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Generation and characterization of structural gene (G gene, P gene)
knockout recombinant viral hemorrhagic septicemia virus (VHSV)

Ji Sun Park

Department of Aquatic Life Medicine, The Graduate School,
Pukyong National University

Abstract

Generation of recombinant viruses lacking an essential gene for viral
replication would be a way to produce safety—enhanced live viral vaccines. In
the present study, we produced a recombinant viral hemorrhagic septicemia
virus (VHSV). that lacks G gene or P gene in the genome using reverse
genetics system; and analyzed the characteristics of the recombinant viruses.
To produce a recombinant- VHSV that lacks G' gene in the genome
(rVHSV-AG), we constructed “a G gene-deleted recombinant VHSV vector
and transfected to the cells expressing—G protein by pcDNA3.1(+) plasmid.
Using this system, although we could get the rVHSV-AG, the titer measured
by plaque assay was too low to be used in other experiments despite lots of
trials to increase viral titer. To solve this problem, we used phiC31 Integrase
Vector System which inserts the expression cassette into the cell
chromosome, and could produce rVHSV-AG with a higher titer. In the
semi—quantitative RT-PCR analysis, the amount of expressed G gene in the
cells having the expression cassette in the chromosome was clearly higher
than cells with plasmids, suggesting that G protein expressing efficiency

might be the cause of the different viral titers. Through in vitro and in vivo
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experiments, the present rVHSV-AG could not produce infective viruses
without trans-supply of G protein.

The P gene ORF contains 7 methionine codons including start codon in the
same reading frame, and among them, we destroyed the first, second, and
third methionine codon successively (change “ATG” to “TAG”) by
site—directed mutagenesis, and named Pl, P2, and P3, respectively.
Recombinant VHSVs that could not express intact P protein (r VHSV-P1, -P2,
and -P3) were successfully generated by trans-supply of the intact P
protein. The rVHSV-Ps were not generated from cells expressing truncated P
protein (P1, P2 or P3 protein), suggesting intact P protein is needed for
infective virus production. However, interestingly, we isolated rVHSV-P1 that
could produce infective viruses without P protein ~supply. The nucleotide
sequence of the -TtVHSV-Pl revealed that -a mutation. occurred at the
nucleotide 4 base before the second ATG codon, which changed isoleucine
into methionine without frame shift, suggesting that strong selection pressure
might exert on the mutation occurrences in the VHSV genome.

In conclusion, the present rVHSVs can infect cells only a single round and
cannot spread to other cells because of lacking ability to express G or P
protein, which can guarantee the safety of the recombinant virus-based

vaccines. The availability of these recombinant viruses as attenuated viral

vaccines will be evaluated in further studies.

Vi

Collection @ pknu



List of Tables

Table 1. For construction of T7 RNA polymerase-expressing plasmids === 19
Table 2. For construction of SUpPPOrting plasmids - eesresresremsemninninan. 19
Table 3-1. For construction-of VHSV G gene expressing cell line «eeeeeee 20
Table 3-2. For confirmation of integrated into a target genome: -« --weoeeeeees 20
Table 4. For confirmation,of VHSV G gene exXpression etk 20
Table 5. For confirmation of rVHSV-AG by RT-PCR -eeeoteermmmerestoeneeeenene 21
Table 6. For confirmation-of rVHSV-AG by real-time PCR :roooeeeereeeeeemnnnees 21
Table 7. For confirmation of rVHSV=AG SAfety e 21
Table 8. For construction of pVHSV-P1, P2, P3 by RT-PCR --eeeereeeeeereeeeess 34
Table 9. For construction of VHSV P gene expressing cell ling --:wreoeeeeeereeee 34
Table 10. For confirmation of rVHSV-P1, P2, P3 e, 35
Table 11. For confirmation of rVHSV-P1, P2, P3 nucleotide sequence - 35
vii

Collection @ pknu



List of Figures

figure 1. Map of constructed plasmid pCMV-G and pFC-CMV -G weeeeeeeeeeeees 38
figure 2. Integration of pFC-CMV-G plasmid into EPC cell chromosome - 39
figure 3. Comparison of VHSV-G protein expression level by RT-PCR 40
figure 4 Construction Of the CDNA (DVHSV,AG) .............................................. 44
figure 5. Comparison of the cytopathic effect (CPE) induced by infection of
EPC cell line expressing VHSV G gene using pcDNA3.1(+) vector
and phiC31 Integrase Vector System with rVHSV-AG -ooeeeeeeeeeees 45
figure 6. Comparison of. the virus titer measured through plaque assay by
inoculation of EPC-eell line expressing VHSV ‘G gene with rVHSV-
AG from different Cell line ..................................................................... 46
figure 7. Confirmaion of knock-out of G gene in r'VHSV-AG by RT-PCR - 47
figure 8. The cytopathic effect (CPE) induced by infection of EPC cell line
expressing VHSV G gene with rVHSV-AG using phiC31

Integrase Vector System ........................................................................ 50

figure 9. Verification of rVHSV-AG infectivity depending on supply of G

viii

Collection @ pknu



figure

figure

figure

figure

figure

figure

figure

figure

figure

figure

10.

11.

12.

13.

14.

15.

16.

17.

18.

19

gene by plaque ASSAY trrrrrr e 51

Verification of virus particle formation depending on supply of G

gene by realftime PCR ......................................................................... 52

In ViVO Safety Conﬁrn’lation Of rVHSV*AG ......................................... 54

Map of constructed plasmid pCMV-P (VP0, VP1, VP2, VP3) and
pFC,CMV,P (VPO, VPl’ \]1:)2y VPS) ................................................. 57

Integration of pFC-CMV-P (VP0O, VP1, VP2, VP3) plasmid into EPC

CeH Chromosome ....................................................................................... 58

Comparison of VHSV VP (VP0, VP1, VP2, VP3) protein expression
level by RT_PCR ................................................................................... 59

Construction of the cDNA (pVHSV-P1, P2, P3) «eremmereeemcnninninn 64
The cytopathic effect- (CPE) induced by co-transfection of EPC cell
line expressing T7 RNAP with plasmid expressing the N, P, L

proteins and DVHSV,PI ....................................................................... 65

Plaque formation in VHSV P gene expression cells infected with 10°°

dﬂuated rVHSV_Pl .................................................................................. 66

COnfirmaiOn Of rVHSV_Pl by RT_PCR .............................................. 67

Comparison of the cytopathic effect (CPE) induced by infection of

Collection @ pknu



EPC cell line expressing VHSV P gene with rVHSV-P2, P3 using
pcDNA3.1(+) vector and phiC31 Integrase Vector System - 68

figure 20. Comparison of the virus titer measured through plaque assay by
inoculation of EPC cell line expressing VHSV P gene with
rVHSV7P2, PS from different CeH hne .............................................. 69
figure 21. Confirmaion of r'VHSV-P2, P3 by RT-PCR «eerereressssssesssisinnann. 70
figure 22. Verification -of rVHSV-P1, P2, P3 infectivity in EPC cell line
expressing VHSV P (VPO, VP1, VP2, VP3) gene using

pcDNAS3.1(+) vector-and phiC31l Integrase Vector System - 72

figure 23. Confirmation of nucleotide sequence of the pVHSV-P1, P2, P3 - 74

Collection @ pknu



Viral hemorrhagic septicemia virus (VHSV)= o9S 713
negative-sense single-stranded RNA virus= genus Nowvirhabdovirus,
family Rhabdoviridae®| 43t} (Lenoir and de Kinkelin, 1975; Walker et
al, 2000; Tordo et al, 2005). ©23 RGES st Jom 1 dole=
180nmeolal A7 70nm=E  virus genome= 114 12kb= 5719
structural protein® 170} nonstructural protein® & o] Fo]# glt}. RNA
genome-= nucleoprotein (N), polymerase—-associated phosphoprotein (P)}
large RNA-dependent RNA polymerase (L)”7} ribonucleoprotein complex
(RNP)EHE 7Fx12 e virus® transcript®} replication®] I =% <l

ogsks st} o structural protein?l  matrix protein (M)2 wpo] 2| 2 9]
assembly 2} buddingHAlol A viruse] 2% %= RNP9 Ha 288 3,
glycoprotein ()X viruse] FWo| wmZEo]lo] nlo]g]~e] A3} cellot
ox Eories 9L 3t mAEFO & nonvirion protein (NV)
Novirabdovirus ¢ & o2 G FARSL L-FHA Aol Qo™ virus
genome 3-N-P-M-G-NV-L-5¢ £ =2 #jds o] <t} (Schiitze et
al., 1996, 1999; Estepa et al., 1999; Tordo et al., 2005).

Viral hemorrhagic septicemia disease (VHSD)+ viral hemorrhagic
septicemia virus (VHSV)E 2o = st+= Aoz F2 4ToA 14T 9
Agz7lel A AAAcR T B dgolFel dREHAE dozt
(Schlotfeldt and Ahne, 1988; Schlotfeldt et al. 1991; Mortensen et al.,
1999; Isshiki et al, 2003; Skall et al, 2005). &¥ol Ad offF= ANS
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sh, o}7tm|oF A =ejme] ¥, 1+ &, v Ao v, 57 U B
7F 2= 5 A4S UEAY (Ronald, 1978; Isshiki et al., 2001). =il A
= VHSV genotyle Va® glwdow JX2 (Paralichthys olivaceus) <F
A G| dEFHALE dod]= T2 ddoltt (kim et al, 2003, 2009). u}
Al gx FA AR e ALY FEE flste] VHSDE Aold ¢ e =

sHel A wy

e =
2
)
i<}
o
ol
o
)

VHSVE %ol 3342l chemotherapeutic agent= §17] wol, o]
F YA Fe] VHSDE Alofst”] #1314 subunit vaccine (Lorenzen et al.,
1993; Lecocqg—Xhonneux et al, 1994), naturally attenuated vaccine
(Vestergaard—Jorgensen, 1976; de Kinkelin and Bearzotti-Le Berre, 1981;
Adelmann et al,, 2008) % genetic vaceine (Heppell et al., 1998; Lorenzen
et al., 1998, 1999, 2002; Byon et al., 2005, 2006; Chico et al., 2009; ) &
olel 7}A] vaccineo] ZHRE o St} Live attenuated viral vaccine

cell line® & virusE A4Fet 4= 932 humoral 3 cellular immunityS

Eote] ALl WS 73 5 JARF viruse] HMAAo] HFE Tt
dol 7l wiEell A1dA8 S 7HA AL 2l 3 inactivated vaccine virus
particle®| replication®]- &7k sto] Ao §h7] wiol HHAdS 7 AL

2 sARE Woukgo] o3ty wiEol] i o F WAL adjuvantE
287 3tal (Thim et al, 2012). o] W& R#8& 3 (Midtlyng et al.,
1996; Mutoloki et al., 2004; Evensen et al, 2005) A4H|7F F7tecs &
A& 7FAaL vk DNA vaccine> W WHg3 7] 4 <l WHol| thdk A7+
Fol FHHAAT Aol gt EA wiiel AEstEA Xeka Ut
(Martinez-Lopez et al., 2013).

ol#|gt FAHS BH&st7] Y8t FH<L reverse genetics 7] &S o] &3

A S 71 MRS viral vaccine 977 @ E oA 11 9t} Reverse

Collection @ pknu



genetics system< cellS ©]83}9] virus genome® complementary
(cDNA)ZFH RNA virusg wE°] &= Wieolth. o= T7 RNA
polymerase (T7 RNAP)7} @& % = cell line®| viral antigenome 7 A&
encoding 31+ plasmidE transfection?dtth. o] w] Hepatitis delta virus
(HDV)9] self-cleaving ribozyme= viral antigenome cDNA®] 3’ weto
dolFogn ~2x2 3 das GUsiA Zetd & JdEE ST et
A reverse genetics systemes F3te] 7]Eo] LHAA &S viruse
genomes knock-outA| PO ZH 1 7)%S BEATE F

virus genome’ o] &4 FH A= knock-outr 71 AW mutationA] 7 S 2 A

°}=3}¥ recombinant vaccine®] 7fEro] Jhsslth ik m=o WY AAS

7FA1 a2 910 humoral ¥} cellular immunityS &Aoo &2 F528 4 3919
Ao R ALGo| Vheakal, A BEAEE WS FAHAE & Yvt
= Aol Jdtt. H B AjAd = VHSV genometl 9] NV 44+
Alo EGFP (enhanced green fluorescent protein) F+AAE ¥3slal A+
A %3 VHSV. (VHSV-ANV=EGFP)E Al<al i ¥Ae wels 23
FRFoEN =& WolHS Frdte] Ao=sue 2 TeAd e A

=3k vl o} (Kim et-al, 2011; Kim and kim, 2011).

Glycoprotein (G)& virus®] ¥Wd =Z%o13lo] cell membraneol| #®}o]
2] 2~ 9] H-Z3} receptor-mediated endocytosis? A S F3Fe] celldto 2 &
o}7}= 9aS 3t} (Lecocq-Xhonneux et al, 1994; Estepa et al., 1999).
G proteine target® @ 3d}¢] neutralizing antibody$} protective antibody
7} f =91t} (Lorenzen et al, 1990; Huang et al., 1994; Bearzotti et al.,
1995). =3 HAA I Aol = G protein®] €F regionS mutationll
9]&}o] anti-G monoclonal antibody @] neutralizing & ¥}oll st A A&
Uebdol wel G Proteine] VHSVE WAddl &S VS & + Aot
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(Seif et al., 1985, Prehaud et al., 1988; Bearzotti et al., 1995, Yves et al,
1999). =3k VHSVE  nucleoprotein  (N), Phosphoprotein  (P)
RNA-dependent RNA polymerase (L)< ribonucleoprotein complex
(RNP)2] HHE 7FA™ o] Al 7}A protein AlololAl P+ L3 Agtslsd
proteolytic degradation®.Z ¥ <4 3}E A]7]3L (Emerson and Schubert,
1987; Canter and Perrault, 1996), nacent RNA®] & 3}4 <l encapsidation
S fsted AFEA PE NI E53AlE FAdstH (Davis et al, 1986;
Masters and Banerjee, 19883; Peluso, 1988), virus®] RNAgA Al virusd
genome?| terminal sequence®t 5483 o =X (Keene et al, 1981;
[saac and Keene, 1982) RNA-dependent RNA polymerase complex®] =
cly

o

FA el HE o= virus9 transcription® replicationo] &4 %<l o3t
t} (Emerson and Yu, 1975; Pattnaik and Wertz, 1990). whepi] E -9
A VHSV genomeWll®] G geneS knock-outrlZl %% VHSV

(rVHSV-AG) ¢ P gene? methionines &3 =° 2 % 313}o] knock-out
A 71 Az VHSV (rVHSV=P1, P2, P3)= reverse genetics 7] &< ©]&
sho] A 2Fs a2 VHSVE] G gene?t P gene©] knock-out® ol wa}l cellst
o7 ¥ Eo3t - FAIAS 7= viruss AT £ g7l i
virus®] replication®] E7}53e] vaccinel.E A9l tAAS zEFa tl
oA B A4S Skl dY Yol =& AokEst waozNe] T}
SRS B A9 uigo] Hazt g

B ool o A= phiC3l Integrase Vector System= ©]-&3te] VHSV G
gene?} P genes W& slE= cell lines A ZsFAtTE. FC31 integrases=
bacteriophage @C312] genome®| sequence-specific3}tAl recombinases
ols 3l slal S o ZM attachment sites (att)Z} &2+ 34bp sequenceZ

recombinationA] Z1t}. serine integrasex= mammalian cellS 3¥3}3F o] g
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79 cell typeo] &&=z 25 st} (Calos, 2006). @C31 integraseoll
23t} donor plasmid®l attB site7} ©]9} FAF3F sequenceZ 7%l target
genome?| attP sitedl integrated¥ t}. w2l @C31 integrases & s}l
)+ plasmidZE co-transfectionA] 7] & 24 attB¢} attP site®] §3Fo] Lo
1} VHSV G gene¥ P geneo] ¥3%% {3+ cloning vector’} EPC cell
genome?] attP site® integrated®©] VHSV G gene¢] &% = cell line
= AFstAda & Al&"E o838k rVHSV-AGSH rVHSV-P1, P2, P3
o titers FT7MAFCEZMN FF vaccinel 249 FUlE &S 7

A,
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1. rFVHSV-AG

1-1. Al % "ol &

AF o) AV epithelioma papulosum cyprini (EPC) cell& MycoZap™
Antibiotics (Lonza)?} 10% fetal bovine serum (FBS, BI)¢] 7}
Leibovitz medium (L-15, Sigma)°l A vl %k&} 21 c}.

A e o] Alg% nvlo]z] 29l Viral hemorrhagic septicemia virus (VHSV)
= A &A 99X S Ae Al VHS disease’t WA WX ZHE e g
VHSV KJ2008 strain® = 2% FBS$¢} antibiotics7} #7Fe L-15 medium
S AF&3te] EPC celldl A &8kt H5 < 15Cel| w3t o FH9
gk cytopathic effect (CPE)7F WERSLS o 45 A& Bol 4Tl A 4000g=
10323F A2 shar -80Tol X #sto]

)
san

3 A9 AHgata

i
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1-2. T7 RNA polymerase (T7 RNAP)ES 2dsl=
EPC cell line A%}

Retroviral vectorE 7|Hto. &2 3}i= T7 RNAP & A~ A 267
$]3to] Retroviral Gene Transfer and Expression kit (Clontech)E A}-&-3}
St} pLNHX retroviral expression vectoro] multiple cloning sites (MCS,
Xho I -Apa I -Xho I -Sal I -BamH [ ~-HindIII-BglIl)E *F{3ste] pLNHX
-MCSE Al#stgivh. T7 RNAP genes @5t plasmids #1237 4
3to] E.coli BL2I(DE3) 9 DNAZYH Hindll®t BamH I enzyme
sites X3 T7 RNAP ORF PCR fragmentE pGEM T-easy vector
(Promega)®ll cloningdt ¥, pcDNA3.1(+) vector (Invitrogen)ell Ligationd}
o] pCMV-T7 RNAPE #l#4at3itt (Table 1). pPCMV-T7 RNAPl Bglll
9} Sall enzyme A 2]3Fe] cytomegalovirus (CMV) promoteret bovine
growth hormone (BGH) polyadenylation signals X $Fél= cassetteS
pLNHX-MCSe®] “ligationg 2 =4 pLNHX-pCMV~-T7 RNAPE A 233
k. GP2-293 cell& 10% FBS<} antibiotics7F 2Z3F¥ Dulbecco’s modified
Eagle medium (DMEM, Sigma)olA 37T, 5% CO2x%71 2.2 T flask (6
x 10° cells/ml)ell wiekst T pLNHX-pCMV-T7 RNAP vector (5 ug)9t
pVSV envelope vector (5 pug)E FuGENE 6(Roche)E ©]&3}9]
transfectiond} 9 v}, Transfection 10417t & wiA] & w3sto] 31 48413
% T7 RNAPES 233+ reconbinant retrovirusES 5o} polybrene
(Sigma) 4 pgs A7HgE wi A& AH&3ted EPC celldl HFstidth A5 24

AZE 5 G418 (400 pg/me)7h E3he wjA = wgkato] selectiondt 3
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1-3. VHSV G gene©] knock-out®d AZY VHSV
vector (pVHSV-AG) A%+

nlg] A z=Eo) ™ pVHSV-wildg ©]&3te] pVHSV-AGE Al Z}st At
T7 RNAP promoter (P17), nucleoprotein (N), phosphorylated protein (P),
matrix protein (M), glycoprotein (G), nonstructure protein (NV), large
RNA-dependent RNA polymerase (L), hepatitis delta virus ribozyme
(HdvRz) % T7 transcription termination sequence, multiple cloning sites
(MCS, Nae I -Age I -Sacll -Cla I -Nar I -AatIl)7} cloning ¥4 U=
pGEM T-easy vector®| Nael3} Sacll enzymexdl& 3sFo] Py, N, P,

ftlo

ME ¥35tal 9l fragment 13 G= E£83811 Y+ fragment 25 #| A
sttt A A"z P, N, P, M, multiple cloning sites (MCS, Nae /
~Age I ~SacIl-Cla I ~Nar I -Aatll)”’} cloning % °}# A= pGEM
T-easy vectordll wlz7FA 2 Nae I3} Sacll enzymeA & &9 Ppg, N,

P, M2 ¥3}slal 91+ fragment 18 443 AL 1 vectorS pVHSV-AG

2 1 shelvh,

1-4. VHSV N, P, G, L geneg 23d3}+= supporting
plasmid A 2}

Az VHSVE A=8t7] 918143 VHSVE N, P, G, L 29 23

3l supporting plasmid’} 2 &3}th, pVHSV-wildE template= 3} 7}
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zbol Azt wWE primerg AFEste] PCREZ 5333t (Table 2).
PCRZ FZ ¥ z17to] FAAELS pcDNA3.1(+) vectorol ligation 3], 2zt

7zt pCMV-N, pCMV-P, pCMV-G, pCMV-L< A 2+a}9) ot

1-5. VHSV G genes 233+ cell line A&

7F. pcDNA3.1(+) vectorE ©]&3% VHSV G gene ©& cell
line A2}

VHSV G genes 2dst= plasmidS A& sH7] ¢1ste] Nhe 19 Hind
Il enzyme siteE X33k VHSV G gene ORF PCR fragmentE pGEM
T-easy vector (Promega)el cloningd %, pcDNA3.1(+) vector
(Invitrogen)©ll. ligationdte] pCMV-G= #|2+slar (Table 3-1), plasmid
purification kit (QIAGEN)E ©]-&3}¢] pCMV-G plasmidE F% 3Tt
plasmidE transfectiond}l”] €5te] 1L-15 mediumeol] 20mM HEPES$} 10%
FBSZ #7Fs v & 35mm disholl EPC cell (1 x 10°%ells/ml)S 287 ol A
k&t 12 FuGENE HD Transfection reagent (Promega)Z ©]-&3}o]
pCMV-G (1pg)E& Transfection 3FATh  24A1F  F  10% FBS<}
antibiontics”} ¥7Fd L-158|x12 %ol F1 Transfection 39 F
Trypsin-EDTA (gibco)x &l d}o] G-418 (400 pg/mb)o] H7FE wjA|=
Tosflaskell Wl %3te] selectiondle] 53t}
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t}. phiC31 Integrase Vector System< ©]&3 VHSV G

geneZ & cell line A2t

G genewd S =7HA17]17] 98 phiC31 Integrase Vector System= ©]
435t A =L cell lines AlZ 39 Th donor plasmid¢! VHSV G genes
3= vectors A 2FSH7] 918kl Nhe I9% Hindll enzyme sites XS
3k VHSV G gene ORF PCR fragmentE pGEM T-easy vector(Promega)
o cloning ¢+%-, pFC-CMV -MCS-SV40-Kan/Neo®l Ligationd} ]
pFC-CMV-GE A|#s}al (Table 3-1), plasmid purification kit (QIAGEN)
£ o] &3] pFC-CMV-G plasmidE F% 3l ). plasmidE transfection
371 $18F L-15 mediumoll 20mM HEPES®} 10% FBSE %713k A =
35mm dishol  EPC ‘cell (1 x10°%ells/m)S 28°ColA | wjkslsiet.
pFC-CMV-G$} phiC31 integrase expression plasmid”} 1:50H]&9o] ¥ ==
3t7] 9lste], pFC-CMV-G plasmid (40ng), phiC31 integrase expression
plasmid (1.96ug)ES FuGENE HD Transfection reagent (Promega)E& ©]
&3}o] Transfection SFRATE 24A17F F 10% FBSS} antibiontics7} 3 7H
L-158f A1 2 x3Fs}o] =31 Transfection 39 % Trypsin-EDTA (gibco)
Aglste]  G-418 (400 pg/me)el  H7bE WA Z Tosflaskell w3k

selectiondlo] At}

t}. EPC cell® chromsomeW G gene &3 cassetted A Y

A

phiC31 Integrase Vector System= ©]-83}o] #|23 VHSV G genes

10
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WA 7l cell linedld] @C31 integrased] 2lste] pFC-CMV-G9 attB
site} EPC cell®] attP site®] §3o] dojdo=zM EPCS chromosomel]
2 AYEe] A F2dr] YEte] attB genes ¥ 3= primerES Al #
3ttt (Table 3-2). ©] primerE Alg3te] PCR=® % A5
pFC-CMV-G vectorel A= attB  site’} S%o] A2 pFC-CMV-G
vectorg Transfection*]Z] cell linedl A+ attBe} attP site®] & 3o €
Foll wpg} EPC ¢ chromosomeW & vectorZ} 4FJE o] A 7] wl&oll SFo]
x5 vt wEka] pFC-CMV-G  vector: plasmid purification kit
(Qiagen)& o] &3dle - plasmidE FE3 . PCRS FId39x
pFC-CMV-G vectorE Transfection A7l EPC cell line EXgene™
Clinic SV mini (Gene AlDE Al-&3tol gDNAES %3 & PCRS 33}t
AT

1-6. VHSV G gene9 expression level ¥H|IL

(RT-PCR)

VHSV G gene2 %dsl= F 7FA cell line$l pcDNA3.1(+) vectore}
phiC31 Integrase Vector Systems ©| &3t cello) 419 G gene &d level
S Hlustr] f18ted RT-PCRS F3d3dt. VHSV G genes Tds=
T 7FA cellol Trypsin-EDTA (gibco)s #gldle] =& % RNeasy Plus
Mini Kit (QIAGEN)E AF&3te] total RNAE wElstth #e]¥ total
RNA 1 pgoll RNase free DNase (Promega) # @ % stop solutions %7}

AT cDNAE Al szl 938te] 05 i Random primer (enzynomics)<}

11
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0.5 ul Oligo dT primer (enzynomics)S H7Fste] 80T A 587F HES-A]
7131 2 w dNTP (enzynomics), 5 xreaction buffer (Promega), 0.5 w0
M-MLT Reverse Transcriptase (Promega), 025 ¢ RNase Inhibitor
(Promega)E #7tsto] 42TCoAl 60E7F Hbg Azl % 95Tl Al 10&7F Wt
S A AT FA48%E cDNAZ template® 39 VHSV-G specific gene
primerg °]&3to] PCR 5334t (Table 4). PCR cycling &7 95T
o A 3#-ZF lcycle, 95ColAl 30%, 60CelA 30%, 72TCAA 30x% 30
cycle¥ 72C 7&3F leycles 33k th. 3 control® EPC cell®] B
-actin geneS PCRZ FZ3}t} (Table 4). PCR cycling 712 95Tl
A 387 1eycele, 95ColA 30%, 60TCollA 30%, 72CelA 30%% 26 cycle
T 72T TE7 leycles F3)8tt) o2 0.8% agarose gelol] 7|9 %

tol =Hlskslth

do

ol

1-7. VHSV G gene°] knock-out® AZ% VHSV
(rVHSV-AG) A Z

7}. r'VHSV-AG A%}

T7 RNA polymeraseZ & st )= EPC cell (1 x10%ells/ml)S L-15
mediumell 20mM HEPES®} 10% FBSE #7be wjx|& 28°Col A vl 43}
i EPC cello] 80% AX A5kS vl pVHSV-AG (2pg) pCMV-N (0.5
1g), pCMV-P (0.3pg), pCMV-G (0.2542) 2 pCMV-L (0.212)S 7

FuGENE HD Transfection reagent (Promega)E ©]-83l co-transfectiond}

12
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ATk 28Tl A 12 AlZF incubation dtal ©|E 2% FBS7F H71d wjA| =
Zrols= F 15T &7 wiYdstdth. AukA 2l cytopathic effect (CPE)7} &

25 A5 w freeze-thawing3$ 4000 goll A 10&E7F AT &, ol

Ao A=dS POt FArt. POE YAl pcDNA3.1(+) vectorE ©] 83k
VHSV G gene 23 cell lined HF=38t1 79 & A& A=94S plojgt

4. VHSV G genes 2d3+= F 7FA cell linedl A9
cytopathic effect (CPE) & &

pVHSV-AGSt pCMV-N, P, G, LS  cotransfection 3}l &< PO
A1 POS thA] pcDNA31(+) vectorE o] VHSV G gene &3 cellol
HE3te] P1S 4t}h pcDNA3.1(+) vector®t phiC31 Integrase Vector
System< ©]-£3 G gene™d cell& 2z 35mm dish (8 x 10°cells/ml) ol

28CAA wlFst & 2% FBS7F H7ke wix=2 Zols F Pl& HE3h
15Tl A cytopathic effect (CPE)S 323915},

t}. rVHSV-AGE 3
phiC31 Integrase Vector System= ©]-&3F G geneo] W& E = cell (Tos
flask) S 28°Coll A w3t 3 29% FBS7F 719 wix&2 Zols= 3 P1S

15Col A HZE3stal 59 % cytopathic effect (CPE)7F &S w 4000
gl Al 107 AR skl FF Y P2E EF & -80Tel myste] F

13
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1-8. rVHSV-AGY &< (RT-PCR)

r'VHSV-AGE RT-PCRE §3te] 2183t G gene©l knock-out¥
PCR product®] size ¢S 938t wild type VHSV (wtVHSV)%E 37
RT-PCRE F#3t3ith. wtVHSV stock? rVHSV-AG 459 P29 A
TRIzol Reagent (invitrogen)E AF&3}o] total RNAE 23t th ¢cDNA
= A7) Y3ste] 05 w Random primer (enzynomics)®2} 0.5 gl Oligo
dT primer (enzynomics)E F7}8te] R0TColAl 557 WHSA| 713l 2 ul
dNTP (enzynomics), b5 xreaction buffer (Promega), 05 w M-MLT
Reverse Transcriptase (Promega), 0.25 ¢ RNase Inhibitor (Promega)Z
A7bete] 427Col A 602 ZE WEg AZIT . 95Tl A 102X WA H T
cDNAZE template® 3te] VHSV N, P, M, G, NV, L9 specific gene
primerg ©|&3le] PCR 533F%th (Table 5). WA rVHSV-AGY G
gene°l §la& FUetrl Astd MelA G (M-G), GellAl NV (G-NV)9
PCRE 33t Egk NolA P (N-P), PolAl M (P-M), Mel|A NV
(M-NV), MellAl L (M-L), NVell 4 L (NV-L)°®] PCRS Fago=x G
gene®] knock-out PCR product®} size$} I 9 #HAAE 2353t v
Fo=2 wtVHSVE 593 primerg AFE3ste] PCRS 339t PCR
cycling 272 95CoA] 33t lcycle, 95ColA 30%, 60CeolA 30%, 7
2CoA 1824 30 cycled 72T 787 lcycles 33ttt o= 0.8%

agarose gelol 7|5 sto] gQlssitt.

14
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1-9. G gene ¥dA L] W& rVHSV-AG titer ¥ &

¢l (plaque assay)

rVHSV-AGS] =< P1S pcDNA3.1(+) vector®t phiC31 Integrase
Vector System= ©]-&3}o] #| 23k VHSV G gene™d cello] & & 1
AZHS o] g3te] plaque assayS 33t phiC31 Integrase Vector
System< o] &3] A &3E G gene W3 cellS 35mm dishe] monolayer
2 e 5 Virus stocke 1077 oA 1077474 &4 g4 F HF a3
15Co A 2A]7F&<t incubation § ®vlo]#] 25 #|A 8} aL plaquing medium
(0.7% agarose, 2% FBS, antibiotics) & Zol53Ath 109 & A¥XE 10%
formalin®. 2 1A % 10% crystal violete & 30%7F JAMEATE =FHF=E

MEE FA 8t plaque-forming units (PFU)S AF=319) o).

1-10. r'VHSV-AGY 74 A &<l

7F. rFVHSV-AGY BHZE

EPC cell# phiC31 Integrase Vector System= ©] 83 G gene™d cell
S 27 35mm dish (8 x 10°cells/me)oll 28°Coll A wik3t & 15C=2 %A
2% FBS7F 7he wjAl = ZolE 5§ rVHSV-AG (P2) 9 100E HE
AL 2A1 7 o] A S A A ste] do] FAvt. PBSE 33] washing 3 %
2% FBS7F #7198 wiAE H7bstar 7€ 52 15Co A cytopathic effect

15
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(CPE)E #&atsla o] 4
Al ARG

ol

oS- o} plaque assay®t real-time PCR 4

1. Plaque assay

EPC cell®} phiC31 Integrase Vector System= ©] 83+ G gene™d cell
of f'VHSV-AGE HITS T Hole AFHO=Z plaque assays F-F 5+
o}, WA rVHSV-AGE G gene %d celldl HF3 AE=Hoz phiC3l
Integrase Vector System2 ©]-&3}o] Al&3dk G gene Zd cellS 35mm
dishell monolayer® %3 5 Virus stocks 1072 oA 10°7%] ©@A 3]

¥ EPC
cellol HFstAth =3 rVHSV-AGE EPC cello]l HE3 A5 d9 34

A e A AS monolayer® vl % EPC cello] HE3st3ith 15TCoA 2

A& JEstdn B A eA ¥ S monolayer® vl Y

A ZF%9t incubation & Hiol#] A= A A SiL plaquing medium (0.7%

agarose, 2% TBS, antibiotics)s ZolF%th 104 & AHMEXE 10%

o[}J

formalin®. 2 14 % 10% crystal violeto. & 30%%F AMsAt EHF=E

MNEZ FA8te] plaque-forming units (PFU)S AF=319) o

T}. Real-time PCR

EPC cell#} phiC31 Integrase Vector System= ©]&3% G gene@d cell
of rVHSV-AGE HZF3 & Holw A5 titerE realtime PCRE =4
stk Zrzbe] AE o 1mloll 4] TRIzol Reagent (invitrogen)E A}-8-31o

total RNAZS ¥7 39ttt cDNAZ 34387 ¢35k 05 w0 Random

16
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primer (enzynomics)®t 0.5 w0 Oligo dT primer (enzynomics)S # 7}3ako]
80CoA 587 wkgAl7)aL 2 b ANTP (enzynomics), 5 x reaction buffer
(Promega), 05 ¢ M-MLT Reverse Transcriptase (Promega), 0.25 0
RNase Inhibitor (Promega)S 3 7}sle] 42Ceol A 60%7F ¥+3 Azl 3 9
5CoA 10&27F w3 A Zth cDNAZ template® 3t VHSV P9 specific
gene primers ©]&3}l9 real-time PCR (LightCycler 4801, Roche)= 4
85ttt (Table 6). Real-time PCR A& 95T A 15&7F 1cycle, 95C
ol 4 10%, 60CelA 10%, 72TColA 1022 40 cycles #F<]9 cycle$-9

1

= EE WEEe dste]l 65CHE  9BTC7HA  &8§F (mealting
temperature, Tm)¥41& 3313 th. Standard curve= ZHA 317 931
VHSV P gene®| cloning ¥ 914 = pGEM T-Easy vector (Promega)
Z o] §3}ed 10'o14 10° copies/m¢E 10814 ©HA 84 & real-time PCR
= TP s A% ¥ 23 s e AT

1-11. In vivo &A9A ¢ rVHSV-AG replication <!
(semi—quantitative RT-PCR)

In vivo AollA¢] rVHSV-AG replication &21S 93te] gz X o]
(75g)9]l  rVHSV-AG(P2)E 8x10° PFC/fish® Z&FAF 3k

semi-quantitative reverse transcriptase (RT-PCR)& $&3a}it}. ol 2

il

Holx Mg YAE VHSV AAHE B3] gdel gl 2L Fad ¥
I~

AES AL AFole 28 15TE FA FAo wio]y
H%F F 12hr, 1, 2, 3, 5, 7, 14, 24day°l 3vbad)® 3+, A v 2855 B

17
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23t} TRIzol Reagent (invitrogen)< ©]-83}e] total RNAS #2]3
cDNAE &4d3H7] 9138ted 05 @ Random primer (enzynomics)®t 05 ul
Oligo dT primer (enzynomics)E 7}sFe] 80TCo|Al 5&7F WFA 7] 2
w dNTP (enzynomics), 5 xreaction buffer (Promega), 0.5 g M-MLT
Reverse Transcriptase (Promega), 0.25 ¢ RNase Inhibitor (Promega)Z
A7veke] 42Tl A 60=3F REg AlX1 5 95Tl A 1023F vEEA T
¥ cDNAE template® 3t¢] VHSV-M gene® Forward primeret NV
gene?] Reverse primer ©]&3te] PCR S%3ttl (Table 7). PCR
cycling 7L 95ColAl 3E7F 1cycle, 95Tl A -30%, 60CA 30%, 7
2CoA 182 30 cycle® 72C 73t lcycles #3330 th &3+ control®
HX1€] 18s ribosomal RNA (RNA)E PCR=E %33tk (Table 7). PCR
cycling 27 95Tl A 377t lcycle, 95CelA 30%, 60CelA 30x, 7
2Col A 30&4 18 cycles 72T 7%7t leycles F33stdt}. o]= 0.8%
agarose geldll 7] skl &2ls T

18
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Table 1. For construction of T7 RNA polymerase-expressing

plasmids

Name of primer Sequence (5’ to 3')

pCMV-T7 F AAGCTTCGGCACGATTATAGGAATTTTTC
-RNAP R GGATCCTTACGCGAACGCGAAGTCCG

pLNHX- F  TCGAAGATCTAAGCTTGGATCCGTCGACCTCGAGGGGCCC
MCS R GATCGGGCCCCTCGAGGTCGACGGATCCAAGCTTAGATCT

(Bolded nucleotides indicate restriction enzyme sites)

Table 2. For construction of Supporting plasmids

Name of primer Sequence (5’ to 3/)
F  GGATCCCGGCACTTAAGTAGCAAAAAGTTT
PEMVEN R GCGGCCGCTCCTTTTCTATCTATATGAGTTATGAGA
F  AAGCTTCGGCACGATTATAGGAATTTTTC
pEMVR R  GCGGCCGCETTTCTTTCTATCTATACGATGTGTTGTG
F. GCTAGCATGGAATGGAATACTTTTTTCTTGGTG
POV R  GGATTCTCAGACCATCTGGCTTCTGGAGAACTG
F1 AAGCTTTGGCACTTTTGTTGTTTGTAGTC
SOMV-L R1 GCGGCCGCACTAGTGGGCCCCTGGTCGTGTG

F2 ACTAGTTCCTTACTTCGGGACTCAGACCAAACC
R2 GCGGCCGCGCTTTTTTTCAATCTAGTTGAGGAACAAG

(Bolded nucleotides indicate restriction enzyme sites)
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Table 3-1. For construction of VHSV G gene expressing cell line

Name of primer Sequence (5’ to 3’)

pCMV-G F  GCTAGCATGGAATGGAATACTTTTTTCTTGGTG
pFC- CMV-G R GGATTCTCAGACCATCTGGCTTCTGGAGAACTG

(Bolded nucleotides indicate restriction enzyme sites)

Table 3-2. For confirmation of integrated into a target genome

Name of primer Sequence (5’ to 3’)

F GCAATTGTTGTTGTTAACTTGTTTATTG
R GACTCTTGTTCCAAACTGGAACAACACTC

pFC-CMV-MCS-attB

Table 4. For confirmation of VHSV G gene expression

Name of primer Sequence (5’ to 3’)
EPC F AAGGAGAAGCTCTGCTATGTGGCT
B-actin AAGGTGGTCTCATGGATACCGCAA

R
F  CTTATCTTAACCATCTCATTACCAACATGG
VHSV G R

TCAGACCATCTGGCTTCTGGAGAACTGCTG

20
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Table 5. For confirmation of rVHSV-AG by RT-PCR

Name of primer Sequence (5’ to 3’)

VHSV M 128 F  CCAGGTCGATAAGATCTGCATG
VHSV G 23 R GCTTTTTATGATGATGACCAGAATCACC

VHSV G 251 F  ATCTTCCGTTATCAGTCACCAGCGT

GV VHSV NV 146 R CTCTGAGACTCTAGAAAGAGTTGTCT
VHSV N 634 F  GCCATGGGGGCGTTGAGG
i VHSV P ORF R CTACTCCAACTTGTCCAACTCCGC
- VHSV P 120 F GGGTCCTCCAAACAGAAGCCAAGCCCCAAG
VHSV M ORF R _CTACCGGGGTCGGACAGAGGGGGTTC
MANY VHSV M 128 F  CCAGGTCGATAAGATCTGCATG

VHSV NV ORF R TCATGGGGGAGATTCGGAGCCATTC

VHSV M 128 F  CCAGGTCGATAAGATCTGCATG
VHSV L 170 R+ AGATGGACTATCTGATACTGCTTGGT

VHSV NV ORE F AAGGAGAAGCTCTGCTATGTGGCT
VHSV L 401 R TTCTGACTTTCTAGGGTGACCTCTC

Table 6. For confirmation of rVHSV-AG by.real-time PCR

Name of primer Sequence (5’ to 3')

VHSV P F  CAACGCTCGAGGAGATCATT
real-time R GGGACAGCTTGATACGTCTTAG

Table 7. For confirmation of rVHSV-AG safety

Name of primer Sequence (5’ to 3’)
OF-189 F CAAGACGGACGAAAGCGAAAGCAT
R TGGCATCGTTTACGGTCGGAACTA

VHSV M 128 F  CCAGGTCGATAAGATCTGCATG
VHSV NV 146 R CTCTGAGACTCTAGAAAGAGTTGTCT

21
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2. rTVHSV-P1, P2, P3

2-1. AIX ¥ uvio]yx X2

AF o) AV2H epithelioma papulosum cyprini (EPC) cell& MycoZap™

Antibiotics (Lonza)2} 10% fetal bovine serum (FBS, BDeo] H7}&
Leibovitz medium (L-15, Sigma)oll A #l &3} S T

A& o] Abg¥ wvlo] 2]~ 2l Viral hemorrhagic septicemia virus (VHSV)
= A &A gA F2 el VHS disease’l WS WX ZHE wE g
VHSV KJ2008 strain® 2 2% FBS¢} antibiotics7} #7F€ L-15 medium
& AH&3te] EPC cellol A FatAth A5 F 15Cel v st on Fw¢
3l cytopathic effect (CPE)7F UEI} S o 5 A S
103 4428 skar - 80Cel W3]

[
o
i
N
&
-2,
>
N
o
o
o
0Q
t

2-2. T7 RNA polymerase (T7 RNAP)E 3=
EPC cell line A%}

A zZg VHSVE promoterd] T7 promoterE ZsA7]7] $38te] T7
RNA polymeraseE & sl EPC cellS Azttt T7 RNAP genes
d st plasmidE A ZFsk7] 9138ke] E.coli BL21(DE3) 5] DNA=ZH-
Y HindlI®% BamH I enzyme siteE ¥3%3 T7 RNAP ORF PCR

22
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fragmentE= pGEM  T-easy vector (Promega)el] cloning3 %,
pcDNA3.1(+) vector (Invitrogen)ell Ligationdt®] pCMV-T7 RNAPE A
2314 (Table 1). plasmid purification kit (QIAGEN)Z o] &3}o]
pCMV-T7 RNAP plasmidE F% 3}t plasmidE transfectiond}”] <]
3l L-15 medium®] 20mM HEPES<®} 10% FBSE #7Fgh vjX]2 35mm
dishel EPC cell (1 x10°%ells/ml)S 28CelA #l%sa FuGENE HD
Transfection reagent (Promega)E ©|-&3te] pCMV-T7 RNAP (1ug)<
Transfection 3t T} 24417 & 10% FBS$} antibiontics7F 3 7F L-154]
A2 n3ste] 31 Transfection 3Y % Trypsin-EDTA (invitrogen) # €]
gko] G-418 (400 pg/me)o] FH7tHe wjA =

of F3lt.

Tyflaskol] Bl F3}ed selections}

2-3. VHSV P gene°] knock-out®d AZ3 VHSV
vector (pVHSV-P1, P2, P3) A%

mE] A #E ol dd pVHSV-wildg ¢]&3te] pVHSV-P1, P2, P35 A%
3tk T7 RNAP promoter (Pr7), nucleoprotein (N), phosphorylated
protein (P), matrix protein (M), glycoprotein (G), nonstructure protein
(NV), large RNA-dependent RNA polymerase (L), hepatitis delta virus
ribozyme (HdvRz) % T7 transcription termination sequence, multiple
cloning sites (MCS, Nae I -Age I -SacIl -Cla I ~Nar I -AatIl)7} cloning
Hojxl dE pGEM T-easy vectorel VHSV P gened A W

methionineS FTHIF=°% X|33F primer® site-directed mutagenesis

23
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z=

Al gke A

stol A WA methionine©|
3+ VHSV vector (pVHSV-P1)E A %38t pVHSV-P1S template=
FgaELR

(SDM)7|®H S o] &
3to] VHSV P gene® + WA methionines TEFAE0 % X3+ primer

= SDM7I¥<& o]&3to
2 8kEl A %3 VHSV vector (pVHSV-P2)E A #3&9itt. pVHSV-P2&
template® 3Fe] VHSV P gene®| Al WA methionines T 537 =02 X
o]gste] A WAl T wAe A WA
2 8tH 2 %3 VHSV vector (pVHSV-P3)=

2 HA e 5 HA methionine®]
AN

s

-

O X< I =
= TR
A3

=
= X

3kst primer® SDM7|WH S

methionine®] FTE IO =

A 23R (Table 8). SDM 3 A PCR cycling- 24L& 95T A 387
leycle, 95T ol A 30%, 55CAlA 30%, 68CollAl 1527 12 cycle

AN
% Dpnlenzyme A& E sl Q8= F-217F mutation® plasmid
=

i) 2]
Z]—

2-4. VHSV N, P, L gene®
plasmid A 2}

ANzxg VHSVE Alzetr] fsfiA= VHSVE N, P, L ©@®

supporting plasmid’} Z 2 3}t}. pVHSV-wildE template® 3fe] Z+
AN
7_}7_}

o] A W primers AF&3te] PCRZ 533kt (Table 2). PCR
pcDNA3.1(+) vectorel ligation 3},

2 TEE 7o FHAES
pCMV-N, pCMV-P, pCMV-L<& A 23}t

24
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2-5. VHSV P (VP0O, VP1, VP2, VP3) geneS &3}
£ cell line A Z

7}. pcDNA3.1(+) vectorg ©|8&3% VHSV P (VPO, VP1, VP2,
VP3) gene && cell line A2t

VHSV P gene® = WA + A A HA ] HA methionines A]Z}
o2 3= VHSV P (VPO, VP1, VP2, VP3) geneol W& cell& #|%}
skt VHSV P (VPO, VP1, VP2, VP3) genes ™ &oli= plasmidE Al
Z+sl7] skl Nhe I3 EcoR I enzyme siteES X 3$d VHSV P (VPO,
VP1, VP2, VP3) gener ORF PCR fragmentS pGEM T-easy vector
(Promega)©ll cloning3+F &, pcDNA3.1(+) vector (Invitrogen)°ll ligationd}
o] pCMV-P (VP0O, VP1, VP2, VP3)E A#sla (Table 9), plasmid
purification kit (QIAGEN)E °]&stef pCMV-P (VPO, VP1, VP2, VP3)
plasmidE F% 3}t plasmidE transfectiond}”]. $13F] L-15 medium
o 20mM HEPES®} 10% FBSE 3 7het #fA]= 35mm dishel EPC cell
(1 x 10°%ells/me)& 28°Cel Al ¥ie¥alar FuGENE HD Transfection reagent
(Promega)E& ©°]&3ste] pCMV-P (VP0O, VP1, VP2, VP3) (1ug)<
Transfection 3}t 24A17F $ 10% FBS®} antibiontics7F 3 7Fe L-154)
A2 w%sle] =31 Transfection 39 ¥ Trypsin-EDTA (gibco)* 2] &} ¢
G-418 (400 pg/me)o] A71e wiA & Tosflaskol] vl %Fdte] selectiondte]
AT
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1}. phiC31 Integrase Vector System< ©]&3% VHSV P
(VPO, VP1, VP2, VP3) gene® & cell line A3}t

VHSV P gene®] 3 HA F #HA A WA ul HA methionines A2}
o2 &= VHSV P (VPO, VP1, VP2, VP3) geneo] W&+ cells
phiC31 Integrase Vector System= ©]-&3} #| 23} t}. donor plasmid$!
VHSV P (VPO, VP1, VP2, VP3) genes W3 3dl= vectors 957 ¢35}
o Azt FJE pCMV-P (VP0O, VP1, VP2, VP3)ol Nhe I¢t EcoRV
enzyme AH#E 3 F pFC-CMV-MCS-SV40-Kan/Neool ligationd}<]
pFC-CMV-P (VP0, VP1, VP2, VP3)E A|%#}3}aL, plasmid purification kit
(QIAGEN)E ©]83}lo] pFC-CMV-P (VP0, VP1, VP2, VP3) plasmid&
% 3t} plasmidE | transfectiond} 7] £18l%] L-15 mediumel 20mM
HEPES®} 10% FBSE 7kt #fx&2 35mm dishe] EPC cell (1x
10°%ells/me)& 28°Ceol A mjekstdtt. pFC-CMV-P (VP0, VP1, VP2, VP3)
9} phiC31 integrase expression plasmid”} 1:500] &°] H == 3}7] ¢354
pFC-CMV-P (VP0O, VP1, VP2, VP3) plasmid (40ng), phic3]l integrase
expression plasmid (1.96ug)S FuGENE HD Transfection reagent
(Promega)E  ©]&3}o] Transfection 3Tt 24417 & 10% FBS<}
antibiontics7} H7Fd L-15W A& w3kele] F31 Transfection 39
Trypsin-EDTA (gibco) AH&ldte] G-418 (400 pg/mb)o] H7Fe wiA| =
Tosflaskoll ¥l ¥3te] selectionsle] 53t
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t}. EPC cell¥ chromsomeW VHSV P (VP0, VP1, VP2,
VP3) gene &d cassette?] 4] &<l

phiC31 Integrase Vector System= ©]-&3}o #|Z3s VHSV P (VPO,
VP1, VP2, VP3) genes W&AIZ cell linedl Al @C31 integrase®l] 2]3}o]
pFC-CMV-P (VP0, VP1, VP2, VP3)9] attB site®} EPC cell®] attP site
o] g3to] dojFo M EPCY chromosomel 2 At =o] He=A &)
7] ¢38te] attB geneS X3 E= primerES A ZEAtt (Table 3-2). ©]
primerg A&3te] PCRZ %% 749 pFC-CMV-P (VP0O, VP1, VP2,
VP3) vectorel 4= attB site7} &#o] A% pFC-CMV-P (VPO, VPI,
VP2, VP3) vectorE Transfection? 7] cell lineol| A= attBe} attP sited]
go]l dojdel wel EPC 9] chromosomeW]Z vector7F 4Hd = o] 5 7]
o F%o| A ¢erh @A pFC-CMV-P (VPO, VP1, VP2, VP3)

alo

S
o|N

vectori= plasmid purification kit (Qiagen)S ©¢]8-3}¢] plasmidE F=73F
% PCRE 3383 pFC-EMV-P (VP0, VP1, VP2, VP3) vectorg
Transfection A7} EPC eell linee EXgene™ Clinic SV mini (Gene All)
£ AHE3te] gDNAE =3 ¥ PCRe T3t

2-6. VHSV P (VP0O, VP1, VP2, VP3) gene?
expression level ¥H] 2 (RT-PCR)

VHSV P (VPO, VP1, VP2, VP3) genes @d3s= F 7FA cell linedl
pcDNA3.1(+) vector® phiC31 Integrase Vector System< ©] 83+ cellol A
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°] P (VPO, VP1, VP2, VP3) gene 24 levelS ®]1L3}l7] 9]3}e] RT-PCR
S FY3¥ Y. VHSV P (VPO, VP1, VP2, VP3) genes Tdste= F+ 7}
Al celloll Trypsin-EDTA (gibco)=S * 33t =2 % RNeasy Plus Mini
Kit (QIAGEN)E AF83t4 total RNAE #stsich #2l % total RNA 1
rgoll RNase free DNase (Promega) *12] % stop solutione 7 7}sF .
cDNAE A 37] 93ste] 05 w0 Random primer (enzynomics)®t 0.5 wl
Oligo dT primer (enzynomics)E F7Fste] 80Tol|A 5&3F ¥H-§A]7]aL 2
1l dANTP (enzynomics), 5 xreaction buffer (Promega), 0.5 ¢ M-MLT
Reverse Transcriptase (Promega), 0.25 @ RNase Inhibitor (Promega)&
HA7vsto] 42Tl A 607 ¥hg A2l ¥ 95Tl A 10:7F vHSAIZH T &
A®l cDNAZ template® 3o} VHSV=P. (VP0O, VP1, VP2, VP3) specific
gene primers ©]83lo] PCR S%3F3 Tt PCR cycling =712 95T ol A]
37t leycle, 95CAA 30%, 60TelA 30%, 72CA 30%4 30 cycle$
72C 7+7F leycles 38t th. B3 control= EPC cell®] B-actin gene
< PCRZ %33tk (Table 9). PCR cycling =32 95CoA] 323t
leycle, 95C ol A 30%, 60ColA 30%, 72Tl 3024 26 cycles 72T 7
7t leycles =33F9dt}. ol= 0.8% agarose gelol A7) % 3lo] <l

& At
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2-7. VHSV P gene¢] knock-out®d AZF VHSV
(rVHSV-P1, P2, P3) A &

7}. rVHSV-P1, P2, P3 A&

T7 RNA polymeraseZ & st ¢l EPC cell (1 x 10%ells/ml)S L-15
medium®| 20mM HEPES®} 10% FBSE %7}t wjA| = 28TCol A st
il EPC celle] 80% A= #Asts # pVHSV-PL, P2, P3 (2ug)3 pCMV-N
(05ug), pCMV-P  (0.3ug), pCMV-L (02u12)S &7 FuGENE HD
Transfection reagent (Promega)E ©|838] co-transfections}$ith. 23T ol
A1 12 AlZF incubation 3F3L o] & 2% FBS7F H7be wiAl= ZolE H 1
5C &7 wikskdet. AukA el cytopathic effect (CPE)7} #2ES o

ARe) sax ol A 3ol

(e

freeze—thawing% 4000 goll~] 10& 7k
S S0°l#t skth S0= thAL peDNA3.1(+) vectors ©] &% VHSV P
gene 3 cell lined HFslx 7d F Ao AF=AS SlEk I

rVHSV-P19] A$ S1& VHSV P gene &€ cell line HF3te] Y

passages T YR TE¢F A2 A5 AS S22 3T

Y. VHSV P genes W&HI}= F 7FA cell lineolA
rVHSV-P2, P39 cytopathic effect (CPE) #%

rVHSV-P2, P3¢} pCMV-N, P, LS co-transfection 3}¢] S0& ¥
S0& ©A] pcDNA3.1(+) vectorE ©]&3 VHSV P gene & celld #F
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sto] S1S 4tk pcDNA3.1(+) vector®t phiC31 Integrase Vector
System< ©] €3 P gened cell& 727t 35mm dish (8 x 10°cells/ml) <l

28T oA vkt = 2% FBS7F H7hel wiA 2 ZolE 7 SIS HE 38k
15C ol A cytopathic effect (CPE)E 3239t}

2-8. rFVHSV-P1, P2, P3¢ &<l (RT-PCR)

VHSV P gene®] knock-out® #x3% VHSV (VHSV-P1, P2, P3)&
RT-PCRES &ste g<lstith. rVHSV-PL, P2, P3 (SDelA TRIzol
Reagent (invitrogen)S AF&3}o] total RNAS #2353tk cDNAE A4
3171 913}e] 05 ¢ Random primer (enzynomics)®t 05 gl Oligo dT
primer (enzynomics)S 7Fste] 80CoAl 5&7F WAl 7]l 2 pl ANTP
(enzynomics); 5xreaction buffer (Promega), 05 p{ M-MLT Reverse
Transcriptase (Promega), 0.25 x0 RNase Inhibitor (Promega)E& # 7}3}
o] 42TColA 603 7S AL F 95C oA 1027F RESAF Tt ¢cDNAE
template® 3to] VHSV N, P, M, G, NV, L] specific gene primerE ©]
43t PCR S35t (Table 10). NolA P (N-P), PollA] M (P-M), M
ol 5l G M-G), GellA NV (G-NV), NValA L (NV-L)¢] PCRS 33t
o2M oyl 7] FdA HdE gl stk PCR cycling 2712 95T
A 3E3ZF 1cycle, 95Tl Al 30%, 60ColA 30%, 72CA 184 30 cycle

S 72T TEZ lcycles F33tth. o]& 0.8% agarose geloll A7 %
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2-9. rVHSV-P1, P2, P3¢ &9l (plagque assay)

7F. rVHVS-P1 9] titer &3

rVHSV-P1 (S2)9] titerE =A37] 93t phiC31 Integrase Vector
Systems ©]83Fe] A2k P gene @& cellS 35mm dishe monolayer®
w3 5 Virus stockS 107 oA 107bA @A 314 F HFeAch 1
5T A 2A]13F &<t incubation & Hfol# =& A}A S plaquing medium
(0.7% agarose, 2% FBS, antibiotics) & Zo}lFArt 74 3 AEE 10%

formalin® 2 A ¥ 10% crystal violet® & 30%7F Mt =FHFE

MEE FA 8t plaque-forming units (PFU)S 4F53819) o).

. P gene 238 AEd wE rVHSV-P2, P3 titer ¥ &<l

rVHSV-P2, P3 (S1)S pcDNA3.1(+) vector2} phiC31 Integrase Vector
System< o] &3] A z3 VHSV P genetd celld] H% 3 1 A=
S ol&

3te] plaque assayE 3383t} phiC31 Integrase Vector System
S o] 83te] A|Z3 P gene 2d cellE 35mm disho] monolayer® nl %3t
% Virus stock 107 oA 107744 &7 84 & FF gk 15CelA 2
A 7H5¢b incubation & Hlol#]AE A ASFAL plaquing medium (0.7%
agarose, 2% FBS, antibiotics)g ZolFth 104 F AEE 10%

formalin® 2 1A ¥ 10% crystal violet®. & 3087+ G ATt FHFE

MEZE FA 8t plaque-forming units (PFU)S AF=319)th.
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2-10. VHSV P (VPO, VP1, VP2, VP3) gene= %3
= cell line9l A rVHSV-P1, P2, P3¢ ZEA

]_

_Il
o

VHSV P (VPO, VP1, VP2, VP3) genes wd3E cell linedl
rVHSV-P1, P2, P3S #H%3le] cytopathic effect (CPE)E #zsl7] $3}
o]  control® EPC cell& AF&3Fal, pcDNA3.1(+) vector®t phiC31
Integrase Vector System= ©]83o] TE VHSV P (VPO, VP1, VP2,
VP3) gened & sl cellS 28Tl Al 35mm disholl (8 x 10° cells/m¢) v

Fatdth 15T A 2H2<] cellel rVHSV-PL, P2, P3S HEA 714l 144
¥l CPEE ##siatt

2-11. rVHSV-P1, P2, P3¢ &2 (nucleotide

sequence)

rVHSV-P1, P2, P37} 98k 913 €] methionine©] FH =02 17| %]
=2 &7] 935t  nucleotide sequence A& Fslel  EAdstS
rVHSV-P1& S20|4 rVHSV-P2, P3+= SlolA TRIzol Reagent
(invitrogen) & AF&3F9] total RNAE #2]3Fth. cDNAE 437 93}
o 05 ¢ Random primer (enzynomics)®} 0.5 gl Oligo dT primer
(enzynomics)E #H7tste] 80TCeolA 583 ¥HgA71aL 2 b dNTP
(enzynomics), 5 xreaction buffer (Promega), 05 ¢ M-MLT Reverse

Transcriptase (Promega), 0.25 g0 RNase Inhibitor (Promega)E #7}3}
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o 42T 60F3F ¥H& Azl 5 95TCelA 1023F WHS-A k. cDNAE
template® 3Fe] VHSV N geneoll 4] P gene®] specific primer® PCRZ
23t (Table 11). PCR cycling 272 95T A 3%3F 1cycle, 95T
o A 30%, 60CoA 30%, 72CAA 184 30 cycle¥ 72T 7#%F lcycle
o

S F3y3Art. PCR fragmentE= pGEM T-easy vector (Promega)el

cloningd % nucleotide sequence #4415 3313
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Table 8. For construction of pVHSV-P1, P2, P3 by RT-PCR

Name of primer

Sequence (5’ to 3')

pVHSV-P F TAGACTGATATTGAGATGAGTGAATCATTGGTCCTGTCTC
Isdm R GAGACAGGACCAATGATTCACTCATCTCAATATCCTA

pVHSV-P F CACATAGACTGATATTGAGTAGAGTGAATCATTGGTCCTG
2 sdm R CAGGACCAATGATTCACTCTACTCAATATCAGTCTATGTG

pVHSV-P F TGGGGAGAATCGAGCCAAGTAGGGGGCCCTCCTAGAGTCT
3 sdm R AGACTCTAGGAGGGCCCCCTACTTGGCTCGATTCTCCCCA

Table 9. For construction of VHSV P gene expressing cell line

Name of primer

Sequence (5’ to 3")

pCMV-VP0 F GCTAGCGCCACCATGACTGATATTGAGATG
pCMS-VP1 F GCTAGCGCCACCATGAGTGAATCATTGGTC
pCMV-VP2 F GCTAGCGCCACCATGGGGGCCCTCCTAGAG
pCMV-VP3 F GCTAGCGCCACCATGAGAGGAGAAGGAGCG
pPCMV-VP R R GAATTCCTACTCCAACTTGTCCAACTCCGC
AAGGAGAAGCTCTGCTATGTGGCT
EPC B-actin

AAGGTGGTCTCATGGATACCGCAA

(Bolded nucleotides indicate restriction enzyme sites)
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Table 10. For confirmation of rVHSV-P1, P2, P3

Name of primer Sequence (5’ to 3’)

VHSV N 634 F  GCCATGGGGGCGTTGAGG
VHSV P ORF R CTACTCCAACTTGTCCAACTCCGC

VHSV P 394 F  TGGGGAGAATCGAGCCAAGATGGGGGCCC
VHSV M ORF R CTACCGGGGTCGGACAGAGGGGGTTC

VHSV M 128 F  CCAGGTCGATAAGATCTGCATG
VHSV G 650 R GCCTTGACCACCCTGTGATCATGTGTC

VHSV G 898 F  CTTATCTTAACCATCTCATTACCAACATGG
VHSV NV 146 R _CTCTGAGACTCTAGAAAGAGTTGTCT

VHSV NV ORF F  AAGGAGAAGCTCTGCTATGTGGCT
VHSV-L 401 R TTCTGACTTTCTAGGGTGACCTCTC

NV-L

Table 11. For confirmation of rVHSV-P1, P2, P3 nucleotide

sequence

Name of'primer Sequence (5’ to 3’)

VHSV N 634 F. - GCCATGGGGGCGTTGAGG
VHSV P ORE R -CTACTCCAACTTGTCCAACTCCGC
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1. rFVHSV-AG

1-1. VHSV G genes 2 d3}+= cell lined A 2 G

gene expression level H] &4

VHSV G geneo] T8 E = cell lines A ztsl7] 98te] pecDNA3.1(+)
vector?t phiC31 Integrase Vector SystemS ©]83o] G gene &
vectorE A|ZekR il (fig. 1), F 7FA vector (pCMV-G, pFC-CMV-G)
= EPC celld Transfectionst®] VHSV G gene©| Wd &= cell lines Al

Aahg k.

phiC31 Integrase Vector System2 ©°]&3}o] A|zst VHSV G genes
W A] 71 cell line®] @C31 integrase] ¢l3te] pFC-CMV-G2| attB site
C cell?] attP site®] §3o] dojdozH EPCS chromosomed] =
AdEo] A=A &1st7] §lsle] attB genes X3St primerEs Al 2Fsh
o] Z+7} plasmid®} cell genomic DNAE template® 3to] PCRS 433+
t}. 21 A3} pFC-CMV-G vectordl A& attB site?} SFo] A7+ (9F
530bp) pFC-CMV-G vectorE transfectionAr] 71 cell lineol A+ attBet
attP site®] & o] dojdol| wak EPC ¢ chromosomeWl & vector7} 4H<)
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Hoix 7] wEel T&e] HA ¥5s e (fig. 2).

pcDNA3.1(+) vector®} phiC31 Integrase Vector System= ©]-83d}o] A|
ZFsk cell line®] G protein expression levels H|x3}7] ¢3te] F 71X
cell line®.Z5¥ total RNAE #23le] RNase-free DNase A2 & G
specific primerZ RT-PCR<S 333ttt E3gF control2 EPC cell®] B
-actin genes PCRE FZ33th. 2 A3 pcDNA3.1(+) vectorE o] &3
AR} phiC31 Integrase Vector System= ©]-83F cell linedlA ¢ PCRW
=(2F 620bp)7F © 23 Ao ® Ho}l phiC3l Integrase Vector System=
o] &3k cell lineolAl G gene°l © o] @& Y s} (fig.

3).
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figure 1. Map construcj:_ed plasmid pCMV-G and _pFC—CMV G.
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figure 2. Integration of pFC-CMV-G plasmid into EPC cell chromosome. After
co-transfection of EPC cell with pFC-CMV-G and “©@ 31l integrase expression
plasmid, incorporation of plasmid into cell chromosome was confirmed by PCR
using attB primers after extractiion of genomic DNA from cells. Line 1
absence of amplicaion. Line 2 : attB positive control using pFC-CMV-G
plasmid (580 bp).
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figure 3. Comparison of VHSV G protein expression level by RT-PCR. Each
of total RNA was extracted from EPC cell hne expressing VHSV G gene
using pcDNA3.1(+) vector and phiC31 Integrase Vector System. Lane 1
VHSV G protein expression using pcDNA3.1(+) vector. Lane 2 : VHSV G
gene expression using phiC31 Integrase Vector System. (a) B-actin gene of
EPC cell. (b) VHSV G protein expression level using phiC31 Integrase Vector
System was higher than VHSV G protein expression level using pcDNA3.1(+)
vector.
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1-2. VHSV G gene®°] knock-out® AZ3 VHSV
(rVHSV-AG) Az 2 391

7}. rVHSV-AG Al %

VHSV G gene®] knock-out® #A%3% VHSV (rVHSV-AGQ)E A 2}+3}7]
$ste] B ApAo| A A 2&E pVHSV-wildel As& A (Nae I, Sacl)E
o] &3t P, N, P, MS ¥ &3}l Q)+ fragment 13 GE X &8t I+
fragment 25 A|A Atk AAH Ao Py, N, P, Mg ¥3tsla I+
fragment 1S AF¢lsto 24 VHSV G gene®| knock-out® mutant cDNA
clone (pVHSV-AG)E AZ3tAtt (fig. 4). T7 RNAP7} 2d ¥+ EPC
cellel pVHSV-AG®+ VHSV N, P, G, L supporting plasmidE
co—transfectiond}e] cytopathic effect (CPE)7} YEv = AS #zssit

Y. VHSV G genes 2d3= F 7FA cell linedlA 9
cytopathic effect (CPE) && % rVHSV-AG A4t &<l

pVHSV-AG® pCMV-N, P, G, L& T7 RNAP7} @dH+=  celldl
co—transfection s}¢] A& P0S d1 POS tA] pcDNA3.1(+) vector:
o] &3 VHSV G genetrd cello] HZE35to] P1& At G genedl &
levelo] virus titerol= QEFS v A=A Lol 7] 215t pcDNA3.1(+)
vector®} phiC31 Integrase Vector System< ©]-&3lo] #|23k VHSV G

gene™d celle] 247 P1S HEste] 59 3% cytopathic effect (CPE)E 3
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r (

Zatdvh. 1 A3 pecDNA3.L(+) vectorg ©]&3¢ ZHt G genedl W
levelo] 2 phiC31 Integrase Vector System< ©]-&3F celld] A ©] ®

CPE7} vehds #&sint (fig. 5).

=

rlo

T TFY G gene TE cell (PHe HESTF & 94& AF5HY  virus
titerE W ust7] §18le] G geneo] W& E = cell] A plaque assay S A A
3to] plaque-forming unit (PFU)E AF=31t. 2 Z23 peDNA3.1(+)
vectorgE ©] €3 G genedd cello]l P1& HE3 A7} titer7} 2 x10* pfu/
w2 =A% A3, phiC31 Integrase Vector System= ©]&3F G gene™ &

celldl P15 H=3 A3 ¢ B& plgaugee] A H 0] titer’} 8 x10° pfu/

2 4 EAT (fig. 6). WEkA phiC31l Integrase Vector System2 ©] &
3to] VHSV G gene? & levelo] =oldd wel rVHSV-AGE titer=
T7HEE & 5 3t

HEFAOoZ W5 rVHSV-AG (P2) 7} E43 s w50 fEx] &
A5tz flste] total RNAE #83ste RT-PCRS F33tAth. G gene©l
knock-out® PCR productd size &21S 95t wild type VHSV
(WwtVHSV)E 37 RT-PCRE 3t WA rVHSV-AGE MelA G
(M-G), Golll NV (G-NV)9| primerE ©]&34 PCRS 33 Azt W
7 oA &2 Ao=R Hol G genel S FASFF L S NojA
P (N-P, °F 12kb), PellAl M (P-M, ¢ 1.1kb), MelAl NV (M-NV, ©F
850bp), MellA L (M-L, ¢F 1kb), NVelA L (NV-L, ¢ 770bp)e] primer
=2 o] &3le] PCRE 33 Z3 G gene°] knock-out® PCR product®]
size¢}t 71 9] FAAE el wild type VHSVE MoA G (M-G,
°F 590bp), G4l NV (G-NV, ¢F 15kb)¢] primerEs ©]&3ted PCRS
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g3t A3 G geneo] £¥H PCR product® sizeZE &2ldt¢dar T3k Noj
A P (N-P, ¢F 1.2kb), PollAl M (P-M, ¢ 1.1kb), MelA NV (M-NV, ¢F
2.4kb), MellA L (M-L, ¢F 2.5kb), NVelA L (NV-L, ¢F 770bp)2] primer
= o] &3l PCRS 33 Z3 G geneo] ¥39 PCR product? size$}
a2 9] fFAAE FAsAT (fig. 7). ©lE2¥E HFHom e

rVHSV-AG (P2) 7} H4 = Az A=< e aith

43

Collection @ pknu



Nael Sacll

F 1z i F. 1l F.2 F. F. 4 i F.5
r|| N e [ | G [ xv]] L [Taavrz[r7e
pVHSV-wild
Nael Saclkt
= | | |

|

Leodl w J1 e ] v ]l avi] L [[aavre [1ro]

PVHSV-AG

figure 4. Construction of the cDNA (VHSV-AG). The pVHSV-AG was
generated by replacement of the-fragment 1(Pt;, N, P, M) and fragment 2 (G)
in the pVHSV-wild with-the fragment 1 (Prs, N, P,-M) using Nae I and Sac

IT restriction enzyme “sites.
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figure 5. Comparison of the cytopathic effect (CPE) induced by infection of
EPC cell line expressing VHSV G gene using pcDNA3.1(+) vector and phiC31
Integrase Vector System with rVHSV-AG. After 5 days, the CPE was more
evident in EPC cell line expressing VHSV G gene using phiC31 Integrase
Vector System (b) compared with the EPC cell line expressing VHSV G gene
using pcDNA3.1(+) (a). The control cells showed no CPE.
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rVHSV-delta G

=@
6 (®)

Virus titer (log10 pfu/mi)

(a) (b)

figure 6. Comparison of the virus titer measured through plaque assay by
inoculation of EPC cell line expressing VHSV G gene with rVHSV-AG from
different cell line. Cells were cultured in medium containing 0.7% agarose,
fixed at 10 days post-infection, “and stained with crystal violet. (a) Plaque is
formed with 10° rVHSV=AG diluated inoculation from EPC cell line expressing
VHSV G gene using pcDNA3.1(+) vector. (b) Plaque is formed with 107
rVHSV-AG diluated inoculation from EPC cell line expressing VHSV G gene
using phiC31 Integrase Vector System. The more G protein expression level
showed in phiC31 Integrase Vector System, the higher virus titer was

observed.
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M-G G-NV N-P P-M M-NV M-L NV.L M-G G-NV N-P PM M-NV M-L NVL

r'VHSV - AG Wild-type VHEV

figure 7. Confirmaion of knock-out of G gene in rVHSV-AG by RT-PCR. To
confirmation the knock-out of G gene in rVHSV-AG, PCR product size were
compared to' wild-type VHSV. Viral genomic RNA was extracted from
rVHSV-AG and wild-type VHSV, it was amplified by RT-PCR with specific
N, P, M, G, NV, L primers. M-G and G-NV genes were not amplified in the
rVHSV-AG, but M-G. (690bp) and G-NV (1.5kb) genes were amplified in the
wild-type VHSV. The knock-out of G gene m rVHSV-AG reduced the size of
M-NV (80bp) and M-L (1kb) genes against the M-NV (2.4kb) and M-L
(25kb) genes in the wild-type VHSV. N-P (1.2kb), P-M (1.1kb) and NL-L
(770bp) genes were amplified in the rVHSV-AG and wild type VHSV.
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1-3. rVHSV-AGY ZdA &9l

EPC cell?} phiC31 Integrase Vector System= ©]-&3% G gene@d cell
of rVHSV-AG (P2) ¥ 100uE 2A17HsSE AEs = wiA & #|Asta
PBS® washing 3}lo] 2% FBS7} #H7FE wixl=  u3kste] 743
cytopathic effect (CPE)E ##stdth. 1 A3} phiC31 Integrase Vector
System< ©] €3 G genetd celld]l A= CPEZF yebd b EPC celloll

A+ CPE7}F YEIUA] 58S &3t (fig. 8).

rVHSV-AGZ G gene W& cello] HF3 A=Y 0 & phiC3l Integrase
Vector System< ©]&3lo] A28k G gene =& celldt EPC cellol A
plaque assayS F33sFx, T3 rVHSV-AG=S EPC celle] #HE3 A=
o] 2 EPC cell plaque assays 2 Al3ke] G genes 353l w9} 3w
shA] ekks Wl I g Adel Aol E HlaLskZ] ¢ldle] plaque—forming unit
(PFU)E &3kt o2 25 EPCl celldlAE T /Y A5 2F
plaque®] FAF A &¥Ftal, rVHSV-AGE G gene & celld] HE3 A=
HoZ G gene T celld plaque assay= AAEAS wl virus titers
85x 10° pfu/mlE YeETE (fig. 9). Wb G geneol &3 celloll virus

£ HEE A9 2GS HE visTt AP Feastart,

rVHSV-AGZ EPC cell® phiC31 Integrase Vector System= ©]-&
gene™d celldl HE3 A5 H9 titerE ZA3H7] 915+ total RNAE +
2 gt & cDNAE FAdste] Adste] real-time PCRS F3atdct 1 4
7} EPC celloll g&3 A= A9 82x10" copies/mE =AU, G

gene & cello]l HE3Z AEHo A9 5x10° copies/mtzE =4 H A}t w}

ol
)
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ZA G gened FH  flol%E virus particlee] FAHEHES Gl

-

Standard curvei= VHSV P gene©] cloning ¥4 A+ pGEM T-Easy
vector (Promega)E ©]&3Fo] 10'e 4 10° copies/m= 10812 oA A 35}

of Attt (fig. 10).
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figure 8. Th cytop.athic ef d by infection of  EPC cell line
( ing phiC31 Integrase Vector
System (c). tsut the EPC SV-AG showed no CPE (b).

The control Iells showed
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(a) (b) (<)

figure 9. Verification of r'VHSV-AG infectivity depending on supply of G gene
by plaque assay. (a) plague formation in EPC cell line expressing G gene
inoculated with rVHSV-AG replicated from G gene expression cell. (b), (c)
The EPC cells infected with rVHSV-AG replicated from G gene expression cell
and EPC cell didn’t forming any plaque. Cells were cultured in medium
containing 0.7% agarose. “fixed ~at 10 days -post-infection, and stained with
crystal violet. The rVHSV=AG- could not produce infective viruses without
supply of G protein.
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Amplification Curves
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figure 10. Verification of virus particle formation depending on supply of G
gene by real-time PCR. The virus titer (8.2 x 10" copies/ml) was measured by
inoculation of EPC cell line expressing G gene with rVHSV-AG. The virus
titer (5 x 10® copies/m¢) was measured by inoculation of EPC cell with rVHSV-
AG. Viral genomic RNA extracted from rVHSV-AG was amplified with
specific P primers. Standard curve was constructed with 10' to 10® 10 folded
dilution of T-easy vector harbouring VHSV P gene. The rVHSV-AG could
produce virus particle without supply of G protein.
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1-4. In vivo Ao A ¢ rVHSV-AG safety &2l

In vivo AollA1¢] rVHSV-AG replication 215 9&te] x| (7.5g)0l
rVHSV-AG (P2) fdoz2 ZIH5FAF & 12hr, 1, 2, 3, 5, 7, 14, 24daye°l 3
up A 2 A vl 255 #Elske] VHSV-M geneoll Al NV gene9]
primerE ©|83}¢] semi-quantitative RT-PCR%Z #<135}%1 31, 18s rRNALE
37 PCRE 3ttt 1 A% G genes A9 gk MolA NV genes <
Z 3k size (oF 640bp) ¥ & St R L, e AL A%, v, <5 x4

ol A virus® replicationS ISttt A& v oA = Al7Fo] Ao

AL, THol= 24d Ao = vholH A7 HEH S s (fig. 11).
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figure 11. In vivo safety confirmation of r'VHSV-AG. Olive flounder reared at
15C were intramuscularly infected with undiluted stock of rVHSV-AG. At
various time points (12h, 1d, 2d, 3d, 5d, 7d, 14d, 24d) post injection, the spleen,
kidney, liver, muscle were sampled from 3 fish, and analyzed the amplification

of transcripts correspoding to VHSV M-NV gene and olive flounder's 185

ribosomal RNA gene by semi—quantitive RT-PCR.

54

Collection @ pknu

©w
a
o
Q.
-~
o
[
&
o

Fish 1

Fish 2

Fish 3

Fish1

Fish2

Fish3

Fish1

Fish2

Fish3

Fish1

Fish 2

Fish 3



2. rTVHSV-P1, P2, P3

2-1. VHSV P (VP0, VP1, VP2, VP3) genes & &3}
+ cell line® AZ % VHSV P (VP0O, VP1, VP2,

VP3) gene expression level H] al & A

VHSV P genedl A WA, 5 HA, A HA, v HA methionines A
2Zko 2 s=VHSV P (VP0O, VP1, VP2, VP3) gene¢| W& += cell lines
A2k 7] 913Fe] pcDNA3A(+) vector?} phiC31 Integrase Vector System
S o]l &3l P (VPO, VP1, VP2, VP3) gene &&d vectorgs A23%a
(fig. 12), F 7FA vector (pCMV-VP0, VP1, VP2, VP3, pFC-CMV-VP0,
VP1, VP2, VP3)= EPC cello] Transfectiondtel VHSV P (VP0, VPI1,
VP2, VP3) gene°] &&= cell lines #2435k

phiC31 Integrase Vector System< ©]&3s}e] A2tk VHSV P (VPO,
VP1, VP2, VP3) genes T&#AIZ cell line®] @C31 integraseol] <]3}¢]
pFC-CMV-VP0, VP1, VP2, VP39] attB site®} EPC cell®] attP site®] &
Fro] dolomm EPCO chromosomel & A= o] A=A &<lsty] 4l
3ol attB geneS X$8t= primerE  AZASEY 22 plasmid®b  cell
genomic DNAE templateZ 3t PCRe St o 2y
pFC-CMV-VP0, VP1, VP2, VP3 vectoroll A]+= attB site’} SZo] At
(¢F 580bp) pFC-CMV-VP0, VP1, VP2, VP3 vectorE transfection*]Z!
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cell lineol A= attBe} attP sited o] Ldojyde] utgl EPC 9
chromosomeW & vector7} A&l 7] wiEo SHo] HA &S g9l

stttk (fig. 13).

pcDNA3.1(+) vector®} phiC31 Integrase Vector System2 ©]-&3&}o] A
23l cell linee] P (VPO, VP1, VP2, VP3) gene expression levelS W] 3}
7] #1ste] F 7FA cell line.Z5F total RNAE 8 3l9] RNase-free
DNase #2] & P specific gene primerE ©|83}e] RT-PCRS 33}
t}. T3 control® EPC cell®] B-actin genes PCR= =%s3kdc. 1 2
7} pcDNA3.1(+) vectorgE ©]83F Z Kt} phiC3l Integrase Vector System
< o] &3 cell linelAl ¢ PCRME=(VPO ¢k 670bp, VP1 ¢ 650bp, VP2
oF 350bp, VP3 ¢F 300bp)7} ©] Rk Ao g Ho}l phiC3] Integrase Vector
System< ©]&3F cell lineol Al P (VPO, VP1, VP2, VP3) geneo] t] o]
TAH I dFs st (fig. 14).
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oy o
T wswe & >
2 MRLERE

pFC-CMV-MES-
SV40-Kan/Neo
(PEC-CMVAVRO, 1, 2, 3)

pCDNAZ. %)
(pCWMVPO,1,2,3)

i,

" phie3t
£ atiB site

gdorns . A

VHSV P (VPO, VP1, VP2, VP3)

MTDIEMSESLVLSHGSLADLDRRLDNAPKDTRSALFSSSSGSSKQKPSPKKKSTPTTLEEIIGHFVPEDLQLDATK
VPO VP1

ALGQLLRRIKLSHQEELTQHLEKVNGENRAKMGALLESQKENGKKTDNILSILISMRGEGAENASKKPKVLDGDQ
VP2 VP3

VRNERALGFNRGLTTAAIAMKKFKLEDPLVLCKGSVKRAALSAMEKEEYDGERETYSMVSKAIKAELDKLE

VHSV P gene amino acid

figure 12. Map of constructed plasmid pCMV-P (VP0, VP1, VP2, VP3) and
pFC-CMV-P (VPO, VP1, VP2, VP3).
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VPO VP1 VP2 VP3

figure 13. Integration' of pFC-CMV-P (VP0, VP1,-VP2, VP3) plasmid into
EPC cell chromosome. After._ co=transfection of EPC cell with pFC-CMV-P
(VPO, VP1, VP2, VP3) and @ C31 integrase expression plasmid, incorporation of
plasmid into cell chromosome was confirmed by PCR using attB primers after
extractiion of genomic DNA from cells. Line 1 : absence of amplicaion. Line 2
. attB positive control using pFC-CMV-P (VP0, VP1, VP2, VP3) plasmid (580
bp).
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(@) (b)

figure 14. Comparison-of VHSV. VP (VP0, VP1, VP2, VP3) protein expression
level by RT-PCR. Each of total RNA was extracted from EPC cell line
expressing VHSV VP (VP0, VP1, VP2, VP3) gene using pcDNA3.1(+) vector
and phiC31 Integrase Vector System. Lane 1 :© VHSV VP (VP0, VP1, VP2,
VP3) protein expression using pcDNA3.1(+) vector. Lane 2 : VHSV VP (VP(,
VP1, VP2, VP3) gene expression using phiC31 Integrase Vector System. (a) B
-actin gene of EPC cell. (b) VHSV VP (VP0O, VP1, VP2, VP3) protein
expression level using phiC31 Integrase Vector System was higher than VHSV
VP (VPO, VP1, VP2, VP3) protein expression level using pcDNA3.1(+) vector.
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2-2. VHSV P gene©] knock-out® AZF3 VHSV
(rVHSV-P1, P2, P3) Az 2 &<

7}. rVHSV-P1, P2, P3 A&

VHSV P gene©] knock-out® #x3% VHSV (rVHSV-P1, P2, P3)E A
Zbal7] ek B A Ao| A A ZE pVHSV-wildel VHSV P gene®l A
HA  methionines FEFAEOE X383 primer® site  directed
mutagenesis (SDM)7] & ©]-&3to] 3 WA methionine®] TEI =S =
2 8kEl A %3 VHSV vector (pVHSV-P1)E A #&9ict. pVHSV-P1&
template® 3}o] VHSV P gene®] T+ WA methionines T 5 I =02 X
23t primerZ SDM7|H & o] &3lo] 3l ALl T WA methionine®] +
23FEoR A%E AEF VHSV vector (pVHSV-P2)E  Alz3tairh.
pVHSV-P2<5 template® &9} VHSV P gene®] A| WA methionines %
F3E02 X338k primer® SDM7IH S o] &3le] & WAl F+ HA S} A
HA  methionine®] F&5HESZ  AZH  AHFF VHSV  vector
(pVHSV-P3)E& A=#tslsdth (fig. 15). T7 RNAPZF @& %= EPC celldl
pVHSV-P1, P2, P3¢+ VHSV N, P, L supporting plasmidE

co-transfectiond}¢] cytopathic effect (CPE)7} UEht}E= AS &35t}
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Y. rVHSV-P1¢9 A4k 891

pVHSV-P1¢} pCMV-N, P, LS T7 RNAP7} 2dEE=  cellol
co-transfection dto] M & % CPE7} YevE AS A8t (fig. 16),

VHSV P gened & celldl HE3te] rVHSV-P1 (S2)& A 23St

AohE rVHSV-PL (S2)7F 94 ol 9l
HE=AS P oogeneol WHE celllA  plaque  assayS  AASH
plaque—forming unit (PFU)E 2t&=atgth 71 A3 8 x 107 pfu/mb= YFEFSE
o} (fig. 17).

rr

Hlo] 2] Q1 #] | titer= Awlr}

2

HEFH o7 e (VHSV-PI7I FASNZ w4854 gQls]
9stel RT-PCRS Fdstth Nelal P (N-P, °F 1.2kb), PellAl M
(P-M, ¢ 890bp), MolA G (M-G, ¢ 1.1kb), Gol* NV (G-NV, <F
770bp), NVol'Al L (NV-L, ¢ 770bp)¢] primerE ©]-&3te] PCRS 33
A3} PCR product2§-E. o] 7}A] 34 #dg gRlstdrt (fig.18). ©]
25E HFHo2 w5 rVHSV-Plo] &3z AzEAeS gl

& At

ol

. VHSV P genes 2d3I= F 7FA cell lined A9
cytopathic effect (CPE)#% % rVHSV-P2, P3 A4t &<l

pVHSV-P2, P3¢} pCMV-N, P, L& T7 RNAP7} ZdH+= celld

co—transfection 3}t¢] A= S0 A SO0S Al pcDNA3.1(+) vectorE
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o] &3 VHSV P gene@d cello] HE3slo] S1S AUt} P geneol 2
levelo] virus titerdl= PGS n X =A] dolH 7] 93] pcDNA3.1(+)
vector?} phiC31 Integrase Vector System= ©]-&3lo] A 2sk VHSV P
gene™ & cello] Z+7} S1& HE3sle] 1093 cytopathic effect (CPE)E 3
23tk 1 A3 pecDNA3.1(+) vectorE ©]&3F ZA XTI P genedl w3l
levelo] =2 phiC31 Integrase Vector System< ©]&3F cello| A ©f ®&

CPEZ} vhehde whastad (fig. 19).

T EF7F9 P gene ¥& celld] rVHSV-P2, P3 - (S1)& H=E

3
H
AZ ol virus titers H|AL3}7] $l5te] P ogene°o] WEEE  cellol A

o

O[Nv

3} rVHSV-P2% pcDNA3.1(+) vectorS o] &3k P gene@ & celld] SIS
HAEAS W 11x10° pfu/ml®E =A<, phiC31 Integrase Vector

System< ©] &3k P gene@d celld] S1S A= vl ¢ % plgauge©]
FAd5 0] 28%x10* pfu/m=Z SHE AT T3 rVHSV-P3E pcDNA3.1(+)
vectorE ©| &3 P gene@d cello] SIS HEIES v 75x10° pfu/mE

S5 31, phiC31 Integrase-Vector System= ©]83+ P gene™d celll
S1& H28< v o 2 plgaugee] B 2.1 x 10 pfu/mE =A<
b (fig. 20). w2k VHSV P gene®l Wd levelo] ol ubz}
rVHSV-P2, P39] titer= S7FS & 4 Sdth

rVHSV-P2, P37} H4 s t|2 ttEof A=+ &21sl7] 915t RT-PCR<
sttt NellA P (N-P, F 1.2kb), Pl M (P-M, 2F 890bp), Mell A

G (M-G, ¢ 1.1kb), GellAl NV (G-NV, ¢k 770bp), NVl A L (NV-L, ¢
770bp)2] primerg ©]&3te] PCRE 433 A3} PCR productzF-§ o &
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PR AR S s (fig. 21). o 2HE HFAHOoR wrEolx

rVHSV-P2, P3 (S2) 7} EA4 3= A 253 SS sttt
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E1 i F. 1b F.2 F.3 F. & i E&
el 0~ e | wm | G [~ L ] e
PVHSY-wild

rVHSV-P1 rVvHSV-P2

VKRAALSAMEKEEYDGERETYSMVSKAIKAELDKLE

TAG(M)TDIETAG(M)SESLVLSHGSLADLDRRLDNAPKDTRSALFSSSSGSSKQKPSPKKKSTPTTL

EEIIGHFVPEDLQLDATKALGQLLRRIKLSHQEELTQHLEKVNGENRAKTAG(M)GALLESQKENGK

FVHSV-P3

KTDNILSILISMRGEGAENASKKPKVLDGDQVRNERALGFNRGLTTAAIAMKKFKLEDPLVLCKGS

VHSV P gene amino acid

figure 15. Construction. of the “*¢eDNA (pVHSV-P1, P2, P3). The pVHSV-P1

was generated by-replacement of the first methionine of VHSV P gene in the
pVHSV-wild with the stop coden (TAG), the pVHSV-P2 was generated by
replacement of the first and. second - methionine of VHSV P gene in the
pVHSV-P1 with the stop codon (TAG), and the pVHSV-P3 was generated by
replacement of the first, second and third methionine of VHSV P gene in the
pVHSV-P2 with the stop codon (TAG) using

(SDMD).
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cytopathic effect (CPE)
line expressing T7 RN W1th plasmi expressing the N, P, L proteins and
pVHSV-P1 (b). line expressing T7 R transfected with the
plasmid showed CPE, ol (a o CPE.

o gl Lt

by co—t;é}lsfecti n of EPC cell
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figure 17. Plaque formation in VHSV P gene expression cells infected with
10° diluated rVHSV-P1. Cells were cultured in medium containing 0.7%

agarose, fixed at 7 days post-infection, and stained with crystal violet.
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N-P PM M-G G-NV NV-L

r'VHSY - P1

figure 18. Confirmaion. of rVHSV-P1 by RT-PCR. Viral genomic RNA
extracted from rVHSV-P1 was amplified by RT-PCR with specific N, P, M,
G, NV, L primers. N-P “(1.2kb), P-M (890bp), M-G (1.1kb), G-NV (770),
NV-L (770bp) genes were amplified in the rVHSV-P1.
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MOCK rVHSV - P2 rVHSV - P3

(a)

(b)

figure 19. Comp son-)\ he cytopathic effect (CE@du d by infection of
HSV-P2, P3 wusing

EPC cell line exp sing g ﬂf ‘with
pcDNA3.1(+) vector and p'h"l Vector- System After 10 days, the

CPE was more evident in EPC cell line expressing VHSV P gene using
phiC31 integrase vector system (b) compared with the EPC cell line expressing
VHSV P gene using pcDNA3.1(+) (a). The control cells showed no CPE.
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rVHSV-P2

rVHSV-P2

Virus titer (log10 pfu/mi)

rVHSV-P3

Virus titer (Iog10 pfu/mi)
,

figure 20. Comparison-of the virus titer measured through plaque assay by
inoculation of EPC cell line expressing VHSV P gene with rVHSV-P2, P3
from different cell line. Cells were cultured in medium containing 0.7% agarose,
fixed at 10 days post-infection, and stained with crystal violet. Plaque is
formed with 10! rVHSV-P2, P3 diluated inoculation from EPC cell line
expressing VHSV P gene using pcDNA3.1(+) vector. (b) Plaque is formed with
10? rVHSV-P2, P3 diluated inoculation from EPC cell line expressing VHSV P
gene using phiC31 Integrase Vector System. The more P protein expression
level showed in phiC31 Integrase Vector System, the higher virus titer was

observed.
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NP P-M MG G-NV NV-L N-P P-M MG G-NV NV-L

rVHSY - P2 r'VHSV - P3

figure 21. Confirmaion of rVHSV-P2, P3 by RT-PCR. Viral genomic RNA
extracted from rVHSV-P2, P3 was amplified by RT-PCR with specific N, P,
M, G, NV, L primers. N-P (1.2kb), P-M (830bp), M-G (1.1kb), G-NV (770),
NV-L (770bp) genes were amplified in the rVHSV-P2, P3.
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2-3. VHSV P (VP0O, VP1, VP2, VP3) geneS &3}
£ cell line°l Al rVHSV-P1, P2, P39 ZgA &<l

pcDNA3.1(+) vector®} phiC31 Integrase Vector System= ©|-&3}o] wh
£ VHSV P (VP0O, VP1, VP2, VP3) genes 2&3s}= cell lined} control
2l EPC celldl rVHSV-P1, P2, P3= HE3td 14¥€ 5 cytopathic effect
(CPE)E ##3kdtt. 1 23 rVHSV-Pl+= pecDNA3.1(+) vectorel phiC31
Integrase Vector System= ©]&3s}e] ®E VHSV. P (VP0O, VP1, VP2,
VP3) genes &A= cell line?} control?! EPC cellol 4 55 cytopathic
effect (CPE)& ##3slth - rVHSV=-P2, P3:= pcDNA3.1(+) vectoret
phiC31 Integrase Vector System= ©|&38}e] "HE VHSV P (VP0) gene
S WEH3F= cell lineol A ¥F  cytopathic effect (CPE)7F YER L,
pcDNA3.1(+) vector®t phiC31 Integrase Vector System= ©]-8&3}o] wt
VHSV P (VP1, VP2, VP3) genes %&stE cell line? control¢! EPC
celll = cytopathic effect (CPE)7} WEFEA] 8t} (fig. 22) whelA]
rVHSV-P2, P3%& VP, VP2, VP3 & cellol Al = virusg A4bshAl xs)

it

M P geneo] FHE celld virusE HEI Ao FIAHS A=
virus7} AAkE o] H S Eelstit). WbH rVHSV-P12 P genel &3 %l

ol HAAE 7HA = virus7t 4 ES sk
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EPC VPO VP1 VP2 VP3

Mock

rVHSV-P1 [

FVHSV-P2

FVHSV-P3

Mock

rVHSV-P1

FVHSV-P2

VHSV-P3

figure 22. Verification of rVHSV-P1, P2, P3 infectivity in EPC cell line
expressing VHSV P (VPO, VP1, VP2, VP3) gene using pcDNA3.1(+) vector (a)
and phiC31 Integrase Vector System (b). The CPE was observed in any cell
line inoculated with rVHSV-P1, and in EPC cell line expressing VHSV P gene
inoculated with rVHSV-P2, P3. The rVHSV-P2, P3 were not generated from
cells expressing truncated P protein (VP1, 2, 3), suggesting intact P protein is
needed for infective viruses production. However, we isolated rVHSV-P1 that
could produce infective viruses without P protein supply.
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2-4. rVHSV-P1, P2, P3¢ nucleotide sequence &¢I

rVHSV-P1, P2, P37} 9438t 9149 methionine®] T8 3= (TAG L=
=2 &47) 98kl rVHSV-PL, P2, P39 stock®. ZHE N genedl A
P gene? primer®Z RT-PCRS 4 33}il PCR productE pGEM T-easy
vectorl cloningdl] nucleotide sequence 412 %3lo] &Helsldcrt. 1
A3 rVHSV-Pl&= @ 5435 giZetd P gene® A WA Al Z==<
methionine®] £5 I =0 2 HFF o] glojof A%k P geneol A WHA A%
=91 methionine®] FEIZESZ v FAlo F WA ATG codon
471 nucleotide$tol A mutation®] ¥4I HT—G) isoleucine®] methionine 2.
Z vtfe]l &S FAsgIth rVHSV-P2& E3 3 dl& P genedl A W

A& F WA methionine®] £EIFECE BI¥ 3, rVHSV-P3E =43

rt

g2 P geneo A WAL 7 HA 22|31 A WA methionine®] T 53

o= wHe FUASAT (fig, 23).
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VHSV P gene |ATGRCTGATRTTAGATGAGTGAATCATTGGTCCTGTCTCATGGGTCCCTCGCTGATTTG

M S R S L A D L

rVHSV-P1 TAGRCTGAYATGEAGATGAGTGAATCATTGGTCCTGTCTCATGGGTCCCTCGCTGATTTG
* S H S L A D L

10 20 30 40 50 60

s s Jlavis dlas s slls s Qlas s ilns aalse sallas salls s walle s vl s salls 5 sl
VHSV P gene [ATGACTGATATTGAGATGAGTGAATCATTGGTCCTGTCTCATGGGTCCCTCGCTGATTTG
M|T D I E|M]|]S E S L V L S H S L A D L

rVHSV-P2 TAGRCTGATATGGAGTAGRGTGAATCATTGGTCCTGTCTCATGGGTICCCTCGCTGATTTG
*|T D M E S

leooo@lece IFSadles®olececloceclecedloceclecealonecloligl

VHSV P gene |ATGRCTGATATTGAJATGAGTGAATCATTGGTCCTGTCTCATGGGTCCCTCGCTGATTTG

rVHSV-P3 TAGRCTGATATGGAGTAGRGTGAATCATTGGTCCTGTCTCATGGGTCCCTCGCTGATTTG

figure 23. Confirmation of nucleotide sequence of the pVHSV-P1, P2, P3. The
first methionine “of P/ gene was replaced with the stop codon (TAG) in
rVHSV-P1, but there was mutation of nucleotide 4 base before the second
ATG codon (T—Q@G), which changed isoleucine into methionine without frame
shift, suggesting that strong selection pressure might exert on the mutation
occurrences in the VHSV genome. In rVHSV-P2, the first and second
methionine of p gene was replaced with the stop codon (TAG). In rVHSV-P3,

the first, second and third methionine of p gene was replaced with the stop
codon (TAG).
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Virus® envelope protein¢! G gene virus® EWHol| :==50]o] cell
membrane®]]  Hjol# ~9o]  FAI celldto R EojrteE 9gs §ta
(Lecocg-Xhonneux et al., 1994; Estepa et al., 1999), P gene< virus9
transcription®@} replication®] A2l 9a-& st} (Emerson and Yu,
1975; Pattnaik and Wertz, 1990). wefA = Aol A= reverse genetics
71%& o]&3le] VHSV genomeWl el G gene® P genes knock-out’]F
o2 A ke AxF VHSV ('VHSV-AG, rVHSV-P1, P2, P3)&
AArsldth. VHSV genomeWl®] NV f#2 thalel EGFP (enhanced
green fluorescent protein) FZAE Edsl = AFF VHSV
(rVHSV-ANV-EGFP)E Al&stslia Hxe] H
T2 Wolgs Frste] AeEstMAo gAY TS AT v don
(Kim et al., 2011; Kim and kim, 2011), %3 o}5o] A reverse genetics
systeme o] &3dle] A =% SHRV. (Johnson et al, 2000, Alonso et al.,
2004), ITHNV, VHSV (Biacchesi et al., 2000, 2002, 2010; Romero et al.,
2005; Ammayappan et al., 2010a, 2010b)E A Z&lal o] S WAl o7 ALg
7] 918k AT = Eo] EAHAL

B Ao = peDNA31(+) plasmidE ©]€3to] VHSV G gene¥ P
gene®] 2dAE+= cell linedl rVHSV-AGS} rVHSV-P2, P3 9] virus
passageE 33t} oY plaque assayS E3}o] virus titers 43 23}
nf g wr2 titer7b SABEHAT olH 3 FAE A7 $15ke] phiC3l

integrase vector system= ©|-&3}o] EPC cell®] chromosomeW VHSV G
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gene¥} P genes & sl cell limes A ZHsl a2 RT-PCRE %3& 3kl
3o A3} phiC31 Integrase Vector System= ©] &3k cell linedlA G
gene?} P gene® W& levelo] U #H$kal virus titer®= wFI7IA 2 F7)Sh
S sHalskdtl. phiC31 Integrase Vector System= AF-&3Fe] cellol A
VHSV G gene¥ P gene? transcription levelo] Zold o] wle} titerE: =
ZIAN o2 F% vaccinee 29 SUstE &5 Vistaa g
Rhabdovirus$! ravies virus (RV)olA G gene ©] = AZF RVe G
gene® & §lo]% virus particleo] FAHZ AW G geneS T3]
= 7495 budding efficiency’} < 308 Z7}stct= A4 ZF7E <

(mebatsion et al;, 1996; Finke and Conzelmann, 2005). ¥ <oA=

rVHSV-AGE EPC cell?#} G gene¢] W& =& cellol 241359 A5 &
WA & Al A8l washingste] THAl A A& YojF & dFdsd v

3to] me AZ=dog plaque assay®t real-time PCRE =33} 3it}.
rVHSV-AGE G gene°] a5 & celld HF3 % plaque assays T3
3RS W G gene®l FHFHH celldl A+ plaquee] A E Ao} EPC celldl
= plaquee] FAHA gka ulR AR rVHSV-AGE EPC celldl 3%
3 % plaque assayS T30S @ EPC cellol = plaquec] &4 %A &
kTt WA real-time PCRolA &= rVHSV-AGE G gene°o] HdE & celld
EPC celldl HF3S wl 2 titeris 2 ol7F glded o] 235 F3o]
rVHSV-AGE G gene® &+ §lo] virus® particleo] &A% 7 -+ vk 7

-~

AXMS 7HA I YA @8-S etttk =3 rVHSV-AGE G gene°] &
H5E celldl =3 3 real-time PCR¥ plaque assay® 1 titerE H] 1l
3t S Wl real-time PCR9| titer’} plaque assay? titer®th =4 =4
Aok Wb G geneo]l ¥HECEA TIAS THA = virus particle

plaque assay® L titer’} =4 %23, real-time PCRol A G geneo] §l¢]
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#HaAdol gl virusk A I titer7F S E OS24 plaque assay U =
< virus titerg WERH Aolg} Aztyoj ), webx] VHSVE RV k3t

7R 2 G gene® FH $1°] virus particlee] B EF 7 A G gene©]

THHAA FEo® ]late] A THA A A Erkar s o] .
In vivo Aol A ¢l rVHSV-AG replication ¢lo| A= A1) v ol A=
Alzkol Adol] mal virus7F S EUAT, 5ol s 24L Ao = Hlo]#H A~

7} AEHES 2t 1 o]f= plaque assayE titerE A3 3 titer
7b =4 oA virusE A EA Fa AHS ARES in vivo
replication test& &3t +=d FF real-time PCRZ ¥Ql3lo] HY
plaque assay®l A#}HT}F =L virus titer’/F SAHEH AL vp7IA 2 F A
A% e 49 virus7l 07k ZFoll & 7e Aol Azhe o)z

RNA virus®] polymerasei= proofreading 7]'sS 7FA L YA on
44 WMasE 7= 22 virusE ASFH o2 Ats]dlt; (Santiago et
al, 2005). Zel= 2 RNA virust A<= 9135+ nucleotide sequence®l
-9 =2 ¥E&2 mutationg €27t (Holland et al,, 1982; Domingo
and Holland, 1997, King et al., 2000). r'VHSV-P2, P3%= P gene°] #4¥
S 7HA virusE AAEE7] 918l P oprotein®] FHo] QS |
Gt A% rVHSV-P19] 4% P protein® &3 $lol% virus?} AAAHE
=8 o= rVHSV-P1 9] nucleotide sequenceE 4]slol Az P

d
ro
ol

gene®] F+ WA ATG codon® ZHE 47 nucleotide <ol 4 mutation©]
Ao LH(T—@G) isoleucine®] methionine® = v} S 13T o2 <3}
o Y] MA amino acid’} AlZFFEE=o] o] P protein® &dF {lol= #A
A& 7R virus7h A QLo gl et A ZbE o Xtk Rhabdovirus®] P gene<
N-terminal domain, central domain, C-terminal domain®. = ¥ oA U

o1, N-terminal domain®| phosphorylation< virus9 transcription@} 43

77

Collection @ pknu



Zoll "4Ael 93-S 3t} (Das and Pattnaik, 2004; Longyun et al.,
2013). °ol& +F © &AsH7] flste] AP Aol = UEblA FkARE QA
A S S8ttt pVHSV-P1= transfections 3 % o] Azl (S0O)
S VHSV P geneo] w35 celloA] passages S8t 1 A=
(S1)& P geneo] LaEE celldd EPC celldl H23 A3 F celldl A =
T CPE7F yebgs FJs9t (S2). F59d S17 S29 nucleotide
sequence A4S AAE A SlodMe= 10715 <F S7IAHERE U HA
amino acid’} AlZta=o® whHo] Q)5S Fleon S2eA = dEt
Ul WA amino acid’} Al 43 =0 2 mutation® = &l it o] Ay w
n o] B3-S w celld] 95X o2 passages S ol uwiEl dl WA
amino acid’} AlFZESZ v o] e A3 virus7h AP o2 F A
e Aog AEAY, w3 rVHSV-P19 plaque assay ¥4 Z3 t}
H2e virus®E Ut E2 titer7bF S EHJA=H ol = whz7FA 2 mutation
o] dojdo wme} wild-type VHSVSF HI=C titer2 A A og A7
SR

gl

il
N

2xoz A3 Az VHSVE celld - #AAd F G

P proteino] T w ¥ A 7] Wil thE celldl 7 E A Xste] EAE

7HA virusE AAke] Wx e o] Z 2lste] virusel replication®] E7F
S Ao Wl vaccineL 249 ¢HAA S #EUE wEl B JprE E

sto] Aokl Wil o R A9 Jhe S Ky Al vhge] waxt gt
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Viral hemorrhagic septicemia virus (VHSV)E $-glyatE v E3 A4
Hog e D FFo]fFo dFHAAIE o= T8 Yoz 42 A

of W3l yalE Ao 7tk Viruse envelope protein?! G gened virusd

FHol w=F50]200] cell membraneo]| Hio]#] <9 F-23} cell¢to & Eo]

N

= 985 3t P gene virus9 transcription®} replicationol] % 4

Jd 9Es vt mgA B AT A= JFdE 7= (reverse genetics

12

system)2 ©]-&3te] VHSV genomeWl @] structural protein®! G gened} P
gene2 knock-outAlZl AZEg VHSVE Atela 1 EANS dolH a1z
sk St

E AFo| A= VHSV G genes knock-out?rl7l Az VHSV vector
(pVHSV-AG)¢}, VHSV P gene® ORFd| AZzZES X3 7719
methionines # WA, F WA T2l A WA methionine codons
site