 Tl
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2.3.3. Chiorella sp.ol 3 52 UA3td VHSVY &<

rlo

Chlorella sp.& =%+ 20 Coll w1 3357] 10L:14D 183 372 20

pmol m?s! F7H o ® T25 flaskoll ®lFslith. el Chlorella sp. (10°

cels, mL")o VHSV (20 x 10° copies mL")Z F3J L 20 Tol
W) & AT, Chiorella sp.o 2 =& WAty VHSVE 2elslr] ¢

PBSZ 23] AHE vl Pellet M=ol TRIzol: ®F3ta 10%7
vortex3k &k o A2 (4000xg, Smin at 20 C)E sl A HN(F=H
VHSV)¥} Pellet (HA1E VHSV) MZ=2 &ttt 2 3 Chlorella sp.2]
RNAE FE317] 98] Poong 5(2017)9] WS wel Pellet (Internalized
VHSV) &S AADLdd 1%23F Agsta A4 52 $d TRIzol&

TFSAIL RNA F2 774 -80 Cell Bl &4 4% A%
AZL Pelleto] L-15 medium (+2% FBS+1% P/S)E w531 #4]
A2 -80 Coll ®aataich 22 A (Exp. 2)S Chilorella sp.& WA 3HE
VHSVZ} 245 she=A dotrax s, Ed Albe A9

A3 e 12 29 LS WPk



2.4 Rotifers} VHSVY] 43 24 54

2.4.1 Rotifere} VHSVY] co-culture

N
0

Rotiferol VHSV (1.4 x 10° copies mL ) HZFa L 25 Coll wj skt

il
o

9 oo s me Ed

AMEYS dpi 1 18]aL 3 o AAEA L A
50% EtOH= 4A1Z1 % dAEE (4000xg, Smin at 25 TC)E 3JFal
Al B AASA Pellet> Wit TS o] &3le] 23] AlF 3
Fol 1 mle TRIzolS& ¥F33 RNAFE A7bA] -80 Col R
a9a GAdE #4121 28 a3 dpi samples 5 mle] EF NS SH AL
U2 (4000xg, Smin at 25 C)E A A5t SupernatantE #| 7 3}3L Pellet
AMES AUt Pellet =S 1 mLe Eos+= 23 A4S 3t 1mLo
L-15 medium (+2% FBS+1% P/S)E EF3l¥ il w4 A7-A -80 T

B skt



2.4.2 Rotiferd]l VHSV7F #2 52 A3 E Chiorella sp. F ©]

Chlorella sp.©l VASVE F2 L= UASIAI717] 938 Chlorella sp. (3.1
10° cells mL™M)ol VHSV (6.2 x 10° copies mL)E HF3o] 20 TollA
447t wiFstdh. 443t wiFst S Chlorella sp. + VHSV E39&
g rate] YPAET  (4000xg, S5min at 20 CT)E E3 AHASE LT
AAsE Bs|TE o] &aA pellets 23] AMFHsta @+ & Rotiferol 7
TolstRtt. 183l Chilorella sp. + VHSV E3H& o] &3] Chlorella
sp.ol 2 3& Ase VHSVE real-time PCRS o] &3t #HE 2

daFetanh. MEY > dpi 1 22]al 30 AASta AEW WHEES 5mLo

rot

FeHS 50% EtOHZ LA 5 QAEE (4000xg, Smin at 25 C)Z

H
ata A Ae BE AASATH PelletS Eit sFZ o] &to] 23] A
3 %o 1 mLe TRIzolS ®F39 RNA F& H71A -80 Tol
Basnh 28a 4% A4S % AE2 5 mLY £F9s HE

A2 28 AAste AGAA B9

(+2% FBS+1% P/S)& w539 4 d71#] -80 Tol B3kt

[\

SPSS v23.0 (IBM, NY, USA)S &3 o9 ®iF EXHS ALE35hd]
FAARCR dolEo HA~ T Turkey testE FF3FA L, p < 0.05 &
 AE AR @Y IS Hole AR i 1wxE Tl {9
3 zpol7l thE ¥ALZ FAHATH

10



3. a3
3.0 AEZHIAED VHSVY A3 z8 24

3.1.1. Chiorella sp.$} Skeletonema costatum®l| FZ E&= WYA3HE
VHSVS] 7 &%

96 A7t B9t Chiorella sp.9t Skeletonema costatum® &%v 2+7F 3.3 x 10°

cells mL'Z} 1.4 x 10° cells mL'=2 e} Al 7Fo] A}

)
2
o|N
N
)
ol
ol
rlr
>,
ftlo

AE 2 A AFo] 3 A= Fig. 13 29] YERH AT Control (VHSV

F/2 medium)¥} VHSV + Phytoplankton (in F/2 medium)< <422 sk
A2 A3 M (Supernatant) ol A HEE wlolg 2= AlZko] AU Al oF 104
Aadte AL A F Aoy, Controldt A EZIIAE HIT T
frelAel zol= EAEA Ut (Fig. 1A, 2A). Control®] Pelletol] A=
Hlol ) 27} HAEW A 29kxuk VHSV + Phytoplankton®] Pelletoll A= 10°
copies  pellet'e]  VHSVZ} &l At PelletX =4  Control#}

HNEEdas 43703 724 Aol7t &= At(Fig. 1B, 2B).
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=—ibe— Control (VHSV in F/2 medium)

( A) —{ll— VHSV + Chlorella sp. in F/2 medium (B) b Control (VHSV in F/2 medium)
B chiorella sp. density —ll— VHSV + Chlorslla sp. in F/2 medium
107 1
105
108
T 104
[T
_08 4 2 T
lTE' 5x10 s - 100
s 10¢ 2 1
2 2 3 102
3 100 B 2
= 1
2 100 @ F W
< 10 2 g a a
o 100
100 = 6 24 48 96
. Hour postincubation
5x10%
6 24 48 96

o

Hour post incubation

Fig. 1. Real-time PCR results of Plankton and VHSV co-culture experiment in the supernatant and pellet samples. X-axis
represents the subsamples at different time intervals of 6, 24, 48 and 96 hours and Yl-axis represents VHSV copies mL" and
Y2-axis represents Chlorella sp. cell density (Cells mL™). (A) supernatant sample,(B) pellet sample and different letters indicate

significant difference at p<0.05.
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=—dbe— Control (VHSV in F/2 medium)
(A)  —m visy +skoner

(B) =—de— Control (VHSV in F/2 medium)
Il sksistonema costatum density

== VHSV + Skeletonema costatum in F/2 medium

107 107

108
T ° B b
2 104 P
]
. I & 3 ‘l'—\\'
= 2 g 10°
a I aQ a
E = o
L =
T 108 L 108 < U>) 101
9 o § a a a a
o
2 5 100 7'y 'y & A
I L
= g 3 6 2 48 9%
- Hour post incubation
10° . 108
6 24 43 9%

Hour post incubation

Fig. 2. Real-time PCR results of Plankton and VHSV co-culture experiment in the supernatant and pellet samples. X-axis
represents the subsamples at different time intervals of 6, 24, 48 and 96 hours and Yl-axis represents VHSV copies mL™" and
Y2-axis represents S. costatum cell density (Cells mL"'). (A) supernatant sample,(B) pelletsample and different letters indicate

significant difference at p<0.05.
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3.1.2. Chlorella sp.9} Skeletonema costatum®| 52 T+ WA3tE VHSVY A

Mo
X

Chlorella sp.9} S. costatum¥® VHSVE 964+ 9t co-culture 3+ %

ne
rlo

Pelletoll A= X5 CPE7}F €<% 3l3L  Control®] Pelletol]l A= €3l % %
G UTHFig. 3). A3 VI T AEELILE + VHSVE Pelletel 4 10°
TCIDsy pellet'o]de] wholej 7k 2= Qlal  real-time PCR A ¥}9}
FAFSHAl e Y. 28]31 Control®]  Pelleto] &= TCIDso2} real-time

PCRYH S ol &3dtle Wl R AlZEthel A mpol 27 shQl gl A &5~

=

-
AV

&k} PelletXZo A Control® A EZHIAE HESTHY Fo4 Zol7}f

391 ] 9l th(Fig. 4A, 4B).
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(A) (B) () (D)

100 pm 100 pm 100 pm

100 pm

Fig. 3. Showing the Cytopathic effect (CPE) of Plankton and VHSV co-culture experiment in 96 hours pellet sample. (A) and (C)

are the control group (B), pellet samples with Chlorella sp. co-cultured with VHSV ‘and (D) pellet sample with S. costatum
co-cultured with VHSV. Bar=100 pm.

15



A
(A) =t Control (VHSV in F/2 medium) (B) m—lbe— Control (VHSV in F/2 medium)

—fll— VHSV + Chlorella sp. in F/2 medium —fll— VHSV + Skeletonema costatum in F/2 medium
10° b 105
T b e b b
e &
o 10° s 10° -/-\+\+
1D
=] =]
S 102 O 10
=
@0 10 ?) 101
§ a a a a § a a a a
10° V' 7 7 A 10° 7 Y F 7 A
6 24 48 926 6 24 48 96
Hour postincubation Hour post incubation

Fig. 4. TCIDsy results of Plankton and VHSV co-culture experiment in F/2 medium at different time intervals of 6, 24, 48 and
96 hours (A) pellet samples with control and VHSV + Chlorella sp. in F/2 medium groups. (B) pellet samples with control

group and S. costatum co-cultured with VHSV group. Different letters indicate significant difference at p<0.05.
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3.1.3 VHSVY] Chlorella sp.°l F& & A3 7154 4

96 A1 7F FeF C sp.= 2 x 10° cells mL7'oll A 2 x 10° cells mL'& 3 7}3}o]
Wiz ded = EA7F lS5s &lstdth Control, VHSV + Chlorella sp.®]
dE el A= RF VHSVZE HEHJ old Aep {AksAl AlRbo]
R A H(Fig. 5A). Chlorella sp.2]
Pelleto]l A 72 =2 WiAdld nmlojgf2= ywds o, did 7349
Ao g Hol= VHSVZE A& HEHA WHA¥ VHSVE hour post
inoculation (hpi) 96914 10° copies pellet'e] wlo]z]~7} &% A t}(Fig.

B
9
2
X
<
an)
9]
<
lo
f
1
N
N
N
B
_0|L
s
o,
oSk
ftlo

5B). Control®] Pelletoll 5l &= VHSV7} AEH A ko, VHSV + Chlorella
sp.9] Pelletoll 5= 10* copies pellet'®] VHSV7Z}F 219 ¢l th(Fig. 5C). VHSV
+ WA R S s F IFE Fo A Aol I Pelletel A=

fel 2ol Aol 7t ol ¥ ek
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(A)

VHSV copies mL"!

10°

108

107

108

108

104

108

102

101

el Control (VHSV in F/2 medium)
—jll— VHSV + Chlorella sp. in F/2 medium

I chiorella sp. density

-10°

- 107

6 24 48

Hour postincubation
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(B) @ Attached (C) —&— Control (VHSV in F/2 medium)

@ |Internalized il VHSV + Chlorella sp. in F/2 medium
- 10° o
IE'} 4 10 b b b b
- 5 p s
T 9 . 2 -‘- -'- il i — — )
L a0 v ... 2 10 -
2 v
g— 10° 5 10
3
> 1w e 17
v @a
I b = 1
S 1w s 10 a a a a
o
10° g = =F= 10 & ES # ES
6 24 48 96 6 29 48 96
Hours post incubation Hours post incubation

Fig. 5. Real-time PCR results of samples in which Control and VHSV + Chlorella sp. groups were cultured for 6, 24, 48 and 96
hours. (A) supernatant samples with Control and VHSV + Chlorella sp. groups and the cell density of Chlorella sp. (B) Chlorella
sp. co-cultured with VHSV group in the Pellet samples with which is attached (Blue rectangular) and Internalized (Red
rectangular) in Chlorella sp respectively. (C) pellet samples with control and VHSV + Chlorella sp. groups. The error bar indicate

the standard deviation and different letters indicate significant difference at p<0.05.
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C sp.ol WAE VHSVE T2 ofRE dolr iz zast A3 (Exp. 2)9]
ControlZ} VHSV + C sp.o] FZYo|A= E5F day post inoculation (dpi)
¥ dpi 16 7kA] VHSVE w27t FAashe 4

A9l FYU3A Control®] Pellet AZol A= VHSVZE HE5A ki
VHSV + C sp.2] Pelletoll A= dpi 45-E] dpi 167+ VHSV7Z} 2F 10° copies
pellet’ °lA 10° copies pellet’ sE== 7A3tE F3¢S HAvkFig. 6B).
VHSV + C sp.9] Pellets 2 52 iAld vpo]d 22 vro]HotS o,
RAE Aoy Kol VHSVE dpi 1674 A% A=EHAx, wAgd
VHSVE dpi 4917 A& =HJow dpi 87 16°l= HAEHA &t} (Fig
6C). dZ o= F A2t 794 Aol= fIAIL Pelletol]l A = 24 <l

Aol 7} #elHgle.
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(A)
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108

107

108

10%

104
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101
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- Chlorella sp. density
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(,- Tw s|192) Ausuap (|99
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@ Attached

(B) —— VHSV in F/2 medium (C)
== VHSV + Chlorella sp. in F/2 medium @ Internalized

10° b 106
g 10 ; b 5w ¥ o
o = °
g 10 g 100 = -
w w

] L g ® ®

.“E’_ 108 -g_ 10°
o]
; 10? ; 10
n 7
§ 10 a a a =) 10t

10 & & A 100 - -

4 8 16 4 8 16

Day post incubation Day post incubation

Fig. 6. Real-time PCR results of samples in which Chlorella sp. was cultured with VHSV for 0, 4, 8 and 16 days. (A)
supernatant samples with control and Chlorella sp. co-cultured with VHSV group and the cell density of Chlorella sp. (B) pellet
samples with control and VHSV + Chlorella sp. in F/2 medium groups. (C) The results of VHSV attached (Blue rectangular)
and Internalized (Red rectangular) in Chlorella sp. The error bar indicate the standard deviation and different letters indicate

significant difference at p<0.05.
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Chlorella sp.°l &=A3F= VHSVE &A% 42 ControlZ} VHSV + C
spe] Pellets ©] &3ttt Real-time PCRWHE o] &3te] nlolg 27}
HEHA & Control?] Pelletol]l A= wlo]gjo] &AL It} shA] vt
VHSV + Chiorella sp.2] Pellet ¥ =04+ real-time PCRS o] &3to] 10
copies pellet'®] ulolzixrt AZEFH Aol FAeA thEF 100 TCIDs
pellet'©]’d2] VHSVZE &40] = A& & & 5 AATHFig. 7A). Pellet

kS ull, Attached ¥

A

AEAN R 2 WAR woaz brol
Aog FebE= VHSVE hpi 96704 A% AZF QLA Internalized 3
VHSVE hpi 63-B] hpi 48747 #E5#] 929k3 hpi 960 U&= ch(Fig

7B).
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(A) =——ae— Control (VHSV in F/2 medium) (B) @ Attached

=—fll— \VHSV + Chlorella sp. in F/2 medium @ Internalized
_ 108 108
Y b b
2105 b b L ¥ k] i @
s e — ey 3 100 @ 0 ®
Qg 104 2 10 @ PY
S 100 g 10° E 2
Q
U>'J 102 = 102
= 7
1 101
10 a a a a E
100 A & £Y A 10° - ol wis
6 24 48 96 6 24 48 96
Hour post incubation Hour post incubation

Fig. 7. TCIDsy results of samples in which Chlorella sp. and VHSV were cultured for 6, 24, 48 and 96 hours. (A) supernatant
samples of Control and C. sp. co-cultured with VHSV. group. (B); The results pellet sample with VHSV attached (Blue
rectangular) and Internalized (Red rectangular) in Chlorella sp. The error bar indicate the standard deviation and different letters

indicate significant difference at p<0.05.
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3.2. Rotifers} VHSVS] 3528 HA4
3.2.1 Rotifere] 2 =+ A3 5 VHSVS A

VHSV+= Control (only VHSV in sterilized seawater)oll Al dpi 1, dpi 3 =7
AZEH A &AA T Rotifer + VHSV 77+ dpi 1914 1.6 x 10 VHSV
copies Rotifer'e] VHSVZ}F &= 131, dpi 39141 dpi 13Xt S7Fg 1.5 x
10° VHSV copies Rotifer'2] VHSV7} A& At} (Fig. 8). Rotiferoll A]
Control#} Rotifer + VHSVZFe] ]2l Xtol7} 1At Dpi 13
30l 4] 2] Rotifer vF2]<4=9} Rotiferol Al 7 E¥ VHSVE H|ust9 S o, dpi
191 4= Rotifer 3 2] 63.4 + 15.3 VHSV copies Rotifer' 7} &% AL
dpi 39l E dpi 1Bt =713 977.9 + 8192 VHSV copies Rotifer' 7}
#HE 5 9L tH(Table 1).

VHSVSF 4943t vigsl C spollAle old A fAbskA F32, WiA€
AMZo A ZkZE 6 x 10° copies pellet!, 4.3 x 10° copies pellet'®] VHSV7}
SIS (Fig. 9). Control  (Chlorella sp. + Rotifer)®] Rotiferol] A=
Hiol ) 271 H= AlZttiell A HEH A &kth sHAINE Chilorella sp. with
VHSV + Rotifer-7+2] Rotifero] /] dpi 194+ 53 x 10' VHSV copies
Rotifer'o] 4 ¢] VHSVZF AEH L, dpi 3914 2 x 10° VHSV copies
Rotifer'®] VHSV7} &% QS ™(Fig. 10), Rotifer sampleol| 4] Control¥}
ATl Fo A Zol7b FAE ATk Rotifer W % ® VHSVE
ol 7] fl&l dpi 1, 39 EAsH Rotifer vhE]5=2} Rotiferoll Al AEH
VHSVE W& S Wl Chlorella sp. with VHSV + Rotifer 3FollA]l dpi
19} dpi 3941 4.7 £ 0.7 VHSV copies Rotifer', 9.7 £ 0.8 VHSV copies
Rotifer' 7} 247} 7% %] 21 tH(Table 2).
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10’

10° b
10°
10t
10}
10°
10!
10°

VHSV copies Rotifer!

a a
1d 3d 1d 3d

only VHSV VHSV-+ Rotifer

Fig. 8. Real-time PCR results of only VHSV and Rotifer + VHSV group were
cultured for 1, 3 days. Blue bar: dpi 1 samples of only VHSV and Rotifer +
VHSV group, respectively. Deep Blue bar: dpi 3 samples of only VHSV and
Rotifer + VHSV group, respectively. Different letters indicate significant

difference at p<0.05.
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Table 1. Concentration of VHSV attached or internalized in rotifer.

Viral concentration (VHSV copies Rotifer’)
only VHSV VHSYV + Rotifer

1 63.4 £ 153 50

N.D.
3 9779 + 819.2 30

N.D., Not detected

Rotifer mL"!

Time(d)

107

—
(=]
=]

10°
104
10°
10?
101
10°

ove

VHSV copies pellet™

Attached Internalized

Sample source

Fig. 9. Real-time PCR results of samples in which Chlorella sp. with VHSV
attached (Blue rectangular) and Internalized (Red rectangular) was cultured for

96 hours. The error bar indicates the standard deviation, respectively.
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104 b

b
':'L I
& 10
=
[=]
o
w
Q102
g
a 100
I
-
a a
100
1d 3d 1d 3d
Chiorella sp. Chiarella sp.
+ with VHSV
Rotifer +
Rotifer

Fig. 10. Real-time PCR result of Chlorella sp. + Rotifer and Chlorella sp.
with  VHSV + Rotifer group were cultured for 1, 3 days. Blue bar: dpi 1
samples of Chlorella sp. + Rotifer and Chlorella sp. with VHSV + Rotifer
group, respectively. Deep Blue bar: dpi 3 samples of Chlorella sp. + Rotifer
and Chlorella sp. with VHSV + Rotifer group, respectively. Different letters

indicate significant difference (p<0.05).

Table 2. Concentration of VHSV attached or internalized in rotifer.
Viral concentration (VHSV copies Rotifer")

Time(d) Chlorella sp. with  Rotifer mL"
only VHSV .
VHSV + Rotifer
1 4.7 £ 0.7 50
N.D.
3 9.7 £ 0.8 30

N.D., Not detected
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3.2.1 Rotiferd] ¥ 2 == WA]3tE VHSVY &4 4

VHSVeL g7 wiFEl Rotfierel]l =#8k= VHSVe] &A% 242 Control
(VHSV only in sterilized seawater)¥} Rotifer + VHSV2] Rotifer A Z=
=48kt Control Al&EelA 245 AW VHSVE #Q1EA] @ghon,
Rotifer + VHSVS] Rotifer A ZolA = dpi 1914 1 x 10* TCIDsy Rotifer”,
223 dpi 3914 E © F7F3 6.8 x 10° TCIDs, Rotifer'e] v=Z A4S
A VHSVZF Q1= It (Fig. 11). Rotiferd] E 914  Control¥} Rotifer +
VHSVE] #9491 3ol7} el gk

VHSVSF $HA| sl ¥ Chlorella sp. S 41°]gt Rotfierel EA3}= VHSVY
g% 2242 Control(Chlorella sp. + Rotifer)¥} Chlorella sp. with VHSV +
Rotifer®] Rotifer® #2135} Th wlx7FA 2 Control AMZoA A4S A
VHSV+ A E R ko), Chilorella sp. with VHSV + Rotifer®] Rotifer
AMZ o= dpi 1914 10" TCIDs, Rotifer’, dpi 3914 10° TCIDso
Rotifer'e] == A& A VHSVZF 25 thFig. 12). Rotiferol A
ControlZ}  Chlorella sp. with VHSV + Rotifer®] <2<l =}o]7}
Sl = AT
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10¢

b
5 1k 2
ar
= b
s 10*
e
21
E 10?
w
< 10
= a a
1d 3d 1d 3d
only VHSV VHSV-+ Rotifer

Fig. 11. TCIDsy result of samples in which only VHSV and Rotifer + VHSV
group were cultured for 1, 3 days. Blue bar: dpi 1 samples of only VHSV
and Rotifer + VHSV group, respectively. Deep Blue bar: dpi 3 samples of
only VHSV and Rotifer + VHSV group, respectively. Different letters indicate
significant difference (p<0.05).
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104

8 b
2 100
2
2 102
=]
-2 b
A 10"
LA 10
=
a a
10°
1d 3d id 3d
Chlorella sp. Chiorello sp.
+ with VHSV
Rotifer 1
Rotifer

Fig. 12. TCIDs, result of samples in which Chlorella sp. + Rotifer and
Chlorella sp. with VHSV + Rotifer were cultured for 1, 3 days. Blue bar: dpi
1 samples of Chlorella sp. + Rotifer and Chlorella sp. with VHSV + Rotifer
group, respectively. Deep Blue bar: dpi 3 samples of Chlorella sp. + Rotifer
and Chlorella sp. with VHSV + Rotifer group, respectively. Different letters

indicate significant difference (p<0.05).
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WSSV (Liu et al, 2007), IMNV (da Silva et al, 2015), IPNV (Mortensen et

%0
Y
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_0|L
;'.Pu
)
i
il

ol 7§ A (vector)e] S HS g S

al., 1993), KHV (Minamoto et al., 2011), VHSV (Faisal and Winters, 2011)7}
FdaEe] ofs) wslE hsAdel = Aem H 53], VHSVY
A5 m=e egisdd EAste ©2bRel dE <2l Diporeia spp.olA EAES
A VHSV type 1Vb7F SIESlaL o] A 2Aste oo} ol A ¢
VHS %23 (Faisal and Winters, 2011; Faisal et al., 2012)¥ “J#Ado] Q=
Aoz yeytth 22y d39] 49 Rotifere] HolPE= de o] &5+
Chlorella sp.®} Rotifer 5= ©]&3 A+ AGFsirh. wepxy 2 AFdE
Chlorella sp.9} $-2lupe} <Aote] -H3sto] RESIL AT Skeletonema

costatum, 1Bl X Ax]o]7]o] %7] Hol|AER o] &%= Rotiferet

S
rlo
il
o

AEo] VHSVY vectorZ 288 7hsAd S AT
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=
glol free-living & FEIE AT 4 wro] gle 3ol ¢ <Hg A olg+=
As BAF= ZA3g dddng. AEZSHAECd 532 == vAsd
Hhole) = hpi 64F-EH 96 < AT oiv] °F 10% HLE7F FFEE
AEHNT =T FX3 A2 =48R Jiang (2012)2 A EZHIE
(Alexandrium tamarense, Alexandrium minutum)® WSSVE &7 wF 3+ &
whole cell fluorescence in situ hybridization (WFISH) W'H o 2 323198

o] AT (Liu et al, 2007)°] <ol vYst AZZHAE (Isochrysis
galbana, Skeletonema  costatum, Chlorella  sp., Heterosigma akashiwo,
Scrippsiella  trochoidea, Dunaliella salina)®} WSSVE &7 #]Y3a S o
3L A 7R L galbana, S. costatum, Chlorella sp.oll 4] Wlo] & 2~7} A& 5 Ao},
2 ATAHAME AT AESTAEY S Ad VHSVZE 9647
Fot EA3%= AeE Hol o]Eo] VHSVY mechanical vector® 288

9= Hoz Holt)

2ol ol Aol wieleiast A widE =TI =
ZAAZ oA AHE HEZSHIES ©]831% conventional PCRel| 23
574 wvlolej =9 EA FFE RS tHLiu et al., 2007; Minamoto et al.,
2011; Yanuhar et al, 2018). &y HEFE vlo|y 27t SHIAE HWHI
pavel QA o U HEAE SlsA etk B AgolAs
VHSVZ} Chlorella sp.ol WAzt 7lsAdS AAAA A
al, 2017)% olg3te] Felalarh of WEE EAA

=
=
WAs ofs ddd = e AEd Bielet dddn. I Ay 24

W (Poong et

=
A8 22 Chlorella sp.o FZ¥ nlo]# 7t oo, 4U A o
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vtol & =7} Chlorella sp.ol WASHE Aoz olxglon A 3
et ATt 4d Aol Chlorella sp. W2 Eo|3t vlole] =7t FA ah=A] o
gk ofFE 16 FoF #ESAS wl, A AIst FASHA FEE
Hhol g 27kt elar, AstE wpolgis 4 olFole HEHA
ookt Liu 5 (2007)> WSSVSF 10¥7F wiekdl A &= == ¥ (Isochrysis
galbana, Skeletonema  costatum, Chlorella sp., Heterosigma akashiwo,
Scrippsiella  trochoidea, Dunaliella salina)| A vlold == AEH A &kar
ol AEEFAEol WSSV =5 Aso]l ofd A ogta v &
ATl M Chlorella sp.&= 169 FeF F=3] F4 3}
ARGl AL Chlorella sp.olAd #HE¥ ulo]#
D adtE AOR Hol VHSVZE Chlorella sp.2l WH-olA F248# H3l=
Ao 2 KR o|= Chlorella sp.7} VHSVO| 7+4d& AUl oty x| w
=gAoe2 BEHA FAHY FHs #AF A= =

°
oo e 0 Ex‘acellularspace o ®

Protei .
ch.

= O@Eﬂwﬂﬁm

e ® Intr acell lar space

Fig. 13. The cell structure of Chlorella species and the pathway of substance

transport in the membrane.
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Fig. 13.9] YErH Az Aol A nlo]e] 27} 21 &
WAs 3 5 de Azz Zgate] AEZgaEdA  nlolw st

AZHAS Aoz AAdn. AR il At EFAE FE 52

et

Aste oigt &3t JrE Fetstr] 91814+ Transmission electron
micrscopy (TEM)®} in situ hybridization H=S ©]83k F714 < A7}

a3 zlox Heltt

Frada 5(2014)°] <3t HojA ol A2 st= 27794 real-time
PCRS &3l algae virus®| Y& Emiliania huxleyi virus (EhV)©]
HEZHNL ERVel A Emiliania huxleyiS Copepod”’} A o]3}$1 S
Hholgl == Aol 168413744 HEHJATE T3 o] A5 (Sahul
Hameed et al., 2002; Zhang et al, 2006; lJiang, 2012; da Silva et al.,
2015)° 4 WSSV, IMNVe} 3H7] witd A &E%=1ES Rotifer, Artemia
aga AR ol2= HolAlE AR wE Hels W EE AEA
Hhol#H 27F HEHol g A Wl Holrts ARE F HAAT
ArEAEE Ao J7heAdS BT & A= Helrks ARE
o]-§sto] VHSVE} | witetar v d4lde] el 4 Chlorella sp. &
o % AAT Rotiferoll A VHSVZE A= Zlo] E1HAT. o=

AFAEAL HolAbs ARl wel dEAATE vpolY A WAAE

W

Kitamura ‘5 (2003)2 djFoll EAst= 5= & T =] marine birnavirus
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(MABVs)9] vector2 283t 7hgAde] thal 31 Th. Porchas-Cornejo s
(2017) ©¥sta FH FEEFHAEC] WSSVE HIst=d Hylol
NS Aolgk Atk 18|31 Sudahakaran 5 (2006)3 Sivakumar 5 (2009)2
offo Aof, T[T FA AEY 7] Hol AER o&H:= oY
A AA Sl Artemia (nauplii, metanaupill, juveniles, sub-adults and adults)”}
white tail disease (WTD)S] U <AAQ extra small virus (XSV), Macrobrachium
rosenbergii nodavirus (MrNV)2] reservoir 22 7]A4 WA 2 283}
violej 2~ AW S 3 da & & kil 3 th(Sudhakaran et al., 2006;
Sivakumar et al., 2009). IHNVe] ¥ uiAdoje] I Feo] 7]AsH

=
CRAS

lo
©,
o\
o

A Lepeophtheirus  salmonisZF-8 Y3 wfol 27}
HEFRJa, A7 doj= I A AJakob et al, 2011) ©] Ao &
[HNVY] vector 9&S & F Qv o= xHAT 2 A7 A=
Chlorella sp., S. costatum 2 Rotifer’} VHS®] vector 9 &S o 7l S
HoFa ok B Ao A Chlorella sp.2t Rotiferol] F2 =2 A
22 Chiorella sp.olA  Z ] 028 copies Chlorella sp.', 1
Rotiferol &= 977.9 £ 819.2 copies Rotifer' 2 &1t dukz o
Rotifer®] =7]& 180~200 pum©|3l Chlorella sp.2t S. costatum™ 2~60 pm=
ZHd 1008 A& Zpol7} Wt} o= Rotiferdll Hpeolefx7p F-2ek = 9l
WA o] Chlorella sp.2} S. costatumBR. T} Hio] o WS Fo] FZ3AAY,
of 44 S sk Rotifer AW = So7kA debd A3 5 v Sk
FAl EA sk whol2]27F thFeE planktonic stage
ofy et 7S A=l F& 52 UFE AHAcR Eod 7 U
SAlel wRol# 9] reservoir S vector®  AE3te] WS s

ol 9eg ekt

Lo it
off
i
il
ot
1
rm
e
rEI
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F&A o} Adste] violejs HEF H A9 7F WAl (Schneider-Schaulies,
ol gk A mtoldf s wFo 545

T st=d AFEEthar $kth(Liang, 2005). ©] Zoll Feng 5(2013)2 Artemia

2000), ol=#1g #4-& WSSV 7

A Eeo] A 99 o}rtm] M ELI} FALEE WSSV specific binding -$] 7}
EAsE Aol FAE o] drtemia’t WSSV A 571 € 4 tfa
stk B AFHE Artemiad 39 9% GACl RotifersS o] &3]

FEEFAEY VHSVY AEztge] ois] ol okxnt, 5o VHSVe}

A s o wpolef~g #dstr] flsiA = John 5 (2015)°] aLqERE
A4 FHHS AFESIE Q. o] W F4 20LE o (pore size :
2.7um, 0.22um)3i FeCl, ¥FS, 0.1M EDTA-0.2M MgCl, Buffer, pH 6.0
Azxzsh 22 B33 A FAHo] o] B2 ¥ sFE Fdsr]d=
AZPA, ZEA SHolA AV AT SRR B AT =

%
Asbe ol Bd wHUME Adgetn g EAs: TgaES
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oA Ade sgd EAEte T AEIHAEC] HolH 29
mechanical vector S-S e FY HolAlE
Al A mpolef ~7F HA Eo] AW
AA S vk FF VHSV BwF olu gt thekgh uwloly A AW
EHAEY A #d A9t Zed AoE dAddn. ol
AT AA FA W ZHe] wAYQd Tt agla AgA R ATs
Ag 7= A8 ATE
Hlolg 2o EAE e

AR FF U FHAE WAAGE WF dRAAT TR
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e dasirolA 24z 20 T, 25 ColA »
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