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A B Hduto) B 2 (Japanese encephalitis virus, JEV)2] FZ AW A capsid (C), precursor membrane (prM/M), Y
envelop (E) T A 9] 5§13 ¢] ¥ 8- #) %} inducible expression system-2- 33} ¢ o}. "8 A £F 2= BHK-21
£ A14-319] 2.1 ¥ 9] inductionol] = tetracycline analogql doxycyclinee] A5 41 }. Transfectant BHK-21/IV
(vector ] &), BHK-21/IC (C), BHK-21/IP (prM/M), ¥ BHK-21/IEX G4185} hygromycin )} 3}ol] S-29 = %)
21 doxycycline inductiono] W& Z FAA}F2] mRNA AALE FQlslgdo. M X8 AAFZ4, chromatin
condensation, internucleosomal DNA fragmentation, ¥ flow cytometrys]] 2] 3t DNA content profile %48 %3
induction]] £ 3 7} F-Z A 2] A o] HFA| o] v X G 3-& A A transfectants TF A £ A
o] 7481 chromatine] -2-2-=] ¢ c}. 121} DNA fragmentation '{ DNA content profile 34 o]] A4+ BHK-21/IC
7o) inductionel] whe} AF-8-5e] W-2-3h41c}. o] 42} A JEV el &% apoptotic A EAPE FE71 4N A

capsid FHA o] AP A o)1 YA J¥ode] A £

=5 AA g
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A Fulol 8 X (Japanese encephalitis virus, JEV)E family
Flavivididae?| 314 E71E wiZix = 17t & 7935t
F2 AAHE Beols B4 vloleisoltt. JEVY F3AE of
11 kb®] positive-strand RNAZ o]Fo]x] lom(1) 5" o=
type I cap®] e} 3 TFo= poly-(A) til §lo], BEH
nucleotides CUZ =0}, 3= 21(2F 10kb) 3112 open
reading frame (ORF)¥ 5 Zde]l 997)€] neucleotides, 3' Hitol]
¢F 600 7§ neucleotides®] B AALE-9(untranslated regions,
UTRs)E E &34, ORFAlA L=+ polyproteine 35 =,
52 s & sRAE e blo]gie] AR A4 93
A= A Jl9 FD A capsid, C; precursor membrane,
prM; envelope protein, Ey@ A& 7He] ®FZeZ(NSI,
NS2A, NS2B, NS3, NS4A, NS4B, NS5)E A34HUh3,4).

zZt vl A e 752 e AEs] HeAAT ¥ske
), NS1 AL 97 ABEY gle FRRARA nlo) 2
Bale] 27)gA] g Aoz FHHATHIS). NSIE @
E3)FA, helicase, triphosphatase®] 7158 3hs Aog d#iA
Aom, ehiARS G40] J)golT NS2B7} HEQALE 2483}
= Aoz BuEQh7,12). £33 NS5¢] 71508 RNAFHE
4 2 methyltransferase 5°] B 115 o] Ath3,4).

nlo] 29 ZAEoe g <13 M EHH F IHcytopathic effects,
CPE) ¥ M A1 (apoptosis)®] WFAUF) tist 9771 <8 %
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9] glo|E|&E o] &3} o|FA|1 §low, 53] JEVE HIES
2o glojg A5 A niolzlA T@lAS} apoptosisE H TS}
sl Aty RAE) ook o)X el Hare) o33VA. baculovirus
2] p35, IAP= Al X 2] apoptosisE: = A E dHA U,
cytomegalovirus (CMV)9] IE1, IE2& p539] transcriptional
activitysS B2 A|3E2] apoptosisS T 20 Z HuEo] QL
TH10,23-24). I Z adenovirus®] ElA, 128, 138 A, E3,
I8 AL E4 D2(26), papilloma virus®] E2, E7 @A (5) 5L
ZHAA EA A apoptosisE FESHE AoE daEA Yok =3
sindbis virusell 2]3} Iytic infection apoptosisol] &3+ AL =
983z Ack(13).

JEVS} 2H2 familydll &3 QA= Hepartitis C virus (HCV)S
74 core, NS3, NS5 @14 52 ZgAX2] tumorigenesis=
=gtk o] BuFo] 3111(8,17,20), T3 JEVE] capsid}
2o 93-S DSl core ©HE-L apoptotic pathwaydl] T
3l apoptosisE FE=5FAW(19,27), ZAT= APIEA TNF
receptor2 -8 HEE]|= pro-apoptic signaldl] A&S ZHeE AFE
E =@ T HaEo] luk1s,17). 3, JEV 7ol
23t M AL} apoptosisel] &3 Aejgke Bavt AR31(14), ©]
25t e Ted] AIE wioF Al2ElolA] 8 opet FHE o] &
g FE EdoMx FZo| FRlE vl glo). ek ol anti-
apoptotic TR bel-29] FYLHo = JEV APl 23
apoptosisS A3, X474 (persistent infection)S FEITH= 1
A= AATH14).

JEVE HIE3}o thefeh ulole]so] vhil o] s Eo] A2
=54 2 A dsle] A e 7HFH0E Bojditia W
A k(16), -] RNA Hio]g]2=ofx] ojd thijdo] A X =]

REER S s |
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o Bgsie, NEe] ofH Ay} M2 Z-g3h=A]o] gt
33 zAlg= FEEo] A gt web B A7Felre JEVY
FreilE {AAE F29¢ste] BHK-21914] inducible expres-
sion systemrs T-5549al Ztzte] e /RS G
T Jehte AZAAESHH wiglel disf AR

ME Wy

HiO|2{A R M=

Ao AHER JEVE K94POSEH 19943 3= = A|ute]
AR AR T Culex triaeniorhynchusl| A 28 AL E IR
199 AAEA vle]H2AZRE AFLgich W FNEFEE
Baby hamster kidney cells (BHK-21)E AFE3lgoH, 5%<]
fetal bovine serum (FBS)2} 1% penicillin/streptomycin (P/S)®]
7}¥ Eagles’ minimal essential medium (MEM)Z 0.5% CO,
337 A 37°C A v gt ETh

]

ZCHNE REXe 22Y

A7 60 mme] MFEujdE7]od NE7} 70~80% =] TUF
HFAWE o) 1.0 multiplicity of infection (MOD] JEVE #
40 A7t ¥jgFE & RNA HEEH(S0mM sodium acetate
[pH 5.2], 0.6% SDS, 1 mM EDTA, 60 ug/ml proteinase Ky 7}
st AEE SYAAGCTE, 158). 839 AH¥X AL phenol
2 phenol/chloroform TR0 & Jg|ate] AF total RNAS
F23IIL 100% cthanol2 I, FASATE. SFG AF-FE
total RNA £98& 1U% RQ 1 DNase (Promega, Madison,
USAYE *2l3te] DNAZ 313] AASIAL ethanol FHOE
F A=A

¥ RNAY| 25pM9 random hexamer (Promega)E 4

genomic RNAE HASHTHO5°C 2 &, 4°C 58). 97| HF
A0 2 |mM dNTPs, 10mM DTT, 50mM Tris-HCl (pH 8.3),
75mM KCI, 3mM MgCL7} HE% 3 % 40 U RNasin
(Promega)®} 200 U2] superseript II reverse transcriptase (Gibco
BRL, Gaithersburg, USAYE 23 42°CollA] 1~2 AJ7F F2F vhe-
AHTE EER Fole 95°CAlA 583 JHAaLE B84
3} A7 JEVY E, pM, C RAAE Eoldeozm FE,
response vector (pTRE2hyg,

ol o

inducible expression system<]
Clontech, Palo Alto, USA)| E2J3h=d] A& primer sets

Table 1. Primer sets used in this study
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Table 19 UERJSITE PCR ¥H&-& HFZ o2 )] cDNA Rt
89 10%2F 25pM] primer 4l 3.3X reaction buffer
(Perkin  Elmer, Norwalk, USA), 1.5mM dNTPs, 6 mM Mg
(OAc),®} 2U2] rTth DNA polymerase (Perkin Elmer)& %
FaislHnt B2 AL 95°Co A 357 A denaturation &,
95°C 14, 45°C 30 &, 72°C 2 & $AE 30 cycle2 HHEgH
& 72°Co A 10 E7F HE extensione FAFET AAAE
DNAT 0.8%%] A-&8-8% agarose gel (Sigma, St. Louis,
USA) 271958 o83t Eelstsirt.

229 JEV 72U A S F38 = DNAE pGEM T-easy
vector (Promega)l] F293 T2, BamHIF} Salle AF&3l]

(A)
C pM E NS1 NS2a NS2h NS3 NS4a NS4b NS5
[T ] 1]
1 10963
JEV full genome

(B)

TRE2hyg/C
B-globin Kol e v/

oy B-globin

5,680hp poly A

pTRE2hyg/prM pTREZhyg/E

B-globin
6,799bp poiy A

B
5,800bp ,.,g.,"’A

Fig. 1. Schematic diagram of cloning strategy. (A) JEV full-length
genome. (B) RT-PCR products of JEV structural genes (C, prM/M, E)
were cloned into T-easy vector first, and then BamH 1/Sal I-digested
fragments were cloned again into tetracycline response vector,
pTRE2hyg (see Materials and Methods).

Target genes primers Locations in JEV* Sequence(5' — 3 Restriction site introduced
Capsid CAPS' 99-111 CGCGGATCCACCATGACTAAAAAACCAG BamH 1
CAPr2 465-476 ACGCGTCGACCTAGGCTCCGGCATA Sall
prM/MfF 477-488 CGCGGATCCACCATGAAGCTATCAAAC BamH 1
prM prM/Mr2 965-976 ACGCGTCGACCTAGGCTCCGGCATA Sall
Envelop Ef 978-989 CGCGGATCCACCATGTTTAACTGTCTG BamH1
Er2 1488-1499 ACGCGCTGACCTAGGCATGCACATT Sall

“NCBI GenBank accession: locus AF045551

®Bold letters represent translation start codons(ATG) or stop codons(CTA)
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ZehlA {14 $9E Zehfo] pTRE2hyg vector (Clontech)
ol T 298I (Fig. 1).

Regulation vector (pTet-on)2| transfection

A7 60mm ) FAEE-7]9] BHK-21 AE7} 40~60% HE
245S W transfection 33T AFLo A 100 uio] F83
(serum-free) MEM3} 10 ug9] lipofectin (Gibco BRL)-S &3}
o] 30~45 27+ WSS F, 100 wel T8 MEMH o 2 gl
inducible expression system®] regulation vector, pTet-on vectorS-
He EFEF F 4o 158 wWFsIHTE o] transfection
solution mixture= ¥ HIRZ AL Aol Hrlst] kst
F37°C, 16 A7), B2 transfection solution mixtureZ | A3}l
A MEM (5% FBS, 1% P/S)yS H7ls 48 XzF 5<F vieFs)
Ak AZE DNAZE =9E shte] NEZ2S dr] 98t o
1x10°9) AEE 96-well ZHCIEY 2+ A welld] seedingFl
limiting dilution method® 2L A|=3}91L, G418 (600 ug/
ml, Sigma)e] X3 MEMOE 3 F o|4t sl selection I}
Be S8

Response vector (PTRE2hyg)8| transfection

Regulation vector (pTet-on)2) transfectantol] T d {74}
7} =U= 7 response vectors (pTRE2hyg/E, —/ptM, —/C)S %
B3] transfection*| AT Transfection 2 A X S22 oA
¢} B3| 3™, transfectionol= 2+ 2 ug®] DNAE A}
23195tk pTRE2hyge= hygromycin WAFHALE z2t1 glo]
hygromycin (300 pg/ml, Clontech)®] 3% MEMOZE v %3+%

o 3 F o]} selectionS 3§ 3T

Induction

Z} transfectant E20) 4] Gld AHEL 934 tetracycline
analog?) doxycycline (Clontechyg AFESFHTHY). HFHe] Ax
E seedingdtiL 24 A17F E<F vt $(5% CO, 37°C) AF &
ol W} 0~20 ug/ml®] doxycyclines 7Vt 48~72 A3t &
St 7 ST,

MTT assay

96-well Zdo)Eo ZF transfectant 2 2X10° A8 23
seedingd}al 2 A7t Zoll MTT (5 mg/mi, Sigmays Hjokelol A7}
3tk thA] 4 AZHE wl9FEE 3 solubilization solution (0.01 M
HCL, 10% SDS)& kel 1:1 (vwE 78l 16 4130 ¥
ELISA readerS ©]-831od 2 well?] 345 E2I5l90.

Chromatin condensation =4

Z} 2X10°9] inducible expression transfectant A ¥E cover
glass’t 22 Q& 60 mm B|%-8710] seeding®til 24 ATt B
Hjekg & doxycycline 0~20 ug/mi-= A7F3IATE AlX7F 60~
70% HEe @dSS o]FH, AVHE PBSE ML 4% para-

JEV RO AESY 25

formaldehyde® 15 £} 1L A1Z) 2™, paraformaldehyde 1A
%, 0.1% NP402E 10 & < permeabilization? 7] 0.5 /<]
DAPI (1 pg/mi, Boehringer Mannheim, Mannheim, Germany) &
Bg Hrletd & M oFE FolA 52 G AF
How gGaE AFXE AU PBSE 2-3 I FHolE &
mounting solution® & MEE W3 HFHw| A (filter combina-
tion: 340/380 nm excitation filter, LP 340 nm barrier filter, Zeiss,
Thormwood, USA)S E3}a] FHatslitt.

DNA fragmentation £

Low-molecular-weight®] DNAES £2]3}7] $13} 2} inducible
transfectantS 60 mm BRFE-7]0) oF 2} 10° 72} MEE seeding
sk 24 A7 ol &, A EF ) mek doxycycline 0~20
ugimlS A7V ThAl 48~72 A7t Bt wikst et Ak
PBSE A& ¥ lysis buffer (10mM Tris-HCl, 5mM EDTA,
0.5% SDS, pH 7.45)%} proteinase K (10 ug/mhE AES £A|
713 AAEE(15,000X g, 30 ¥)9} phenolchloroforms %8t
L5823 AT RNAS RNase A (10 mg/ml, 37°C, 30
)& AA3 T 2F DNAT 1.8% agarose gel (TBE)IA 27
9502 459

Flow cytometric analysis

Z} inducible expression transfectant® 100 mm =) 8710l &
ZeE seedingdlal 24 A7+ vl &, doxycycline 0~20 ug/mi< Y
Aol FArystEct 2 AESF oF 70%~80% BE AFE )
PBSZ A A3}l 1ml 1 Xtrypsin-EDTA (Gibco BRL)E A2
Z 9mie] MEMSZ H-3315c} PBSE 23] ©f AMlE3 oS,
tmie] PBSOl X3l HAFTFT 70%2] ethanol® TAHAAT
(4°C 30 B~2 AIZF, = -20°C 2 A1ZE o)), a8 E HEE
PBS AH % 1°CY] propidium iodide (PI) -&5(10 ug/mi PI,
250 pg/ml RNase A: SigmayZ H718he} Lol x 30 7 44
3t} AlEZ 2} DNA contentst= FACScan (Becton Dickinson
Instruments) 2.2 241519 2| CellQuest (version 1.2, Becton
Dickinson)ell 213 20,000 7§2] M7} A= At

2 =

QI E ke Hlo[HA P= A FHXLL cloning

JEV K94P052] capsid (96~476: 380 bp), prM (477~977: 500
bp) B envelope (978~1499: 527 bp)th¥ o] HAJ ORFE
CMV minimal promoter, ampicillin % hygromycin W/3/JAE
7VA tetracycline response vector?) pTRE2hyg vector (Clontech)
o 2235 ckFig. 1). AZF plasmid] T+Z2HENE FHAE
£ cDNA §gell AH&-3t primero] EAISHE BamHIF SallS-2
A, AV9Ee g AE 7 AR 2718 gdsa, H3
HE A7 LE B3 response vector7t E3] AAHRU

=< AT HEA ).
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(A) M 1 2 3 4

B 1 2 3 456 M7 89101 12

500 bp —>
380 bp —>

Fig. 2. Detection of JEV structural protein mRNA from BHK-21
transfectants by RT-PCR. (A) mRNA for E protein (1499 bp). Lanes
M, 1 kb plus ladder; 1, JEV infected BHK-21; 2, BHK-21/IE2(-); 3,
BHK-21/IE2(+); 4, BHK-21/IV(+). (B) mRNAs for prM/M (500 bp)
or C (380 bp). Lanes M, 1 kb plus ladder; 1, BHK-21/IV(+); 2, BHK-
21/1P1(+); 3, BHK-21/IP1(-); 4, BHK-21/IP3(+); 5, BHK-21/IP3(-);
6, JEV-infected BHK-21; 7, JEV infected BHK-21; 8, BHK-21/
IC1(-); 9, BHK-21/IC1(+); 10, BHK-21/IC3(-); 11, BHK-21/IC3(+);
12, BHK-21/IV(+). (-) without induction; (+) with induction

Inducible Expression Cell Lines2| 7%

Z} inducible transfectant/} =YUE FAAES 2 AH3=H
£ E13}7] 8t RT-PCRE ©]&3t] LHE mRNAS AZE
89 t(Fig. 2, A and B). Transfectant A|EE 60 mm HjF& 7]
o} seedingdlal 24 At BjF &, doxycycline® £ inductiond}]
THA] 48~72 AZE B9 vl g8ta] MlEZW RNAS 2E31t) RT-
PCRAME =¢F DNA F-2HA}ol] 23l jekA(false positiveyS
viAEta FHE mRNATHS HEE F JEE J3r =
poly (A) taildll E0]&2 oligo dTE AHE3}I¥ oW, PCRol= &
Zigoll AFE-AEA primer setsE ARSI T

JEV ‘B’ 342 2zt3 Q)= BHK-21/IE2 transfectant®] 73-$-
wild-type Hlo|E 27} ZEE A 36 A1z ®@ Ao 9] @EAY
%9} HwEl induction §- FEFH BAMSY dlE 25 2 o|HA
< Ao g HodFQr} bl induction A17]X] &g AL
dl #i¥ mRNAS| Hdo] AR UTHFig. 2). JEV ‘prM/
M& H{3F BHK-211P13} BHK-21/IP3, JEV ‘C’ F-3HAE B
$3 BHK-21/IC13¥} BHK-211C3 MI7/He 8 RFA
induction®l] @} &3 AAF BR1EI)A|TE induction ©}F <]
mRNA &de] 714 Foia #e® BHK-21/1P39} BHK-21/IC]
& Aesle o]Fe] AFol A8 AtHFig. 2).
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Fig. 3. Cell growth curve of BHK-21/IV, BHK-21/IE2, BHK-21/1P3
and BHK-21/ICI. The number of viable cells are counted by MTT
assay as described in Materials and Methods. Solid line, without
induction; Dashed line, with induction

JEV 2 ZCHYA transfectants®f A&SM

Transfectants =5 induction ¥, induction ©]Zel B}l HAWEH
A AEAAF] =% Aol BEAHO MIT assay=Z 2
transfectant®] 434=+1-& ¥ w3t chFig. 3). JEVE] 7R
FAA7F ¢l vector plasmid (pTRE/hyg)$} regulation vector
plasmid (pTet-on)7t =YE HZ7T transfectant BHK-21/IVe] 7
Lol = induction § vll-$- 2o n} A XA ] 5} Hol=H],
o]Z& FEZEZ doxycycline Aol ofgh g3Fo =z grbg)
Hhdel PR A 3 vector/} EYH transfectantsd] 735, A
712 el mmolx] M EAA] dA S AstEls Aol )
L=

JEV T-=EHHE transfectantsS| chromatin condensation
JEVE] FEgwA gy JEV 72+gel 9% apoptotic CPES}
o WA Yohir] AT F PHOE JEV PEDUL tans.
fectants®] 3-8 DAPIZ 43} chromatin configuration®] H
3R E JolR It} Naive BHK-21 AIES] & Wo e o}
d W fidot, JEV AR E 74 T 40 AT 2FElA)
9k FREH© 2 chromatin condensation ¥/go] HAEATHAIEAY
2k, 3, BHK-21/IVO A induction A3} o] B3 wir}
AR gov, FRENAE §3H27F =YE BHK-2UIE,
BHK-21/IP, BHK-21/IC| A& induction &, 5 JEV 7G4 E
oAx F&AHE A= o]de] dAG chromatin condensation®] T3+

H2ckFig. 4).

DNA fragmentation2] 24
DAPI A0l 23} chromatin condensation?] #21-& JEVA] 9]
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BHK-21/IV(-) BHK-21/1V(+)

BHK-21/1P3(-) BHK-21/TP3(+)

JEV F2gedo] Ay=x 217

BHK-21/1E(-) BHK-21/IE(+)

BHK-21/IC1(-) BHK-21/IC1(+)

Fig. 4. Detection of chromatin condensation by DNA fluorochrome (DAPI) staining. Vector control BHK-21/TV cells (upper panels) and BHK-21/
IE2 cells (lower panels) were stained with DAPI as described in Materials and Methods. (=), without induction; (+), with induction.

M 1

2 3 4 M5 6 7 8 910 M

Fig. 5. DNA fragmentation revealed by low-molecular weight DNA
gel electrophoresis of JEV structural protein expressing BHK-21
cells. Lanes M, 1 kb plus ladder; 1, naive BHK-21; 2, JEV infected
BHK-21; 3, BHK-21/IV(-); 4, BHK-21/IV(+); 5, BHK-21/IE(-); 6,
BHK-21/IE(+); 7, BHK-21/IP(-); 8, BHK-21/IP(+); 9, BHK-21/
IC(-); 10, BHK-21/IC(+). (=), without induction; (+), with induction.

gt apoptosisel] B2 FEREWAo] AR Qe JlsAde]
AAE R o oo TE TFE apoptosis A EE AFFEE inter-
nucleosomal DNA®] fragmentation®] %5 FASFITHFig. 5).
JEV ZrEMFo A=, 74d T 40 A7 = o]m] 83 DNA
fragmentation©| -‘4'7“5]9}01/} BHK-21/IVell 4= induction AZ
25 naive BHK-213} Z2©] DNA fragmentation® }X.o]%] ¢kt
t}. 8, BHK-21/IE9] 7% induction FF EFolA Faih
DNA fragmentation®] THZEHA] ket BHK2I/IPAIME
induction®} F-33}A] DNA9] fragmentation®] WEPET} Capsid
mRNA7} L@ E= BHK-21/ICS] %% induction Hl % BHK-

21/1P¢} FAF8E AX9] DNA  fragmentation®] WHEFEA]RE
induction Fofl+= 1 A&7} A3 Z7F8iTh
JEV - ECHHE transfectantse| flow cytometry

AF7A|Y] doE v o R JEV T2E 2 E3] ‘prM/
M’ ‘)C’ Fo] BHEE tansfectantE oA LE= wWEbst
apoptosis®] 54204 ER18}7] 28 doxycyclin induction ¥ PI
2 g3ty ﬂow cytometry= ZAFSIATHFig. 6). JEV 7FaA]
5 FAE F 32 A7NA sub-Go/Gl FEe] Hlg©] zsiz]om
7P A 2421];—‘4?_] H3E Frdhe AoF vt iz
transfectant BHK-21/IVe] A% T2 Addore 2o 0]'7]]
induction HAZ oA W3IF ¢, BHK-2UIEO A=
induction ¥ sub-GO/Gl Wl&o] A& Z7}sle] oF 5% X,
BHK-21/IP A= <F 6% AEE ARSI} o9} &8 BHK-
211Ce) 7$-ol& induction F sub-GO/G1 Bl&o] HA 9 of
25% Ax=2 el A3 S8 ERTH(Fig. 8). ©] B
chromatin condensation % DNA fragmentation 23} TFo] A
&= RO ZMN JEVE] capsid D d =} nlolgi2el] FEH &
FA 2] apoptosis =712 ABAE HIF A AA AT

1]

a

B dAjdMe JEV FZEYAE, pMM, C) M EFES
tetracycline inducible expression systemS ©] &, JEV 7+ oA
HEAQA Iytic infections YERJE BHK-21 AHXo ZJAHA
7} e SPddc] AXe o W3lE doveA #
A&} T}, Transfectant chromosome DNA Aol A€ 2z 7z
A=Y #E1AEAMZ) ¢ doxyeyclin induction ¥ 2t
transfectantol] A2] 5t LZTWA mRNA HARS ©] system
of 2§ o]z wldel WEE 1M AABIATE BE, 7}
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Fig. 6. DNA content profiles of BHK-21 cells expressing JEV structural proteins illustrated by flow cytometry after PI staining as described in
materials and methods. BHK-21/JEV, JEV-infected naive BHK-21 cells; (=), without induction; (+), with induction.

Tz 3l oA S o] &t HFTLANES s}
= Bgo] FxHo g Paspovt A4d¥oF 7t JEV 7EY
2ol 3k So)gAle ofF] BHslE o] A B o] FA
= MEY siZsor & JEV 9 wdATe] Aot} €4,
22 transfectantsol] A= induction HolE 432 mRNA & o]
#wEE v dom o] tetracycline inducible expression
systemollA] F% induction §1°] TI§ B Fe] Duizo] wh
A= o)A Har(11,22)9F LISt

JEVE] A 7}A] RENEL HEAAE wol HA AAAH
t}. Transfectant )27 BHK-211ve] 7%, el AZ9 A+
Z71ol F3S v]X)= doxyeyclin®] &5HH EAdd| 7190% &3
2 @5 oiA )y, BHK-21/IE, BHK-21/IP, BHK-21/1C®] 79+

BHK-21/Ive} Blws=, @A A233e] 315 vetd 4%
= Z FEuE 2de o8 A A JFoz ddhEth
Measles virus, Reovirus Z8]3L HIV type 1 58 2% <5 Al
ol 72 Aol cell cycleS arrestr] 7] g2 doFitka K
mEo)A Utk6,21,25). ©] A% vlolalzrt X WZ Solrt
EAE she 3o AAEE Z7he] dajdo] ol ie] Aihs
ZEIAF17] A8 5 AEe] AE 4 vids FEE
o2 Yojuhs @Yoz olsH oA Ut ¥ ARl VEhd
AZ Qo] AA A o] B9 vlsg AR JEV U
A Zyzto] AE ARl AASHA F32 VA= ALE Hol ¢
Yozt AWEAQ X F7ldx Jeks v oz Aztent
2} transfectant®] chromatin condensation (Fig. 4) 43¢ 4]
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doxycyclin induction F %= BHK-21/IP ¥ BHK-21/E A=
opshul S-S Hole AL v £FEY Y Wi
710% Aoz FAEr). 31H BHK-21/IC2] DNA fragmentation
2 43+= chromatin condensation ZZ}e} w9 423140 H
induction A T DNA fragmentatione 9A] ol A153F A
Y g aFEo gud By o3 JEFFer FAHAG
BHK-21/1E9] 73-%- BHK-21/IPoI M ¢h= ¥R induction®} 7
3lA] DNA fragmentations VERAA] 230}, ‘B’ whajde] whado]
chromatin condensation®l] 1= ¥Hg HEFS 7]H O} DNA
fragmentationol| = 1% 2| F3l= A 0E AIHT.

ol F AAEL2 flow cytometryol| A ThA] E1ET giTh
BHK-21/IEZ BHK-21/1P9] 73-%- 242k} sub-GO/G1 HIE-2 8|
AT Z < 55%, oF 4% FEEA 2T vE] 843 Z71
5 UYehiRE @ttt whHel BHK-21/1CY 79 sub-G0/G12]
Hl= HAA L] oF 25%0) s|Z3te] A3 apoptotic popula-
tion2] S7}2 AAEGIT ©)E wild-type JEVO 213 sub-G0/G1
o v & F7te}t 58 50l AUTHFig. 6).

olxte] AFAMNE ulEO R JEV capsid T ZEE 43430
2] apoptosisE =8l SHE 29UE F i Ae=2 &
2= envelop 2 prM/M A2 chromatin condensation®] '+
AERY ol IS vXAT ZE AN 4383 sd=
apoptosis®] 548 RFEX] 23 o] GAEe] £FH LY
apoptosis F50 E@Aoy FFFoz AAY s #4
2 Ao 7 WY JEV TR Aol g AlxAYEEE #
AATFE AF3) AR o2 AmHolghor o AFore]
inducible expression system 752 3§ JEV FERAA s
AAEJA EAAT] 83 7150] B 5 A& ot v&o]
HCV| cores}t TUZ 23t 7]ddlM 2RSS JEVY
capsidell 3t Ho} 22 olsle &FMFe A4 FX o
3 RNA ulo|g2:E9] Ao7|7-& vhéled =ZA 7IosA €
Zloth(3).

Aol 2

£ AT7E 8 dEHHutola)2 sl Ee]F K94P0sSE AlE
T HHEAY ABAe s ZAEHY
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ABSTRACT: Cytopathic Effects of Japanese Encephalitis Virus Structural Proteins in BHK-21 Cells
Ki-Min Seong and Yong Seok Jeong (Department of Biology and Research Institute of Basic
Sciences, Kyunghee University, Seoul 130-701, Korea)

Inducible expression system for the three structural proteins, capsid (C), precursor membrane (prM/M), and
envelop (E) of Japanese encephalitis virus (JEV) was established in BHK-21 cells. Doxycycline, a tetracycline
analog, was utilized as an inducer. Transfectants BHK-21/IV (vector only), BHK-21/IC (for C), BHK-21/IP3
(for prM), and BHK-21/IE1 (for E) were selected and cloned in the presence of G418 or hygromycin. Tran-
scribed mRNAs for the corresponding genes were observed after doxycycline induction. Effects by the JEV
structural gene expression on the transfectants were monitored via cell growth, chromatin condensation, inter-
nucleosomal DNA fragmentation, and DNA contents analyses. Clear cell growth retardation and chromatin
condensation were observed in all three transfectants while only BHK-21/IC corresponded to the induction sta-
tus in the DNA fragmentation and DNA content analyses. Combined results, therefore, suggested that JEV
capsid protein should be one of the direct and independent factors in apoptotic cell death induced by JEV

infection.



