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Histopathologic Characterization of Viral Pathogens in Cultured Olive Flounder,
Paralichthys Oliwaceus, using in-situ Hybridization Methods
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Polymerase chain reaction (PCR) is the most rapid and widely used method to detect viral pathogens. However,
this method does not provide histopathologic nature of the virus. In situ hybridization (ISH) with oligonucleotide
probes is attractive because it is a rapid method for detection and identification of viral pathogens at sites of tissue
infection. In order to understand the histopathologic characterictics of Red sea bream iridovirus (RSIV),
viral-hemorrhagic septicemia (VHS) virus and viral nervous necrosis (VNN) virus to cultured olive flounder, we her
applied ISH method to various kinds of olive flounder tissues with PCR-positive for these three viruses. We found
that these viruses showed different tissue tropism and were detected from different cell types. Our results suggest
that ISH is useful not only in rapid detection of viral pathogens but also in understanding the histopathologic
characters of specific viral pathogens.

Key words : Olive flounder, Paralichthys olivaceus, RSIV, VHSV, VNN, In-situ hybridization.
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Fabioz uve) et mlaj2 27141717 9l
A& o]t} (Cho et al., 2010).

A7 o]t violH A4 -2 PCR (Polymerase
chain reaction) AAIS £l Al&51a =8 Aol g
Aekal glom, 27|01 utisy] 98 Ay
ol oAl ] neg dof o
(Yamashita et al., 2005). B}o|Z 20 o5t =
Aol Za %3 ojg5iel pOR 2 54
spgIgto)] Akl o] ZojA Rt 1 o] o] Q14
Moz o|gpao} 1S Sak Sekd alow
= SRk glon) ojefgt A3e) 54 4%
AR R ool 1t ek

2 o] ek e ik B2 sjiAle
Eo]dt 2A-L, RSIV (Megalocytivirus) 2] 73-$- 2=
ojuf IR Fz Hilwar 91O (Inouye 1992;
Kawakami and Nakajima, 2002; Mastsuoka et al, 1996)
Ao A= g o7} S5 ARt -2yl A]
L o|wA 2o v g AZE T 9o, flounder
iridoviruses (FLIVs)2 R 1% dHho]o] 79 Hig,
orbule] AT, Bk ulA; AR} B 2
7o) v|t7} gerH oz BAET} (Do et al.,
2005). VHS<= HA]ollxl= 1999 of] AFAAt U B
oA 22 HaL F o] 3 (Takano et al, 2000) A2
2 95k 9l o, HIRRV (hirame rhabdovirus) 2}
T1 S7do] mie- frAlSste] Zltte]] T 7 T
3K Kimura et al., 1986, 1989). VHSVZIYL L

G4 FAANA - EAIA HAL Qe vhol A

APOR, F50) AL obpuuIE, 28 ) HER
Y G| Sl e Ao 8 43
Wabr\zhe] ket S @ZAo] WAk, B7)

AEA B0 A&7} b} (Isshiki ef al, 2001;
Kim et al, 2009). o]of ®l3} VNN-& VER (viral
encephalopathy and retinopathy) 2 &= &2 ™ A} - x]o]
o F= S vEhfaL iﬂ*—ﬂéﬁ o|¢je] £t
OPRS/RE WEEA| rom, Zgof ket w2l

o2 TR o] & Al A7 Y
ElLf= WA= Rtk (Nguyen et al., 1994; Tanaka,
2004). of2fRt S/ s5of] theh Hiole 28] Foj
A 910w QI8 Uehte) Sekom B s
=AXto|g} & 4= 9t

& HAE2 AR ATk 8. vl
2122 71915 7R Selkel BRI H v
W8] EASh= 35 (RSIV, VHSV, VNNV)= tid2
2 7} "lo]H A §HAte] Yro| dgdsk= probsS
A Z5}o] in-situ hybridization (ISH)H-2 ZIghd o2
Hgs150m, WHolo] ofd v |e] of
Solxo §H9S 2 ezl Walo] ZAET,
12518 vz ol vlofal vt ofd 2] of
AN Z4aR=Ao] gt HRE ANEc
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Samples preparation

2003 AFE 2005d0f| AH =ikt e
QAake] St QFAlolR B E oA RSIV
(Red sea bream iridovirus, Megalocytivirus), VHS ~12]
VNNOE AR HAS tiem A5S 4t
ek 7k 27 2k vk AV, AP ] Ak Tefm
of7}a))of ot PCR(polymerase chain reaction)t 2]
g2 A5kt Sl AHABE Botel A o
o, 10% SAALEE2TH (Sigma-Aldrich)of] 17
e ol 352‘4;3_ 48A1ZE o o]l Aar, AIRE 2
SPA Qe B Xylene 53 Tfebn HEHg
= A% % uehg 'Z—% Arsto] 4mieA|= 2P
st EHA ] H poly prep slides (Sigma-Aldrich, St.
Louis, Mo, USA)o|| Z=H]5}0] 50°C @Eof 31524 A
A & viz ISHEkSof Al3EA, Hhs- 21714
4Cof| Bsoct.
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Digoxigenin (DIG) labeling probe preparation

Al8]o]| AF2-5l Digoxigenin(DIG)©] 037 probes
= Lee et al QU9)S h3lo] BHsiglon] 2k A
of theto] AHgH metolnlo] gt A e}
ZAt): RSIV ATPase (GenBank accession no. AY532614,
PCR AK= 7] 230 bp): 5-GTAGTGATATCGGGCTOOGA-,
5’-CCGTTCTTGAACAGGTCCAT-3’; VNN (GenBank
accession no. AF445800, PCR Az =7] 542bp):
5’-GACGTCCATCTCACGGGTAT-3’, 5-GCG AGG
GAA TCG TTG TAG AG-3’;, VHSV G (GenBank
accession no. DQ401191, PCR A= =7] 302bp):
5'-TCACAGTCACCTCGCATGAT-3",
5’-ATTGGATCAAGACCGACCTG-3’. VHSV, VNN
Hfol2|2, J12|3L RSIV ] 2t 57047} cloning o]
Q)= Plasma DNAE 53 © & DNA probesE 3}
Qom, FZAL RSIVE] A0 Lee ef al. (2006)€]
Z7A0] ustom, VHSVE} VNNQ| 79 annealing-2
T2 60CRE 3l o= AL RSIVEF 53t =7
o2 ik

In situ hybridization (ISH)

zA)ulo] 55l Sefo|=o] kil AAZ 9
5to] Xyleneo]l 1042, 32] A2] 3 100% offgh&ol| 5+,
2312 A AzAZCE 0.IM Tris(pHS.0) buffer=
== %4 F proteinase K(101g/ml) -g-eHof) 37°C, 305
2§t & Tris buffer(TB)Z A& 2, 95%, 100% ofgk
So] $ApHoR 1524 Helsle] B4 AIAT: S
O|EE A2 AXAZ] &, Hybridization buffer(50%
formamide, 10% dextran sulfate, 4 XSSC, 250ug/ml
yeast tRNA, 1 xDenhart’s solution) & #&H|3}o] T4
%l probe@t L:1usto] £2l0f| ¢lo] AHGH o R
23} 5 95 Co)| A 557 denaturation A Th HREA|
Zro] b v YA WS HAA7]AL RSIV
O] 7= 42°CollA] 18-20A17F, VHS2} VNN 73-9-
L 55Co)| A 2 A7 W-SA)7] &, Wash and Bloc
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Buffer Set (Roche, German)-2 AR&-5lo] A &5+ S
1, o] & Alkalin phosphatase”} -2+=] DIGo] tfjst
ARG Lee ef al (2009)2] HPHT} 51A] AlA|
STk 2 dARollA] ARGRE Aol et THeE
Yo 2 YeRQIckFig. 1).
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Figure. 1. Diagram for in-situ hybridization methods used
in this study.

Light microscopic examination
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Table 1. Eefficacy of virus detection by ISH methods

Total sample No. ISH positive sample No. (B) Cross detection rates(%)
=PCR positive sample No.(A) (B/A) x100
RSIV 8 7 87.5
VHSV 6 100
VNNV 5 4 80

Table 2. Detection of RSIV, VHSV and VNNV from organs of cultured flounder by PCR and ISH methods.

Liver Spleen Kidney Heart brain | Intestine Gill

PCR + +++ +++ ++ + ++ +

RSIV
ISH + +++ ++ ++ - + +
PCR + +++ +++ +++ + ++ +

VHSV
ISH - ++ ++ +++ - +/-* +
PCR - + + - +++ - .

VNNV
ISH - - - - +++ - -

PCR: +; shown with thin linear band on agarose gel, ++; same thick band with positive control, +++; more thick band
than positive control, +; indistinct linear band,-; no band. ISH: +; not exceeding 10 positively reacted cells at one view
(X200) or a corresponding reaction. ++; not exceeding 50 positively reacted cells at one view (X200) or a corresponding
reaction. +++; over 50 positively reacted cells at one view (X200) or a corresponding reaction,-; no reacted cell, *: ++

at pancreatic tissue and no reaction at digestive tube

Z ISHEolA 9FAdol AR E-S SHolst Axf, VHSV
RN FO] AL 67 HE A|FojjA] ISH W o=

Hlolel2rh AEEGOm, RSIV 8 VNNV 9y AR
S9] 7% 242} IS Al UolA] 2E 250
A ISHOJHRS 0] LFItKTable 1). T3} oje] Z5.9]
7SS YR Al B voli A Hat 2
PCRMH.O.5 Hlojelx Qpxo] WetsiA s 7)
Al 2 5918 PCRAMIN A% 7Heo] Xjol S
WSO AR PG RS SHOME 3
FEgick (Table 2). olA9] 2SS ofF 220 7
@l wlolel: 2ol glof ISH 7} PCR3} w553t
WIgE W oS Hle Holr), the-o PR
¥ RO B 8 4 g, vloleio] 149 24
sp4 B4 ISHHS AMgslel sl

RSIV detection
RSIVY] Zrd= Y]] in-situ hybridizationo]] T3t
oFAJdES-0 2 Floln]= ZAAXfO] ERA Q] FEj=

e mebo] ksl TRl 7k ug, Al

A, AV, T, obrn] BE 2] NS AE
7hBaEigon B3] w4 282 | 1

7} 53] o] Utk 212 & 4= glow, ko]
At A 9]z ] ojahulehlErt A @Ay
sjof PE ek (Fig24). HlAE lehH 2}
TR BESHE 22 BRI 5 It (Fig2B), 440
A= Hlgel et SASIA 2824 el ol
A7} T BAEI9t (Fig 2c> ISHo] cht gt
8 e sioleinel 22 542 v
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Figure. 2. Detection of RSIV (red sea bream iridovirus), VHS (viral heamorrhagic septiceamia) virus, and VNN (viral nervous
necrosis) virus in infected olive flounder tissues by in-situ hybridization. Various kinds of tissues were collected from
virus-infected fish and sections were made from paraffin-fixed tissues. In situ hybridization was performed using
digoxigenin-labeled probes to detect virus RNAs as described in Methods. A-C, Detection of RSIV. A. Liver; A few of
ISH positive cells (arrowheads) are detected around sinusoids(S), B. Spleen; Many ISH positive cells throughout the whole
of spleen. C. Kidney; ISH positive cells (arrow heads) in parenchymal tissue. r; renal tuble, M; cluster of melano-macrophages.
D-F, Detection of VHSV. D. Heart; ISH positive reactivity is shown in myocardium. E. Spleen; ISH positive reaction
is shown at ellipsoids (arrows). F. Pancreas; ISH positive reactivity is revealed at necrotic macrophages and acinar cells.
There is no reactivity in intestine adjacent the pancreas. D, E, and F are counterstained. G-I, Detection of VNN virus.
G. Liver; There is no reactivity. Hp; hepatopancreas, S; sinusoid. H. Heart; There is no reactivity. I. Brain; ISH positive
reactivities showing dip-blue or bluish puple are necrotic part of nervous cells. (I is counterstained).

VHSV detection ZollA vepdh vidat Aol 24 of Es)
VHSV 7+ | x]of| gf3t in-situ hybridizationo]] o = HAIAIE (macrophage) oAl 2H&F = 3l=dl, BIFF
oF PSS =2 Hpg, A, ARz i A A= FxA(ellipsoids) 9= Eeik= tAANZ
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oA, 12]aL AlAkof| A<= MMC(Melano-macrophage
center)Q} Z-& AA|E7} FEAH o2 Bxsl= o
ol S-sistA| T gl (Fig2D). 2okt 3|
uh PR Alol e aslolA= REs-do] A5
=15 t‘!ﬂ ]X]—ZZ]_,] I;H/Kl}\ﬂiﬂ- A—]}\ﬂ__,l;

(acmar cell) of|A 73t oFAgul-3-0] Ehel%|Irk(Fig 2E).
55, 4ok Alio] Betule] 2 oy
wkgo) P slo] SHHolsickFig2,

P o

VNNV detection

RSIV 4 VHS virus7} 28713, A%, % 5
7ol A Thrs LiERLHS v, VN7
2] AL, 7k v} 7o A517|A] 3 (Fig2G)
AR} 72 281714 3 72 (Fig2H)o 1% Ly

1o

N

$40] TS QAR 1, Aot e AR
Aol 43 PRuEgol L}Ewﬂ(Flg-ﬂ).
o &
9] wlolel o] F5o] ufet Sl oz A

14
7t Ak A7k 9lov, ofeia BAS 54
Holut 71l % EEAS el A4S B
Qg 2 9leh. 7} vlolzlse] 2 1ol
A o] wjek SjF RO 2Lt SfA] BT 1
o] =4o] Upehdch slojeizd Awe] gk
A 2rol= Al2EEfFe] 7, HholP 9] FFof
Hijefzzdol A3t HlE7t EAfshs 21 o]
o] 2 ezl Apoftk

- 23 X177 (Central nervous system)
OF Qh-o] k9] Al 417 9] g3 S)(vacuolization)
7h el Fazaole B 4 Sk ISHIKS
oI il 2, W50] 433300 TR

ez 22e) QRS ofgsiel vlolelaE
2t Aol S g7k oled ok Tl 2
= of ek, VNN Hlofels Helg st ALgake o]

kN PM

N o

2ol

PAEE A U OR Mo tge] HER
ol|& 9] ECP, CHSE-214, RTG-2, FHM, BF-22+=
o] g0} o] WSl SSN-1 E o] A
Zo|A] THA] g:%% Hjofsto] wHSoil B-11 18)al
GF-11} & A2 AREslojolyt vijoko] 7153}
u] Al 3 Q7o) ALt Hloejao) £g%
E Folstodolyl 3R A EZFE o|83) oAl
Hljoko] o2 & 4= QltiIwamoto et al., 2000).
o5 Ala2F7} Al =gjn] 2o Z2uleket Zo]
ARk A7 22 A2 AMES 7H A2 7R
= g RO Bl

VHS uloljzi RARIEOR olol i 497}
o]l A Hgolur Aol 2824 o] o=
A, skt 19 A SR B A7 olA
FARS UpRRACE A1 hiolo] vt Bmte] we
AN Eg) BRaulyl B olrta) vid, Al7F
AT, 7t 2, A v st 9)
o S ofsomis 05 290l Syrom
gy 2R o gL Ae
Hap 2oRe) 4 dks %*‘ii 22| 3
AL WHAJo] TAFElc(Isshiki et al., 2001).+& ¢179]
Aol A, ZHHE Holeie FoAlS F3lo] Al
4o of5Hs 20 Holu] 7} Hejo] IRAE
g AEsle] olefat AR TAEE 7)ol £

oflA] Blolelze] Z:Ajo] ofolA Hole] Fa F4
o] P Flo ZyEn] 53] Al vt 9%
o] gl

RSV 55 29 VHSV 1%t Akt
FApo R PR volej2t FTH TN 2
Alsto] Ul TAIES FASHE Aol SAoln, 7}
G B 2FYTRAL B2 ofd] WA Bt
of iAW A7 sk 2 A7) W A%
ZA A= B (Lee et al., 2006, 2009).

FElof|A & Aol ARG AL} vkl
thet AaE vehliglem, 2004 2 37100 o
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3
= FRIEIRTE dEH o HAlEE v ol SBiA
2kQlo] 7hs st AT WARES-] wlgo] ok 7t
Je AT = flE ACR Ho, 320 LERd
710l tigt REgt= PCRAECH Bhddh iig=s
HoUR] ZRARE olof 452 vigt AXE o

or ot

IS

w7} &8 Ao Az

A F7HA] - AN FEA e E83t
Z21 3] gt Bl 1101 in-situ hybridization
HE 2851 H 31= MegalocytivirusL} Herpesvirus 2}

2 DNA-DNA hybridization] ©]¢]oll= §lgich
(Lee et al, 2009, 2012). RNAo| thdt in-situ
hybridization] 2-8-9] 79-1e, 7 thilF o] 4]
] W3S 7s)7] £J5) RNA-RNA hybridization -2
283 AY o= BANE 2 Aol A X" VHSU
VNN 2he- Hd Hpolz]2o] 201E 9fs)
RNA-DNA hybridization & 283+ 39— ¢lich
QIuFA Q] In-situ hybridization 2] 73-%, DNA-DNA,
RNA-RNA hybrid#h-2-& 7]3.0 2 5}x]u} RNA-DNA
9] hybrid = hybridization buffero]] whe} - oFg =01
207 oju] Hi1%]31 QIthCasey J and Davidson N,
1977, Thomas et al., 1976). A& kitS ©]-85}0] DIGS
FEA|3E DNA probe A|2to] go|a}m, Zhufolaf
7} DNAH[o| 222 Q1 %] RNAHO| Q12| of] 433k
o] RNA 2112 9l ke 418 2ol glole A
o4 4l by Bapanl=g o2 o)
@1220] tfeh SAlprobe Astel Wl ol o]
MFSAA Bhelet 4 Qo ol A4 leiol -8
sich. o, RNAwfolal 2] 9= Zhedo] 2]
Hlol2l RNAS tlifo. MHS A7 whe: 217}
A 27 YollA] RNA AelS & et o omS
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Sl= Zo] £235} in-situ hybridization 2-8-0]] 9]o]
RNAse free waterg ARg-oh= o] FHH. &
S AIRE 4T AI717F 2HestA| 7kt 2ol A
U 3sddS AR A9 Wedoly ¥ v
S Aol w} RNAS] 44l Frer) debd 4= glo
e =os} Was Aoz wolt)

AR A ol gelol FALH] 2ol
B e Sl R Aol Aelr, 2
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A o2 RS el 83 o= oA
th 53] RSV S -2 DNAHPo| 2| A% 7Y
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AT (Lee et al., 2012). Arg7IT] qlof 4144,
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