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Killed vaccines, developed by inactivation with formalin, have been investigated for many fish viruses. In this study,
the inactivation of viral hemorrhagic septicemia virus (VHSV) by formalin was investigated based on the infectivity
titer. When viral cell culture supernatants were used, the infectivity titer decreased 1,000-fold at 1 d after treatment
with 0.1% (v/v) formalin, but was below the detection limit at 7 and 14 d. Moreover, neither the N nor G gene were
detectable by RT-PCR immediately after formalin treatment. In western blot analysis, N protein was not detected by
rabbit antiserum against VHSV KR-9225 from 2 d after formalin treatment. On the other hand, when we used a virus
that was purified and concentrated ~100 times, the infectivity titer was maintained at 10 TCID,_/mL, even at 14 d
after formalin treatment, and no change in the viral structural proteins was observed. This study provides important
data on the production and use of formalin-inactivated vaccines.
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2R vlolg| Ao gt £} Wl AlS A&t s W
o] ARE-¥13L Q= UtH(Delrue et al., 2012). o} f7-of Wy sh= 1t
og|/d Argol i3t x=wdl E2s} wiilof ot o4t
o] 213 E] 21+=1), infectious spleen and kidney necrosis virus
(ISKNV), red seabream iridovirus (RSIV), red spotted grou-
per nervous necrosis virus (RGNNV) 9 infectious hemato-
poietic necrosis virus (IHNV)o[| 4| 222 583} wlAlo] &
7} ekl & A lok(Nakajima et al., 1999; Pakingking et
al., 2010; Dong et al., 2013a; Dong et al., 2013b; Nufiez-Ortiz
etal., 2016; Tang et al., 2016). Vinay et al. (2013)< squalene
oJL} aluminum hydroxide@} Z-2 adjuvant7} ¢lolx= =1t

2 583} VHSV (viral hemorrhagic septicemia virus) W A1

x|of AR 49 2t 47%2] AgEES Ko, adju-
vants ARESE 73 9-oll= o 83%9] AtiEES Btk
Skt 2= A ARl A 0.1% (viv) 2EE S o] g5}
VHSVE| £83} Wl4lS A z5ko] H2ollA 11 a5 At
| Soll, 22T70] A2] A7t wet 583} J w7t th=n
= AL dolfigitt. = 10° TCID5O0 (tissue culture infectious
dose 50)/mLe] VHSVE 197t Z20H2] A 2jslo] wiAl o2
ARG At VHSV A4 ol thsf 50%2] Woles Hle
L 797 A gk 749 add 523t WAl 3AAH ) of
aff WhojshA] SRt A= o] 2|3k Wol gl 9] Afol= 197t A g
gk o] ehAs] E2oE A] oo W niol] A 7S 71l
AJeiAlo = A-8507] wZo vk A Ul = UThKim et
al., 2016). ThebA] 2 Aol A= vRo| 2 A 9] FH 7| whet 22
Eddo] o3t 583} J =5 sk, Z=E 220 o]
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upo|2 A7} o] @7 MelshH=A]E 2AFIILA} 319t o] & ¢
ato] $-2|= Ho|# A Alufof 45T 2UAEE R A
sho] 1008) 71 =531 AAE vRo]g 2ol 0.1% (viv) E
2 Agstar, vpoleao] ), SAF 9t o] ¥

ohe 2ARsklTt
Mz H EH
HIZ 2 Hpol2{A

Hlo] 2] A 9] ujjoFo]| = epithelioma papulosum cyprinid (EPC)
M|EZ7F ARE AT A= 10% (v/v) FBS (fetal bovine se-
rum)2} 1% (v/v) antibiotic-antimycotic agent (Gibco, USA)
7} 2714 minimum essential medium (MEM, Gibco, USA)
<] &2 Alch-u ok ek, vhol e AW 378w
ol 7 Eokke VHSV KJ2008 £-2]52 A}8-510](Kim et
al., 2015, 2016) EPC A|3zo]] 7+ A1 3 15°Cof|A] vljoFalH
A cytopathic effect (CPE)E T&5Iich A7} 7 o] E2l
= W Wi FHS BLOFA] 3000 gofl A 1527 HAZeskar 7
S-S Aol AHE-shelTt.

Yoo 1=
Hrol2A x|

Hlo] M2 9] A A= Nishizawa et al. (1991)2] W& 115}
of ZIegsteict. Hiole| A Al suje Aol 7% (w/iv) poly-
ethylene glycol 6000 (PEG, Bioshop)a}t 2.3% (w/v) NaCl<
718t 3 4°Col| A 314 B0k wHksk 53000 gof| A 3057F
ChA] QA2 51SI ). Pellet2: 1/10 82 STE (Sodium Tris
EDTA) buffer (0.02M Tris-HCI, 0.1m NaCl, ImM EDTA, pH
74)= FERE 4000 goll Al 1047 H4litelsto] PEGE A
AskSict. Ad3dlol ZetE o] Q= HiolH2E 18,500 gofl Al
15027t Y 42efsto] 553 5 STE buffer= A7t 5 4
A& $138l 50%, 35% H 20% sucrose (wW/v)2 Ul H4lE
1(80.000 g, 903)% AAJste] volei bandg 4:7/5}elct,
SucroseE A| 713517 ¢13f 150,000 gofl Al 6027+ 22| 3kaL
pelletS STE bufferoll @eaheict. 55 2 A vfole] A

Table 1. Primers and PCR conditions used in this study

AH8- Zd71A] -80°Cofl Hs et
Z=22el X2 A

apo]2|£0] =gk A2]= oo Hatd ti= HAJsiTh
(Kimetal., 2016). 2222 2o o]t vlo|H AL M=
517] 91 VHSY ALEloF 453t BRI VSV 2%
FE710.1% (viv)7h Bl =5 2= (Formaldehyde, Sigma)
& A G 4 CoH BBt A A7h Ha A etel BAe
MAshgch, g7t S maw A 1,7 9 142070 50
uL Rziako] 100 S AE 2 Ax el siake] W)
£ PolE= A 7] Sl Al ik ASdo] 22Tds
At 0, 1, 3 & 544 o] =43} total RNA (ribonucleic
acid) 22|15 AAISHAT S4ke] #o 4 ofli= A vfol# &
7HARGEIA] Rkt whol 2l Tl A o) W} A4S ¢ sf Al
i g5t AGAIZE VHS Vel 22 gt £ 0, 0.5,
1,2,5 2 7440l 50 uLA A #5}ke] SDS-PAGE (sodium do-
decyl sulfate-polyacrylamide gel electrophoresis)2} western
blote HASIGh. 2aTd Ao det ie Ad2 29k
o= FayErk

zept £

vholg A 77 A4S ¢l EPC AlZE trypsin-EDTA
(Gibeo, USA)E HF2]A]7| 1L 5% (v/v) FBS7F %3HE MEM
ol FEst & 96-well plateo]] JE3F & 15°Col|A] 3% <t
B eFsteict. VHSV 2 2whg] 2] 2]E VHSVE MEM Hj#|
2 10-10"7k2] 104A] 8]4 8 5 50 uLA& AE3H Tt 50%
tissue culture infectious does (TCID, )& A73}7] 918l 15°C
oA 14 F<et CPEE ¥&Hstict. 2} vlo]efA0] Zhel7t=
Karber (1931)2] 21 of] &fsf 4= 3ict.
siat 22| % RT-PCR

Hhol 2] 2 uljofol] gl = ahel A 2] vpo|2| X ufjof ol AJZE
2 500 uLA 4=7]35Fo] TRI Reagent (molecular research
center)Z ©|-25}0] total RNA H2]E A A5kt RNA Eg

Target gene  Primer name Primer sequence (5—3’) PCR condition Target size
52°C for 30 min;
VGsense CCAGCTCAACTCAGGTGTCC 95 °C for 10 min 40 sec;
G gene 35 cycles of 95 °C for 40 sec, 64 °C for 40 587 bp
VGantisense GTCACYGTGCATGCCATTGT sec, 72 °C for 40 sec;
72 °C for 7 min
VN IVa F ATGGAAGGGGGAATCCGTGCAGCT 50°C for 30 min;
N gene 95°C 10 min 30 sec; 505 b
9 35 cycles of 94°C 30 sec, 55°C 30 sec, 68°C P
VN IVaR GCGGTGAAGTGCTGCAGTTCTC 1 min; 68°C 7 min

PCR, polymerase chain reaction.
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Fig. 1. Infectivity titers of VHSV culture fluid (A) and purified VHSV (B) after 0.1% (v/v) formalin treatment. VHSYV, viral hemorrhagic

septicemia virus.

= AlFl Ag =] Q= v g whek X3gskict.

Ho® RNAE Y3t #Fo & 3]431al TOPscript™ One-
step RT PCR DyeMIX (enzynomics)= AE-5}¢] RT-PCRS
A A8kt RT-PCR §H3-A1S vH57] 9]8f) DyeMIX 5 pLe}
&gt RNA 1 uLe} primerE 242+ 1 uLA d71skal & 20
uLe] 8-S A3}t Primer= VHSV G gene& 53}
+= VGsense/ VGantisense (Nishizawa et al., 2002; 2006)x}+
VHSV genotype IVa 9] 2133F VN IVa F/R (Kim, 2015)
& A8tk $1o) 2717 RS SEel7] SlekPCR 221
2 Table 19 A|A|gt vE} At} PCR A= 1.5% agarose gel
o A7]1%9% 3 EtBr2 dA5}9] Gel Doc UV transilluminator
(Bio-Rad)= &HQlal3ict.

SDS-PAGE %! western blot

2T A 2stAY A2 sHA] o2 Hiol 2|2 Al szuf ek A
4 9 GAIRE vhel2] 2 15 uLE sample buffere} S5 5
100°CollA] 557t E& 71t & ZH2HS 10%2} 14% acrylamide
gelo| #7]%953}aL Coomassie Brilliant Blue R-250 (Bio-
Rad)3} Silver Stain kit (Bio-Rad)= FA3}%it}.

ANz deds A71953t gel nitrocellulose (NC)
membrane (Bio-Rad)2.2 &71 t}3 blocking bufferof| A 30
17k wjebatot). 13 ke Adejein UAlkel n o
F2HE VHSV KRRV-9822 F2]5=f thgt £7] FEHE A
o ARE-SFGIT Azl A5 Well =3 of Q1= FBS
off digt vh-e-& 24sfsl] sl AIE FBS9 1112 et
T-23°Cof|A] 3HF HF F9F HiEE - 1:5000. 2 3] A]5ko] AR
31 31, 22} A= alkaline phosphatase”| 23t E| o ¢1+= goat
anti rabbit IgG (SantaCruz)< 1:1000L.2 3]4]5}o] A8-51%
t}. NC membrane2 A% St -2 BCIP-NBTZ 2SO &5}
% bandE ¥k}t

L2

Zot W o

Azl /3ol vhol 2] 2 0] ) 7H= 4°CollA] 1, 7, 1443t
sl oFshE A 2k2F 1085, 104, 1075 TCID, /mLEA 7|<] s}
7F §lSE Aof| whste], Z29lS A 23t 49 197419 44
747} 1059 TCID /mL& 10008 ©]4F 723t ci7} 723} 14
Aol 107 84 N H53 wello| A = CPE7} ofof] g
] ekkeh(Fig. 1A). Kim et al. (2016)2 107 TCID, /mL2]
VHSVE 0.1% (v/v) 22T A et & A7 a2 797t
o Haks wEstl=dl, 212 4841t o] %= 7717 detec-
tion limit o]tz HolA & A+ Aytet AAsh= AS et
= QAQAcE. gk QA Hpo] 2= 4°CollA 1, 7, 1497H9] vl
F 717F 59t 22 10192, 10, 10°F TCID, /mL2] 7+ 4715 B
of, A 7 o] upo]e 2 et oA oF 1008 7hFo = Hlol2
27HE5E 2 ERIE 4 AL 27 4°C vl o] o sl =
Tzl ek IAgsA] odee S = IQUk(Fig. 1B).
Jorgensen (1973) G A] VHSVE 4°Col| 4] 257t vl sl et=
HA7Te] 4lo] glrkar B gk ul ] 0 Garver and Hawley
(2008)= 4°Cofl Al B3 - 1A 9 e8& f-Aghehar st
ek AAIGE wiol2| 2of FRFe] S AT A 1
A= 10°8 TCID, /mL=A A 2] W3k7} gitkrt 793 1497
ofli= Z+z} 107552} 10% TCID, /mLEA] 10,0008 75 7+
7Pt 4t e gl o= UItk(Fig. 1B). S Al 2 A
HHpo| 2 A7}0.1% (viv) ZETH A 2o ofsf] ¢35 =23}
HAE Aol vhel =2 d7Ee] vhole s Y] 2=y
A g]ofl ofsfjAl= ] 228t HA| =the ARES & QL
o weba] FE77E 8 Hio] 229 A9-ol= 0.1% (viv) ©]
7 EEl 22U ARESAU B 27l 7|7 Fet AE e 2
Q7 R AR ET S 52 H o AR a4
glo] ofsff A vio]#| 28] 717} o B A WSksh=A] Eels)

2 @7t A
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Fig. 2. Agarose gel electrophoresis of RT-PCR products targeting VHSV G gene (A) and N gene (B). Lane 1, untreated VHSV culture fluid;
lane 2, VHSV culture fluid treated with 0.1% (v/v) formalin for 0 h; lane 3, VHSV culture fluid treated with 0.1% (v/v) formalin for 1 d;
lane 4, VHSYV culture fluid treated with 0.1% (v/v) formalin for 3 d; lane 5, VHSV culture fluid treated with 0.1% (v/v) formalin for 5 d; N,
negative control without template. RT-PCR, reverse transcription-polymerase chain reaction; VHSYV, viral hemorrhagic septicemia virus.

1 day 7 day 14 day 0 day 0.5 day 1 day 2 day 5 day 7 day

75 kD>
50 kD>
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25 kD» 25KDP
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Fig. 3. SDS-PAGE of purified VHSV. V, untreated VHSV; VF,
M V VF V VF V VF V VF V VF V VF

VHSV treated with 0.1% (v/v) formalin for 1, 7 and 14 days. 14%
polyacrylamide gel was stained with silver nitrate solution. G, gly-
coprotein; N, nucleoprotein; P, phosphoprotein; M, matrix protein. Fig. 4. SDS-PAGE (A) and western blot analysis (B) of VHSV
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electro- culture fluid. V, untreated VHSV; VF, VHSV treated with 0.1%
phoresis; VHSV, viral hemorrhagic septicemia virus. (v/v) formalin for 0, 0.5, 1, 2, 5 and 7 days. 10% polyacrylamide
gel was stained with Coomassie Brilliant Blue R-250. Proteins
were blotted to nitrocellulose membranes and incubated with rab-
alakel Bisks st Ay, z2S A2 21921 0 h bit antiserum against VHSV KRRV-9822. N, nucleoprotein. SDS-

FE G gene ¥9F o2} N genee AEH A &dth(Fig. 2). PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophore-
Winton et al. (2014)% PoliovirusZ- 1:4,000 H]£&2 formalde- sis; VHSYV, viral hemorrhagic septicemia virus.

hydeE #2]gt A3} RT-PCRO] &Jgt At FZo] H] 2] e¥ofch

AL 2Argh up Qlk "y A AES E2WRIO] capsid W slich AASE Blo| 2| A5 A 7] 95510 silver stain O 2 ¢ A4

23 RNA9] crosslinking2- -3-=3}4 genome reading2- 3] 3+ A7} G, N, P 2 M proteing £ é% AATHFig. 3). =2
hobal B a1gk vl Qlti(Ma and Harris, 1988; Kuykendall and o &2 21,7, 149 30 %j7] =2 sl A2 THA| &e
Bogdanffy, 1992; Permana and Snapka, 1994). A vpolg et 5 A R T ‘% Hof z2gg] Ao

19 o5 iefoio) ol A eIl Askfole] o] A9 o] eIk RS 4 Ao 9
2 uljok Aol S th Ak O 2 SDS-PAGES} western blotg A1A| Hpole| A A|szufF AFHS 3 0 & sto] SDS-PAGEE F
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73~ M| wjoFed Z0] FBS bandVt 2 ¥HEE$17] Wiz,
VHSV KR-9225 E&]Zo] g3t E7] &3 A © & western blot
= AAsHI A g ol AFEE FE ol tialiAl+= N protein©]
AEZEUAL YA 2 Tzl HE K] ookt Ao A
|4 BE7] §EA2 FBSE AT 3ol Etsta 2 A
T Axjof| A FBS ©hl 23} vh-2-AJ o] =0} smear band”} LE}
WAl =] 9d=dl, oA el 28l 69 kD] G proteine]] thgt ¥H-3-©]
Holx| oA ® Ao = wetert, 22 A 2UA4HE N
protein©] HEE|A] o= A 1T 4= UUTHFig. 4). ol=
Kim et al. (2016)2] Aol A 7+4 717} detection limit ©]8}=
o]Z] X719} YA 519} Western blot 213 o] 4] N protein©]
e 2] o2 A2 sz 2l A2l 93l N protein®] epitope
o] Wste Flolgta wehyc), Z2ute] o] gk 714 wro] vk
Al T vho| ] A 0] 7h o] EA5k= G protein
oL}, & Aol ARE-E A 2= N protein®]] theh FaFTk
2k o= ek whebA ok Gt dilE E3] ejute) 9l= G
protein©] thgt Gk dobid 7] YAl 2F & chal Ao of
3+ monoclonal antibody (MAb)E AM8-3lo] 2}5-2] A4S 7
5k = Q 7} 9170tk Fan et al. (2015)2 thofst MAbE AR
sto] Aglet Ay AlEEs z29k S8 AT} Alg Ao
A AAeE 22 S8 Ui ¢ vlo| A w4lof T sfiA
Mab 457} binding 3H4] S-6tA U S213A| 717} Hf 2+te]] ]
3] FAH 2 AS FRIgto = A =T o] 3F¢ epitope
£ WP AT AS F85Fh L &fof] =g chay
O] N rtol] A5}310] methylol adductsE THEA] F o] 0] A 0]
cheFst obu] 1 Ake] R 719} crosslinking & sHA| Hrok= A& %5
3t AL% Itk (Delrue et al., 2012; Metz et al., 2004).

o) F Hiol A AWS tj&5t7] 215k WAl 5 7 |7
AlZket 4= Q= Zo] E&3t wWAlolth, o] gt HojA S
A2 o 2 2 74S 2501 Slofof gttt AA vl A
= 2x1s] EgstE|ofof gitt. A4 £} WAl o]l W&
Zh friestofof 5, o] & flall E&3t EA ol ofsf viol2f 29|
epitope®] o] A A= ¢t Er}. 2 Aol A= Bl 2|49
e 5 A7l whet ZEEElof o3t B8 H Tt detA|
= Zlo] gRlE ¢l om, zadwl Haof ofsf vlo] Ao HAk
7} N protein®] epitopeo] HZHE Z1S A5 T} 2 A2
Aib= F x=ge] B2l WAL A 2o ARGl tisf] 58
eh AR E Ao Abm )

Al AL

o] Q7= 2018¥1% AT WUsRs 7] 2]l o]
3o o] o] 52
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