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Infectious pancreatic necrosis virus (IPNV) is an economically important fish pathogen
since it causes the high-mortality disease in early stage of hatchery-reared fishes. In order
to develop a rapid, sensitive and highly specific detection method for IPNV, reverse transcrip-
tion-polymerase chain reaction (RT-PCR) was carried out using the oligonucleotide primers
selected from the sequence of VP2, a major capsid polypeptide of IPNV. As little as 40ng
of purified IPNV dsRNA was detected by RT-PCR amplification, but no amplification products
were obtained when nucleic acid genomes from other fish pathogens such as THNV were
used as RT-PCR templates. in situ RT-PCR detected IPNV directly in tissues of early
stage of, IPNV-infected Paralichthy olivaceus, avoiding purification of virus and viral genome.
These results show that RT-PCR and in situ RT-PCR methods are useful for the rapid
and sensitive identification of IPNV.
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Infectious Pancreatic Necrosis Virus (IPNV)
© FE 6714 nute] Xojol] s A ubo]
H&E (Trust, 1986), KA infectious bur-
sal disease virus$} x92] (Drosophila melano-
gaster) 2] Drosophila X virus 53} 7 Birna-
viridae familyol] 4%} (Brown, 1986 ; Dobos

et al, 1979). IPNVE 27/19] HHog ojFoA
double-strand RNAE Al5-2.2 7}A19, genome
segment AZ HE] U= izl o
) vP28} VP3, vz Al NSoldt (Du-
ncan et al, 1987). VP2 (52-54 kDa)+ ¥3¥
FolF gz A FoRlE 9ol VP3 (31
kDa)<= viral capsid 3ol v F=xbFo]
9, NS (29 kDa)¥ protease activityS 7131
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t} (Macdonald and Dobos, 1981). Genome
segment Boll4] ¥slE VP1& £A4%F] 109
kDa%l virion-associated RNA dependent
RNA polymeraseZ #}-8%tHGorbalenya
and Koonin, 1988). ¥z 4£F2] IPNVE
¥3% & Ab, SP, VR-299, DRT7} ¢##
et (Park et al., 1989).

IPNVE FAAIdog dofu Fo] 59 &
FolollA] o] ARz gew, HT FolF,
7iAp), goif, WAelst ZHEF #idte], AAE
SHAAE LAEHA FAH ez F3¥ oF
HeAz J4sln gick 1980WdW FHHELE]
IPNVS] 343 EA4o i A, doqes
A7t s AWss e, 53] olf &
Al ZAAQY FHE 22id o IPNV u}
olgje] ey RE A&, AYA AR

= el Ade] gF=R Yot wlelgx
s Akl W o2+ direct immunof-
luorescence, counterimmunoelectrophoresis
(Dea and Elazhary, 1983), enzyme immu-
noassay (Rodak et al., 1988), coagglutina-
tion test (Kimura et al., 1984), immunodot
blot (Hsu et al., 1989) %ol o]&sx 3}
a2 ol E WS AZke] Bel Aele el
A HAIE Q2 7] diiel vlolgA FdE
A&, ZAgsiA GAslels of#e Aol ¥t
wely £ dFoA= PNV ulolgicE &
wW2w A s EE Adsaal,
T F4£FY £ RNAE FZA7€ Wiles
Zg Bn Qe AA-FHALANNY
(Reverse Transcription-Polymerase Chain
Reaction, RT-PCR)22 (Lopez-Lastra et
al,, 1994), TujollA AsE IPNVE 2713
2 & A 2 FeAE 2ARIY. aglx
RNA Felglel 23 o AAE Wd2E RT-
PCRE 3ol oz, MXd {32 copy
number7t 107} ©|9ke] 7L FHo| 75
s Aol 43 A7kl HA Rele Aol
1% in situ RT-PCR ¥H€ o]-&3ed (Emble-

ton et al., 1992 Patterson et al., 1993),
Xjojz A oL} MEo ZHE IPNV nlolzi ]
Z7] A 48 F JeAxR FTAd 24
grh

R o 5k

1. CHSE-214 A|Xuj]%

Chinook salmon embryonic CHSE-214 Al
¥+ 10% fetal bovine serum (FBS)$} 1%
WAl (penicillin/streptomycin) 7} £3+8 Dul-
becco’s modified Eagles’ medium (DMEM)
2§ AR8ste] 18CE wiY7lolAl eigeigich

2. "lo]E 2 P npojEix fHALY] £

CHSE-214 AlX¥el IPNVE ZdA7) 59
¥ cytopathic effect& Xold A&
Asti 4,000 rpmollA] 3087 YalEeElse
Axe| 98-S AA# Lt (Chung et al., 1978).
vpo|2laE E3la Sl AR 5% (w/v)
PEG, 2.2% (w/v) NaClE¥ X3l 10,000
rpmollA 1A FAR 23] nlelels JAES
odgicl. FAES TNE $£35H(10 mM Tris-
HCI, pH 8, 10 mM NaCl, 1 mM EDTA)]|
o] 4] 40%, 30%, 20% CsCl, (w/w) BE7H
Ao zH IPNVE £5EEssit

Halsl IPNV nlol#loll digestion solution
(0.2 M Tris-HCL, pH 8, 10 mM EDTA, 1%
SDS, 1 mg/ml proteinase K)& 65Coll4] 24|17k
xlg)#}2 phenol-chloroform (1 : 1)& ol-§3}s
RNAE ZZ3gct 4CeIA 15,000 rpmoZ 10
27+ f4Eese ASNE FHskz  chloro-
form-isoamyl alcohol (24 : D& #oiE ¥ 0.3
M sodium acetate (pH 5.2)%} ethanolE *|
2lshA —70ColA AAXFCL 4CAA 15,000
rpmoZ 3087 Y4EelEled AP RNAS
odo]A] 70% ethanol® ¥ #o|Fi TE %5
(10 mM Tris-HCl, pH 8, 1 mM EDTA)q|
59 F HFEAYes APl
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3. ZEMEZ HE2] RNA templates F1)

npolg]&E Raldtx] ¢x IPNV7E #g=
ol E£E HE] RT-PCRoll AH-E RNA tem-
platesE <4314, cytopathic effectd Holye
IPNV7} 2%l CHSE-214 A|X 9] Az &
FAst] JAEER AZIHEE AR, dof
7 Al 45 uloll 0.75 M KCl, 30 mM MgCl,,
100 mM DTT, 1 mg/ml proteinase K& 5
ul W3t 65Col A 2412k 4H-A171 ¥ proteinase

£ 95Co 1087 7hdstel B4R
(Lopez-Lastra et al., 1994). Sec-butanol®
o2y Mge gy FFHA)7]3L, o] RT-PCRe
template2 o|-&a}icth

4. RT-PCR &7

£528¥ IPNVE dsRNAY IPNV7}H 7%
e AlzefgdE 42 RT-PCRS AAls
o, Wz 90% DMSOE Az sle] RNAE
HAAZEE 1 pg/ul RNAO sense, antisense
primer Zt7 20 pmole® %3 10 mM Tris-
HCl, 50 mM KC], 1.5 mM MgCl,, 200 M
dNTPs, 8 units reverse transcriptase, 1 unit
RNase inhibitor, 1.5 units Taq polymerases
golA WhgAIZTh JHARE 95CoA sE7 W
BAZ F 42TAIA 1587 F3481%07, PCRS
94CoNA] 1%, S5COlA 18, 72ColA 1¥o=2
slo] 303] ¥HEEgIch ¢doiF RT-PCR AHER
1.5% agarose 7l A7195 & #4311 Etidium
Bromide (EtBr) d¥o2 gsigich

5. in situ RT-PCR %7

in situ RT-PCR-Z Perkin Elmer iit9] Ge-
neAmp In Situ PCR system 1000& o]-&3}o]
Patterson et al. (1993)2°] #o. 2 AAsgic},
ulolElk Zhedol #RIH PYx xoje] &5 4l
WA 22& $ulsle] 4% paraformaldehyde &
I ¥ 6~7 yum9 FAE &g} o|F silane-
coated slides $lol] &3, xylene, 100% V&g,
95% ollgbgoll Z+7h 524 Yol paraffing A

Astct. PBSE 5&#7F A2 ¥, 20 ug/ul pro-
teinase K &g ==l 50 ul Aglsta 37
Cofl 4] 117k widstgiet. 95Tl A 182 719
slo] AR NELE BHAAINY T 2AS
80%, 95%, 100% olshZ2 27tz 524 Az
DNase 1 U/ulg Azlste] DNAE AAs Sl
Slide glassell PCR &34 (10 mM Tris-HCI,
50 mM KCl, 1.5 mM MgCl,, 0.2mM dNTPs,
10 pmole primers, 1 uM dig-dUTP) &} <A 4}
HAE I ohE 42ClA 1587 cDNAS
FAsidcl. 2o PCR E¥HE 50 ux o
ojrzgl ¥ 10 units® Taq polymerases ol
cDNAE FEAZich PCRE 94CollA 148, 55
Coll 4] 1&, 72Tl A 29 2722 303] 2A%
% slidesE 7 PBSoll 41 alkaline phos-
phatase conjugated anti-digoxigenin anti-
body& 4Coll4 2~4A17 Hzs¢ch. PBSE
28 ¢ % Buffer C (100 mM Tris-HC],
100 mM NaCl, 50 mM MgCl,, pH 9.5)0ll
314 % NBT (nitro blue tetrazolium)$} BCIP
(5-bromo-4-chloro-3-indolyl  phosphate) &
Helsta Ao 5~10% 2HA7 & uba
Y-8 39k Counterstaining2  fast
green2 & 1027 A3

6. IPNV @43 H7)q9%

Fel® uvlolg]2ol lysis buffer (PBS, 1%
deoxycholate, 1% Triton X-100)& X &l3}o]
AEZE 7 F 14,000 rpmoliA 3087 YAE
Zlsle] wF & <do] Bicinchoninic Acid*
(Smith et al, 1985)22 A3 ¥ UAZH
(50 pg)g #Hsted %2 2X Laemmli Sample
Bufferg 410151 100To A 582+ 7tdsl g
10% polyacrylamide Zoll4 H7|d53t %
Coomassie blue&2 AL dW34ict (Lae-
mmli, 1970)

7. AR G719 =41
RT-PCR 73} 2o ZFFAES] DNA 4

—173—



BEA - 38 - PG Y

N EE 2A7] sted 1.5% agarose 7
A7199E3t3 EtBr M2 bandd #AT ¥,
bandE #e} electroelution WHeE PCR
productE #&l¥o] DNA sequencing® F3
©.2 3¥}o] chain-termination method (Sanger
method) 2.2 DNAS| <7]|42< AAsqieh
o|F 9Jele] dolZ DNAE dxeste] HAAI
% primers$} T7 DNA polymerase, 2', 3'-di-
deoxynucleoside 5'-triphosphates (ddNTPs)
E HolF3 37CoA 1057 v A1 e ¥hS-o]
EuH 4ColA stop solutions HolFT 100
Tl A 7}gstel HAIA 7] ¥ 8% polyacylamide
A A7ldFez sty ¢8 % autoradiog-
raphyE &3l

WoR 3B

B ATl AR IPNVE 19944 33
et Lol A FAlFold WX| (Paralichthy
olivaceus) 2 BE] 2g]3l IPNV SP¥ ulold]
2olr), g F4E HQ dxE Ry R
nlol#{A~5 CHSE-214 A|Zd] 191H ez 74
Al F Eiesiel A wlolgis TS
polyacrylamide 7 A7jgdgos ZAZF ZHa,
109kDa, 54kDa, 31kDa Al7}A] sz F
A=lol Ut (Fig. 1). o] Al AL IPNVE)
VP1, 83y Eolx]l &A% vP2 1Eu
VP3oll dele Zlog Azhsgdcl

1 2

Fig. 1. Gel electrophoresis of IPNV virion proteins.
IPNV was purified as described in Materials and
Methods and the viral polypeptides were separated
by 10% SDS-PAGE and visualized by Coomassie
Blue staining. Lane 1, molecular weight marker :
lane 2, virion proteins.

IPNVE =z27\Ackste 7l Wdstast
IPNV SP ¥x¥9] Akl A sl VP
2 ARl A HlaE #HolAe] A2 Bile] ozl A
RT-PCR¥ in situ RT-PCRE AAlsct #
F6 =29 (PRIMER DETECTIVE)E o]
FMA 67142 primers AAsle] Ade) o] &
33t (Table 1). RT-PCRE 913 38 o4&

= nuclease?] 4L =794 proteinase

Table 1. Primer sequences, identification number, map position in VP2 sequence (IPNV SP strain)

and orientation

; Identification Map position in Primer
Primer sequence . .
number VP2 sequence orientation

AACACAAACAAGGCAACCGC set A—1 134—153 sense
CGTTCAGAGCATAGAGACCG set A—1I 485—466 antisense
ATCCAAAGCTCCACACTACC set B—1I 443 —462 sense
GTGTCACCATGTTCTTGAGG set B—11 1289—1270 antisense
GCCTATGAGAAGATGACACC set C—1 1190—1209 sense
TCCTCTGACTATGTCTCTCC set C—1II 1483 — 1464 antisence
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setA setB setC
| 1T 110 ]

|

1 2 3 4 5 6 7

Fig. 2. RT-PCR using the purified IPNV dsRNA
as templates. Viral RNA was isolated from purified
IPNV as described in Materials and Methods and
RT-PCR was performed using primer sets A, B,
and C (lanes 2, 4, 6, PCR-30 cycles ; lanes 3,
5, 7, PCR-25 cycles). The RT-PCR products were
analyzed by 1.5% agarose gel electrophoresis and
EtBr staining. Lanes 1 and 8, marker : lanes 2—3,
primer set A : lanes 4— 5, primer set B ; lanes 6— 7,
primer set C.

K (1 mgmDE Hgsl, 100Cel4 1087+
.AxElste] nlol#|29] dsRNAE HAAIFII 90
% DMSO$E Az3lrh RT-PCR Z 3} Primer
Z3 A9 % 352 bpe AHEe] oy =3}
Ce] % 293 bpo FEAHEo] WA= Yl
271¢] PCR procductZ} doj3i ek (Fig. 2). &%
Be] 3% old=l= 2718 2R 9F 200 bpol
AHES o, ol ¥ B primeroll 23l
FEET VP2 gene #%|7} RT-PCR ol 4]

FEE FHAE 22 72 FASAAY pri-
merZ} A= 97 FHA BlolE: doA
vehd Axg 7= (Fig, 2).

Fig. 20114 4% PCR product ¥ 2§ A
FEAES] 47|14 98 Havarstein et al. (19
90)2] IPNV VP2 sequence®t wlarsl] =A%
73 IPNVe SP straini®} FARlch= 72g
DNA FFollA #s9ict (Fig. 3). 24k 120
7hel 47} FollA 87 3717t xtelzt Sl
o] Al ule]g| DNAY thekAell 711% A
o2 AZ=,

RT-PCRo)| 93 IPNV Z71Akk2] sensiti-
vityE ZAslazl, Fels sloleii DNAE ¥
=42 34#o] primer 23 AZ RT-PCRS

0.4ng 4ng 40ng 0.4ug 4ug

352bp

1 2 3 4 5 6

Fig. 4. Sensitivity of RT-PCR. Viral dsRNA was
isolated from IPNV and different amounts of RNA
were amplified by RT-PCR using primer set A.
The PCR products were analyzed by 1.5% agarose
gel electrophoresis and EtBr staining. Lane 1, DNA
marker ; lane 2, 0.4ng RNA ; lane 3, 4ng RNA ;
lane 4, 40ng RNA ; lane 5, 0.4 g RNA : lane 6,
4 g RNA.

171 TTATGCTTCC AGAGACTGGA CCAGCAAGCA TCCCGGACGA CATAACGGAG AGACACATCC

product ---------- C----A---T---------

231 TAAAACAAGA GACCTCGTCA TACAACCTAG AGGTCTCCGA ATCAGGAAGT GGCATTCTTG

product —--------- ---------- oo T--

Fig. 3. Alignment of segment A (171-290) of the IPNV-SP strain (upper line) and RT-PCR set A
product (lower line). The sequence for the IPNV-SP strain is from Havarstein et al. (1990).
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sk ke & AHA H9bE S0 ul F 5
wE Hslel 1.5% agarose A Ar|gEog
1% A7, vius RNA7F 40 ng 59| 2
Fo] EAY Wi olF HAEY & e A
et (Fig. 4).

ol2# RT-PCRe ZAys)az}
IPNV o]gjoll offo] g Zdsle = o
HYMEZ ¢8R Infectious Hematopoietic
Necrosis Virus (IHNV) X 27282 443
k. IPNVell tishA Soldoz AAH pri-
mert IHNVS] DNAE F¥og 3wl PCR
S A Bl ez Jekded (Fig. 5).

Eol 4 e

1 2 3 4 5 6
Fig. 5. Specificity of RT-PCR using primer set
A. RNA templates were dirctly prepared from virus-
infected CHSE-214 culture media without virus pu-
rification as described in Materials and Methods
and then amplified by RT-PCR. The PCR products
were analyzed by 1.5% agarose gel electrophoresis
and EtBr staining. Lanes 1 and 6, DNA marker :
lane 2, uninfected CHSE-214 cells ; lane 3, purified
IPNV ; lane 4, IHNV-infected CHSE-214 culture
media 5 lane 5, TPNV-infected CHSE-214 culture
media.

o] A#gA IPNV Zedoll Hol=]l Xixtoe] 7}
e & & gk =3 wlold A Halglel ul
ol& Ztodd 2, MEZ K] A IPNV
#RAE zAslzl, IPNV dlelgl&E A7
CHSE-214 A|Zufgig <lo] njole]s Fejgt
AE AXNA b3 bR EL 29 sec-bu-
tanol X2|#& 73 RNA templates ®H
¥ RT-PCRE AAlsIdch 2 A7} Fig. Sell4l
HE uig} o), ulolglA& FEl @AE AXA
%315 RT-PCR amplification ¥Hgo| {33
YolE & F AUch

Fig. 6. in situ RT-PCR of young tissue from IPNV-
infected Paralichthy olivaceus. Amplified IPNV PCR
products were detected by alkaline phosphatase-co-
njugated digoxigenin antibody and visualized by
NBT/BCIP staining (magnification, X 400). Ampli-
fied PCR products are indicated by arrows.

WA B4, B3 522 TAH cDNAY
£ o8¢ in situ hybridization®o] H-=}
ek Bolko] 7|xodF #ulk ohlz) ZHE AW
et A5 gro] #8551 9=l in simv hybri-
dization®} RT-PCR FFHE& HZEAIZ Aol
in situ RT-PCRelt}, in situ RT-PCR 7|2
IPNV ulolg] &g 442k 4= QA 24317
stod, 12 xo] Ao ZAdE 4 IPNV
Hlelz]lA RNAE Eoldeg RT-PCR ZEA
71M 4 11-dUTP-digoxigenin2 2 ZF A& *F

o
Mo
d
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FZ3 A€ digoxigenindl ¥ A= o
AzAseyoz FAHt. 2 AR IPNV
upoj#Art Zhed®l gx] Xlo] =zl ulolz
&7 B2 He A spote® Jebde ¢
g Uit (Fig. 6). 2214} Taq polymeraset}
template”} §l0] in situ RT-PCRS ¥ AS-oll:&=
olA1d AL spoto] VelIA ek in situ
RT-PCRE AAsl=d dade A7k 23S
THI3E AIZHE Aol oF 6417 s &8
el vlolglke] F4) AIE Axiof o= ok 2
AP Eo| vjste] ofg BHL A7o] ZHe
Zo] £Aolct, o4 ZAE & uj RT-PCR}
in situ RT-PCR 7]€-2 IPNV ol Zbgd

FE AL, AEgsA Adsle AEE A
A2E Ad7eE 89 5 g Aoz 7
sn, Uols}l primers ZAs IPNV 2wt
oltg} offell == ohE Fol ubolzizg
Adoll= 28" Aoz Azhgic)

2 ®

Infectious pancreatic necrosis virus
(IPNV)E Aololl Zdsle] X9l AWg
Fehe, FAARl0l Qo F83 ofF WAl
oltt. & dFolAe IPNVE Al AgsiA
Agksle Wi Adsinz IPNVeY 94
iEQ VP2 fARE BEelA A pri-
ol-gstd A -FHALAMNSH
(Reverse Transcription-Polymerase Chain
Reaction, RT-PCR)& 443t RT-PCR
TEHeg ¢5FeE" IPNV dsRNA 40 ng
Axe] A dE A 4 glglen, IHNVS}
22 & olF WYAl9 AlEE RT-PCR temp-
latesZ AH8315E B9-E olW¥ PCR HEE
HAERAA g 5ol4E Btk 53 §Ax9
Faglel 23 2 AAE W22 RT-PCRS
&3 in siw RT-PCR W22 IPNV7} 72
A€ 94X (Paralichthy olivaceus) *lo]9] =
Zoll4 IPNV & A3 9% ¢ ek

mersS

m2t4 RT-PCR % in situ RT-PCR #h&
IPNVE A&, AgslA Acksied 489 4
UL Aoz Azhgd

25N
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