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Effect of apoptosis inhibition on replication of viral hemorrhagic
septicemia virus (VHSV)

Ji Ae Lee

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

It has been demonstrated that viral hemorrhagic septicemia virus(VHSV)
infection induces apoptosis. Apoptosis occurs through intrinsic and extrinsic
pathways, and many. viruses exploit apoptosis to facilitate viral proliferation.
Although VHSYV infection leads to mass mortality of cultured oliver flounder,
a little information is available on pathway of apoptosis induced by VHSV
infection. In 'this study, we analyzed the effect of apoptosis suppression on the
VHSV replication and explored possible pathway of apoptosis caused by
VHSYV infection in Epithelioma papulosum cyprini (EPC) cells. Previously, the
role of NV protein ~of novirhabdoviruses: in = inhibition of apoptosis was
reported. Thus, in this study, the effect of apoptosis inhibitors (a p53 inhibitor
Pifithrin-a or pan-caspase inhibitor Z-VAD(OMe)-FMK) on the replication
was analyzed not only in wild-type VHSV but also in NV gene knock-out
recombinant VHSV (rVHSV-ANV-eGFP).

EPC cells were treated with pifithrin-a or Z-VAD(OMe)-FMK for 2 hours,
then, inoculated with either VHSV or rVHSV-ANV-eGFP. At 24, 36, 48, 60,
and 72 h post-infection, cytopathic effect (CPE) was observed, and genomic
DNA was isolated for DNA fragmentation analysis. The results showed that

both inhibitors dose-dependently delayed CPE and apoptosis by VHSV or

Collection @ pknu



rVHSV-ANV-eGFP infection, suggesting that VHSV can induce apoptosis
through pb3 mediated-pathway and NV gene deletion may not greatly
influence on the apoptosis pattern. However, in the semiquantitative RT-PCR
analysis, expression of MDM?2 that binds to pd3 protein for degradation was
reduced by VHSYV infection. Therefore, further studies are needed to elucidate
the involvement of p53 in the apoptosis induced by VHSV infection. Although
suppression of apoptosis decreased viral titers of early period (to 3 d
post-infection) compared to control groups that were not exposed to apoptosis
inhibitors, final titers of VHSV -and rVHSV-ANV-eGFP (measured from
supernatants isolated when cells showed fully extensive. CPE) were increased
2 or 3 times compare to controls. These results suggest ‘that VHSV uses
apoptosis for proliferation, and artificial inhibition of apoptosis can extend time
for wviral replication without budding out from cells, which may lead to

increase of the final viral titers in this study.
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1.4 2

VHSV(viral hemorrhagic septicemia virus) + ZFRhabdoviridae®},
Novirhabdovirus% ol 43f= vlo]l#] 2= single-stranded RNA virus©]
t} =7]= 180x70nm BEolw ouhS 717 e84 9 virusolth 11-12Kb
9] nucleotide® ©o]Folx o, 4 e FRuWAT 1} virion-
associated polymerase H 7% A|Eo| AWk & T = non- virion protein
o2 o]Fozx JtH(Lenoir & de Kinkelin, 1975, Walker et al., 2000;
Tordo et al, 2005). VHSV® genomes nucleoprotein (N),
polymerase-associated  phosphoprotein ~ (P), matrix protein (M),
glycoprotein (G), RNA-dependent RNA polymerase (L)} non-virion
protein?! NV&Z o] FojZglom 3-N-P-M-G NV-L-59 A= wjds
o] t}.(Schutze et al, 1996, 1999; Estepa et al., 1999; Tordo et al,
2005).

VHSVE ©5 dojah of F#rt oive) FH3 S0l A tpggh a4t
o Fol A EEHa o, 53] JA FHol B syl A5
717} =W VHSVel 9]t d&7} F538kal vk, Viral hemorrhagic
septicemia disease (VHSD)E ©}7]3l= VHSVE FAojF& EE ofAo
7o dF #HAE dovle F8 A Pz deA o A7
of JA Ao oyt ook =2 FHALE A2 ZItH(Schlotfeldt &
Ahne, 1988; Schlotfeldt et al., 1991;Mortensen et al., 1999; Isshiki et al.,
2003; Skall et al., 2005).

of
ol

=4
il

Apoptosis(programmed cell death):= £AME A AAFo = 4

—_
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o] &3t} 71 o Fad 9TS dth(Jones, 2001; Grutter M.G.,
2000). Apoptosisi= cell shrinkage, apoptotic body #A3 chromatin®]
condensations 2] et EAS XY 1o, (Duvall and Wyllie,
1986) DNA®] #Adst7t dAst= 540 AAth(Wyllie, 1981 Duvall and
Wyllie, 1986 Arends et al., 1990). ApoptosisE < ©7|%= pathwayTe the
extrinsic(death receptor) pathway ¢} the intrinsic(mitochondrial) pathway
T 7HA A&7 £A43% % (Igney and Krammer, 2002). Apoptosis®] 374l
= ph33t CaspasettE &47F 583 YAE AA=d pS3(tumor
suppressor protein)< stress signalell s} ¥ AAFS HAX A7 ALY
apoptosisE @ste J&E Fsto] ERHAY FF OE Alxo A=
= 7tsAdol e AXE AASE 98-S s (Gottlieb TM, and Oren

M., 1996). Caspaset apoptosis®] + A= EFoA T3t 9a&& 31,

fd

apoptosis®] %27], 3 Zg]a 2AE7LA d= 23 2 4ol (Earnshaw,
W. C, et al, 1999; Huang H, Joazeiro CA, Bonfoco E, et al., 2000;
Yasuyuki S. 2001).

Apoptosist=  virusfEel did &5 AMxe oz Foln, AMEE
apoptosis® E3}o] virus?l infection cycles ol Alst1L F9 AEE virus
7} AutEE AS vh=tvhH(Haichen Song, 2003). o] A9 ATtol Al hovine
herpes virus (Hanon et al., 1998a) measles virus (MV) (Esolen et al.,
1995), influenza virus (Mori et al., 1995), feline panleukopenia virus
(Ikeda et al., 1998), bovine viral diarrhoea virus (Zhang et al.,1996),
infectious bursal disease virus (Vasconcelos and Lam, 1994), African
swine fever virus (Oura et al.,1998), human immunodeficiency virus
type 1 (Herbein et al., 1998)C)% ©] apoptosisE #4% dtial HarEo] 3l

o dukd o R virusddl #HEE MEE Type 1 interferon &7 3}<}

Collection @ pknu



apoptosisE F%=35Fo] AlEWe] viral replications 9 A|SFAY  innate
immunity 7} €oJUA HA T 22 virusES virus® replication®] 73]
dojd w 744 apoptosisE A DA 7| ALY JASESE st virusel gt
59 Wo7]ZRl apoptosisE  virusel Al FElEAl o]&rE
(Roulston A., 1999). Human papillomavirus, Hepatitis B virus,
Baculovirus, Poxvirus, Adenovirusi= apoptosis® Z4d3dl= wwAE S
encodingdlo] apoptosisE  virusol Al FEldt=E o] 83t} (Benedict, C.
A.,2002 ;Hay, B. A. ,2000; Deveraux, Q. L., Reed, J. C.,1999; Beidler, D.
R., Te et al, 1995; Windheim, M., et al.,, 2004;- Tollefson, A. E.et al.,
1998; Shisler, J., Yang. et al., 1997; Stewart, A. R. et al., 1995).

ofFo HAE =  Rhabdoviridae®} ) spring viremia of carp virus
(SVCV)9+ 'VHSVIESE © apoptosisE  #F&Est= Aoz dyA  Au
(BjoErklund, H. V, 1997). Novirhabdoviruses?ell &8t NVE A2 =
7] apoptosis®t &F9 IFN system2 A= VTS 7HAH
(Ammayappan, A et al., 2011; Choi, MK. et al., 2011),0]5 &3} &+
o] Wo7|&e HEdE oz HAU SHAITE o Fol AdAdS 7HR
VHSV induced apoptosisoll el & 17F ol HojlA] Fomg o
T7F d a8t

Aol = o 7o Hiolgls HAWS dstr] 9% WAoo R H83t WAl
o=t Wil AxF oA WAl T DNAWAIEC] AbgHo] it
(Gomez—Casado E, 2011 ). HZo+= HFAAE z#Fste] ALksk=
recombinant ~ vaccineo] @o|] WrEoIA i Q= FAlolH, o] FoA=
reverse genetics systems  ©]&3dte] A =3  VHSV, Snakehead
rhabdovirus (SHRV), Infectious hematopoietic necrosis virus (IHNV)Z

AZsa ol% WMo Ages] AT AT wRSe] wmsel Ut
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(Johnson et al., 2000; Biacchesi et al., 2000, 2002, 2010; Ammayappan et
al., 2010a,b). ¥ AFA X% reverse genetics system= 7| OS2 3=
T7 RNAP 2@ A 28s o]&ste] VHSVE NV #3827} knockout®
NV 27} knock-out® AZx3 VHSVE Al#ste] 1 543 Aokss)
Ao 2ol 35 &2k u ¢l o o] recombinant virus(rVHSV-A
NV-eGFP)= %7| apoptosisE Ast= 9&TE& st NV Fd2 di4l
enhanced green fluorescent protein(eGFP) geneE 7FAal JTHKim et
al., 2011, Kim & kim, 2011). 28y Htol A= = reverse
genetics system ©]83F virus vaccine2] 4%, o] deo] WMAIEo| H|F} o
HAAA e ol AL oA si7F vk A3 el A wH(Christopher
C. et al, 2014) titer7} Yol & A Q1 A} A& Aol L4117} Aot & 4
Ao A #s rVHSV-ANV-eGFP &3 EPC celloll 49 replication &
&°] wild type VHSVEY st5o] 2l HJHKim et al, 2011). 1822
adjuvanttt & RS Esto] olg 3 HAHS A= Zlo] Fastth

2 Aoz WAL Caspasedl 2+&3l+ - inhibitore! Z-VAD
(OMe)-FMK$} . pb3-mediated  apoptosis®} - pb3-dependent  gene
transcriptionS 7} 4o 2 AstE | Pifithrin-aS o] &3}9], &FA E 2
apoptosis Al & §3ale] FH o] Eo] THE Xl = reverse genetics

systemS £3to] AAE recombinant virus WA9 titerE =Y £

rr

7heAd e gl r b sk T3k 2191 % Q1 apoptosis®] A 7F VHSV <}
rVHSV-ANV-eGFP9 replication®l] tha] v x+= &3} VHSV7Z} =3+
+ apoptosisoll Wig AF7F Wol o]Fojx QA gornz oHAHS F

3ol VHSV 7} p53 mediated apoptosisES 23l=A Lol H 1z} gk},
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1. Al 3 nlo]lH &

Ao ALgH A X Epithelioma papulosum cyprini EPC) cell&
MycoZapTM Antibiotics(Lonza)(200x4/100mD<} 10% fetal Bovine Serum
(FBS, BDe] #7t Leibovitz medium (L-15, Sigma)< ©]-&3te] 28T
A vl kst AT

Aol AE3F Bfo
+ 2008 VHS #wo] dmwst Ayt Az HA FAFAA He AZ2H
B 23 VHSV KJ2008 strains A8k Cf
Ao ALEH rVHSV-ANV-eGFPE o|u] & A A wrE014 3l

—gﬂ_

182281 wiral hemorrhagic septicemia virus(VHSV)

T stocks AMEstRloew, o] rVHSV-ANV-eGFP+= VHSVE NV gene
Al eGFP(Enhanced Green fluorescent « protein)< AF¢3ste] whE=
recombinant virus®|t}. o] -H}FO] 2 2 9] sequencer recombinant virusE
ST 9kl JA9A o E WHEolFE enzyme site R F 9] nucleotideRt
tt=21, dA e sequencer= VHSV KJ2008 strain(wild type)¥} &< 3}t}.
ol Hlolglae 2 15TAA 2% FBS9  penicillin -+ (100U/md),
streptomycin (100xg/me)7F 718 L-15¥1 A& #H7}sk EPC cellol] H &3
o HE T FWHY3HA cytopathic effect (CPE)7F WYEsES uwf 4T ol A

1087 4000 g2 9A®e & F, 3F0E Hop 80T waaglon

ofp
o

F5 290 AH3g
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2. Inhibitors

A AREd A2 pb3 inhibitor<! Pifithrin-a  (CAS
63208-82-2,PFT-a; 1-(4-Methylphenyl)-2-(4,5,6,7-tetrahydro-2-imino-
3(2H)-benzothiazolyl)ethanone hydrobromide, Santa Cruz)¥} Pan-Capase
inhibitor¢! Z-VAD(OMe)-FMK (CAS 187389-52-2, Methyl 5-fluoro -
3-[2-[[3-methyl-2-(phenylmethoxycarbonylamino) butanoyl]amino]
propanoylamino]-4-oxopentanoate, Santa Cruz)< Santa Cruzol4 +< 3}
of Abgslnh ZpZbe] Ak DMSO°| ¢ 20mMe stock solutions
wHE 3 = 20Tl st Ade] AREstth.  Pifithrin-a,
Z-VAD(OMe)-FMK+ 20mM®] stock solutions L-158]A]& 3] 4] 5o
EPC celldll 7}7te] w2 A 233t

rlo

f
i

3. Al 7Fe]] W& DNA fragmentationg A = &<l

VHSVel Z9¥ EPC cell®] AlZtell wE DNA fragmentation®] W3}E
d7]9ste] AFS skl

EPC cell& 35dishel 1x10°ellsS 10% fetal Bovine Serum (FBS, BZ)o]
714 Leibovitz medium (L-15, Sigma)& ©]&3}o] 28Tl A wjFst & t}

S 9 20CTE 712, 1 gy, 15CTE &A4F9 =242 EPC cell9

ut

LEE AT skl FAh 16T R &3 EPC cell> A¥3st7] 24,

!

PBS# 3H washing 3}9], 2% FBS2} MycoZapIM Antibiotics(Lonza)(2u0
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/mD7F 7hE L1658 A| 2 mpto =90t 8]l wild-type VHSV MOI
0.1= FFsto] 15Tl mj&Fget. wiA 2t virus 244 2] F o] 2mle] ¥
=& ato] JFaArh VirusE AT §, 6411, 12417, 18A17E, 24413F,
3641, 42A17F, 48A17F, BAAIZE, 60A]ZE, 6641 F, T2A1 Aol g2 H el w3l
= cell?} oF#] 35dishel] #o1%+ cell& ®oF PBSZ 2% washing &Fal
genomic DNAE &2 3%

£ ol &sto] g

3k ko & 15% agarose geloll 50vE =9 3FAtt

01
t}. Genomic DNA @] o= geneall clinic kit

19 ar, ZHzE cell& 9 genomic DNA%S =H&la dH

’

Ot

4. InhibitorE ©] €3l EPC cell® apoptosis & Al

7}. cell culture

6-well plateo] EPC cell, -1x10%ellsS MycoZapTM Antibiotics(Lonza)(2
wW/mDeF 10% fetal Bovine Serum (FBS, BZ)ol % 7F¢l Leibovitz medium
(L-15, Sigma)E ©] &3l 28ColAl 3F &< monolayer= w3t ¥ tf
S 9, 20T, 15CE AF9 =34 02 EPC celld) =55 £XA7]H
3o FAY. EPC cell& Adsl7] A4, PBSE $% washing 3},
2% FBS® MycoZapTM Antibiotics(Lonza)(200.0/100ml)7} H 7k L-154)
A& mpgro] FQlt

Y. The concentration of drugs
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EPC celle]l AA3 Alefo] F=E doll7] 9lste], Pifithrin-a® well
2 3uM,10uM, 30uM, 100uMe] FES A3, Z-VAD(OMe)-FMK=
welld 5uM, 10uM, 30uM, 50uMe] F=& AF&staith 9o W= o
st EPC cell& 15C7HA & Tx Azl % Pifithrin-a<}
Z-VAD(OMe)-FMK<  welld 279 w22 HFstar 2AE<t
incubation 3 % wild-type VHSVS MOI 0.12 HZF 3t} 15T A
kst 1Y, 2, 3U71A] CPEE ##3ta, 384 genomic DNAS ¢
3to], PBS® 2¥ washing 3 %, genomic DNA¥ 2] (geneall clinic kit) 3}
Atk 27 cell59 genomic DNAYS =Adlo] UdAS Foz 15%

agarose gelo 50v=Z F AlZF & = ST

H

mlm

k1
Ll

—

t}. Inhibitor A ¥

oke] @A Pifithrin-g, Z-VAD(OMe)-FMK®] %= 23< Euz,
Z17ke] AoFe DMSOE ol §3ke] 3141 3 20mM stocks AH§3hgith 2%

FBSS} MycoZap'' Antibiotics(Lonza)(2u¢/ml)7} H7Fd L-158A 2 7+7}
S ME F well & 10uM, 30uM, 50uME  HEFEI HE2 wellol HF
sl & 15T A 2A17F&<E incubation AT Al2FS 3143 DMSO9
welld HiL s 1%7F 9A &A1 AAstdh 28al Aoks A5 F

xSl 1% DMSOE A e EPC cell?t A9k DMSO obf-2l% A&
34 &S EPC cell® Z+ZF control groupl & AAstT}.  (figure.l,
figure.2)

2. Virus 2 F
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Pifithrin-a$t Z-VAD(OMe)-FMK & s=®= A 2g F 15ToA 24]
ZHESL incubation AlZIth. WA= wE ZrolF ] kil inhibitor7} A ®
2] 9] cellel wild-type VHSV$ ANV-eGFP recombinant VHSVS 7}
ZF MOI 0.1(100p0) 2 HZE3skt}, virusE HE3F EPC cell2 tA] 15T A
Elasy

Hl ©

O

u}l. DNA fragmentation laddering

Inhibitor* 8] & wild-type VHSV S} ANV-eGFP recombinant VHSVS
27y HEshar, 2443, 36413, 48A1%F, 604 %, T2A1ZF S EPC cell®]

a2efal wellel A5 & EoF 4000rpm, 10+ A & §, &

ofNi
12
2

!
W o9t celld  FFAE B Ak FENS 80T mmste] F¥
titer® 918071 1% Agol ARESHAEh 1@ ok welldl #olqlt

cell& trypsin-EDTA(. gibco) 2. & cellS wWojwjo] A= AW cell}

a

skl Hof PBS®. 2¥ washing 3}tk genomic DNA ®# &
Exgene™ clinic SV kit (Geneal)= o]&3dle] R, cells9
genomic DNA%S =43l dAH3 FoF 15% agarose gelol]l 50vE

29 &

v, Al ZHH titer A

AZrE R Bgste] -80To Bys] = AS59S ]85t plaque assay
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2 F#33AY. Virus stocks 2% FBS9 MycoZapTM  Antibiotics
(Lonza)(20044/100ml)7F 2 7H8 L-158 A2 10° oA 10 744 Al 84
ke 15C7HA %5 X3 EPC cell (15x10°%ells)oll HZEatAch 15T
o Al 1A]ZF 30% &< incubation ¥+ ¥, WiX|& A AsFAL 0.7% agarose,
10% FBS% 1%¢] Antibiotics7} £t L-15Wi A2 Zo} F11 15T A
sttt 74 ¥, AIEXE 10% formaline ©]83ste] A3 & AE 9
9] plaque medium< #| A3t 10% crystalviolet® 2 2A]7HE<F 220 4
FAeeh. AMAE AAstL FHRT AxsE  FA% 5

plaque—forming units (PFU)E Ak 3} t}.

10
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VHSV or ANV-eGFP rVHSV
MOI 0.1 Control
il =

Yoo

Control

Figure 1. Inhibitors treatment and virus inoculation.

This figure showed how to treat inhibitors and inoculation of each virus.
rVHSV-ANV-eGFP and VHSV was inoculated into each cell| which was
pre—treated each concentration Pifithrin—a or Z-VAD(OMe)-FMK.

DMSO treated or not used control of inhibitors.

11
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()] == e e e e - = >

7 O O S S SO S O S
L viruses g
2 A "

treatment . S

viruses

Figure 2. Treatment procedure.
CPE cells were treated with each concentration of * Pifithrin-a or

7Z-VAD(OMe)-FMK for 2 hours. Then @EPC cells treated inhibitors except
controls inoculated with either rVHSV-ANV-eGFP or VHSV. After inoculation

of viruses, inhibitors and virus were coexist in the medium to specific time.

12

Collection @ pknu



5. Inhibitor®] A< &9} = titer &<

7}. Inhibitor X8 ¢} virus HF

EPC  cell& (4-7hH9 wwowg  wjek  dFa,  Pifithrin-a<}
7-VAD(OMe)-FMKS 77 104M, 30uM, 50iMS HEFwr} He=
welloll 2183+ & 15CoA] 2A]17+% ¢t incubation A17]a (4-2})e] HH o

2 wild-type VHSV$ ANV-eGFP recombinant VHSVES z+zF MOI 0.1
HOo 2 celld #AFA3a, sEHEZ CPEZ} ¢43] YelE S W, vlo]gf~ 4
ZHS ®ol 4000rpm, 10 FAEEE & & A5 A2 80T B3 s
. titer &4
CPE7} €3] dehS d, Zgshe] Bas] & F5dS o] &3ty
plaque assayES 339 ct. Virus stocke 2% FBS9 MycoZapTM
Antibiotics (Lonza)(2ut/ml)7F H7FE L-15812 2 10 el 4] 10 71A] w7

3|4 3le] EPC cell(15x10%ells)dl] A £ (4-vpe] WHO R titer=A

s
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6. EPC cell9 p533% MDM2 743 Complete ORF
3o

-

7}. EPC cell®] p533 MDM29] partial cDNA

EPC cell®] pd3+d#e MDM2 (Mouse double minute 2 homolog) -+
AR sequences  #elskr] 9dlA EPC. celll 4] RNeasy Plus
kit(Qiagen)E A}-&3F9] total RNAS Holsldth 83 total RNA lug
7} 0.5ul Random hexamer (0.5 pg/ml, Promega)2 80C 5&3F whHg-3l &
thAl 10mM  dNTP 2nl (Takara), M-MLV reverse transcriptase 0.5u
1(Promega), RNase inhibitor 0.25ul(Promega)E X33l 42T A 60+,
9BToAA 10w gt HFA o= 10ul®] cDNAE A3kt

NCBI (http://www.ncbi.nlm.nih.gov) ¢ GenBankel] 525 o] &=
Gobiocypris rarus (KC477763.1) partial, Danio rerio(U60804.1), Salmo
salar (BT058777.1)¢] ‘¢DNA"sequenceE Al& Hlaldlo] p53 degenerated
primerE A #8$ 3L, Danio rerio  (AF010255.1), Callorhinchus milii
(JN794076.1), Gobiocypris rarus (TF KC477761.1)2] cDNA sequenceZ
A2 vlalste] MDM2 degenerated primersS A 28tk (Table 1-1 )

100 343 cDNAE template® AF83}x, pbh3¥x MDM29]
degenerated primerE ©]&3to] RT-PCRE F8sttl. 95TCAA 3&3F
leycle, 95Col A 30%, 60ColAl 30%, 72Tl 30%% 35cycle 3+ 5 7
2CoA 7% annealing® Z7°2% PCRE <33ttt PCR AH&ES

5

Nucleic acid stain (Korealabtech)©] 3% 1% agarose gelell 7]
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Gt} Gel Purification kit (GeneAlDE AF&3Fe] DNAE #+2]3 ¥ DNA
£ pGEM-T easy vector (Promega)°l cloningdte] ABI PRISM 3730XL

Analyzer (Applied Biosystems)2 ©]&3l sequenceE ++2]3a}%t}.

1. RACE PCR

p53 I MDM22] A A sequences «¢7]93te] RACE PCRE 333
t}. PCRS %3t &23d EPC cell®] X p53 sequence®t MDM2
sequenceZ o] 83ke] 53 3° RACE primerZS A 28t tH Tabel 1-2).

EPC cellelA w3 Total RNA 1ugs SMART RACE cDNA
Amplication kit(Clontech)& ©] 839 RACE & 5 ¥ 3' cDNAE #|%s}h
o] RACE-PCRE <3383 tt. RACE-PCRE 3+ PCR product: Nucleic
acid stain (Korealabtech)o] 223%% 1% agarose gelol]l #A7]9-s AT
Gel Purification kit (GeneAlDE AF&ste] DNAE &3 £ DNAE
pGEM-T easy - vector. (Promega)®l cloningd}l®] +ABI PRISM 3730XL

Analyzer (Applied Biosystems)< ©]-83] sequenceE 43} %3t}
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7. VHSV 793} Pithrin-a g A pb3¥ MDM2¢
o

= T -

Pifithrin-a A 2]A] MDM2¢| Zdzta &<l3 VHSV #9Al pb3dt

_I

MDM2¢] oA AEE Hlastr] f3 dds A5

3} &9k 28°C ol A monolayer®  wl &3

ftlo
O

35dishell EPC cell(1x10°cells)
5, 15C7h#  EPC cell®] &&2& =XA71H st3o] Stk EPC cell
Agst7] A, PBSZ ¢4 washing 3t4, 2% FBS$ MycoZapM
Antibiotics (Lonza)(200x¢/100mD7F 748 L-1581 A & BpHo] FQITh

Pifithrin-a®] 2l ¢ VHSVZ G S A71A4 &2 EPC cell& control= A}
L3A k. =3 EPC cell VHSV MOI 0.1S #9217 cell? | Pifithrin—a
5 A cells A7 F=2 AFESEAUL Pifithrin-a”t VHSV Za Al =
po3 #wE FAAE A=A Lot 7] 98Fe] Pifithrin-as A 23t 2
A7 F-oll VHSVE st I5TolA i shaivh e 12417, 24413
%o RNeasy Plus kit(Qiagen)E AF&3lo] EPC cell®] total RNAE &g
ST

G-7heF Ze W o g A3 cDNAE template® 3te] RT-PCR=
F8stal pb3x MDM2¢] wd-& glstth. PCR 2718 95Tl A 331t
1 cycle, 95CAlA 30%, 60TCANA 30%, 72TCelA 30x=% 24 cycles (B
—actin) =5 26 cycles (p53 gene), 27cycles(MDM2 gene) $F % 72T ol 4]
7E 7t annealingS 3t PCR A& Nucleic acid stain (Korealabtech)

S E3E3 1% agarose gelol A7 Fow sHelsgict
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Table 1. Summary of primer used in this Study

1-1. Degenerated primers for p53 and MDM2

Name of primer

Sequence ( 5’ to 3')

EPC E % CCCCTCaFCaGOA CRlln.,
pd3 gene R GAACAGCCTCAGCCRTCCAC
EPC F  AARCTGGTRAGACCRAAGGT
MDM?2
R GCASACYGGRCACARYTTGTTCC

gene
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1-2. RACE PCR and detection primer

Name of primer Sequence (5’ to 3')
ppc s F ATGTGACGTAGACAAGTACCGGCAGAAAATC
3 RACE  p CATCACTGCTGGCGCTCAGCTTTGCCTTC
ppc ps3  F CCCCACCGACCTCCACTGTCCCAATTGCCAC
5 RACE
R CATGGTCGCCAGGATAATCGGTGGCAATTG
wpe vone | F - GAGCTCACCAGCATCACCACAACAACCATCT
3 RACE i S CAAGTGLAACACGEEATAAGG
wpe vonel o GGCTGTTAGAGGATGCAGGTGCAG
5 RACE

R  TCACTCCAAGAACAGCACCAAGAGCATCCTC

EPC pd3 B TCATERGATCCG BENEREE \GG A
detection

471-983) R ACGACGTCGGAGAGTTCTAAC

EPC MDM2  p GAAGACTCGTTTGATGAGGATACT
detection

(780-1355) R CAAGTGTAACACGCCATAAGGTG

EPC F  AAGGAGAAGCTCTGCTATGTGGCT

Bractin. R AAGGTGGTCTCATGGATACCGCAA

18
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1. VHSV 749 ¢ 3 DNA fragmentation %A

EPC celle] wild type VHSVel] #$ % 5 DNA fragmentatione] ¥ 3}
S ##Ee T EPC cellel wild type VHSV. MOIL 0.1% 79 A171 & Al

7t ¥ 2 genomic DNAE #3838t 15% agarose geloll 50vZ F+ A]7F
¢t =9 stk Virus 29 ¥, 2443k ojldl = ofFd Wste &g

T AAARE 30413t o] FHE ASkA DNA fragmentation®| 7ol el
7] AlErskd e Alzbel weEl Alxuie]l DNAZE 22 243 5o yE

200bp Al A2 WMEZL A BoAl= As 2l & F Stk Azt

o

rr

2

| w2} fragmentation® DNA%©] @WolxHA] laddering? €2 2 &) %]
I AL $1Zo A yEF= genomic. DNAE] ko] Atz oz 7Hass

AE & 5 ok (Figure 3.)
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0 6 12 18 24 30 36 42 48 54 60 66 72h M

C 1. 5Kb

250bp

Figure 3. Time course of DNA fragmentation by VHSV in EPC cells as
assessed by agarose gel electrophoresis. Lane 1-13: DNA of EPC cell 0, 6, 12
A8, 24, 36, 42, 48, 54,60, 66-and 72 hours -post-infection, M: DNA marker
(Geneall, 1Kb)
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2. The concentration of inhibitors

Inhibitor A do|A Alg=E FTETE A7l ¢38te] pb3  inhibitored
Pifithrin-a ¢} pan- caspase inhibitor¢! Z-VAD(OMe)-FMKE Z}7} 5%
W2 A gstal VHSV MOI 012 A A 72A7F Fo genomic DNA
£ &dste] Hlaskd

Z-VAD(OMe)-FMK¢} Pifithrin-aE * 2] 3t group X+ inhibitorE *
234 ¢k VHSVWRE HE3F control 1ol H| 314 DNA fragmentation
o] Aol AdHo=m HA UERSw, inhibitore] - FE7F EolHFE
laddering®] ¥te] o A& AS & 4 2t} o]& T8}, pan- caspase
inhibitor?] Z-VAD(OMe)-FMK$] &% 10uM, 30uM, 50uM=Z 73}
31, p53 inhibitor®! Pifithrin—ai= 10uM, 30uM, 50uM?2] F=E AL-&3F%
t}. (Figure 4.)
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Z-VAD-FMK Pifithrin-a Control
1 2 3 4 M5 678 9M10111213 M

Figure 4. Confirmation of adequate concentration of Z-VAD(OMe)-FMK and
Pifithrin-a.

EPC cells were treated with various concentrations of Pifithrin-a or
7Z-VAD(OMe)-FMK for 2 hours. Then EPC cell except controls inoculated
with VHSV for 72h. genomic DNA was isolated from cell and analyzed in
1.5% agarose gel. lanel-4: VHSV infection with 5, 10, 30, 50 yM of Z-VAD
(OMe) -FMK treatment, lane5-9: VHSV infection with 3, 10, 30, 50, 100 uM
of Pifithrin— a treatment, lanelQ: VHSV infection with DMSO, lanell: VHSV
infection , lanel2: EPC cell with DMSO, lanel3: EPC cell

22
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3. Apoptosis A7} VHSVE rVHSV-ANV-eGFP

replication®] "] X & <3

7}. CPEAOl A 3}

Z-VAD(OMe)-FMK¢} Pifithrin-a”} 22} A 2] EPC cellel VHSV ¢}
rVHSV-ANV-eGFPE 77 MOI 012 F9A 713, AlZHPE=E genomic
DNAE £#37] & CPEE 2elstsitt.
247ZF 3 VHSVE H+£3 group> virusES HJ5oHA] &2 groupd =
ol 7ol UEhLbAl %Zskth. 36413 o] FHE VHSVY 3 E3 control cell
Az CPEE #& & 4 9213, Z-VAD(OMe)- FMK$} Pifithrin-a”7} Z+
2t Ael¥ EPC celll VHSVE ARl groupdl A& VHSVE 2 A

groupell Hl8to} CPEZF A UBHE s a5 Adddv. =3
“+ inhibitor®] & =7} Stoli ol we} CPEZF o @ol Wetw o, 724 7H4)

virus? HE3 group> 90% ©]el CPEZF el
£ A3 celldl A= CPE7F inhibitor &=l Wl 80-40% A== e}
s AS g & ¢ A}k 283 inhibitor?t A 2lste] & EPC celldl
A& virus®t inhibitor oFFRE A A 22 celld}t FAI AHE BY
th. Z2 FXE inhibitord g Al Z-VAD(OMe)-FMKE A& 3tal VHSV
FAAIZL celle] Pifithrin-a& A &stal VHSVE A AR cellZtt CPE7}F
AA HEFSL

rVHSV-ANV-eGFPel g CPEx= VHSVE HZFT 459 FAR
A3E YAk rVHSV-ANV-eGFP%  H%3F  control groups

N

N

[

HbH - 5 inhibitor

N
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VHSV = .t} CPE7} L) et A& g o,
7Z-VAD(OMe)-FMK, Pifithrin-as A 2]g cell®] CPE+ rVHSV-A
NV-eGFP% %3t control celll Hls] CPEZF =g|A JElES 313t
o Egk 2& X inhibitord# Al Z-VAD(OMe)-FMKE * s}l
VHSVZAA 71 cello] Pifithrin-aE * @ stal VHSVE ZAA1 7] cellEth
CPE7} A A eyt
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24h

Figure 5-1. Cytopathic effect(CPE) induced by VHSV in FEpithelioma
papulosum cyprinif(EPC)cells at various concentrations of inhibitor at
24hs post-infection.

A-C: VHSV infection with 10, 30 and 50 uM of Z-VAD(OMe)-FMK
treatment, D-F: VHSV infection with 10, 30 and 50 uM of Pifithrin-a
treatment, G: VHSV infection with DMSO, H: VHSV infection , I: EPC cell
with DMSO, J: EPC cell
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-
Figure 5-2. Cytopathic effect(CPE) induced by VHSV in FEpithelioma
papulosum cyprini(EPC)cells at various concentrations of inhibitor at
48hs post-infection.

A-C: VHSV infection with 10, 30 and 50 uM of Z-VAD(OMe)-FMK
treatment, D-F: VHSV infection with 10, 30 and 50 uM of Pifithrin-a
treatment, G: VHSV infection with DMSO, H: VHSV infection , I: EPC cell
with DMSO, J: EPC cell
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72h g

Figure 5-3. Cytopathic effect(CPE) induced by VHSV in FEpithelioma

papulosum cyprinif( EPC)cells at various concentrations of inhibitor at

72hs post-infection.

A-C: VHSV infection with 10, 30 and 50 uM of Z-VAD(OMe)-FMK
treatment, D-F: VHSV infection with 10, 30 and 50 uM of Pifithrin-a
treatment, G: VHSV infection with DMSO, H: VHSV infection , I: EPC cell
with DMSO, J: EPC cell
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24h

Figure 6-1. Cytopathic effect(CPE) induced by rVHSV-ANV-eGFP in
Epithelioma papulosum cyprinif(EPC)cells at various concentrations of
inhibitor at 24hs post-infection.

A-C: rVHSV-ANV-eGFP infection with 10, 30 and 50 uM of
7Z-VAD(OMe)-FMK treatment, D-F: rVHSV-ANV-eGFP infection with 10,
30 and 50 yuM of Pifithrin—a treatment, G: rVHSV-ANV-eGFP infection with
DMSO, H: rVHSV-ANV-eGFP infection , I: EPC cell with DMSO, J: EPC

cell

28
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48h

Figure 6-2. Cytopathic effect(CPE) induced by rVHSV-ANV-eGFP in
Epithelioma papulosum cyprini(EPC)cells at various concentrations of
inhibitor at 48hs post-infection.

A-C: rVHSV-ANV-eGFP infection with 10, 30 and 50 uM of
7Z-VAD(OMe)-FMK treatment, D-F: rVHSV-ANV-eGFP infection with 10,
30 and 50 uM of Pifithrin-a treatment, G: rVHSV-ANV-eGFP infection with
DMSO, H: rVHSV-ANV-eGFP infection , I. EPC cell with DMSO, J: EPC

cell
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Figure 6-3. Cytopathic effect(CPE) induced by rVHSV-ANV-eGFP in
Epithelioma papulosum cyprini(EPC)cells at various concentrations of
inhibitor at 72hs post-infection.

A-C: rVHSV-ANV-eGFP infection with 10, 30 and 50 uM of
7Z-VAD(OMe)-FMK treatment, D-F: rVHSV-ANV-eGFP infection with 10,
30 and 50 uM of Pifithrin-a treatment,G: rVHSV-ANV-eGFP infection with
DMSO, H: rVHSV-ANV-eGFP infection , I: EPC cell with DMSO, J: EPC

cell
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}. Genomic DNAA2] 4 3}

7Z-VAD(OMe)-FMK¢} Pifithrin-a7} 2t2} A 2l€l EPC cellel rVHSV-
ANV-eGFP¢ VHSVE 7 A 7]a1 A7 E DNA fragmentation®] 3i&l
= Zelstdh

rVHSV-ANV-eGFP2} VHSV =25 79 24438 Foli= genomic
DNAZe A ol ®WstsE w3z & o gidvh 28y 3641 Fol+=
virusW HE3 cell®] genomic DNAQ laddering@ o] YEY7] A 23t
&t} InhibitorE A 23k celle] genomic DNAQ] 7% virus%t HE3F cell
Hop #4438t Ao o AA vErEth =3 F F5F 9 inhibitor 25 F
7V Eobd % laddering GAFol AA vERE oW 60 %E T2A R A =
control cell?] DNA fragmentation®] #|EHo] ¢ Eo] YEHSZH control
o] zpol7t sHAsHAl YENS T Z-VAD(OMe)-FMK$} Pifithrin—a 10uM
S A et virusE #AAIZ T 7279 &8 3 genomic DNATE virus®h
AN cell®] Ao B[=RSHAl HEREECH, 50uMe A2 gF groupol A
A A& DNA fragmentationS #2 & = 9t}

Z-VAD(OMe)-FMK#$}_ Pifithrin-a7} s&=ell: oJgt zfeo]= UAIRE BL5F
VHSVel gt %7] apoptosisE AAAA F= S g & + AATh
a8 22 Al A Z-VAD(OMe)-FMK$} Pifithrin-a7} A 2] ¥ cell
9] genomic DNAZE H]uA] Caspase inhibitor®! Z-VAD (OMe)-FMK7}
p53 inhibitorE® # @3k cell®] genomic DNAX. Y} laddering® ={Elo] tH
A YeERsth. DNA  fragmentation’oll 4] Pifithrin-a= 364 7HA H-E
laddering &*4to] e} 7] Al ZbslE Wb Z-VAD(OMe)-FMKE 48A] 7F
AEE  Uelds, AJ7ke] AYd4=E Pifithrin-a7} *2l¥  cell®] DNA
fragmentation®] W=7} Z-VAD(OMe)-FMK7} A 2]% cell®] WMi=RT ¢

!
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A5 A JebgS g9l &dth. 28] inhibitor? A €3 EPC cellol A=
72X 7 74 genomic DNAAS] o} ¥ w3tz ¢lglem DMSOW &3k
control group® genomic DNAO| A %= 72A17F 74A] ofF-¥ W= A2 &)

A E3}A o} (Figure 7-1).
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Z-VAD-FMK Pifithrin-o
12 34567 M89104 5 6 7 M

(A)

i ' e e W Y W Rt A A A A

Z-VAD-FMK Pifithrin-a
12345467 M89104 5 6 7 M

(B)

' S bl e ol S o W e
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Z-VAD-FMK Pifithrin-o
1234567 MZ89104 56 7 M

©

-'—'~'4\..JHUU U.Ul_ukdub

Z-VAD-FMK Pifithrin-«
1234567 M89104 5 6 7 M

(D)

34

Collection @ pknu



Z-VAD-FMK Pifithrin-a

(E)

1234567 M8 9104 56 7 M

control
123 456 M

(F)

Figure 7-1. Analysis of DNA fragmentation from EPC cells at various time
after VHSV infection. (A-E: 24,36,48,60 and 72hs) lanel-3: VHSV infected
cell treated with Z-VAD(OMe)-FMK at 10, 30 and 50 uM. lane8-10: VHSV
infected cell treated with  Pifithrin-a at 10, 30 and 50 yM. lane4: VHSV
infected cell treated with DMSO, laneb: VHSV infected cell , lane6: EPC cell
treated with DMSO, lane7: EPC cell .(F) lanel-3: EPC cell treated with
Z-VAD(OMe)-FMK at 10, 30 and 50 uM, lane4-6: EPC cell treated with
Pifithrin-a at 10, 30 and 50 yM.
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Z-VAD-FMK Pifithrin-a
1234567 M89104 567 M

(A)

e W N Y e - wd S N N W N

Z-VAD-FMK Pifithrin-o
1234567 M89104 567 M

(B)

36

Collection @ pknu



Z-VAD-FMK Pifithrin-a

€

1234567 MZB89104 56 7 M

Z-VYAD-FMK Pifithrin-a
1234567 M89104 56 7 M

(D)
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Z-VAD-FMK Pifithrin-o
1234567 MZ891045 67 WM

(E)

control

123456 M

(F)

Figure 7-2. Analysis of DNA fragmentation from EPC cells at various time
after T VHSV-ANV-eGFP infection. (A-E: 24,36,48,60 and 72hs) lanel-3:
rVHSV-ANV-eGFP infected cell treated with Z-VAD(OMe)-FMK at 10, 30
and 50 uM. lane8-10: rVHSV-ANV-eGFP infected cell treated with
Pifithrin—a at 10, 30 and 50 uM. lane4: VHSYV infected cell treated with DMSO,
lane5: rVHSV-ANV-eGEFP infected cell , lane6: EPC cell treated with
DMSO, lane7: EPC cell .(F) lanel-3: EPC cell treated with Z-VAD(OMe)-
FMK at 10, 30 and 50 uM, lane4-6: EPC cell treated with Pifithrin-a at 10, 30
and 50 uM.
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t}. Inhibitor A8 A] A]ZF® viral titere W3}

Z-VAD(OMe)-FMK¢} Pifithrin-a8& A #&t3 rVHSV-ANV-eGFP%}
VHSVE MOI 01 #F3 & AtE 2 F59S #2359, plaque assay
£ FdstAh

T virus &5 control Z2&<¢ DMSOE A& 3lal virusE HE3 1&53%
DMSOE Agst# & virus® FE3 159 titer7b wf Albebr; AL
=A el o, 7 159 titers Y28 AY DMSOE A El8tal viruss
HET 2wol o o2 43S U lth

7Z-VAD(OMe)-FMK$}  Pifithrin—a°l 2|8t VHSV ] titer= control
groupE th wiAIZE A YERE oW 60AIZF o] Sl = titer?l M| SR =
FFE 2t Z-VADOMe)-FMK 50uM3¥} Pifithrin-a 50uM< =] 2] g
group®] ftiter7} 7H& A YElY= As B9l o Aot ad 2
A Ao A F inhibitorel] €3t titer: Z-VAD(OMe)-FMK=<S # @3 group
o] Pifithrin-a-& # 23t group? titerBr} Awt#x o= 85 Fol&g)
Z-VAD(OMe)-FMK <} Pifithrin-a°ll ' €] 3+ rVHSV-ANV-eGFP9] titer=
48A1ZF o] M 7FA] = control ‘groupEth Y kAIRE 4ARA]ZF o] Foll = 10uM
30uM< control group? H=EFAY FEw o oAt rVHSV-A
NV-eGFP9 growth curve= %7] 24, 36A1 A titers 7} & titere <
7} Zo] ZA W VHSVE gorwth curve: Alzbo] AU titer7} b
S7bakadth. Inhibitors A #ldta rVHSV-ANV-eGFPE #9 A7 group
o] titers7F= VHSVE titers 7443 4] Aok EF
rVHSV-ANV-eGFP2} VHSVE S 24A1 M4 Pifithrin-a< A 2] s cell9]
FEodoll A =3 virus? titer Z-VAD(OMe)-FMKS A 2|3 celle] 4

o o
= =

o
<
N

o,

Z Mo A A3 virusY titerBTF AhA o2 =4 e (Figure 8-1,2)
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Z-VAD({OMe)-FMK/VHSV

B 4
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Figure 8-1. Effect of apoptosis inhibition on final titer of VHSV

VHSV was inoculated into EPC cells treated at various concentration of
either Pifithrin-a or Z-VAD(OMe)-FMK. DMSO treated or not were used as
control of experiment.
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Z-VAD(OMe)-FMK/ rVHSV

-4
E
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Figure 8-2. Effect of apoptosis inhibition on final titer of rVHSV-A
NV-eGFP
rVHSV-ANV-eGFP was inoculated into EPC cells treated at various

concentration of

either Pifithrin-a or Z-VAD(OMe)-FMK. DMSO treated or

not were used as control of experiment.
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4. Inhibitord X< & 79} titerd 2l

Z-VAD(OMe)-FMK, Pifithrin-a + inhibitor®] *| <4 2 ¥} 9} inhibitor*] 2
Al virus®  HF  titerd] WEE dolrRy] 91 APE shAth
Z-VAD(OMe)-FMK¢}  Pifithrin-a&  A2]% rVHSV-ANV-eGFP%}
VHSVE #AA711, 443 CPEE Yetd o Z3 A4S 338k titers
=439tk Pifithrin-aS A28k groupe virusE HEF A 4-5L # o

CPEZb 9H413] vheh} 43ele 513 S AL, Z-VAD(OMe)-FMKS

AE5-6d A FFAE 7 & Atk Virustt HF3 groupd A+
25 3¢A e CPEZF &+d3] e ASds 3T F+ T d5dAs

Ro} titers FA3 A3 rVHSV-ANV-eGFP9 VHSV E5F control9]
titer 2.t} inhibitorg A 2k celll X @ Hvirus® titer’} T Zobd om,
5 virus®EF Z-VAD(OMe)-FMK 50uM A 2] 3 group°lAl titer7} 3874
= Eobow(P<0.05), Pifithrin-a A&l o)A titer7} o 2wl =obxl
t}. Pifithrin-a30uM, 50uME 23 = rVHSV- ANV-eGFPE 79 AIZ
group¥}Pifithrin-a 50uM= A& 3 & VHSVE

I wlaske] Fo]H o= titer7b Eobd S 22l st A tH(P<0.05).

N

FA A 71 group©] control
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Z-VAD(OMe)-FMK/ VHSV
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Figure 9-1. Final titer of VHSV depending on inhibition of apoptosis through
Pifithrin-a or Z-VAD(OMe)-FMK treatment. VHSV were inoculated into EPC
cells with MOI 0.1 after treating Pifithrin-a or Z-VAD(OMe)-FMK. The
supernatant were isolated at the point of entirely appeared CPE. Significant
differences were analyzed using Duncan’s methods. The asterisk on the bar

represents a significant difference at P< 0.05.
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Z-VAD(OMe)-FMK / 'vHSV
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Figure 9-2. Final titer of rTVHSV-ANV-eGFP depending on inhibition of
apoptosis through Pifithrin-a or Z-VAD(OMe)-FMK treatment. rVHSV-A
NV-eGFP were inoculated into EPC cells with MOI 0.1 after treating
Pifithrin-a or Z-VAD(OMe)-FMK. The supernatant were isolated at the point
of entirely appeared CPE. Significant differences were analyzed using Duncan's

methods. The asterisk on the bar represents a significant difference at P< 0.05.
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5. EPC cell¥ pb3HAA2 MDM2 A A2 Complete
ORF &2l

EPC cellol A total RNAE &3t A3 cDNAOA NCBIY
GenBankell &% Gobiocypris rarus (KC477763.1) partial, Danio
rerio(U60804.1), Salmo salar (BT058777.1)2] c¢cDNA sequenceconserved gt
F-8S Zo} conserveddt H-#S ZFol p53 degenerated primerE Al Zslo
RT-PCRE 3 ZA3 779p2 sequenceE Qo™  Danio rerio
(AF010255.1), Callorhinchus milii ~ (JN794076.1), Gobiocypris rarus (TF
KC477761.1)¢] ¢DNA sequenceE A= Hlauldlo] MDM2 degenerated
primerS #|#3}e] RT-PCRE 8 A3} 1344bp9 sequenceE 4 F+ <
ATt
°|¥, RACE PCRS &ate] 1855bpe p53 A& A9tk ORF
fragment= % 1113bp%E 371 -amino acids® T %ol o™ Barbus
barbus® Tumor “suppressor p533 79%¢] identity®= ‘}eEFH 3L, Danio
rerio® Tumor protein p533 74%¢] identity® eI MDM2 4
2= RACE PCRS &31912129bpe] MDM2 x5 Lt ORF
fragment= % 1440bp% 480 amino acids® TA %o AR 2™, Danio
rerio®] E3 ubiquitin—protein ligase MDM2 ¢} 87%9] identityE WERH A

31, Astyanax mexicanus®] ubiquitin—protein ligase MDMZ2-like isoform

X134 72%9] identityE WEFU AT
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ACTTTIITIITTITITTITITITGITCTCTTGCITTIGGCCCTTGCGCTGAGTCACTCGARACATCAACGL 70
AGCAAGAGCAACGAGATAACCGTTTTGGGAGARGAGGTCAGCARAGTGAATTGTCGCAAGTTTTGCGAAT 140
CTGAAACAGGACATGGCAGAAAATCCCGAGAGTCAAGAGTTTGCTGACCTCTGGGAGCGGAACCTCATTT 210
M A E N PE S QEF A DLUWERDNILI
CAGCTCCAGAAGGTGCCCCTTGT!.‘GGGACCTCASTG&TGAGIATCTTMTTCGCTCG&CCCAAGTTT 28¢
5 A P E G P C W DP»L 8 DE Y LTS SVLDUZPS F
HTTAGCTTGCTGACTGMCCGCCTCAGCCGTCCM:TTCCCCACCGLCCTCCACTGTCCCAATTGCEACC 350

- T e - - - - - = - = n P < T - - -

F S L L - & ¥ ¥ & P =3 4 e F T 5 I v F F

GRTI’AICCTGGCG&CCATGGG!'!‘IMACT CCAGTTCCCGCAG’! CAGGCACAGCCAAGT CTGTCACC!‘GCR 42¢

B Y P & E 6 P E L & F g5 & T & E S'V T €
CGTACTCCCCAGAGCTGAACAAGCTCTTTTGCCAGTTGECARAAACGTGTCCAGTTCAGATGGTGETCEA 450
IT¥Y 5 PE . E N XL EC QL AMK-T.CD.YQ HIFTH
TGTTGCCCCTCCTCAAGGETCGTTGCTCAGAGCCACAGCCATT TATAAAAAGTCTGAGCATGTGGCTGAT S40
ra. o P g 8 -5 T B LT & ¥ ‘¥ K 5B ® A D
GTGETCCEGECETTGCCCCCACCACGAGAGAGCACTTGATACTGATGGATTGGCTCCTCCTGOTCATCTGA 20
T ¥R pC 2.8 ER-E TP T E.E kDD 2RI
TCCCAGTCCAACCAAACTTCCCCCCTAATTACAACCAACATCACATCACCTCCACCCACACTCTACTCET 700
I RVEGNTL®RANTEYZ R XEDRDITSUZRHESTYUVYVY
ccccm-rcurcrccrcacc'rcmsmasﬂmmmnci'mumml:am'rccurmuec 770
P YE S P O L G ARE FIL YA ¥ ¥y M C N s s
TGCATGGGTGGCATGAATCECCGGCCCATCCT CACAATCATCACTCIGGAGACTCAAGACGGTCAGATAC £4¢C
C MGG M NR AP 1 7 £ 1 T RS ¢ 0 1
rcccccccamrccﬂcmmmcm‘rcccmccmmmmmmmmm 510
L G R R s/rugwt 3 B D RNKWPENE s N
CTTCAGGAAAGACCAGGAGACCAAAAC CCCTCTACCACCAAACGAAGTPTGATGAAA 330
F R K D J/o™a" T 5 B T K RSt M K
mrccwc'rrmrcmuc'rc GCCAGCAGTGATGAAG 1050
E £ & =& S al 1% o £
mrcnmcmmccm GAAGATTAACGATGGGTTAGA 1120
I Y TRl lvz I N 0% I =
ac'rcrccsaccrcmcmccu . CTGTCCAAAACCAAGAAA 1150
L $ D Vviwsir cW » i L § & I JE K
GAAAAAGATGGCCAAACACCTGAGCCCARAAGAGCCAAARAACTGATGCTAAAGGATGARAAGAGCGATT 1260
E KD G YW @I, E DU % v K /oWwp. ¥ s D
TTGATTAGGATGGTGGGATGCTGAAATAAARA/ mrcccccﬂnﬂccmnmnn 1330
GCCTTTATTTGACCAAAACAG CEACGTGATCCCTC 1400
Acrccrcnrcrcuum *Y3 ACTCC2 : GATCCAGAGAAGT 1470
TCTGTATGAGTAAGGCTAGTATCAGCTGEGTACTGE? TCPATCAGCATTAGAGAAGC 1540

ARTACTGGCCCATCATTTTGCAGACCTIG AR GT { GGCTTAACTATGTGTAGGAT 1610
TTTTTCCTCTGT!GTGGGCC&GTGCAGGTWCE!MCTCATAGTTTTTGCMTCGGGTTGMA 1680
GGGAGTTTGTTT T TGAATTGCTAGATGGCCAAATTGAGTTATACCAGTATTTITGTGACTTGTTGTATTTT 1750
GIAACCAGCTTTTITTTAAGAACAGAGGTATGAATAATAGATGATATGAGCAGTGCTGGTTACAAGCCAAA 15820
ATTTGAAAAAAAAARAAAAAAAAAARAAAAAMAAGT LG5S

Figure 10-1. Nucleotide sequence of p53 in EPC cell and deduced amino acid

sequence .The stop (TAA) codon is indicated with an asterisk.
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ACTTTTITITITITTITI TITT ITT I TTARACCATAGACTGGCTCTCAGCCGECTCCCACTCCTCACTAR 70
CCCAGAGCTCAAGCACTTTATGTACAGCTAGCAGAGTATATTTAGAGGATTTTTAGGTAGAATATCCAAT 140
TTACCTCCATTTGCACAGATCACTACARATATGCCAACAGAGAGTTGTTTAAGCAGTTCTCAGATCAACA 210

mmmmmcmmmmmmm 280

E 3 V FTHERVEFTD X 1. NS ¥ £ 1%
GACAAGCAGCAGCAACACATCGTTCACTGCGGAGACGATCCTCTTGCTCCTCTTCTTGGACTGAARACTT 420
P ¥ O 0O Q8 T V& CGEDALSGAYVY IS VY.ES

T @ $ T F S BE P RS QS EPDREG PG B TDS
GACTCTCGCTCATCTACCTCACAACAGCAGCGCAGGAGGACGAGGAGCAGTGATCCTGAGAGTTICTTCAG €30

dﬁTGTC??GGTGfGTGAICSECGGCETQcaBEGGG!GaGG3GGhABAGCGAGECTTCAGAIQCA§§CAGC 770
; v I G 5_a R LY il D A H .
810
SEQ
A 1050

1120

1810

leg80
1750
1820
TTGTGGACTTGGAGTGATGTTAAATGCATTATATCATACTAGAAATGTTTGTAATTATTTAATTTATGTA 1550
CATGTGATGTATTGGETTICTCCGATTTATGATAATTTGAGTTCTTTGCTGCACTGAAATGACTTTCTIGA 1260
GCTCTTGTGACACCCCTTTTAAATTGCTCCTCCTCTTGGGGGARATACTCCCCCAGCATTGTTTTCTGET 2030
GLAAAGACTGGCTTATT T TCTCTGAGTGAGGCTTAATAAATGGATTATTTTTGAGGCTCTTGGCTAARAR 2100

Figure 10-2. Nucleotide sequence of MDM?2 in EPC cell and deduced amino

acid sequence. The stop (TAA) codon is indicated with an asterisk.
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6. VHSV Z4¥93¥ Pifithrin-ad A pb3 A<}
MDM2 #d=te] &d 31l

EPC cell®] cDNAZXFEH & p533k MDM2 sequenceE HIE O =
RT-PCR& Primers A|#ta}ith. Pifithrin-a®] g9} VHSVZS 124131,
24717 & RNAE #8 3t cDNAE d3tal pb3+7 A2t MDM2--7 A}
9] primerg ©]&3ste] RT PCRe F-8stS v} Pifithrin-aE >3t 124]
7k, 24X 7F%-9] pb33E - MDM21 A AFe] ®H S control o HE] 25 A
st o, VHSV #1241, 24213 $-9] p53e] &2 control#}e] =}
o] 7} A9 FUAATF MDM2<J 745 o] 7Fa3t 3

£
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Pifithrin-o¢ - - 3 b - - Y +
VHSY

B-actin

P53

mdm?2

Figure 11. P53 and MDM?2 expression -during either VHSV infection or
Pifithrin-a treatment. VHSV was inoculated into EPC cell treated with
Pifithrin-a . EPC cell and EPC cell treated Pifithrin-a are Control. After 12hs
and 24hs, RNA was isolated and P53 and MDM2 genes expression was
analyzed by semi- quantitative reverse transcriptase PCR (RT-PCR). B-actin

gene expression was used as a control.
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2 yirusE 2830 F replications {3t SFAEY %7V

=

o

apoptosisE A = AAA7IAY A9 F7]9 apoptosisE FEE
mechanism< 7FA a1 .tF. Viral hemorrhagic septicemia virus(VHSV) =
st 7+ Al apoptosisE st Aoz 4z glor} apoptosisE 3}
= A3 mechanisma ¥4 A &tk Vero celldl Rabdovirusi+<
Vesicular stomatitis virus (VSV) 79 A, caspase 9% caspase 3°] &4
stev= A7 9l o (Patricia Gadaleta et al.,. 2004; Alicia F. Pearce
and Douglas S. Lyles, 2009), Rabies virus <+ caspase-dependent
pathway$} caspase-independent pathway= %3l apoptosisE 23t}
31 g (Sarmento, 2006). ¥ Ao A= pb3 inhibitor?] Pifithrin—a<}
pan-caspase inhibitorel Z=VAD(OMe)-FMK= & % VHSV 74 A,
VHSV W 79 A]Z1 control group®TF 5 inhibitorE A& § virus® %
G group?) CPE7} =g A LERSE o Pifithrin-a 2}
Z-VAD(OMe)-FMK7}  apoptosis®  ¢td3]  AAAZIA = RapAAT
apoptosisE A AA S gt}

Z-VAD-FMK *# A] Sindbis virus(Nava et al., 1998; Zhivotovsky et
al., 1995), Rubella virus(Pugachev & Frey, 1998), Sendai virus(Bitzer et
al., 1999) ,Poliovirus(Agol et al., 1998)°l 2]3F apoptosis®] A7} H 1%

oz Qo™ virusell 93] X+ apoptosis® A= virusel Aol
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d&FS Frha ¥ A Jth(Nava et al, 1998). Z-VAD(OMe)-FMK # 2]
= %3 apoptosis® 2 A= Bovine herpesvirus 19 €3l apoptosise] <
A st o™, caspase GAE E3F apoptosisT A E F3}e] virus particle
o AAPE FUMEAINE AELFEE virus® WES A
(Laxminarayana R. devireddy, 1999) , Maedi - visna virus®l <£]3%t
apoptosis 2 A= virus® replicationol] &= G S v XX A9 viruse] W
e s 7T Ae® dEA JuR. Duval et al, 2002). =3
7Z-VAD(OMe)-FMK A #& %3 Caprine herpesvirus 1 (CapHV-1)¢]
apoptosise] JAE F3l viruse] ko] F7F dFttar skt}. (U. Pagnini
et al., 2005). & oAl VHSV 74X apoptosis®] & A7} viruse
< titerol oW FEFES m A=A GotR Y] fste] ¢ Pifithrin-a ot
Z-VAD(OMe)-FMK A2 § VHSV#@AIZIi CPE7} ¢hdd38] uebuks
o S AS Rl titerS SA ST Pifithrin- a2} Z-VAD(OMe)-FMK-S

J2] 3k groupd titer’} virus® 9 AlZl control group?] titerol H&] 2-3
vl molxlom o] VHSVE ZAA]l &FA X9 apoptosis?t viruse
budding ¥} replicationdll -5 2.3 93-S 3= o= AztE)

p53 inhibitor?] Pifithrin-a¥~= pb3-mediated apoptosis®} pb3¥ HH =
FAxe] HALS JASHE  inhibitorolth.  Rhabdoviridae¥}Q!  Vesicular
stomatitis  virus(VSV):  mitochondrial apoptotic pathwayS % 3}¢]
apoptosisE FEdttt &4 A dom, Bel-29 IFEdEAA] VSV induced
apoptosis7} A H = Abalo] #elxlth.( Alicia F. Pearce and Douglas
S. Lyles, 2009). ApoptosisS F¥sl= vEZ =g ol dFo|E= Bel-2 A
o] A ol&] AW ™, tumor suppressor protein®l pb3 & Bcl-29]

ZH-d Fa3 9ade I (Cory and Adams, 2002). ©] uwjFo the

O

intrinsic pathway®] <273 <1x}2l p539] 9|3 apoptosis’} A= AO
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2 ®eolth B Ado)| A Pifithrin-ax 2]+ VHSV 93t apoptosisE A&
ARAoM viral titer7t FHEE AS G F AL pb3 GAA
Influenza virus 2ltiter’} S7Fstth= A3} AU X619 th(Zabeth Turpin et
al.,, 2007). VHSV #Z¥d % pb33} MDM29] #Hd & vust S o, p53 level
o

2 control group cellZ} =Fo]7F 1A TFH  murine double minute 2

(MDM2)¢] 2&lo] ZAghE &<lstsltt. MDM2% pb3oll thék ubiquitin

E3 ligase=M, pb3e] <tAA I} p539] transcriptional activity 4 3s=
negative regulator ©]tHWu X et al.1993; Levine AJ.,1997). ¥ Aol +=

MDM2¢l ¢fsf pb3e] A& ojAa 9lew, MDM2o| 4= pb3e =4
S Aoz K] ReA H i ol pb3e] levels T7HAIA ph3el A
315  F3 apoptosisE skt Human adenovirus®t Human
cytomegalovirus®l] 7@ A EZo|A MDM27F #A3sH o]= pb3e =4

=3} (Heng Yang et al, 2012; Chen Z et al., 2007)+= ZA¥}7F X
T2 A A VHSV #£9A MDM2e] #4E5 $3Fo] pb39 4S #
Z3ta A237)dE ol2un AZbEY. ¥y pb3S inhibitorE )&
gto] QA o2 oAAGAS Wl VHSVE apoptosiszZt AAES A5k

3, o]E %3] VHSVE pb3-mediated apoptosiss ## d Zo=w =

I

"Arh. a2EA 9 2AAME mechanisme oF2 AT7F HoUA] gor=
VHSVe 2]3t apoptosisel] thgt A57F o2 f Q3

Pifithrin-a®} Z-VAD(OMe)-FMKel| €]t VHSVel 23t %7] apoptosis
7F A= E W, VHSVE] titer7} ok 235 =W inhibitor? 2] #
rVHSV-ANV-eGFP9] HF titeret A titers SASAH. F
inhibitorell 2]3%F apoptosis@ A& &E3dlo] rVHSV-ANV-eGFPE VHSV ¢}
w74 2 Pifithrin-a¢t Z-VAD(OMe)-FMK-S A2 $ group?] titer7}
rVHSV-ANV-eGFPTF 7+ A1 71 control group? titerol] H]&l 2-38] o}
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AL Fgoldtea o5 E3Fto] Pifithrin—a2} Z-VAD(OMe)-FMK® A&+
rVHSV-ANV-eGFPo 93 apoptosisE &3] A sA = EstA vt =

d

7] apoptosisE A AAAL &2l . =3 VHSVE gorwth curve’}
Aol Aui= titer7t A F7FsEAIRE r'VHSV-ANV-eGFPRE ZFH A1
control group?] growth curve= Z7] 24, 36A17FA 9 titers 7t & titerd]
7 o] Zek=d], o]+ rVHSV-ANV-eGFP7}F NVFHAE 74 a1 Q1A
kol  %7] apoptosisE AEHA K37 wliweoz Bt Iy
inhibitorE #1831 rVHSV-ANV-eGFPE ZdAZl groups VHSV S}
Hl =23k FFo R 3eAIRolF el = titer7t H 2 F7FstATh o] E Fdt,
rVHSV-ANV-eGEP= NVHHatE glAwh <1914 0 & apoptosisE ] Al
3lo] F20S wl, VHSVSF 28 replications & 4 = Aoz AztdAc

p53¥} caspase inhibitorQ! Pifithrin-a®t Z-VAD(OMe)-FMK+= VHSV
9} rVHSV-ANV-eGFPel| 93 apoptosis=S A GAA# 2, apoptosis’} 4
Au= Al7IE =FEE QA viruse titer7t FEEHE= Aem A4HEY
A AZE L A+ recombinant viral vaccined BT HE Eol7] 95
adjuvant® AH&EAL. Z&5 =ol7] fIg WHS e Zlo] Faghd,
apoptosis inhibitor®] ~A}-8&- Eato] A A AHIL 9= recombinant
viral vaccined titers FT7HAFOEZN Zw O E&A WA ALES 7F

oAl & g e Aem I
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Viral hemorrhagic septicemia virus(VHSV)+< replication?] apoptosis&
23l = virus%s Shueltl. Apoptosisi= the extrinsic or death receptor
pathway ¢} the intrinsic or mitochondrial pathway & 7F#A 7 &ol ¢]aj
gtk ol F A Aol 2 HElE F+ VHSVE SFAE YolA
apoptosisE X5l virus® & A Lo apoptosisE Yo7 = AR
gk A7F wol ol Foix A &k 2 Aol = VHSVZE EPC cell
Yol A pb3-mediated apoptosisE &3k apoptosisE FEstEAS &2l
3t Ad S Ekdr)t. B Ae 2o A= reverse genetics system< ©] &3}
AN Z3 VHSVE A2t tH(VHSV-ANV-eGFP). Z12i1} o] A% virus
7} EPC WAl wild type VHSVel| H|&]| titer7} w0 &l
Vaccine®| 985 984 = vaccine AAte] 84S Eo

g

shdl], virus9 titerg =Y EN & AL

aly

Aol T8
ofiztsd Aoz st
At 2 AFoA = NV F8Ae] 7153 FALe Al 271 apoptosisE & A
st 4= A+ inhibitorE Azt ¥ VHSVE replication®} Wustil ZHF
titere] WstE Z2lskAt.

EPC cell®] apoptosisE A7 flste] FHLSHAl Caspaseol| 2H-&3)
= inhibitor¢] Z-VAD(OMe)-FMK$®} p53-mediated apoptosis 2
po3-dependent gene transcriptionsS 79 % o2 JAst=  Pifithrin—a &
Ao 2417 ot AA e 3 F wild type VHSVSF rVHSV-ANV-eGFP
7t HFATh virusE HES F, 24, 36, 48, 60, 72413 Al CPE

g 7z
2 ##3}3 genomic DNAS 223t DNA fragmentation®] <3S 3
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235l o™ plaque assayE §3te] 2 A7 viral titergs #elshSiTh

VHSV-ANV-eGFP$} wild type VHSV+=
AAo o3 titer’} LA FHFE  titere=

control group®] Hl& 2-3u)

e N

7+ 3L 7R = apoptosisY

inhibitorE # 2|3+ group®|

stol &l T3 semi-

quantitative RT-PCRZA o4 VHSV 7% A MDM2¢ w3lo] 7HAist=
&35kl VHSVOl 98k apoptosis7}

A% #ag 5+ g9k

= U= NS

pb3-mediated pathway=

induced apoptosis’} pb3<

A=

WASEAL F o A7 BAG A

Aelst F5H AR VHSV

W)

o7 Holth X3 VHSVE TS f8lA apoptosisE AFEslE Ho=

AZrE ) 219 A 2l apoptosis A S F3te] virus7F celleto] W EF&= A7t

-

S soldoR Q&) viral titer7t S7HE. Aoz FZSEU & ol AAabE

K
3

oz
r

of =, olejet of=e
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