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(10) cell lineS AHE-3H{T} M|+ fetal bovine serum®] 10%
3718 mmimum essential medium (MEMYS AR&8-3hed 189
A wjeFstdo), THNVE BEd A2 75 16°CA vl 3ls
k. Age) ALR3 npejE 2t T2 o ofRfelA EEHA
HNV 3 O52E A3 £ =t E4shs slez &
21¥ type (NV-PRT) (16)& e ate] 2815}

Polymerase Chain Reaction (PCR) 22 % Probe2| FH|

¢DNA libaryZHE IHNVY FHAE AUs cloneES
screening®hil, FF Northern blotting 4Hol| AME-a}7] $3H
PCRE Z3)3to 24 probes AF3IEE THNVE NVl PCR
primers ¢]u] ¥n(13E ¥} 9l IHNV-WRACH I714EE
#mste] A2belgnt B AFe] AREE PCR prmeric U
B} sense, F-CGAATTCTCTITTGATGACGG-3';, antisense, 5-
CGAATTCTATCTGGGATAAGC-3. CHSE-214 A Xl JTANV
PRTE 44773l 25 AZF At 3¢ guanidium thocyanate-
acid phenol-chloroform (42 AHE3EMY total RNAS 23151
o} =3 ol RNA 1 pes M-MLV reverse transcriptase
(GibcoBRL, USA)E AMEdle] cDNAE AlZsdch Az
cDNAS] 0.5 US Tag-polymerase2l 5 pmole®] sense®} antisense
primerES ¥I DNAS 55 AZoh DNA 552 92°C (30
sec), 55°C(30 sec) 1T 72°C(30 secyd] &=ME 33 cycled o
#A3lg el PCR AMEL pGEM-T veclor (Promega)ell =4
T 7)eS EAsle] THNVNY FdxR]Ae] B8 st
A}k, pGEM-T vectorol ZFZWE HNVANVS PCR HEE
FcoRIZ AMEale] ZAEhd % random priming kat (Stratagen)
9} |0 2P]-dCTPS A}8-8}e] *P.labeled DNA probes ZHER
o1 6|2 ¢DNA library®] screening @ Northern blotting®l
A&

¢DNA Library M= ¥ Sereening

CHSE-214 A %ol IHNV-PRTE g4zl F 25430 o]
guanidium thiocyanate-acid phenol-chloroform & A48}
total RNAS &35 th Total RNASA oligo(dT)30-Latex
suspension (QIAGEN Inc, UsAYS ARE-El mRNAE 2413
vhe- cDNA cloning kit (Stralagene; ZAP-cDNA Synthesis kityE
AEEtel cDNAS SAIIITH cDNAS] BA-E Xhol F-5E A
1] hybrid oligo (@T) linker-primer$} MMILV-RTE AH3-3}q
-315}9ic}h. DNA polymernse 1 AFEGle] &DNAE Te &
EcoRI adapter® 25t DNAS Xhol22 3} DNA &
EcoRIT} Xhol®] cohesive endE WHE & lambda ZAP vectore]
FroRI-Xhol 32-$)9 ligation A1Z T Recombinant lambda DNA
E lambda phage®l packagedt 5 o|E E. coli XL1-Blue MRF'
straindl] 233 A7 DNA libraryS A Z5lgch dellAjs) 2ol
AFF 2P labelled DNAS- probe® 5t¢] cDNA library &
IHNV-PRTS] NV geneol] THE! cloneE-S screenmgd3TH.
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DNA €748 242 7|28 9069 automatic DNA
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sequencer (Applied Biosystems. Inc., USA)YS A8l 4=8a1%
2}, DNA $7|493} c|2HE F5T ofr|xit MEE
GenBankdl] ZAshs fAAED Alx AL SEch #44
o] opv]eAl AE-L vl A48k $ale] CLUSTAL W (18)
programZ AREEEEY, HlW RBA{ol) AMEF FaAbER thaot
vl IHNV-K (X73872). [HNV-WRAC (L40883). THNV-193
(L40871), ITHNV-RB76 (L40880), IHNV-LR73 (L40877),
THNV-RB! (U47846). THNV-LWS87 (L40879), IHNV-Carson
(L40872). THNV-CST82 (L40873), IHNV-SRCV (L40881),
THNV-LR80 (L40878), THNV-COL (L40874), hirame rhabdo-
virns  (U47847), aral
(VHSV)-0771 (AJ233396).

haemorahhagic  septicemia  virus

Northern Blotting

AE e THNV NV gened 2@ <2 3357 98
Northern blottings 5= 3HHel ME A& 4M guanidine
thiocyanate S A}-48F WM 9 =2 total RNAE F&3 AT
Total RNA 20 up& 65°Col|lM 5%37 w5417 denature A3l
1S 39 formaldehyde?} H71E 1% agarose geldl] H7|9F
& St Geld BEBrE F435HY RNAY F R AHIE &
€18 b2 pitrocellulose membranes]! capillary blotH &=
transferst$iTH. MembraneS prehybridization 89 (5% 88C,
45% formamide, 0.5% SDS, 3 Denhardt’s solution)=- Ab
f5ha] 42°CoA] 164 7HESE prehybridize A1ZTE ] &40
2Pt label® probe (1x10%mDE H7FgE F 42°Co A 244
7HE3) hybridizationA]ZTF. Membranesr 2% SSC 42
sdeo ] 582k 23 AF ZE]E 0.1% SDSFF ERHE 2
SSCE Aol 587 251F AFe the Xenay filme]l 3%
A5,

Antisense DNA

Nv7E THNVE] Sals g dale] o2 F9str] $3hd
antisense oligonucleotide® Al2ale] Nve] &4 o7 UgL &
stac) o] 4Pe hETEH HNVE FEGHAL Gly-
coprotem (GYf-3:4<] antisense oligonucleotide™ Z2o] Al2}315)
o} B A& 2183 antisense oligonucleotides?] ¥H714H-E o
23 2t} NV antisense oligonucleotide, 5-TTCGCGGTGG-
TCCATTGGTCTC-3 (714 —10~+11 F22| reverse com-
plementary  sequence); NV  scrambled  oligonucleotide,  5-
ACAGCAGCATACGACGAGCAG-3; G antisense oligonucleotide,
5-CATGGTGTCCATTGTTTTGGT-3 (B4 —9~+122] reverse
complementary sequence): G scrambled oligonucleotide, 5-
AAGCTAGACTAACAGCACACA-3. CHSE-214 A|Eel| THNV-
PRTE 1 moi7} HEE FHEF & 4°CollAd 141 BRF wieks)
gk EMEMS2 33 A A kg EBSTF 5% E91 SlE
EMEMZ % ~7}3 t}& antisense oligonucleotide= 0, 10, 20,
30, 50 uM] FEE FH7REIACh 18°cel A 3042k Wi o
2 ko] EAjake vlele2d] tterE TCIDSO WHOE £
st
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oA Be® HNV-PRT stran?] NV 425 543}
9l5tel WA DNA library® 230 HNVPRTZ 7Hid
CHSE-214 A|Z]H mRNAE F23 the |25 F cDNAE
THEG 0T o]2 AZAP vector®] EcoRL-¥hol 5997 ligationt]#
221 skt o]9) o] A28 cDNA libraryol A IHNV-PRT
o] NVE screeningdl?] 218} probed A)231ETH Probets
PCRE AHE3led Azl 7180 Sl BelHo] H1
anE g 9E IHNV-WRAC stan®] G7AE25E NVY
PCR primer52- FHESITH o] ARSSle] RIPCRE 305 2
T} 260 bp HES] PCR 4HES 4% 4= v} o1E°] IHNV
o] NV Fr#zke] @o] gheAlE 2915k flsle] AriNEs
245} F GenBank?] databasedl] 228 FRAEH] HAHIS
B8 A3 212 HNVE] NV =2 {FAE Hddo] 115
At wEhA] ¢]E2 probeE 1§ cDNA hbraryZ screeningst
gt A 28 screening@HE-E 71E F IHNV-PRTS] NV
HHE 2olF ek FESS A

THNVE] NV 487 105

1 GTANMAAGAGAGA
14 ATGOACCACCOOGAANCARACTCAMCATGGABCACTCAGMNGANGT TCTGCGATACAAGAACGAGETGRCO06A
MOHRETNSNMEALAEVLAYKNEVAG
59 CACGOCTTCCTCTTTANGRAGABAGACCT AT ATGGT S TGAAGAGGACGACBLAACATGRAGRCAGCT TTGLAT
HGFLFKEADLYWEEEDDATWRALCGCD
145 GTCGTCAACGLACTBATETCCTOCAAGAGGATGCAGL GAGTATTG TACATA0ACCTCAGCATCACCAAGRG0EAG
YVYNALISSKRANGRYLYNDLSITKSEGE
239 GRGCATCTACTTTTTGTGRATCTCCAGRAGACCABAACCEUG TATACAMGAAGCCCAATTCAGRAGACATCTE
GHLLFYDLAGTKNRLYKEPQFRAHL
284 ATCCTGATTGAAGACTTTCTTCTTATOCCAGATAGAMARMAA 357
ILIEDFLAYPRR
Fig. T. Nucleotide sequence and deduced amino acid sequence of
cDNA codmg for NV ;
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2% [HNV-PRTS] NVE 357 bpd] Zo]E 7L glsle
A elge S F49 £ 336 bp? open reading frame
(ORFP| wgHon [[17]2] opd|=itos obEatss] lu
o|=WE ¢f 132 kDad] ®AEHE Ad ddo] FAHEIAG
{Fig. 1),

IHNV-PRT2] NVe] opul=it MES olg] ASdA 224

IHNY-CST82 TR THMEAL RERL AYKNEVAGHGFL FODGOL VWREEODATIRRL GDVYNAL | SSKAMGRVLY]
THNY-WRAC ) —-—IMTNMEALHE;LHYKNEVAGHGFEFDDGDLVWHEEDDATWHRL DVYNAL | SSKRMQAVLY]
THNY-K ) ———tNTNMEALHEVLHVKNHVAGHGFLFDDGDLVWHEEDDATWRRL DVYNAL | SSKRMORVLY]
IH\Y-193 ] {7 HIEALREVL RYKNEVAGHGF LFODGDL YWREEDDATWRRLIFDVNAL | SSKRHORYLY
THNYV-LRSO ] VAL REVLRYKNEVAGHGFL FODGDLVAREEDATWRRLYDVUNGL | SSKAMGRVLY
LHNY-COL ] TNVEAL REVLRYKNEVAGTGF L FODGDL VIWREEDDATARRLYDVVNIL | SSIAMARVLY]
| HY—SRCY ] T VEALREVERYKNEVAGHGFLFODGDL VAREEDEATHRRLEDVVHNAL | SSKANCRVLY
| HV-RB76 ol T HVEA L P EVLRYKNEVAGAGELFODGDLYWREEDOATHRRLEDVYNAL | SSKRMORVL Y
|HNY-LR73 R THHEA REVLRYKNEVAGHGFL FODGDL YARCTODATHRREEOVVNAL | SSKAMGAVL

[HAY-LIS87 AL FEVLRYKNEVAGAGFLFDDGDL YWIREEDDATWERL JDVYNAL | SSKAMBRVL Y
[ HNV-CARSON -—- NTNMEALREVLR?KNEVAGHGFLFUDGDLVWHEEUDATWERL DVVNAL | SSKAMCRVLY
IHNY-RE G | T1V/EALREVL RYKNEVAGHGELFODGDLVREE0DATHRRLJIDVVHAL | SSKAMCRVLY
IHNY-PRT E | SNE AL REYLRYKNEVAGHGFLFEEGDL VB ENDATWRRLEDVVNAL | SSKAMRAYLY
Hirame-Rhabdov i rus «T——-P STOAAROL LAYKYTVRH BFLFBDGIV WSEDGoES  REBVV¥GLR SSYElsa
VHSY-077 1 TQPGLSTTSFSPLVLHEMITHELKFDPSNH!NCEFU'SDISTVEFFETT!P.

| HNV-CSTB2 67 MSLSIFHGEIGHLL VOLOGTKNRLYKEPRFRRHL I L | EDFLAY PR gt

THNV—IRAC 28-S | THOERoHLLNDLOGTRHAL YCEPRFARFLIL EDFLAY T

[HAV-K 67 MDLS|ThGEIGHLLFVDLQGTKHHLEKEPRFRRHLlL\EDFLAYPH —

| HNY~183 67 MDLSITHG[IGHLLFVDLQGTKNHLWHEPHFHRHLIL\EDTLANPH —

| HNV-LA8O 67 MDLS|TKGEIGHLLFVDLOGTHNRLYHEPEFHHHLlL\EDFLAYPH -

[HNY-COL MDLS|TKGEIGHLLFVDLOGTKNRLYKEPHFHRHLlL(EDFLAYHH —

| HNV-SRCY 0L THGE GOHLLPVDLOGTKRALYHEPRRRRHL LI EDFL Al

| HNV-RB76 67 MDLSITHGE.GHLLFVDIDGTKNHL?KEPRFRHHLILIEDFLAVPH —

|HNV-LA73 [SY@DL S | THKGEGEHLL FYDLOGTKNRLYKEFRFRRHL I L | EOFLAY PR et

I HNV-LWS87 67 MDLSITHGEEGHLLFVDLQGTHNHLTKEPHFHHHLILIEDFLﬂTPR —————

IHNV-CARSON 67 MDLSITHGEIEHLLFUDLQGTHNHLYHEPHFRHHLILIEDFLAVPH —————

IHNV-RB 1 Y@L S | 11GFgGHLLFYDLOGTKNALYKEPRFRRHL | L | EDFLAY PR

IHNY-PRT YD1 S | TRGE GHLLFVDLDGTHNHLVHEPEFHHHLILIEDFLAYPH ———

Hi rame-Rhabdov i rus WF 0US | TKO- GUALFS00G TNNUEYES FRQYJIFPOE §LPLFR—-

VHSV-0771 71 AR LERTE MPS@PATTG@ETDPGLV[I]SHAE\JGLLTHGSGLTS

Fig. 2. Alignment of the amno acid sequences deduced from the NV gene of the IHNV-PRT with those of other fish rhabdoviruses, ITHNV-193,
[HNV-RB76, THNV-LR73, IHNV-RB1, THNV-LWS87, [HNV-CARSON, THNV-CST82, [HNV-SRCV, IHNV-LRB0. THNV-COL,, [HNV-K,
THNV-WRAC, hirame rhabdovirus. and VHSV(Viral Hemorrhagic Septicerma virus). Identical and similar amino acids are indicated by dark and

light shading, respectively.
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HNV stramS-3% Hirame rhabdovims Z1¥] 3 viral haemorrhagic
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EEthing. 2). 29 2494 £ & gl%e] IHNV-PRTE]
NVE =04 Be]E IHNV stamE 2 NVET 90-95% 1%
A2 Bk Nve] A45A4S REHOE dudd Nid &6
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# straind] H2o] EAshs o] Bieo] Nve] gl glojA] uf
S F83 Es YL o 4 glo
THNV-PRT2] NVE hirame thabdovirus® VHSVE] Nvel=
7} 51%, 10%4] A58 Hel 8 7)0Eeke] Ay =
Holsp dhalstdn 1 Aa M= O 7158 e deolgkn

7_20 -?::_}.}- o)

THNV-PRT2| Nve| & 24

E4 ulelei Faake] 928 o] ek ulelzA e
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& dF317] 2% A DAEA wlely s 7 F o= Al7RE
s 2] o822 FQ1817] 21819 Northern blottingS 43
sl wlole2 A £ 5A7 71H2 2 MEL total RNAS
F&oh] NVe| mRNAS| 95 E1% Fx ZdF 20 A7 A
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Fig. 3. Expression of NV gene. (A) Growth curve of THNV-PRT. (B)
Northern blotting analysis of WV gene. Total RNA was extracted from
virus-infected CHSE-214 cells at selected times and Northern blotting
was conducted ustng NV gene as probe.
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Fig. 4. Effect of antisense oligonucleotides on the growth of [HNV-
PRT. THNV-infected CHSE-214 cells were treated with various con-
centration of antisense cligonucleotides of G and NV. At 30 h p.i.. cul-
ture media was collected and virus titre was assayed by TCID30.
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NVZF IHNVE| F2lol| Bada|e] offg Blslr] 95ty
HNVel] G E Ao Nva] antisense oligonucleotide™ #]2] 5
F weleizd 928 SNRAY. HETE Agel) A5
IHNVE] Zrebdid 2 A7 G2 antsenss oligonucleotides 3]
FF gl QS Bolstdrh WA G antisense
oligonucleotideZ # 2T+ % 20 uM o|FHE giolg]2e] 4
ol 1/100018k2 FA48] gl FAH vt W Nv
antisense oligonucleotide® A 2| gF F-E, vlo|H&~g 20| o
110 JE=Z gago] FEdet 2t 272 M-S
scrambled cligonuclectideZ 2|3t FHolE o]9} wsgk Ax
8] F2 a7} dofut o] B ¥Ee|Fl JARHE A
HohFig, 4). ©] ATEEE] HNV-PRTZ} A Lol S22 &

B NVE M BasE 8 BAT & gt
i R
EHNVS] f3AE 6579 BBAS GuHsa Yok oS

m U

Z L, G, N, Ml 28] M22] o4 7= THNVE virions
At 7= ddEeln A shigl Nve Hl R T
AZA gdE AEsA g Es SH =2 vrionell= 5007

A gen duky ez H}C‘]E‘]”—q B PEEE oF b
e oS FHEe A g A gt 25 Fas dEgs
A o2 47177} 8l éi’ﬁﬂ. Hielel2 S U v R4
o, £4, TAd dE E H21e] agsembly] F. A, uf
ol#ze] THEE MRS S (apoptosisyd FHshE o€, FHA
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elo 2 Hauhs Syl ko sfe] o A7 2R vle|siE
HEEhe dg Solok ¢}AzkA] HNVE] NVeh ofH JE8E 4
s Ao UF Are HE Hol 1A g2 Aol

B Ao THNVINVE] 988 BRI 98 3 dA=
A THNVE NV f-8721E8 F2dsly] o)8 B4 244 A
B2 F=dA Be)E HNV-PRT strains AMESSHE =, o
strains 7]2d] R d) e HNVY ¥ sirand= B8
Al BAo] & Ze1RAthI6). ol&9] olr|iait MEE =)
A RelE NV srainSe) NV BUASI BE 2AE 49
009558 AEAS Ho] o5 G W1 F s 8
£ ¢ 4 90 ol HNVY NV7} strainte F88H4 25
IHNVZE 2] FALE FEE AU 92m HNV7 | dolrber]
B A4S VST 958 eRlTE ol T
it

HNV-PRT2] NV @hllde] [HNV strainS 3 32 454S
BAg T2 F¢ HRV ¥ VHSVE] NVIE 51%, 10%2] H)
WA G2 EAE R o|ZHE o|E7e JEsiHe s
sl 28 A1 e FElH] AR v B4E AU bl
o)2~2 Agfale] VLheE ve

o]9} o] oY FFL] HNV standl] & BWEHS 9e NV
oW 988 448 ANAE %057 A5 Norhem
bloting® S-S WITE whE) NV Rk @
kel g0 RAE o ulelEs g Z7)d wElE A
o)z Wejz ols) AT TAD Y AV assembly G
viriond] WS SedFichd dlelss g w@r)| wrEe] &7
& Aolth Northern blotting 23} ulelelA Thde] wr|el 7
T 20R)3T FEo| A RE HEe] FrElh |25 E NvE
oje{se] vz g2 eiike] el Fefeha] gfar THE =Yl
chilsl Hoshake] A8 vinion?] HE E-E AE 279 od
el Fe o A9E Bl & 4 Ach el Nyl rRel#
8 A 7] ofd Fg Fo 9 BE FHEe A
NV 348 dEE AAlela wheoleie] F4o] AAE o
th o]E #idlr] 9lEte] mNvell FgE AEe] Nve
antisense oligonucleotide® A 2]§t - wlo|giiel T4 5 gels)
G tHETEM IHNV G2 antisense oligomucleotide® T2k
2} NV Z200] A8l AR B NVE HZS A9l
© Nve Feolgt oA &zt vEpebR] gl o] dne
Johnson S(7)¢] NV knock oul B}o|8]E Al-g3le] AFH5)L 7
e} AX|Els AowH, HEF|A fish thabdovires/| F418
o) NV BrEel A eheg ek,

IHNV/E AEZA 224 B 9 Nyt glols BYE Bl
Nve] SEE Pl LUl ke AaHAE A2 Fol
= NVZE ok slem, XF7kA] EeE B NV Nv7EE
At i 7 FAA) & BHEFH] e Ao Mol Nv
IHNVZE 2ozl vl 39 94388 9t & 5 9l
o ol¥l 2A4E AW NV BT A% 154 e Aes
£ 479 el 2L olAAR S el TAe
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ABSTRACT : Cloning of the non-virion (NV) of a Korean Isolate of Infectious Hematopoietic Necrosis
and Identification of the Role of the NV in IHNV Replication

Chang-Hoon Moon, Wha-Ja Cho, Won-Joon Yoon, Jeong-Jae Park, Jeong-Min Park,
Hyun-Ju Kim, Chae-Lyul Lim, Young-Ae Lee, Jeong-Wan Do, Joo-Yang Lee, Myoung-Ae
Park,' Sang-Gyu Sohn', and Jeong-Woo Park* (Department of Biological Science, Uni-
versity of Ulsan, Ulsan 680-749, ‘Pathology Division, National Fisheries Research and Devel-

opment Agency, Pusan 629-900, Korea)

We have cloned and analyzed cDNA coding for non-virion (NV) protein of the THNV-PRT. The NV gene
contained 336 bp open reading frame and encoded a protein of 111 amino acids with a molecular weight of
13.2 kDa. The deduced amino acid sequence of NV of IHNV-PRT was found to be 90~95% identical to those
of foreign isolates of THNV. These results indicate that NV gene of the IHNV is highly conserved among dif-
ferent strains of [HNV. Northern blot analyses revealed that the levels of NV gene expression were strongly
elevated after 20 h post-infection. In order to identify the role of NV in the replication of IHNV in fish cells,
THN V-infected cells were treated with antisense oligonucleotides. While ITHNV-PRT exposed to glycoprotein
{G) antisense oligonucleotide showed severely reduced growth, the growth of virus exposed to NV antisense
oligonucleotide was not affected by NV antisense oligonucleotide, which suggests that NV 1s not essential for

replication of THNV in fish cells.



