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Anopovwon ka1 pop1akdg yapaxkin-
P1Op6G oU yevaparog tou 100 Noda
ot Aafpaxia (Dicentrarchus labrax
L.), mou extpé@oviair o YAUKO Kat
0adaco1vé vepd oy EAdada

E. Evdotpn’, I. Kotlapévng™, ®. ABavacomnotdou’,
Li Dong', A\ Apyupokaotpitng’, E. ®paykialaxn'

IMEPIAHWH. Xxondg g napodoag pedétng Atav n anopbve-
on tou 106 Noda ané 1xfteg yAukoy vepoy ka1 e161xd ané 1o €ibog
Dicentrarchus labrax L. (AaBpdx1) ka1 o popiakdg xapaxtnpiopdg
tou. Xe nponyolpeveg pedéteg éxer avagepOei n aviyvevon tou
106 Noda pe w péfobo tng Aduoibwuig Avii§paong g ITodupe-
pdong (AATT) oe AaPpéxia (Dicentrarchus labrax) mou epepdviCav
KAMvIKG oupmtdpara ka1 ektpépoviav und eviaukég ouvliikeg oe
YAUKG vepd. Aev eiye, 6poc, emevybei n anopéveon wu ot kut-
twapokardiépyera. H napodoa pedén neprypdeper v anopdvwon
1ou 106 Noda ané ehnvikég extpopég daPpakiot nmou eppdvilav
KAVIKG oupTdpata kai o ektpépoviav 16oo ot Oaddooto doo kat
o€ YAukd vepd. O 16¢ anopovardnke oy e1d1xd ouvexn kuttapiki
oeipd SSN-1, exbndavoviag yapaktnpiouxd kuttaponaoydvo
anotéeopa und pop@n kevoronoiwong ka1 exkpuyiiong. ITapdd-
Anla, 610 0Uvolo TV Serypdtwy eykeparikoy 10100 kat opOadpav
1ou nipoépyovtav ané poruopéva dafpdkia, aviyvedOnke, pe xpi-
on tng Avdotpopng Metaypaprig — tng Aducibwtig AviiSpaong
IMolupepdong (Reverse Transcription-PCR) ka1 pe v texvika g
nested RT-PCR (nested Reverse Transcription) — PCR, évlemn
avdotpopng avuypapnig- PCR, pa yevopikd nepioxi peyéOoug
255 (euydv Baoewv (CB). H otykpion tng allndouyiag twv vou-
kieoubiov g napandve nepioxig pe avtiotoryn mou aviyveiOn-
ke oe aolevii AaPpdxia evpondikig ektpoprig ka1 ot dida €idn
1y06wv avéberle peyddo Babpé opoloyiag petaly toug,.

Aé€e1g xhe11a: Dicentrarchus labrax, 16 Noda, anopéveon, po-
plaxdg Yapaxtnpiopdg Tou YEVOHATOG ToU 100G

Epeuvntikn
Original article

Isolation, characterization and
sequence determination of Noda
virus from sea bass (Dicentrarchus
IabraxL.) reared in freshwater and
marine facilities in Greece

Xylouri E.', Kotzamanis J.**, Athanassopoulou E*,
Li Dong', Argyrokastritis A.’, Fragkiadaki E.'

ABSTRACT. The present study aims to characterize Noda virus
isolates from freshwater and marine fish, specifically from species
Dicentrarchus labrax (sea bass). Previous works reported the
detection of Noda virus only by using PCR, in cultured
Dicentrarchus labrax showing clinical symptoms. Here we describe
the isolation of Noda virus from symptomatic sea bass cultured in
sea and freshwater facilities in Greece. The virus was isolated in the
continuous cell line SSN -1, exhibiting characteristic cytopathic
effect, vacuolation and degeneration of the monolayer. In parallel,
in all cerebral tissue samples isolated from infected individuals, a 255
bp viral fragment has been detected, using Reverse Transcription -
Polymerase Chain Reaction (RT-PCR) and nested PCR.
Comparison of the amplified sequence was detected in diseased fish
in European farms and in other piscine species revealed a high
nucleotide homology.

Key words: Dicentrarchus labrax, Noda virus, isolation, characteri-
zation, viral DNA sequencing
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EIZAT'QTH

OL avaQoEES Yo LOYEVEIS MOLWDEELS O EXTOEQPD-
ueva Baidooia 0N L BYvwv ovveymdg avEdvovtal Adym
™g eoydaiog TayrOowag avVAaTTUENS TOV TOUER TWV
yBvoraihiegyelwv. Avdaueoa otg MowdEeLs autég, 1
Toyevic EyxepalomdBera nor Apgipinotpoetdomnd-
Bewa [(IEA) 1 Ioyeviig Néxpmon tou Nevowov Iotov
—INN)], wov mpoxrakeiton asmtd tov 16 Noda, elvan amé tug
O ONUOVTIXEG, TTEOOPAAoVTaG Towriha eidn LyBlwv
avd tov xéopo. O 16g g IEA aviirer otovg
Betanodaviruses, mov amotehovv vEo UEAOC TG OLOYE-
vewas Nodaviridae (Mori et al., 1992; Comps et al.,
1994). H owoyéveio oty meguhaupdvel puxoovg, €i-
®ooaedprotc RNA 100g, mov mpoofdiovy evpd @doua
evioumv xat 18wy (Kaesbergh, 1987, Mori et al.,,
1992). To yévmua tov 1oV Noda tov 1yBbwv arotelel-
tar ard dvo povérhova popla RNA (+). To RNA 1
(~ 1,01 x 10° Da) xmduomorel ja u dopunr] Towteivn
ne wopraxd Pdapog mepimouv 110 kDa (Nagai and
Nishizawa, 1999), evéd 1o RNA 2 (~ 0,49 X 10° Da) »w-
duromolel pia TGdooun TEWTEVY TOV LivoU TeQUBAT-
notog ue popLand Pdeog 42 KDa.

O 16¢ Noda aviyveteton og dudgpoa eidn LyBvmv tg
Meooyelov (Iwamoto et al., 1999; Skliris et al., 2001;
Bovo et al., 1999), véonua dumg €xet tapatnondet uo-
vo 0¢ exteeoueva Bakdooia (0 v Bvmv. To hapod-
%L elvan 1o 7o gvtabég extpepduevo Boldooio eidog,
eV QOPE(g TOV 10U EX0UV aATTOJELYTEL KO OL TOLTOVQEG
(Sparus aurata L.) (Thiery et al., 1999q, Breuil et al.,
2001, Castri et al., 2001).

O 16g eivan gvalodntog oe ouvOrec eQyaoTnoiov
zaw 0ev emPudvel Tdvo amd 6 uyveg (Frerichs et al.,
2000), evdd oL avapOEES TOV 0LPOQOTVY OTHV TALQOVOTaL
%o oty emPinon tov oe yBelc YAuxroU vepol elvan
ehdyloteg. Ou Athanassopoulou et al. (2003, 2004) awvi-
XVEVOQV YOt T OoEd ToV 16 oty EAAdda og a.obe-
v Aafodxria Tov extpépoviay o€ YAurO veed, rabmg
®ou o€ 0EVpELYYovs e PCR, evd o Jalil J., (2004, mpo-
owmny emmovavia) €xel avagpEQEL CUITTOUOTO OE
®v€paho (Liza-auratus).

O Hedge et al. (2003), paoitouevol og froymurés
%O YEVOUWXRES OVOAIOELS EVOPOUMUOUEVMV RUTTOQO-
HOAAMEQYELDV, ETTLYEIONOAY VAL TOVTOTOOOVY EVa LG,
oV amopudvmoay and acfevég dtopno Tov eldoug
Poecilia reticulate (guppy), To omoio dwafiwve oe evu-
dpelo pe YAurs vepd. O epevvntég emPePaiwoay v
TOEOVOta EVOG 0TEAEYOVS TOV 10U Noda, To omolo avy-
%e oty ouddo RGNNV nou gixe avivyoviry] ovyyé-
vela pe Tov 16 Noda mtov astopovavatay arté Baidooio
eldn 1 Bvwv.

H aviyvevon tov 100 Noda pe AAIT (PCR) €yeu emi-
ong emutevyfel oe aoBevi| Aafodxrio Tov TEOEQyovVTaY

INTRODUCTION

Due to excess acquacultures’ development in
worldwide scale, reports on viral infections in cultured
marine fish are increasing. Viral Encephalopathy -
Retinopathy (VER) or Viral Neural Necrosis (VNN)
caused by Noda virus is one of the most devastating
viral disease in a variety of marine fish. VER virus
belongs to Betanodaviruses, a novel member of the
Nodaviridae family (Mori et al., 1992; Comps et al,,
1994). Nodaviridae includes small, icosahedral RNA
viruses, infecting a wide range of insect and fish species
(Kaesbergh, 1987, Mori et al., 1992). The genome of
piscine Noda virus is constituted of two single-stranded,
positive-sense RNA molecules. RNA-1 (~1,01 x 10°
Da) encodes a non-structural 110 kDa protein (Nagai
and Nishizawa, 1999), whereas RNA-2 (~0,49 x 10°
Da) encodes a 42 kDa coat protein precursor.

Although Noda virus has been detected in various
Mediterranean fish species (Iwamoto et al., 1999; Skliris
et al., 2001; Bovo et al., 1999), incidence of the disease
has been reported only in cultured marine fish. Sea bass
is the most commonly affected cultured Mediterranean
marine species, although carriers have been found also
in sea bream (Sparus aurata L.) (Thiery et al., 1999q,
Breuil et al., 2001, Castri et al., 2001).

The virus has been proved sensitive in laboratory
conditions and was enable to survive up to 6 months
(Frerichs et al., 2000). There are only few reports
indicating its presence and survival in fresh water fish.
Athanassopoulou et al. (2003, 2004) reported the
presence of the virus in cultured sea bass and sturgeon
in freshwater for the first time using PCR, and Jalil J.
(2004, personal communication) reported clinical signs
in mullet (Liza auratus).

Based on biochemical and genomic analyses in cell
cultures, Hedge et al. (2003) attempted to identify a
virus isolated from a diseased guppy (Poecilia reticulate)
kept in a freshwater aquarium. These researchers
confirmed the presence of a Noda virus strain belonging
to the RGNNV group, with antigenic similarity to
marine Noda virus isolates. Noda virus identification
via PCR did also succeed in diseased sea bass
originating from two different intensive culturing
freshwater systems (Athanassopoulou et al., 2003) and
in intensively cultured sturgeons (Athanassopoulou et
al., 2004).

In the present study, the isolation by using the
continuous SSN-1 cell line and genetic characterisation
of Noda virus, from sea bass reared both in sea and
fresh water facilities, was realised for the first time in
Greece.
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o7t 00 OLoPOEETIRA EVIATIZG CUOTHILOTOL EXTQOPYS O€
yAvro veo (Athanassopoulou et al., 2003) xou o evia-
Td exTEEPASUEVOUS 0EVREVYYOUS (Athanassopoulou et
al., 2004).

v Toovoa QYOO TEQLYQAMETAL, YL TOWTH
POEA OTN XWEA UAS, N aroudvmwoT Tov v Noda oty
ouveyn vuttaowy oeled SSN-I »ow m pograxy Towto-
O OY| TOV aTtd AP OAKLOL EMANVIXWV EXTQOPMV YAUROU
%nou BaAaoovo veod.

YAIKA KAT ME®OAOI

Asvyparoinyia zar Khvirn) Ewtova
1. Aafodxia extpeqponeva o€ YAUrG veQO

To Aafodxia mov eEetdomray mEoépyoviay ard
novada uyBvoxarhiépyerog e Hrelgov. Ou 1yBieg,
otav Loylav 1,5 yo., petagpéodnrav and 1o Bahaoove
tBvoyevvTrs otapd oty povdda, dirov Tapéuevay
0€ #AELOTO 2O AVOLYTS GUOTHUC EXTQOPNS LE VEQD Ye-
arenong, ahatdmrag 0%e o pH 7.8, xaf’ dhov tov
TOQOYWY IO TOVS KUXAO.

Katd ™ petdfaon oe yhurd vepd, n Bvnoudmta
frav wegroolouév). O tyBveg mopéuevay og YAUrGS ve-
00 Yo Teplmmov 8 uijveg, 6tav exdnAdBnxay ta medTa
rhvind cvprttdpara. Ta meguotatird Tapatneonxoy
T0 ®ahoraiol tov 2002, dtav 1 Bepuoxpacio Tov veQo
frav mwepimov 25-28°C nan dujornoav €va uijva. Thv
mepiodo exeivy, ou vyBveg elyav pdoog 50-80 yo. nou
dratnpovviay oe ®¥Aewotd vinAopa extoogie. Ta ov-
UTTOUOTO TOV EUPAVIOOV 1TOV VEVQILRNG QUOEME,
OTtmG: avaucAn ®oAvupnon, vitegevouotnoia, B6Amon
TOU KEQUTOELDOUS KAl AULUOQQEAY(X TV 0POOAUDY, TU-
PAMOY), OXOVQOG XOWUATLOWOS OEQUATOS KL TQAUNOL-
Tnég aholdoers. O Oepuatinés ahMOLWOELS ETTLTAE-
©rovtay ovyvd amd puxntidoers. H nuepnola Bvnowus-
o £grace puéyol 30%.

Ta Aafedxia, ov datnEoltviay 0To avoxtd ®i-
RAWUC EXTOOPTIC, EUPAVLIOAY TTLO 1TTLOL CUUITTTOUOLTCAL, UE
TEQLOOGTEQOD EANAES TLC OPBAMURES OMOLDOELS.

2. Aafodnria extoeqpopeva oe povadeg Oaraoovov
vEQOWU.

To Aapodxia mov eEetdomray mEoépyoviay and
2A0B0UE TOLWV povadwv tyBuorahheoyeldv te Hiel-
oV %a lyav Pdog 2-7yQ., GTav AQYLO0V VA EUPOVE-
Covv vevpurd ovprttdpoto. Ta megiotatind ovvERy-
oav to rohoxaipL Tov 2002, dtav 1 Bepuorgaoio Tou ve-
00U ftay megimov 25-27° C xou dujornoay mepimov dio
ujveg. Tyv meplodo exelvn, ou 1yBieg naL Twv TOLHOV
HOVAdWV eUPAVIOAY avdloya VEUQIXA OUWTTOUOTOL
IOV TTEQLYQAPNRAY TOQOTAVW, foUTeens SUmMS HoQ-
. H nueorowa Ovnowudtyro xopdvOnxe amd 10- 30%.

MATERIALS AND METHODS

Fish sampling and Clinical Evaluation

1. Sea bass reared in freshwater hatcheries

Examined sea bass were artificially reared in
freshwater in a commercial hatchery situated in Epirus.
Fishes were transported from a marine hatchery to the
farm, when they weighed 1.5 g and were thereafter
reared in well water in open-flow system facilities at a
salinity 0%0 and pH of 7.8 throughout the rest of their
life. During the freshwater transition, mortality was low.
Fishes were held in freshwater for almost 8 months,
when the first clinical signs appeared. The outbreak
was held in summer 2002, when water temperature was
25-28°C, and it lasted for one month period. At that
time, sea bass, reared in the re-circulated system,
weighted approximately 50-80g and showed the
succeeding nerve symptoms: sluggish swimming,
oversensitivity, retinopathy, eye bleeding, blindness,
dark skin coloration and traumatic lesions. The skin
lesions were often contaminated with pathogenic fungi.
Daily mortality reached total 30% (during the outbreak
period). Sea bass reared in open-flow systems, exhibited
less severe symptoms of the disease, with more
profound eye lesions.

2. Sea bass reared in marine hatcheries

Examined sea basses originated from cages of 3 fish
farms in Epirus region and were weighting 2-7 g, when
neural symptoms appeared. Outbreak was held in
summer 2002, when water temperature was about 25-
27°C and lasted for two months. During that period, fish
from all three farms showed major neurological
symptoms, like sluggish swimming, oversensitivity,
retinopathy, eye bleeding, blindness, dark skin
coloration and traumatic lesions. Daily mortality was
about 10-30%.

Microbiological and parasitological examination

The minimum number of fish examined per farm (1
freshwater and 3 seawater cages) was 10 individuals.
Kidney and spleen samples were inoculated onto
Tryptone Soy Agar (TSA) and Thiosulphate Citrate
Bile Salt Agar (TCBS) for bacteriological use, according
to the methods described by Roberts and Shepherd
(1997). Squash imprints of gill, skin, gall bladder, liver,
spleen, kidney, muscle, brain and gut tissue from freshly
sacrificed fish, were examined for the presence of
parasites, according to the methods described by
Roberts (1989) and Athanassopoulou (1990). At the
same time, ten (10) eye and brain samples from
symptomatic sea bass were collected for subsequent
tissue cultures and PCR analysis.
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Muxgoprodoyuen] zor magaottoloyuxt] eE€Taon

O ghdyrotog aBuds L Bvimv ov eEgtdotnray avd
wovada (1 yhurot veou xou 3 pe Bahacowvoig #hw-
fovg) firav 10 dropa. Ta delypata eEetdotnnay yuo
TNV TAQOVOIAL TV YVOOTHOV ToH0ySvev foxtnoimy tmv
POQLWV ®oL YL0 eEmTaQdaLTd.

Agiyparo omhMiva ®al vepeov, and tyBieg extpo-
@@V T600 TOV YAUR0U 600 %aL Tov BoAacovol veQoy,
evogBoluiomray og TeUITOVIXS dya aoyas (TSA)
%ol BeL0coVAELOG RITERG dyoQ ne GAAS %ol O]
(TCBS), otupwva pe ™ poxtnolohoyixy uébodo wov
nepuypdpetal antd Toug Roberts »aw Shepherd (1997).
Eviunduora podyyiwy, dépuatog, ovpodoyov ®Votg,
NTATOG, LUV, EYREPAMROU ROl EVTEQLROU LOTOV, eEe-
TACTNRAY YLOL THV TALQOVOI0L TOQACITWY, CUUPOVO LE
T ueBddovg mov mepLrypdpovral andé tovg Roberts
(1989) nouw Athanassopoulou (1990). ITapdArnha., ovA-
AéyOnuav déva delypata eyre@dlov xal opHoludv
atd ovumTouaTird Aapodxia, fagoug 80 yo., Tov TEOo-
optCovtav Yo amopudvmon Tov Lol 08 KUTTOUQORMA-
MEQYELES ®aL YLoL aviyVEVON owtol pe ™ wEBodo g
nested RT-PCR.

Amopovoon Tov LoV

Aglyparta eyrnégparov ot opBoludy Tov teoofe-
PAuévav Aapoaxridv, ar’ Sheg Tig vitd eEETao Hovd-
dec, opoyevomowOnrayv petd ond mpoobixn EMEM
(Eagle’s Medium Essential Medium) »ow puBuiotinod
drahipuatog ahdtwy, euThovtiouévou pe 2% 006 ep-
Bovov péoyov, pe 0,85% NaHCO;, (100 IU/ml) mevi-
®whhivng, (100 pg/ml) otpemropvrivng xow (0,25 ug/ml)
aupoteQurivig B. AxolovBnoe quyoxévronon otig 1500
rpm Yo 15 hentd, otovg 4°C.

"Eywe tehnt] agaiwon 1:10 tov agyrol evaiwor-
Horog row axohovdnoe didnon pe arootelpmuéva k-
toa, omayv drauétoov 0,45um (Santorius, Minisart,
Germany), ®ote vo amotQomel  emudlvvon pe po-
xtijowat. To evaudonua evoplalpiotyre o WnQOTAd-
reg 24pmv B€oewv (Nunc, Denmark), wov €pepav xit-
TOQA TNG OLVVEYOUS HUTTAXNS 0eLds SSN-1 »ow axo-
hovbnoe endaon otovg 25°C, yuo tovAdylotov 7 — 12
nuégec. To #dBe delyua wotddv TEOyparoToOnrov
TOELS TOUAAYLOTOV TUPAEGS dlodot. O xaAMEQyeleg eAEy-
XOVIOV RAONUEQLVA YL TNV TALQOVOTH KEVOTOTIMY 0T
RUTTOQA KOl EXPUAONG, EVOERTIRMV TOU RUTTOQOIOL-
Boydvou amoteréopatog (Ewmdva 1, 2).

AIIOTEAEXMATA
Muxgofrohoyixn] nou TagooLtodoyixn eE€Taon
Mo PLohoyL®ES AL TOQACITOMOYIRES AVONIOELS,

mov €ywav og 10 Aafodxioa 0d »dbe ovomuo exTQO-
Piig, Edwoav aQVNTLKG aToTEAEOUATOL.

Virus isolation

Brain and eye samples from infected sea bass of all
affected farms, 10 individuals per farm, were collected
and homogenized after adding EMEM (Eagle’s
Medium Essential Medium) and a buffer solution
supplemented with 2% FCS (Foetal Calf Serum), 0,85%
NaHCOj; and antibiotics [Penicillin (100 TU/ml),

streptomycin (100pg/ml) and amphotericin B (0.25
ug/ml)]. After centrifugation at 1500 rpm for 15 min. at
4°C, the samples were further diluted in medium to
provide a 1:10 dilution of the original tissue sample and
were filtered through 0.45um sterile filters (Santorius,
Minisart, Germany). The filtered tissue extracts were
inoculated in continuous SSN-1 cell line in 24-well
microplates (Nunc, Denmark) and were incubated at
25°C, for at least 7-12 days. Three blind passages were
performed for each sample. Cultures were checked daily
for the presence of intracytoplasmatic vacuoles,
indicating cytopathic effect (Figures 1, 2).

RESULTS
Microbiological and parasitological analysis

Microbiological and parasitological analyses were
performed in 10 specimens of diseased sea bass in each
culture system and were found negative.

Virus Isolation

From all tested samples showed cytopathic effects,
Noda virus was isolated and this strain led to the
characterization of the Greek EXF 1 Noda virus isolate
and stock it.

1. Noda virus RNA isolation

Viral RNA extraction from infected tissues and
SSN-I cells affected was carried using the QlAamp Viral
RNA Mini Spin Kit (Quiagen GmbH, Holden,
Germany), according to the manufacturers’ instructions.
The resulting S0ul RNA product was electrophoretically
examined for its integrity and quantity.

2. PCR primers

The initial PCR-primer set, used for the amplification
of the 725 bp coat protein gene region, was synthesized
according to the published viral nucleotide sequence of
the coat protein gene of SINNV (Nishizawa et al., 1994).
Primer F (5’- GAATCTTCCAGCGATAC -3°) con-
sisted of 17 nucleotides complementary to nt 306-322
and primer R (5- CGAGTCAACACGGGTGAAGA -
3") of 20 nucleotides corresponding to nt 1011-1030 of
the SINNYV coat protein. The forward and reverse
primer for the nested PCR, which amplified a 255 bp
fragment, were NF (5- AATGTGCCCCGCAAACAC
-3’)yand NR (5’- GACACGTTGACCACATCAGT -3"),
(Table 1).
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ATOpGvVOO TOU 10U 0€ ®UTTAQORUAMEQYELES

‘Oha ta vtd eE€taom delyuota Aafoaxridv eupd-
vioay ruttagonafoysvo amotéheona (KITA) (Ewmdva
1, 2) uéoa oto TaQUTAV® YEOVIRG dLdoTNUO TwV dL6-
dmv ota ®itTaa TS ®utTauric oelpds SSN-1. EAd-
yrota delypora (2) epgpdvicav KITA ond v mod
dtodo, wepuoodtepa (5) amd ) devtepn now GAha Ta
vréhouta amd v toit). H amoudvwon tov 100 Noda
EMETOEYPE TO YUQURTNOLOUS TOU EMNVIXOU OTELEYOUS
EXF 1 zow mv amofeporomroinoi tov ("dg stock™).

Aviyvevon Tov 10U Noda %ar pogLoxdg yoQuxTNoLonog
70V YevONaTog Tov Loy ue nested RT-PCR

1. Aopdveon Tov tizxov RNA

H exyvhon tov iirod RNA, antd ta delypata 1otdv
TOV LOAVOUEVMV AoPoaxldv %ot amd To. evopOaAL-
opéva ritroga SSN-1, 6mov amouovadnre 1o EXFI,
€ywve pe v yonon tov Ql4amp Viral RNA Mini Spin
Kit (Qiagen GmbH, Holden, Germany), ovupwva ue
g odyleg tov rataorevaoty. To tixd RNA mov ex-
yVAlotyxre elxe oyxo S0ul naw eAéyyOnure, avoagpopird
OTNV ArEQOLATNTO KAl TNV TOOOTHTA TOV, UE T1 X1 ON
00LLOVTLOG NAEXTQOPBONONG.

2. Exmtuvntég

H emhoyn tov agyxot exxnvnti g Ahvodmtig
Avtidpaons g Iohvuepdong (AAIL PCR), mov yon-
OLULOTTO BNRE Y10 TOV EVIOTLOWS THG ELOUIC TTEQLOYNG
TV 725 TP g mowteivng tov mtegLAjuatog Tou 1, fa-
olotne ot dnuootevuévy ahkniovyio vourieotdinv
™S TEWTEIVNS TS Onxng Tou yevauorog tov SINNV
(Nishizawa et al., 1994). Avtég fitov o exxwvntig F (5-
GAATCTTCCAGCGATAC -3°), mov amotehe{ton oo
17 vouvxheotidio cuputinomuatind oto nt 306-322 »a
o exnwvnmig R (5- CGAGTCAACACGGGTGAAGA
-3%), mov omoteleitan od 20 vourieotidio yia To nt
1011-1030 g SINNV mowrteivng g O1xns. H aiin-
hovylo Tou BT POEAS %L TOV AQVNTLXRNG QOQAS
exnvnm) yuo v €vBetn AAIL eviog 255 T turjuarog
(Dalla Valle et al., 2001) eivor yia tov NF (57-
AATGTGCCCCGCAAACAC -3) nawyuaetov NR (5°-
GACACGTTGACCACATCAGT -3’) (ITivoxag 1).

3. Avdotoogpn avriyoagt

To uxd RNA avauiyOnre oe avoroyia 0,5ug R ex-
wvnti avd ug RNA oe telnd dyxo 11lul, petd and
E00B1 %N vEQOU VYQHS Yowuatoyoapios. AxoholOnoe
endaon otovg 70°C yua 5 hemtd val apéows petd mo-
QOLLOVY] TOV SLABUATOS O€ TTAYO YLoL S ETTAEOV AETTTA.
H diadiraoio tg avdotgogng avitypaptic Eexivnoe (e
v weootjxn 20 wovddwv AMV avdotoogng avi-
yoopdong (Invitrogen, Carlsbad, CA, USA) og uiyua
avtidpaong Gyrov 20 pl, tov wepieiye 50 mM Tris-HCl

Ewova 1. Pvotodoyixd xitrapa tng xuttagixrs oetods SSN-1.
MeyéBuvaon 200 X.

Figure 1. Normal SSN-1 cell line (Invertoscope, 200 X
magnification).

Ewdva 2. Kvtragomaboyovog dpdon (evdomdaouatind #evoto-
a xat agyouevy exgiiion) tov 1ot Noda otny evopbatuiou-
vy e waboroyixo viixd xvrraoixy oelpd SSN-1 o avdoteogo
rnooxomio (200X).

Figure 2. Cytopathic effect after inoculation of Noda virus positive
pathological material in continuous SSN -1 cell line. Typical
intracytoplasmatic vacuolation and degeneration was observed
under Invertoscope (200 X magnification).

3. Reverse Transcription

Extracted RNA was mixed with R-primer in a ratio of
0.5 pg primer DNA per pg RNA in a total volume of 11
wl , after adding high purity water, followed by incubation
at 70°C for 5 min and direct contact with ice for 5 min.
Reverse transcription was initiated by adding 20 units of
AMV reverse transcriptase (Invitrogen, Carlsbad, CA,
USA) to a reaction mixture of 20 ul, containing 50 mM
Tris-HCl pH 8.3, 75 mM KCl, 3 mM MgCl,, 10 mM
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Mivaxog 1. Zetyn exxivnuiray poplmwv yio m nested RT-PCR

ITEPIOXH XTOXOX EKKINHTEX (5—3’) OEXH MEI'EGOX BIBAIOI'P.
LTO FENQMA IPOIONTOZX (%) ANAB®OPA
SINNV mowteivn F: -GAATCTTCCAGCGATAC- 306-322 75 Nishizawa
TOU TEQLPAaTOg R: -CGAGTCAACACGGGTGAAGA- 1011-1030 ctal., 1994
TOU LY NF:-AATGTGCCCCGCAAACAC- 547-565 255 Dalla Valle
NR:-GACACGTTGACCACATCAGT- 782-802 et al., 2001
Table 1. Primer’s sequence
TARGET REGION PRIMERS (5—3’) POSITION AMPLICON REFERENCE
SIZE (bp)
SINNYV protein F: -GAATCTTCCAGCGATAC- 725 306-322 Nishizawa
of the viral coat R: -CGAGTCAACACGGGTGAAGA- 1011-1030 etal., 1994
NF:-AATGTGCCCCGCAAACAC- 255 547-565 Dalla Valle
NR:-GACACGTTGACCACATCAGT- 782-802 et al., 2001

pH 8.3, 75 mM KCl, 3 mM MgCl,, 10 mM DTT xau 30

wovddeg avaatoréa g oipovouriedong (RNaseOUT,
Invitrogen). To mogamdvm ulyuo exmdoTyre oTOoUg
42°C yua 90 hered yua T ovvBeon tov cDNA.

4. Ahvowdotii Avtidgaon g Ilodvnegdong (AAII)

Metd ™) ovvBeon tov cDNA, axohovBnoe 1 avti-
YOOLPY THG YEVOWLXTS TEQLOYNS 0T OV Tou 10U Tng IEA
(ITivaxrag 1), ue T uéBodo g one tube- nested PCR,
olupwva pe ToradooLouévo mpwtdrolho (Sambrook
etal., 1989). To plyua g avtidpaons mpoobepudavonre
otovg 94°C yia 3 hegrrd now petd viroPfAridnxe og 40 xv-
AUAOVG, TTOV 0 ®AOEVOS TEQLEAAUPOVE T TAQAKRATW OTA-
dua: 94°C vy 30 sec, 50°C yua 30 sec nou 72°C yua 40
sec. To telxnd otddio eméntaong €yive otovg 72°C yua
10 Aemrd. Ta moidvra g PCR avaliOnxay uéom nhe-
ATQOYOENONG 08 TNRTOUA 0yaStng 2%, apov teon-
youuévag Pagtnxre ue Ty eL0ry Yooty fowutovyo
aBudio (0.5 pg/ml). Xonowomombnxre deintng pooia-
2OV faodv, pe mwpdtumo avd 100 Ef (Gibco, BRL) »ou
UETA TNV NAEUTQOPOQENON TO TNKTMUC TG OyOQOLNG
avoliOnre o LVITEQLOES PMG.

5. Avalvon tng vourieotidowktig axorlovdiag Tov Linov
RNA

Metd and amoudvmon Tov TEoidvtog g nested
PCR pe ) porifeia tov gpmopirot kit NucleoSpin
Extraction (Macherey & Nagel), avtd eviéOnre otov
mhooudiond  @opfa  xriwvomoinong Topo-TA
(Invitrogen, Carlsbad, CA, USA) ue yoron tov eviipov
T4 DNA ligase (New England BioLabs) »ou axolov-
Bnoe petaoynuatiopds emdertr@y ®uttdowy E. coll.
To mhaopidio Twv BorTNOLOXOY OITOLALDY OTTOUOVH-
Bnxav pe to Plasmid Mini Prep kit (Roche) o o tpoo-

DTT and 30 units of ribonuclease inhibitor (RNaseOUT,
Invitrogen). For cDNA synthesis the above reaction
mixture was incubated for 90 min at 42°C.

4. Polymerase Chain Reaction (PCR)

After cDNA synthesis, one —tube nested PCR
followed for the selected IEA virus target-region,
according to a standard protocol (Sambrook et al. 1989).
The reaction mixture was preheated to 94°C for 3 min.
and then subjected to 40 thermal cycles, of 94°C for 30
sec, 50°C for 30 sec and 72°C for 40 sec. The final
extension step was at 72°C for 10 min. PCR products
were analyzed on a 2% agarose gel, stained with
ethidium bromide (0.5 pg/ml). A 100 bp DNA ladder
(Gibco, BRL) served as a size marker and gel was
photographed under UV.

5. Nucleotide sequence analysis of the viral RNA

Agarose gel extraction of PCR amplicon
(NucleoSpin Extraction kit, Macherey & Nagel), in
order to insert into the Topo-TA plasmid cloning vector
(Invitrogen, Carlsbad, CA, USA) using T4 DNA ligase
(New England BioLabs), was followed by
transformation of competent E. coli cells. Obtained
plasmids were purified using the Plasmid Mini Prep kit
(Roche) and sequenced by the dideoxy method on a
LI-Cor 4200 automated sequencer (Li-Cor Inc.,
Lincoln, NE, USA), using M13 forward (-20) (5°-
GTAAAACGACGGCCAG-3) and M13 reverse (5'-
CAGGAAACAGCTATGAC-3’) primers. In silico
analysis of the determined sequences were performed
using BLAST computer program (Altschul et al. 1990;
ncbi.nlm.nih.gov: 80/cgi-bin/BLAST/nph-blast).
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dLopLopds g vouxrheotdniic adinrovyiag Tmwv evBe-
wdtwv dievepyndnxe ue ™ uéBodo dudeotv tepuart-
oot ¢ moAvpuepdong (dideoxy sequencing) og qvtd-
wato avorutr LI-Cor 4200 (Li-Cor Inc., Lincoln, NE,
USA) ue yonon tov exnwvntddv M13 forward (-20) (5°-
GTAAAACGACGGCCAG-3’) naw M13 reverse (5-
CAGGAAACAGCTATGAC-3). H in silico ene&ep-
yaolo TmV VOURAEOTIOWMMYV CAANAOVYLOV TTOV TTROEX Y-
Yav €ywve pue ™ Ponbeita tov Aoyiwouirotv BLAST
(Altschul et al. 1990; ncbi.nlm.nih.gov: 80/cgi-
bin/BLAST/nph-blast).

YYZHTHXH

H ta&wvdéunon tov 106 Noda tov 1y8bwv €xeL mpo-
tafel amd tovg Nishizawa et al. (1994), faoilduevn
otV avdilvon g vourheotiduxng alnhovyiog tov ye-
VOUOTOS TNE TEMTEIVNE TOU TEQLRARLOTOS TOV LOU, (LE-
TA amd 25 LapoQETIRES ATOUOVITELS, TTQOEQYOUEVES
TS LOTTWVIRES, TADAAVOETIRES, VOTQUALAVES RO LTA-
MrEg exTEOQES L BVMV. ZVUpova Ue TO QUAOYEVETIRG
3évto Tov TEOERVYE, oL Lol Noda twv wyBimv xwot-
omrav og t€00eplc opddeg: tiger puffer nervous
necrosis virus (TPNNV), striped jack NNV (SINNV),
berfin flounder NNV (BFNNV) »ou red — spotted
grouper (RGNNYV). O Dalla Valle et al. (2001) ava- 1 2 3 4 5

@épouv otL oL Lot Noda, mov asmopovodnrav oty Me-
00yeL0, avirovy oty opdda twv red-spotted grouper
(RGNNV), 6mov aviixouvy xouL to. OTeAEXN TV dtrdv
UOLS QUTOUOVOOEWY.

e oavtiBeon pe Ta VERUATO AUTA, OVYYQOAPE(S

Ewova 3. Aviyvevon tinov RNA ue nested RT- PCR.

Oéon 1: agvytinds udotvoas, Oéon 2 ~4: eyxépalot ybvwy,
Oéon 5: Acintns pogiaxdv Paodv (100-1000 &p).

Figure 3. Nested RT-PCR from RNA extracted from brain of
affected fish. 1: negative control (no DNA template),

2 ~4: Nested PCR fragments of Noda virus isolates from sea bass,

(Thiery et al., 1999B) avagégovv 50 amopovdoeLg Tov 5: 100bp DNA ladder, molecular weight marker (100-1000 bp).

1 AATGTGCCCCGCAAACACGGGCGGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGA
1 M C P A N T G G G Y V A G F L P D P T D

61 CAACGATCACACCTTCGACGCGCTTCAAGCAACTCGTGGTGCAGTCGTTGCCAAATGGTG
22 N D H T F D A L Q A T R G A V V A K W W

121 GGAAAGCAGAACAGTCCGACCACAGTACACCCGTACGCTCCTCTGGACCTCGTCGGGAAA
41 E S R T V R P Q Y T R T L L W T S S G K

181 GGAGCAGCGTCTCACGTCACCTGGTCGGCTGATACTCCTGTGTGTCGGCAACAACACTGA
6t E Q R L T S P G R L I L L € V G N N T D

241  TGTGGTCAACGTGTC
81 V. V N V

Ewdva 4. H ueyébovs 255 §f vovxdeotidwej xar g avtiotowyn auwobixn alinlovyia (onuetwuévy ue évrovns yoaprc alpapntixois ya-
QUXTIOES) TOV xAwvomomuévon Turjuatos tov tov Noda ard Ty yevouuixaj meotoxij e mowteivys tov xaydiov. H apibunon twv vov-
xAgotidlwy xar Twv auuvoEéwy paivetat ota aplotepd, eva elval vroyeauuIouéves ot Oéoels tav exsxuvnrdy tg €vbetns AAII (nested PCR).
Figure 4. The 255-bp nucleotide and corresponding amino acid sequence (denoted by bold face type one-letter designation) of the amplified
and cloned region of the Noda virus coat protein gene. Nucleotide and amino acid numbering are shown on the left and nested PCR-primer
positions are underlined.
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v (ulo 0d Tov Athavtind Qureavo xal pia atd ™
Meaodyelo Odhaooa), Tov TEoxahovY Ta (Lo cUUTTHD-
wota 6tav meoofdilovy Aapodxia. O ev AMdyw orto-
HOVAOELS EYOVV YEVWUIRES OLAPOQES RAL VIO TO AGYO
oUTo VITHEEY OLAUPMVIES YLOL TO AV VITAQYEL POAYUOL Ue-
TAd00NG TOU 10U PETAED TV e1dMDV. AuTé amodeiyOnxe,
emtong, omd tovg Ucko xaw ouv. (Ucko et al., 2004) amé
amopovaoels oto lopand, 6wouv dev vitioyxe enpaviic
eEewdinevon oe Egviotiy. Metddoon g véoou ogath-
1{Onxe, emiong, ot Touwtovpeg (Castri et al., 2001), wov
WITOQEL VO €(VaLL AOVUTTWUATIROT (POQE(S, RaBWS naw O
hopodxio (Le Breton et al., 1996). Eivaw mpogavég,
EMOUEVIS, OTTO WOQLORES UEAETES ROl DLOOTAVQOTVUEVES
HWOAOVOELS, GTL neErd oteléyn/ elidn tov 1l Noda dev
magovotdtovy avomen eEedirevon oe Eevion, Smmg
emiong o xdmoror Eeviotég dev elvan evmtabeic oe éva
otéheyog/ eidog Tov 10U (Munday et al., 2002).

ITponyovueveg pehéteg amd tovg Athanassopoulou
et al. (2003) €delEav v magovaia Tov i Noda mov
wroQel va teooPdiel Aafodxria Tov YAuroU veQoy, TQO-
HAADVTOS VOOO L€ VEVQIRA CUUTTOUOTOL. ZTO OUYKRE-
XOUEVO TTEQLOTATIXG, O YOOVOS UWGAVVONC eV umoQel va
TEOGOLOPLOTEL, Sumg elvar mBavev ta Aafodxia, Tou
EXTOEPOVTOY 0TV (OO Lovada, va eXTEBNHRAV OTOV 1O
otawv axdun peloroviav oto Bahdooio Lbvoyevvntird
otafud. Ta Aapodria magovotaoay Eviova xhvird
CUUITTTOUOTO TOUAAYLOTOV OXT() (8) WijvVeS LETA TNV €L~
oaywyn Tovg oto YAurd vepd (Athanassopoulou et al.,
2003). Metd o 16¢ mtépaoe og véo Eevioty, otov 0Elp-
QUYY0, GTtov cuvEYLoE va Tolathaotdleton (Athanas-
sopoulou et al., 2004). “Exel deyBel 6tu 0 165 droTnoei-
Tow og YArG veQd, og ouvOnxeg epyaotnlov, elval -
v6TeQ0 0T00EQAS %o OV emPLidveL EEL WijveS HeTd TV
amoBnrevor| tov (Frerichs et al., 2000).

v oovoa PerET, Tor AaPodxria TOv EXTOEPO-
VIav og YAURO VEQS TOQOVOIOoOV HALVIXA CUUITTOUL-
TOL TOVAAYLOTOV UETA OO OXT UNVES ROl O LOG TTOQE-
UELWVE ROMIOUOTIXROS O YAURG VEQS YLt TTOAU UeYOAD-
TEQN TERL0d0, TEOOPAAAOVTOE dLapogeTinovg LyBves-
EevioTéc.

[TadTtL 0 105 €xer pehetnOel travomomTrd oe Ba-
Mdooua €0 wyBYwv, motéoo, elvor avayraio vo die-
EayBovv mepartépm pehéreg yio va eEaxolpwbel 1 pe-
TadoTRGTHTA TOV VTS dapopetirég alatdtres. Emi-
TAEOV, VTTAQYEL EMMITHG TTANQOEAQENON OYETLRA UE TLG
uokég 0dovg wéhvvong twv Betanodaviruses, evd 1)
TOAVETNTO VTAEENS ACVUTTOUATIRAY POQEWY TTOU
draomeipovy Tov 16 dev €xel andua pehetBel oe wa-
vomomtrd Pabud. Emouévacg, ow touelc avtot yontouvv
TEQALTEQM dLEQEVVOM).

DISCUSSION

A classification of fish Noda viruses has been
proposed by Nishizawa et al., (1994) based on the
nucleotide sequence analysis of the coat protein gene
from 25 distinct isolates from Japan, Thai, Australian
and Italian fish farms. According to the resulting
phylogenetic tree, fish Noda viruses were divided into
the following four groups: tiger puffer nervous necrosis
virus (TPNNV), striped jack NNV (SINNV), berfin
flounder NNV (BFNNV) and red — spotted grouper
(RGNNYV). Dalla Valle et al. (2001) reported that all
Mediterranean Noda isolates are clustered in the group
of red—spotted grouper (RGNNYV), where our isolates
also aggregate. In contrast to these findings, Thiery et
al. (1999b) have reported the presence of two virus
isolates (one from the Atlantic Ocean coast and the
other from the Mediterranean Sea), which causes
similar signs when affecting sea bass. Since the above
isolates have distinct genomes, the hypothesis that the
virus has no species barrier, can be accepted. This was
also confirmed by Ucko et al. (2004) in Israel, where no
host specificity was evident in the virus isolates.

Transmission of the disease has been reported in
sea bass and sea bream (Castri et al., 2001), which is
normally an asymptomatic carrier (Le Breton et al,,
1997). Thus, it is apparent from molecular and cross
infection studies that some Noda virus strains/species do
not exhibit strict host specificity nor are some hosts only
susceptible to one strain/species (Munday et al., 2002).

It is worth noticing that in a previous study the
presence of a Noda virus agent, which can infect
sturgeon in freshwater causing disease with neurological
signs, has been demonstrated (Athanassopoulou et al.,
2003). The time of the first infection could not be
definitely demonstrated, but it is possible that sea bass,
reared in the same farm, got contact with virus, when
lived in the marine hatchery. Sea bass showed clinical
signs at least eight (8) months after introduction to
freshwater (Athanassopoulou et al., 2003). Afterwards,
the virus passed horizontally to sturgeon, where it
continued to replicate (Athanassopoulou et al., 2004).
Noda virus, held in freshwater under laboratory
conditions, has been shown to be less stable and,
according to Frerichs et al. (2000), no-viable virus could
be detected after six months storage. In our case, fish
developed clinical signs of the disease after more than
eight (8) months and the virus continued to remain
infective for a longer period in freshwater clinically,
infecting also various piscine hosts.

Although the virus has been well studied in marine
fish, further research is necessary in order to clarify
viral transmission under different salinity conditions.
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Evyogiotieg
H sapovoa épguva yonuarodotdnxe ev uépet omd

™ I[TET, ota mhaiow g eAAVo-yEQUOVIXiS OUveQ-
yaoiog 2002-2005. a

There is also lack of information on the natural routes
of transmission of Betanodaviruses and the possibility of
unapparent carriers shedding virus. These aspects
require further investigation.
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