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Bovine Viral Diarrhea VirusE 0|&¢t ER-SSAME UsHE{Q| Tl

FHZ Q1 7HE v F3 eF gt A A <] genome project AT A ¥ A FAHAEY A7HNEE EUNZ YA T
A0 AAA Q] L 8= A 7% S 3] proteomicsol] #3F 472 R4 o] Wl FH I 9t ot
2}A], o] - post-genomics A| o of] T}k dt F7-2) DA 7) 53 424 Fl2A T AL A2 X
FFEEHNE AR LY E S RNA vlo] &2 24 ALA] vleo] & 2 (Bovine Viral Diarrhea Virus)®] infectious
cDNA molecular clone2 o] 43}« 73t} AA BVDVY) infectious cDNA molecular clone (pNADLcIns-)g
o] &-3}od puromycin 3 A) o] A 34 & v}ElY & puromycin acetyltransferase (pac) F-AA-E 414 3} recom-
binant full-length infectious ¢cDNA clone2 34314 v}. 34 ¥ recombinant cDNA cloned F3 22 T7 RNA
polymeraseZ- A}-8-3} o] in vitro transcribed full-length viral RNAS- 3141 3191 o). 314 ¥l viral RNAS] A} 71HE-A] o
3= MDBK 4| 2] transfectionA] 71 3, 2PZ metabolically label3 2 2 4] #1319t} =3}, transfection® M| L
dj A1 2] wloj A Tl W o Hi= ujo] ] Ao] o]0 2 -85l anti-NS3 FHFEFA & A1-&31 £43)
%7} =3}, infectious cDNA cloneg $-8-3to] M 28 EF-5BAE F-AA LA B o] AE-E A, A wlo|
Ar8 FEuA el vhel A28 A7FEASN DA A€ FoHack AW AR, A7e] PR FAA
Z- deletion} recombinant cDNA clone 2.2 3-8} 314 & viral RNAS] A}7HE-A| o] 2= pac Fr-AAL) HHARZ
recombinant ¢cDNA clone2 2% €] 34 3% recombinant viral RNAE MDBK M| ¥9)] transfectionA]Z] 3,
puromycin® 2 selection¥ 2 23] 3 4= 3131 t}. Deletion A ¥ A}, Z+z}te] F2dw A capsid € E0, E1, E2& ¥}
o]F 29 A7LEA o] L VAR Y-S & 5 AL o) BB, vlo]g 2] RE F XA S {4
deletiond} 3] & 7 -§-ol| = A} 7HEA] o = 8-S 7)1 A A g AL A E viral replicong: 0] 43 A oA & 5
1) e1¥ A 4 BVDVS replicon2- A}-§-31e] Z-H-552 THAE 284 AT 4 A=A A& 14
317] 18 A pac F-AH A} o] & o] luciferase F-H AHE Al-8-3l] MDBK Y HeLa, BHK A .of A 9] ufal 33
EE AZHHE 24T A3, BVDVS] replicons g $79] A G922 AL = U5S 45 U
o} 18] B2, RNA v}o| 8] 29] 311)q] BVDVS) viral replicong- o] -3l t}ofdt F79 X755 A X §4
:{ ‘%}?ﬂ‘lﬂ}‘i}iﬂ A48 4= 9182 2 post-genomics A o] TheFt F-57-9] @A 7)5-A Fol S =8-0] HE
7|4 8k,
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A dubd o2 ARSI Qe ERFEHE F-AAEE A
22 o 7AA7E YA, dlFE DNA blo]#]2:4¢] cyto-
(CMV)9] promoter 22 RNA wlo]g]2:%]
retrovirus®] long terminal repeat (LTR) promoterZ 7}3
DNA plasmidE AF o2 A Yo 4o, &7i3te]
g dds Pe R she FAAEE ALHoE ARSI
ATk AL, o] g FHAPEE Al2FES Ao AHEE
FopollA o= sz o] 7HA] &= thFstAl AMgE 5
Tk 53], 71€9 Al2dHe dEEgo] ¥, $PYEE =
A% £ glon, NAHAMES} o] T3 B AFAMe

megalovirus
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2 7)1%%¢ AR 34 Rk =G, 718 PHOE stable
cell line& ¥H5 745, 7139 A7to] 8= s 59 o7
FAHE] Atk

Flaviviridae familyx flavivirus, pestivirus, & hepacivirus2] A
M) oz FA= O} Flavivirus £l dEH Y vlolg|A
(Japanese encephalitis virus), 2 W >|g vlo]& X (dengue virus),
34 vlo]H2(yellow fever virus)’F THEZ 0B, pestivirus 2ol
= S0l BAAY A4S 7AE & AAPdule]E2~BVDY),
2 ] Falzpatol# 2 (classical swine fever virus), %] border
disease virusEo] EF-F AT o]9}t B0, hepacivirus &l
A hepatitis C virusTre] EFEo] ok ol nlolyie
single-stranded, positive-sense RNA H}o]g|2o]H z]Z <]ulo] u}
o] 229 capsid coreZ FEHAIL JTH(11,17).

BVDV Hlo]# 22 3lte] 71 open reading frameS Y5385}
= ¢ 13kb F719) Alw-E 7R JAok11). vpelglze] Tz
WAASL Ay T2 FoM 5 Lol Yxshs v, nlo]#
& Bx 3ol #odstes vlr2dwWAELe 3wkl Aeldar
A}, Open reading frame ]9 %, Al A& Fol nlo]gi
o] BA), g HAL, S50 #A3E 5 NTRI} 3' NTRY F cis-
acting elementE©] 1TH10,12). Cell-free translation system}
mammalian gene expression systemE-2- ©]-8-5}4] wlo]# 9] §
A7 «AE BVDVE] 7 thadt 2ol Btk NH,-N-C-E0-
E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH(8). YxH3
0.2, C (capsid)= 9714 RNA AF @A Z nucleocapsid
protein®| ™, E13} E2& Hlo]e] &2t gdmiz(3.9,18), NS,=
NS2-3 @il BefEae] Fof Fg, NS3 i de] NuT F
e 9 vlolglx YR EL] V)5S 7T JoH(14,
16,21,22), C-2d 9492 nucleoside triphosphase®} helicase®] 71
Tee 7T It} NS4AQ] 79, NS3 TR it dda
£5 FTHRATE BEaQ] 9EE st} vpARle 2, NSSBE
RNA-dependent RNA polymerase®] Gly-Asp-Asp motifS 7}%]
3 glen, E 1719 B4E FAld gEdS /X SHE
1} 2ATHS,6,11,23).

#H2] BVDVE X E3} pestivirusE oA BE njo|z|29]
infectious cDNA molecular clone®] A& o8 FAx]o] A4
EHQ FHAA pestivirus®] 71Z2ATF] AHHR] ABHE
A3ttt B3, BVDVE] 739 violef g iAol 2t
HA] cytopathogenicitys WEMNTHA A EE AFEA)F)= cyto-
pathic NADL strain®}, AFEA]71A] 2% noncytopathic NAD-
LcIns- strain®] isogenic virus pairl] TH3F infectious cDNA
cloneg #48h= Hl H3ToZH, o5 cDNA clone (pNAD-
Lelns-} pNADLYE S EZ T3l £579] IREEAE /4
AHEE systemS JNEBFILAL SHATE B3, o)y ATlxle vt
o229 AVIEA] Bad HAFO] genetic elementE 7F
BVDV] viral replicons AH-3td, sk f3AE T7 RNA
polymeraseE AFE3}] in vitro transcription®.E UL RNA
moleculeZFE] TS A|Z8= RNA-launched gene expression
system©. 2 7f&5} 3 3T

TREEAE IEEy g7
WE ¥ Y

Mz HfeF

MDBK (bovine kidney cell) Al|E+= 10% horse serum 9
sodium pyruvate, penicillin/streptomycin®] ¢ = D-MEM uj
Aol vl kstdch. BHK (hamster kidney cell) A= 10% fetal
bovine serum % vitamine, L-glutamine, penicillin/streptomycin®]
£ & oMEM iAol ¥i3}ATh. HelLa (human cervix
cancer cell) AMXEE 10% fetal bovine serum¥} penicillin/
streptomycin®] 0= D-MEM BJR]ol| v bl Al Enfor
Al AHEE B2E A2EL Gibco BRL Life Tech. (Gaithersburg,
USA)ZHFH T4ttt

Plasmid M| =

Ho AEHozm FAHE BVDVY  infectious cDNA
molecular clone?] pNADLclns- (7)2 ©]¥ 7o) ARE-SlHT
Infectious ¢cDNA clone pNADLcINs-jpace 37 HslA
ubi-pac-EMCV IRES cassetteE pRS2 subclong vector®] HA|
PCR F2Z cloningS 3to] A7 1MEE #2189t PCR =
ZoA oA Zrzhe] Wkl AGHEA A2] Sph 1 Sac 1 AT
3o ®, EAQ cloning BAINA o] ATELE o]-83)]
infectious cDNA clone pNADLcIns-*l| 4+ sIAT).

Infectious ¢cDNA clone pNADLcINs-pacs ©]-83t4 BVDV
Zyzbe} UM A(C, B0, El, E2)5S PCRE E38 in-frame
deletions 74 recombinant cDNA clone= 3433} Th PCR ®H
SA] AFEE oligo primerSS T At vlo]# 29 capsid
€) ©Hde] {FAHRE AAHEY ZH-P(PNADLclns-/pac/AC), 5-
GAT CTC GAG TTC AAT ATT GTA CCA GTT-3, ¥ 5-
GAT AAG CTT GCA TTG TTG GCG TGG GCA-3', 5-GAT
AAG CTT GCA TTG TTG GCG TGG GCA-3, 5-CTT AGG
TCC CAA GTT ATA-3'F AMESte AAE SEFAES F
BIAT). o]t DNA cloning BAIS B} 983 slar, o]
48 47t in-frame deletionS AZF3I=T AHE317] S8l
A AZHEAS] Hind I AR AHEE oligo primerdel] 22 X
AN AAE Aol M=2e] AS)Etdtt. vielel 2] Eo Tdid
o] fFAAE AAYT Z-$(pNADLclns-/pac/AEQ), 5-GAT CTC
GAG TCC GGA TGC TAC AAT AGT-3, % 5-GAT AAG
CTT GTT CCA CTG TGT TAT GTT-3, 5-GAT AAG CTT
GGC AAG CAG CTC GGG ATA-3', 5-GAT CTC GAG CAG
CTG TTG TCA GCT CCA-3'E AMEsto AAE YHEAES
FE31a, 22 Hind MAEE Y3t vlelzl2e] Bl @
NF 9 FAAEZE AAL 7$(pNADLclns-pac/ JE1), 5-GAT
CTC GAG GGG CCC CTG CAA CTT TGA-3', ¥ 5-GAT
AAG CTT TTT GCG ATC GAC ATC ACA-3, 5-GAT AAG
CIT GAG GTA CTA CTA CTT TCT-3, 5-GAT CTC GAG
GGC CGG TCC GTT CAG CAG-3'Z ARgsle] A7AgE n
AEL ZHE3l0, NES Hind ARS8t vlolg| 29
E2 @i Ee] {dAE AAHY H-2-(pNADL-cIns-/pac/ FE2), 5'-
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GAT CTC GAG CAG CTG AAG TAA TAC CAG-3', & 5-
GAT AAG CTIT GGC ATA CGA GAA TTC AGG-3', 5-GAT
AAG CTT TGG TTT GAC CTG GAG GTG-3', 5-GAT CTC
GAG CTT TAC GCT CTC CTC CCT-3E AME3le] AAE &
% R5g FE30, M2 Hind IIARIE ASJ8HATh o3
Al S5 vlo]g)~2] DNA BHES UuHARI DNA 2§ 7
-8 Al83&ke] pRS2 subcloning vectordll Al 71 EE ER1SH
% pNADLcIns-2] infectious ¢cDNA clone®l =33t o]
A3} vlol#] 29 capsid, ¥ EO, El, E22] @71 EFNA nt.
2494-2718, L nt. 2794-3384, nt. 3484-3618, nt. 4072-5016 F¥
7V Zvzt AAHJATHAZIAES] AEE BVDV Hio]g| X9
NAD-Lclns- straing EWE ¢, AAH vlo]a{22] I7i4d
e 7 DA 9 topologyE 21E3] LEsle AASHAUTE 9
o A wpolg]ze] zp FRTWMAC] deletion® Wl 7129 viral
repliconS3 7, ntelg|e] 72 A(C, Eo, El, E2) BF
7} deletion® viral replicong AZ2¥5}7] ¢34 pNADLclns-/
pac/ACS} pNADLcIns-/pac/AE29} in-frame deletion TAINA] Al
Zo) A9 Hind T AEHHE LA S o] 88t pRS2 subcloning
vector® AA pNADLclns-pac/AS (Fig. 5)Ekal Sh=  viral
replicong AZgsIAT).

In vitro Transcription

oF 1 ug?] wild type =& recombinant cDNA plasmidE Sda
1 AIFHEAE o83l AU OZM jn vitro transcriptionr] 2
23 run-off siteE TEATEH ol F, ATEA WAL 200 pg/
ml proteinase K&} 0.5% SDS9} 3 15 A3+ B wllFAIZ]
&, phenol-chloroform®.Z FZ3}1 ethanolZ HAAIZI &, 10
w nuclease-free dH,00 S 224 RNase-free DNA template
ZH|8lth.  Transcription® 7.5 mM dNTPs, T7 RNA
polymerase (New England Biolabs, Beverly, USAYE°] Eoi%)=
20 wl RFEHE 37°Col| A 1 AIRE Bt wl ket oA A4
% viral replicon RNAE 2.5 M LiCIE AR&-3Fe] —20°Co A 1
AIZE SRF AAAZIAL, 14,000 pmoll A 1 & FRF A4 E3H
o} 22E RNAE 70% cthanolS A28t salts A AT &,
20 pl nuclease-free dH,00 53Tt ©] A3 §4E RNAS
denaturing formalde-hyde-agarose gelE AM&3t A7|H9EF
ethidium bromide® 323} 13} ),

Transfection

2dH viral replicon RNAT DOTAP lipofection reagent
(Bochringer Mannheim, Mannheim, Germany)S AH&5}4
transfection®] 7] /] 1}, capacitance extenderE 7}Z gene pulser
(Bio-Rad, Hercules, USA)S AF&-8} electroporationA] 1 S 2 A
Q194 o2 MDBK, HeLa, ¥ BHK A3 Y2 AYAIAT-

DOTAP lipofection reagent® AME-3}q lipofections & 7%,
2.5 pg-5 ug® RNAS} 50 ug DOTAP-S 20 mM N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid (HEPES, pH 7.4)7} E&
200 p REEAe 5 & B A2olA wfFeA. wheele
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5 ml OptiMEM 1 (Gibco BRL, Gaithersburg, USA)ll 3]23A]
71 &, OptiMEM 194 4 A7t B2t WiYkd MDBK AlE 4
off ojmAr} 16 A7 &< widE -, OptiMEM 12 10%
horse serum (Sigma, St. Louis, USA)°] ¥ &% DMEMOZ
R A=

Gene pulser® A}8-3}] electroporation® 7%, 70-80% A=
737 A& MDBK % HelLa, BHK A¥E trypsine AHE-3}
o BiFEAINA EEe og, 107 celims] BEE 10% horse
serum= E33F Hanks MEMO|Y} 10% horse serumS ¥ &3
DMEMol} thr] F8]3} ) 2.5 pg-5 ug viral replicon RNA
o} #ul" HEE 4L U8 04-cm electroporation cuvette
(Bio-Rad)oll &3 & 300V (750 Viem)2} 960 uFol)x A& &+
W electroporations AAISHTE o F, AEXEL 8 mi9 10%
horse serumS ¥313 DMEMC 2 27 okl et

Western blotting

Viral RNAZRE] translation® 27} 7HEo|% vlo|g]L Tl
o] BHHA{E-E EX5te WHCE viral replicon RNAS] X|7HE-
Ao BE EAEAT} Transfection ©]-F 72 Al7ro] HAe}H-S
o, transfection® AE2] cell lysateE sample buffers ©]-8-3}
lysis* ) H T AAHNA S-S SDS-polyacrylamide gel electropho-
resis® F2]¥F & nitrocellulose membrane®l] transferdt Tha
primary antibodyZ mouse anti-NS3 TEFEIE AME-5td
nitrocellulose membraneS decorationd}$]Th. Primary antibody =
decoration® membrane> HRP-conjugated rabbit anti-mouse IgG
antibody= E3} T} Decoration® BVDV Hlo]# 2 NS3 T
& ECL Hh3-& AHgsto] 2dER-7-2 E4sialtt

Puromycin selection

Wild types BIESH TheFet E72] recombinant viral RNAS
o}ek3lk M FEof| electroporationd}i, transfection® ML 1/10
6-well platedl] seedingdlSAtth. 12 A)ZYo] ZAREE o]F 10 ug/ml
puromycin® 10% horse serum®] ¥3¥H D-MEMOSE selection
< STk Selectiono] A1ZHEA 3-4 A AAAS W, 7.5%
formaldehyde® TFA|Z] 3 5% crystal violetoF AEE HH

Sttt

Luciferase assay

Wild type H]23F TF3F 79 recombinant viral RNAZ
transfection® A|3EE 6-well plateol] seeding 3+ PBSE F ¥
washing 3} A|E= 200 we] lysis buffer (25 mM Tris-HCI
pH7.8, 2mM DTT, 2mM EGTA, 1% [v/v] Triton X-100)Z A}
Bto] FHlslaL, A2ollA 20 BEt Mt 1 o cell
debrisZ A AT YA cell lysateS 2 E3F 12,000 rpmolA]
AAEEBS FEHE ATk 1020 WS cell extracts: 100 w
9] luciferase assay reagent (20 mM Tricine, 1.07mM (MgCO,),
Mg(OH), * 5H,0, 2.67mM MgSO,, 0.1 mM EDTA, 33.3mM
DTT, 270 UM coenzyme A (Sigma, St. Louis USA), 470 uM
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luciferin (Promega, Madison, USA), 530 uM ATP$} 4Jo]A &
ulZ [uciferase activityS luminometer® =43} relative light

unit (RLU)Z UERAIH.

2 1

Selective marker?! puromycin acetyltransferase (pur®) %
X}& Waish= infectious cDNA molecular clone2| &4

o] AFAE o dFHoz FdE BVDVY infectious
¢DNA molecular clone?l noncytopathic (ncp) strain® pNADL-
cIns-(7)8 AH&-8H%TE Fig. 1A0] vEld 33} o], BVDVY
A7HEA 78 E=4A 7] H3A selective markerd] puro-
mycin acetyltransferase (pac) F-3AE vlol# 27} EAE wfvk
o] HEE DNA AXY 71EE o83t Adaict. A
F 3Rl ZAleHAl ARe 25t 2o, A Pac ©HA
o] N-ZTS HEetA HalA7]7] YA MEL] ubiquitin (ubi)

(A)

pNADLeclns -/pac

IREFEAE EEHE 89

FHAAZ pac A& 5 Dol in-frame2 2 4FY 3 THFig.
1A) (19).

WA infectious cDNA clone®. Z45E T7 RNA polymeraseS
AFE-8A i vitro transcriptionS- $8) $4J¥ T}EEQ] viral RNA
2 1 ugs A719%F F, ethidium bromide® G2 F3) Flst
AchFig. 1B). FAHE 1-2ug®] viral RNAE MDBKAX|
electroporation O Z transfectionr|Z] F, 2P WAMA T4
22 metabollically labelling® viral RNAS ®X|3} viral
RNAS] Z74EA] FF5 &AstAthFig. 1C). %3, trans-
fection¥l MDBK AIEoA 9] npolejx whfde] RS
43171 9304 BVDV NS3 @i dol| Fo]stA REE3she
anti-NS3 @EZ2AE ©]-83}c] western blottingE T34 &
F AAHFig. 1D).

Infectious cDNA clonedll AUH pac FZA7} nfol&2 #7}
EAA| Pac T ] HHR{FE goliy] Y34 focus assayH
38} thFig. 2). ©] AEL #8A WA ncp straind] NAD-

INS4A

3'NTR
NS4B| NS3A NS5B

Xhol Sac | Sac | Sac |

*.<
5 NlR

(B)

©

(D)

§— DNA template

In vitro
¢ transcribed RNA

= Genomic viral RNA

Fig. 1. Generation and analysis of infectious BVDV c¢DNA clone pNADLclns-/pac containing puromycin acetyltransferase gene (pac). (A)
Schematic diagram of pNADLcIns-/pac cDNA as described in Materials and Methods. (B) In vitro transcribed viral RNA using T7 RNA
polymerase. Lane 1, 1 kb DNA ladder; lane 2, 1 ug of NADLcIns-/pac viral RNA. (C) ¥P-labelled NADLcIns-/pac genomic viral RNA from
transfected MDBK cells. After transfection as described in Materials and Methods in detail, one-third of total cellular RNA from a 6-well plate was
loaded in a 10% glyxoal-agarose gel. Lane 1, mock-transfected; lane 2, NADLcIns-/pac-transfected. (D) Cell lysate from either mock-transfected
(lane 1) or NADLclIns-/pac-transfected MDBK cells (lane 2) was separated by 10% SDS-PAGE. BVDV NS3 protein was detected by a mouse
anti-NS3 antibody (G40), and NS3 protein was subsequently visualized by a HRP-conjugated rabbit anti-mouse IgG antibody and ECL reaction.
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Mock
Infected
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NADLclns-/pac
Infected

Crysral violet
staining

Immunostaining
(0t49Ab)

Puromycin
Selection

Fig. 2. Expression of the pac gene inserted in pNADLcIns-/pac cDNA clone. MDBK cells were mock-transfected (1, 3, 5) or NAD-Lclns-/pac
viral RNA-transfected (2, 4, 6). Transfected cells in a 6-well plate were incubated for 3 days. Viable cells were stained with 5% crystal violet
solution (1 & 2). Immunostaining of NAD-LclIns-/pac-transfected MDBK cells using 49 BVDV antiserum (3 & 4). Transfected cells were

selected with 10 pg/ml of puromycin by adding to the overlaid agar (5 & 6).

Lclns-/pac ¥Fo|#& 225 MDBK AlX¢)] Z9F 0.5% overlay agar
E Ht} FEF 72 ATte] AHg v, HEE Ax2E 113
A7), crystal violete 2 Aopd-e MEES NS TFig. 2,
2). A€ A3}, mock-infection® A|ES} BIWE] R4S W, nep
strain®] NADLcIns-/pac HFo|2]2=7} ¥l A2 A o Z4gld
2 cytopathic effect= 3 ENIA A ThFig 2, 1-2).
Cytopathogenicitys WEMA] &+ nep strain®] vlol2is A7HE-
A FF5 BVDV ulel# 2 o) EoldhA HHg3SE anti-
BVDV antiserum (c49yS A3t immunostaining 23 A3 &
T AATHFig. 2, 3-9).

Infectious cDNA molecualr clone@ZFE{9] pur® {FHX}o|
g

AZFE infectious cDNA molecular clone® ZHE Hlo]e]X
o] A7REAIA] AYE selective marker pac AR} WHS=
Ao ARE B437] A e 22 AP ST WA
MDBK A¥E 7z}7} NADLclns-pac HIO|21 A8 A7 &
0.5% overlay agarg 93t} violaja g ¥ 48 AJgto] A
3 T2, 10 ug/ml F=2] puromycin®] FH71R wjgH-S A1-83}

of 3 U7+ wkElAT) 21 A3, nep straingl NADLcIns-/ac b
oj#]27t EE ME= puromycin FAA N A o] U= Al
XE0] colonys EFASIHA A (Fig. 2, 6), A& 7+
HA e MEe FAA JeliA AFEatAckFig. 2, 5). et
A, o] A% AIZ infectious cDNA clonedl] AYE pac AR}
7} BVDV slo]g]2e] EAA HElE-E & 5 AUt

BVDV X750 B 28t | A 52| genetic element2] 4]
BVDVY] genome Hpol2|2o] FxGHNA(C, EO, El, E2)%
B} L2 Z(NS2, NS3, NS4A, NS4B, NSSA, NS5BYS ¢h&.s}
3 e fRAER s 7 Aok 9 4F A Axdd
pac selective marker® 7} infectious ¢cDNA clone ©]-8-3}c]
npoleix bl o] utolgj2e] A7HEAlH] B4l A9
ARE A7) HlA AZe] FRDHEAS infectious cDNA
clone’doll A 2 eld o] topologys 4l53] J1aiste] AASIH
THFig. 3A). o12A AZFE recombinant cDNA clones 3
07 AMEE}d T7 RNA polymeraseE ©]-838}c] g 2 WHo
AAB] 7148 A 220] in vitro transcriptions 3] THEFQ]
recombinant viral RNAZ 41319 tHFig. 3B). theo.2, 4%
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(A)
pNADLclns /pac

FREEAE IEY 91

5' NTR

e No© [ C TEO [EI JTE2]NS NS3  [NS4AJNS4B[ NSSA | NS5B |

pNADLclns /pac/ AC

5'NTR EMCV IRES ]| Npro t

E0 | E1 BIEES

|NS4A|NS4B| NSsA | NSsB }ﬂR

pNADLclns /pac/ AEQ

[aTer [e2fNsd Ns3 [Ns4A[NS4B] NS5A | NSSB jammi

NS3_|NS4A[NS4B] NS5A | NSSB e

Z

S3_ [NS4A[NS4B] NSSA | NS5B |ammem

(B) 1

DNA template \

Invitro
transcribed RNA

©

NS3 =——pp |

Fig. 3. Identification of the minimal genetic element required for BVDV viral replication. (A) Schematic diagram of recombinant cDNA constructs
containing a deletion in the BVDYV viral structural genes. (B) Recombinant viral RNAs were transcribed by using T7 RNA polymerase as
described in Materials and Methods. Lane 1, NADLcIns-/pac; lane 2, NADLclIns-/pac/AC; lane 3, NADLcIns-/pac/AEQ; lane 4, NADLcIns-/pac/
AEL, lane 5, NADLclIns-/pac/AE2. (C) Cell lysate of transfected MDBK cells were separated by 10% SDS-PAGE. Expression of NS3 protein was
confirmed by westem blotting. Lane 1, mock-transfected; lane 2, NADLcIns~/pac-transfected; lane 3, NADLcIns-/pac/AC-transfected; lane 4,
NAD-Lclns-/pac/AEO-transfected; lane 5, NADLcIns-/pac/AE 1 -transfected; lane 6, NADLcIns-/pac/AE2-transfected.

recombinant viral RNAZEE] vlo|g|2 X7HEAR Q3] ¢z
o] HH= A9 qRE HrI8IAh ©]F H3f recombinant
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AE1, NADLcIns-/pac/AE29] recombinant viral RNAZ} transfec-
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A) (B)

- Puromycin + Puromycin

©) (D)

- Puromycin + Puromycin

8 -9

Fig. 4. A deletion in the viral structural protein of BVDV does not affect viral replication but abolishes infectious viral particle formation. (A and B)
MDBK cells were mock-transfected or transfected with various recombinant viral RNAs described in Fig. 3A. Transfected cells were seeded in a 6-
well plate and incubated in the absence (A) or in the presence (B) of 10 tig/ml of puromycin. After selection, viable cells were visualized by
staining with 5% crystal violet. (C and D) The supernant obtained from transfected cells were used to infect naive MDBK cells. After 24 hr post-
infection, infected cells were incubated in the absence (C) or in the presence (D) of 10 Lg/ml of puromycin, and stained with 5% crystal violet. 1

and 7, wild-type NADLcIns-/pac; 2 and 8, NADLcIns-/pac/AC; 3 and 9, NADLcIns-/pac/AEO0, 4 and 10, mock; 5 and 11, NADLcIns-/pac/AEL; 6
and 12, NADLclIns-/pac/AE2.

(A)
pNADL clns -/pac/AS

S NTR | i | pac eniC 858 Nvm”\m NS3 INS4ANS4B| NSsA | Nssp BLNIR,

(B)

Viral RNA

Puromycin

Fig. 5. Replication of BVDYV viral replicon containing pac gene. (A) Schematic diagram of BVDV viral replicon NADLclns~/pac/AS containing
pac gene. (B) Expression of the pac gene from BVDYV viral replicon NADLcIns-/pac/AS. Viral replicon-transfected MDBXK cells were incubated in

the absence (1 & 3) or in the presence (2 & 4) of 10 Ug/m! of puromycin in the culture media. 1 & 2, mock-transfected; 3 & 4, NADLcIns-/pac/AS-
transfected.

ol wigel-g 7HRAL Al ZESIRS A9, ZEE AE7E BVDV viral replicon2] &4 2 718X F22 24

g 4 AATHFig. 4B, 8, 9, 11, 12). W} o] ok, YellA 2ojR AR AN B ulo|glie] T2
A, vlol# s FREWA capsid ¥9to] olyel, Eo, El, E2 il w7 A A viral replicon (NADLcIns-/pac/ZS)S A
dA 2% infectious viral particle A4l Bedtle A& Zg3t AL sttt o) S EiA o) TR AES A AL uf
A48 Hind MME ©]-838}] viral replion cDNA clones A J
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29| ATHEA|A] LHEEE recombinant infectious ¢cDNA
clone pNADLcIns-pace 38222 A3l thFig. 1, 2). /A
H full-length infectious cDNA cloneS ETHE njo]z2e] 27}
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Post-transfection (hr)

Fig. 6. Replication of BVDV viral replicon contain luc gene in various mammalian cell lines. (A) Schematic diagram of BVDV viral replicon
containing luc gene. (B) Naive MDBK (solid circle), HeLa (shaded circle), or BHK (open circle) cells were transfected with viral replicon
NADLclns-/luc/AS and seeded in a 6-well plate. At various time points as indicated in this figure, cell lysate was prepared by addition of 200 g/ of
lysis buffer in each well and one-tenth of the lysate was subsequently used for luciferase assay as described in Materials and Methods in detail.
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ABSTRACT : Generation of a Mammalian Gene Expression Vector Using Bovine Viral Diarrhea Virus
Young-Min Lee (Department of Internal Medicine, College of Medicine and Medical Research
Institute, Chungbuk National University, Cheongju 361-763, Korea)

As a result of genome projects, the research to elucidate the function of a protein of interest has recently been
well-recognized. In order to facilitate functional genomics, a useful mammalian gene expression vector is
required. Using an infectious cDNA clone of BVDV, pNADLclIns-, we have developed a mammalian gene
expression vector. In this study, a replication-competent full-length infectious cDNA clone containing puro-
mycin acetyltransferase (pac) gene (pPNADLcIns-/pac) was successfully generated. The viral RNA replication
and viral protein NS3 synthesis were examined by detecting metabollically *2P-labelled genomic viral RNA and
immunoblotting with a mouse anti-NS3 antibody. To generate viral replicon as an expression vector, we exam-
ine if the viral structural genes (C, E0, E1, E2) are required for viral replication by deletion analysis. As a result,
all of the structural proteins are dispensable for viral replication per se, but essential for infectious viral particle
formation. Based on our deletion analysis, we have generated a replication-competent BVDV viral replicon
(PNADLclIns-/pac/AS), whose structural genes are all deleted. In addition to NADLcIns- /pac/AS, NADLcIns-/
luc/AS viral replicon containing luciferase gene as a reporter was constructed and found to be replication-com-
petent in HeL.a and BHK cells as well as MDBK cells. Therefore, BVDV viral replicon developed in our study
will be a useful tool to express a protein of interest in various mammalian cells.



