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PRRS (11

(porcine reproductive and respiratory syndrome

virus, PRRSV) Arteriviridae 15.1 kb 8 openreading
frames(ORFs) ORF5 PRRSV
FI DNA
ORF5
FI (RT-PCR) 621 bp
ORF5 ORF5 pMT/Bip/V5-HisA
lipofectin reagent Schneider 2
(28kDa)
BALB/c 28 kDa
DNA
PCR pKAN3224
ORF5 (PKAN-ORF5) BALB/c
BALB/c PRRSV

PRRSV  ORF5
DNA



(porcine reproductive and respiratory syndrome)
(Wensvoort et al.,, 1991 Terpstra et al.,1991)

ORF5
(antibody-dependent enhancement, ADE)
(Yoon et al.,1995) (Yoon et al.,1995)
PRRSV ORF5
PRRSV ORF5 Fl
ATCC VR-2332 ORF5 94
LV 56 MD-001
82 ( ,1996) PRRSV
Fl
ORF5
DNA PRRSV
ORF5 ORF5
Fl
DNA
ORF5
1.
MARC-145 1 2 Fl 0.01-0.1 M.O.l.
(multiplicity of infection) 37 1 2 FCS MEM
90 -70
2.
500m GTC  phenol chloroform/isoamylalcohol
isopropanol -70
70% ethanol DEPC
-20
3. (primer)
(1996) PRRSV FI
PRRSV ORF5
Kpnl  EcoRI RT-PCR cDNA

pMT/Bip/V5-HisA(Drosophila Expression System)
Gene Runner P5F/P5R



PSF 5" GGGGTACCTATGTTGGGGAAATGCTTG 3
PSR 5" CGGAATTCTCTAATGACGACCCCATTG 3

Kpnl  EcoRI
4. (reverse transcriptase-polymerase chain reaction,
RT- PCR)
DEPC RNA 20 mi 70 3
2 1m primer(lng/m) 8 M dNTP(1.25 mM) 10 mi
10x Taq buffer 0.5m RNasin(40 U/m) 0.5m AMV RTase(10 U/m)
42 30 im primer(1ng/m) 8 mi
dNTP 0.5m Taq polymerase(5 U/m) DDW 100 m
(Thermal Cycler) PCR
95 1 94 1 63 1 72 1 29
72 8
5. (ligation)
PCR (PMT/Bip/V5-HisA) Kpnl EcoRl 37 3
1nm
CIP(Calf Intestinal Alkaline phosphatase)
PCR pMT/Bip/V5-HisA T4 DNA
ligase 14 16
6. (transformation)
(competant cell) 5-10 m
30 42 (heat shock) 90
5 500 m LB 37 1
50m 200 m ampicillin (100 ng/ml) LB 37
7.
(quick screen) DNA
LB 1.5ml
Solutionl, 1,11 DNA TE buffer
8.

Kpnl  EcoRI 37 2



9. (transfection)

35 mm Schneider 2 (S2) 1-2

x 10°cells/ml 23 40-60
A 1-2 ng

DNA(pMT-ORF5) DES expression buffer 100 m B
2-20m lipofectin reagent DES expression buffer 100 mi

30-40 A B 30

DES expression buffer 0.8 ml
DES expression buffer A B
23 16-24
DES expression buffer 23 48-72
2-4x 10° cells/ml 100 mM (cupper sulfate)

( 24 )
10. (Western blotting)

A.SDS-PAGE (SDS-Polyacrylamide Gel Electrophoresis)

medium 10
PBS sample buffer  1:1 100 5
B.Western blotting
SDS-PAGE 6
(transfer buffer) 10 60
5 skim milk 37 1 blocking
( PRRSV ORF5 ) 37 1
TBST 3 ( alkaline phosphatase
IgG ) 37 45 TBST 3 (NBT BCIP)
11.
8 6-8 BALB/c 3 1 2
PRRSV (10° TCID;,/ml) 2 2 DES expression
buffer 3 4
4 BALB/c
BALB/c 50 ng/
(Freund’s complete adjuvant) 2
2 1 3 1 2

12.



DNA

1.DNA
FI (P'5F/P’5R) RT-PCR
ORF5 pKAN3224 competant
cell (Topl0 F*)
ORF5 (EcoRI  BamHI)
(PKAN-ORF5) BALB/c
P'5F 5" CGGGAATTCATGTTGGGGAAATGCTTG 3
P'5R 5" CGCGGATCCCTAATGACGACCCCATTG 3
EcoRl BamHI
2.
pKAN-ORF5 lipofectin reagent 96
Vero ( 80 ) 24 ( 2
8) PRRSV  ORF5 37
1 PBS 3 FITC 1gG
1
3.

10 6-8 BALB/c 3 1 2
PRRSV (10° TCIDg,/ml) 2 2 pKAN3224
PBS 3 6 DNA (PKAN-ORF5)

Ketamine 0.3 ml insulin syringe (Ultra-Fine)
100 ng DNA BALB/c
50 ny 2 3
2
4.

PRRSV  ORF5

1.0RF5



Fl P5F/P5R
ORF5 621 bp PCR
( ) PCR Kpnl EcoRlI
pMT/Bip/V5-HisA Top10
4 ORF5
pMT/Bip/V5-HisA ( )
ORF5
2.
PRRSVY ORF5
2 Fl
ORF5
FI  ORF5 99
100 PRRSV
ORF5
3.
pMT-ORF5 S2
24 DNA PCR(
P5F/P5R) (Kpnl EcoRl)
PCR 621 bp DNA
611 bp ( )
pMT-ORF5
S2
4.
pMT-ORF5 S2
24 medium
SDS-PAGE PRRSVY ORF5
pMT-ORF5
S2 28 kDa
(Bip-gp3)
medium
medium 12 medium



(Bip-gp5)
BALB/c
3 4 BALB/c
2 BALB/c PRRSV 2 )
BALB/c 4 2
BALB/c 2 (2
) 8 2
( )
DNA
1.0RF5
Fl MARC-145
(CPE) 90 GTC buffer
(RT-PCR) ORF5
621 bp PCR ( )
5 3
EcoRl BamHI
PCR EcoRl BamHl
pKAN3224
ToplOF
2
ORF5
DNA EcoRl BamHl
pKAN3224
«( )
ORF5
2.
PRRSV
ORF5 2
FI. ORF5
FI' ORF5
100 100
PRRSVY ORF5



ORF5

ORF5
ORF5
(
4,
ORF5
ORF5 DNA
PRRSV
3.6
4
6
8

al., 1997 1998b)

ORF5

lipofectin reagent Vero
24 Vero
) ORF5
BALB/c
3 6 BALB/c
8
BALB/c 3
(20.1 ) 3
8 3
(11.3 )
5
o)
ORF5
ORF5
PRRSV (Pizadeh et
ORF5
PRRSV
pCR3-Uni

CHO(Chinese Hamster Ovary)

ORF5

epitope

putative transmembrane region

Drosophila Expression



System ORF5 ORF5

pMT/Bip/V5-HisA S2
28 kDa
S2
stable expression
BALB/c 4
BALB/c 2 PRRSV
ORF5
(1)
S2 FCS,L-glutamine
(2)
(3)
28 kDa 42kDa
28 kDa
dimer dimer
dimer monomer
(4)
(tolerance) (Pirzadeh et al.,1998h)
dimer
(Plana-Duran et al.,1997)
DNA
DNA BALB/c 3
6 BALBI/c PRRSV
PRRSV
DNA BALBI/c 3 4

(0]

10



PRRSV 3 6

8
DNA BALB/c
ORF5 PRRSV
DNA
PRRSV
ORF5 PRRSV
DNA
DNA ORF5
(1996)
ORF5 PRRSV
82%
DNA
DNA (Martins et
al.,1995 Bourne et al.,1996) DNA
(Wolff et al.,1992)
(Pirzadeh et al.,1998b) DNA PRRSV
PRRSV  ORF5
DNA PRRSV  ORF5
PRRSV ORF5 DNA
PRRSV ORF5
DNA
DNA PRRSV
PRRS
ORF5
DNA

. 1996.

11



Bohm W, Mertens T, Schirmbeck R, Reimann J. 1998. Routes of plasmid
DNA vaccination that prime murine humoral and cellular immune
responses. Vaccine 16:949-954.

Bourne N, Stanberry LR, Bernstein DI. 1996. DNA immunization against
experimental gential herpes simplex virus. J Infect Dis 173:800-807.

Galina L, Pijoan C, Sitjar M, Christianson WT, Rossow K, Collins JE. 1994.
Interaction between Streptococcus suis serotype 2 and porcine
reproductive and respiratory syndrome virus in specific pathogen-free
piglets. Vet Rec 134:60-64.

Haigwood NL, Nara PL, Brooks E, van Nest GA, Ott G, Higgins KW,
Dunlop N, Scandella CJ, Eichberg JW, Steimer KS. 1992. Native but not
denatured recombinant human immunodeficiency virus type 1 gp 120
generates broad-spectrum neutralizing antibodies in baboons. J Virol
66:172-182.

Piradeh B, Dea S. 1997. Monoclonal antibodies to the ORF5 product of
porcine reproductive and respiratory syndrome virus define linear
neutralizing determimants. J Gen Virol 78:1867-1873.

Pizadeh B, Dea S. 1998b. Immune respone in pigs vaccinated with
plasmid DNA encoding ORF5 of porcine reproductive and respiratory
syndrome virus. J Gen Virol 79:989-999.

Suarez P, Doaz-Guerra M, Prieto C, Esteban M, Castro JM, Neito A, Ortin J.
1996. Open reading frame 5 of porcine reproductive and respiratory
syndrome virus as a cause of virus-induced apoptosis. J Virol 70:2876-
2882.

Terpstra C, Wensvoort G, Pol JMA. 1991. Experimental reproduction of
porcine epidemic abortion and respiratory syndrome (mystery swine
disease) by infection with Lelystad virus: Koch ! S
postulates fulfilled. Vet Quart 13:131-136.

Wensvoort G, Terpstra C, Pol JMA, ter Laak EA, Bloemraad M, de Kluyver
EP, Kragten C, van Buiten L, den Besten A, Wagenaar F, Broekhuijsen JM,
Moonen PLJM, Zetstra T, de Boer EA, Tibben HJ, de Jong MF, vant Veld P,
Groenland GJR, van Gennep JA, Voets MT, Verheijden JHM, Braamskamp
J. 1991. Mystery swine disease in the Netherlands : the isolation of
Lelystad virus. Vet Quart 13:121-130.

Wolff JA, Ludtke JJ, Acsadi G, Williams P, Jani A. 1992. Long-term
persistence of plasmid DNA and foreign gene expression in mouse
muscle. Hum Mol Genet 1:363-369.

12



Yokoyama M, Hassett DE, Zhang J, Whitton JL. 1997. DNA immunization
can stimulate florid local inflammation, and the antiviral immunity
induced varies depending on injection site. Vaccine 15:553-560.

Yoon KJ, Zimmerman JJ, Swenson SL, McGinley MJ, Eernisse KA, Brevik
A, Rhinehart LL, Frey ML, Hill HT, Platt KB. 1995. Characterization of the
humoral immune response to porcine reproductive and respiratory
syndrome (PRRS) virus infection. J Vet Diagn Invest 7:305-312.

Expression of the structure proteins of PRRSV and study on its
antigenicity(ll)

13



Summary

Porcine reproductive and respiratory syndrome virus represents the causative
agent of a new porcine disease which spread in form of an epidemic all over
the world in the past years. It belongs to the newly proposed virus family
Arterividae. The genome of PRRSV is about 15.1 kb in length and contains
eight open reading frames. In the previous studies demonstrated that the
ORF5-encoded glycoprotein of PRRSV was associated with neutralizing
epitopes. The purpose of the present study is to investigate the ability of
ORF5-encoded glycoprotein of PRRSV to elict the neutralizing antibodies in
host by means of expressed protein immunization and DNA immunization. The
viral RNA was extracted from Fl-infected MARC-145 and the ORF5-encoding
region was amplified by RT-PCR. The PCR product was inserted into the
pMT/Bip/V5-HisA vector at the Kpnl/EcoRI site. The Schneider 2 cell was
transfected with pMT-ORF5 plasmid by lipofectin reagent. The 28 kDa
recombinant protein was expressed after cupper sulfate inducing and detected
with anti-ORF5 encoded protein monoclonal antibody by Western blotting.
Then, the intraperitoneal injection of recombinant protein into BALB/c mice
was performed. Serum samples were collected and checked for PRRSV-
specific neutralizing antibodies by virus neutralization test. The results show
that recombinant protein expressed in the insect expression system could only
induce low-level neutralizing antibodies. In addition, another approach to
evaluate the ability of ORF5-encoded protein of PRRSV to induce the
neutralizing antibodies in host is direct DNA immunization. The ORF5 gene
fragment was amplified by RT-PCR using the redesigned primers and cloned
into the pKAN3224 vector. BALB/c mice received intramuscular injection of
pKAN-ORF5 plasmid bilaterally into the anterior tibial muscle. After that, serum
samples was collected and tested for PRRSV-specific neutralizing antibodies
by virus neutralization test. The results indicate that PRRSV-specific
neutralizing antibodies were detected in serum of all DNA-immuned BALB/c
mice. Consequently, the data obtained suggest that ORF5-encoded protein
can indeed elict neutralizing antibodies in the BALB/c mice. Furthermore, the
ability to induce neutralizing antibodies by DNA immunization significantly
exceeds that induce by expressed protein immunization.

Key word: porcine reproductive and respiratory syndrome virus (PRRS), structural
genes

Bip-gp5 PRRSV DES expression buffer
Balb/c
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Neutralizing Ab titer at wk

Immunogen 02 Y 1
Bip-gp5 0 2 2
PRRSV 0 4 8
DES expression 0 0 0
buffer
a
b 3 2
pKAN-ORF5 PRRSV pKAN3224
PBS Balb/c
Immunogen Neutralizing Ab titer at wk
0?2 2P 4 6 8 10
pKAN-ORF5 0 g°¢ 20.1 18 12.7 10
PRRSV 0 3.6 6.4 11.3 7.1 4.5
pKAN3224 0 0 0 0 0 0
PBS 0 0 0 0 0 0

o

log,
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PRRS ORF5(GP5 ) RT-PCR

PRRSV P5F/P5R RT-PCR 2
M 100 bp DNA ladder marker lane 1
FI  RT-PCR lane 2

MD-001 RT-PCR
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DNA Kpnl  EcoRl
2 M 100 bp DNA
ladder marker lane 1,2 4,10
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DNA Kpnl  EcoRlI
2 M 100 bp DNA ladder
marker lane 1,2,3 24,36,48 DNA
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medium PRRSV  ORF5
M  protein marker lane 1
medium( ) lane 2
lane3
12 lane
24
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PRRS ORF5(GP5 ) RT-PCR

PRRSV P‘5F/P’5R RT-PCR 2
M 100 bp DNA ladder marker lane
1 FI RT-PCR lane 2

MD-001 RT-PCR
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DNA EcoRl BamHl|
2 M 100 bp DNA
ladder marker lane 1,2 9,11
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ORF5 Vero
pKAN-ORF5 Vero PRRSV
ORF5

24 Vero
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pKAN-ORF5 PRRSV Balb/c
( log,
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