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S1
S1
RT-PCR 490 bp 539 bp 331 bp pRSET A, B,
Cc pGEX-4T-2 ( ) IPTG S1
27.5Kd 43Kd
S1
[4] 1B
1B 1B B
DNA B 3
T (1
( S1 )[4
S1 [8]
S1
A1171  A2330 A1171 1992 1 A2330
1996 2
10 TPB (Tryptose phosphate broth) (Sigma) ml
Penicillin G 10,000 IU Streptomycin 10 mg 4°C 3,000 rpm 20
30-60 9-11 ( 0.1 ml) 37°C
24 4°C 4
RT-PCR (Primers) Al171 S1
BanH| site

IBVa 5'-ATG GAT CCT GCA CAAGAT GTTATTTTGTGT G-3
IBVb 5-AGG AAT TCG CAT AACAACAAGTAGCTC TGC-3
EcoRl site

31 30basepars(bp) PCR 490 bp
BanH| site
IBVcl 5-ACGGAT CCA CGT AAG TGT AAA GGT GTT TATAG-3’

IBVc2 5'-CAGAAT TCG CCA TAA CTA ACA TAT GGA CAA C-3
EcoRl site

32 3lbasepars(bp) PCR 539 bp



EcoRl site
IBy 5-GAGAAT TCA AGATGTTATTTT GTGTGA T-3
IBz 5-ACCTCGAGT GAA ATT AGA CTCTTT ATA C-3
Xhol site

28 basepairs (bp) PCR 331lbp
® S1 « S22 ®
| | ®
1 1620
IBVa- IBVb 651 | « | 1124
IBVcl - IBVc2 1143 | « | 1665
IBy - IBz 656 | « | 970

1B RNA 500 m 4 M Guanidinium Thiocyanate (GTC) (Sigma) 50 m 3M NaOAC (pH 5.2) (Merck)
250 m 500 m phenol (pH 4.3) (Amresco) 150 ni chloroform-isoamylalcohol (24:1)
(Amresco) 20 4°C 12,000 rpm 15 700
m isopropanol (Merck) -70°C15 4°C 12,000 rpm 15
800 m 70% 4°C 12,000 rpm 3 750
m 12,000 rpm 15 RNA (pellet)
0.1% DEPC (Diethylpyrocarbonate) (Sigma) 2 ( 20m) 70°C 3 RNA

(RT-PCR) RT 18 i DEPC 2 RNA 10
AMV-RTase 5x buffer (Promega) 10 mi 1.25 mM dNTP (Promega) 1 mi (500 ng) 3' (IBVb IBVc2 1Bz) (

) 0.5 ni 40 unit RNase (RNase inhibitor) (Promega) 0.5 m 10 unit (avian
myeloblastosis virus-reverse transcriptase; AMV-RTase) (Promega) 40 m 42°C 30
94°C5 cDNA PCR cDNA 3~5nm 5 m 10X
thermopol buffer (Biolabs) 10 m 1.25 mM dNTP 500 ng 5' 3 1m 0.5m2unit Vent (exo-) DNA
polymerase (Biolabs) 2 50 M PCR DNA 94 ° C 30
(denaturation) 55°C 45 (annealing) 72°C1 (polymerization) 35

72°C5

PCR PCR phenol (pH 8) (Amresco) 4°C 12,000 rpm 5
phenol/chloroform/isoamylalcohol (25: 24: 1, pH 8) 2
-70°C 15 4°C 12,000 rpm 15 1ml 70%
4°C 12,000 rpm 3 TE buffer (pH 8.0) DNA 65°C 10

(Vector) pRSET A, B, C (Invitrogen Corp.) pGEX-4T-2 (Pharmacia Biotech)
multicloning site (E. col)

PCR PCR EcoRI - BarrH| EcoRl - Xhol (Boehringer mannheim)
20 mg DNA 10 m 10X buffer 40 unit (restriction enzyme) 2
100 ni 37°C 1

(agarose) agarose (Gibco BRL, electrophoresis grade) 1X TAE buffer
agarose gel (Mupid-II) (Cosmo) 1X TAE buffer 100 20~30
gel 0.5 ng/ml ethidium bromide 5~10 gel
302 nm uv polaroid type 667

Band (elution) agarose gel (366 nm)
uv band DNA 1. (Electroelution into Dialysis
Bags) band (MWCO : 12-14,000) 1X TAE buffer
uv DNA 1 gel (massage)
2. (Recovery of DNA from Low- melting-temperature
Agarose Gel) (Low-melting-temperature Agarose Gel) (A.B.I) gel 4°C
(366 nm) uv band 5 TE buffer  65°C 5
gel 3. (QIAquick Gel Extraction Kits) QIAquick Gel Extraction Kits
(Qiagen) DNA

(Dephosphorylation) elution pellet 90 m Tris.Hcl (pH 8.3) 10 m 10X
CIP (Calf intestinal akaline phosphatase) dephosphorylation buffer CIP (Biolahs) 37°C 1
EDTA (pH 8.0) 5mM 65°C1 75 °C 10 phenol
phenol/chloroform (1:1) 3M (sodium acetate ; pH 7.0) (Sigma) 2



-710°C 15 4°C 12,000 rpm 15 1 ml 70%
4°C 12,000 rpm 3 TE buffer DNA 65°C 10

(Ligation) pRSET A,B,C PCR pGEX-4T-2
PCR (ligation) inm (T4 DNA ligase) (Biolabs) 1 ni 10X ligase buffer
PCR 1:3 2 10nm 16°C 1

(Transformation) competent cells (E. coli)  pRSET A,B,C
BL21 (DE3) competent cells (Novagen) pGEX-4T-2 DH5a competent cells (
) 5n ligation competent cells 30 42°C heat shock 2
2 450 mi SOC medium (Gibco BRL) 37°C 225
40 Spray 50 ng/ml ampicillin LB (Luria-Bertani) (Difco) plate 37°C 24
20 50 ng/ml ampicillin LB broth( 5ml)

(Quick Screen) 1.5ml 5,000 rpm 5
100 m lysis buffer 5 phenol/chloroform (1:1, pH 8) (Amresco)
50 12,000 rpm 5 DNA 0.8 % agarose gel

minipreparation 1.5ml 4°C
5,000 rpm 5 100 m 4°C solution | solution I (
) 200 n 150 m 4°C solution 1
3-5 4°C 12,000 rpm 5 20 ng/ml DNase-free RNase A
37°C 20 phenol/chloroform (1:1, pH 8) (Amresco) 4°C 12,000 rpm
5 chloroform/isoamylalcohol (24:1) (Amresco) 4°C
12,000 rpm 5 2 100% ethanol -70°C 10 4°C 12,000
rpm 15 1 ml 70% ethanol 4°C 12,000 rpm 3
TE buffer plasmids DNA 65°C 10

1 nmg DNA 1.5 nl 10x RE buffer 2 unit 2
15nm 37°C 1 0.8 % agarose gel (insert)

(Induction) LB plate (50 ng/ml ampicillin) 2 ml LB broth (
50 mg/ml ampicillin) 37° C (175 rpm) 16 40 m 2ml LB broth (  Amp.) 4
2 m 500 mM IPTG (Isopropyl b-D-thiogalactoside) (Biosynth ag) 1mM 4

S1 induction SDS-PAGE
15ml 13,000 rpm 3 TEN buffer 80 m sample buffer (4X) 20 m
90°C 5 (100 V) 1-2
(staining solution) 20 (destaining solution) 1

S1 Al1171 IBVa IBVb 490 bp  PCR IBVcl
IBVc2 539bp PCR A2330 IBy 1Bz 331bp PCR

PCR IBVa/IBVb IBVcl/IBVc2 PCR EcoRlI BamH|
IBy / IBz PCR EcoRl Xhol DNA
pRSET A, B,C EcoRl BarrH| pGEX-4T-2
EcoRlI Xhol DNA

S1 S1 minipreparations
BarrH| BarrH| EcoRlI |
BanH| EcoRrl S1

si si IPTG
SDS-PAGE
( 1) pRSETB Frame 24,578



275kDa pRSETA & C Frame 3,69
(2 2,34 pGEX-4T-2 S1
43 kDa 5 pGEX-4T-2 29 kDa 6 E. Coli ;
DH5a
B
[5] H120 [14]
1B H120
( )
B (9 (7]
B 1B
B RNA
DNA
1B
DNA non-retroviral vector H7
[6] S cDNA Vaccinia
S ELISA
B [16]
S1
(fusion gene) phage | LacZ
(plasmids) [13]
promotor transcription termination
site (ribosome binding site) ATG pRSET A,
B, C pGEX-4T-2 in frame (base)
frame (fusion protein) 6 His
(column) pGEX-4T-2 GST
(glutathione S-trasferase) Glutathione Sepharose 4B
S [8] S S
S1 S2 HI [3]
S S 6
(epitopes) S1-A,B,C S1-A S1-E S1-F
[11] 14 B S1
240 255 peptide 1B
[17]
PCR SI-A, B, C ( )
( 240 255) PCR
S1-A, B, C S1-F S 2 S2 N S1 N
1/3 PCR
6 7 8
B S1 [10]
Semliki Forest virus E2 114-149 216-288 invitro
(13]
(sequentia ; linear) (conformational) [13]
11 IBV Gray (conformati on-dependent epitopes)
(conformation-independent epitopes) [15]
10~20 2 541-558 562-574 [12]
331 bp 539 bp
(folding)
pGEX-4T-2 S1 3 ( )
induction SDS-PAGE 3
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The Expression of Infectious Bronchitis Virus S1 Gene
Min-Chao WENG and  *Ching-Ho WANG

Department of Veterinary Medicine, National Taiwan University, Taipel 106, Taiwan

ABSTRACT In order to develop subunit vaccine of infectious bronchitis virus, parts of S1 glycoprotein were expressed in
this experiment. Three sets of primers were designed according to the entire nucleotide sequence of Sl glycoprotein of Taiwan
isolate. Products included both hypervariable epitopes and conserved regions. RT-PCR products with 490 bp, 539 bp and 331 bp
were amplified by using these primers. The fragments were ligated in pRSET A, B, C or pGEX-4T-2 vectors. Plasmids were
introduced into competent cell (£ . coli) by transformation procedure and the cells were induced by utilizing IPTG for the protein
expression of S1 gene. As aresult, fusion proteins of two fragments were expression successfully. Molecular weights of products
were 27.5 Kd and 43 Kd, respectively.

Keywords: Infectious bronchitis, S1 Gene, Expression

Figure 1. Electrophoresis of expressed S1 fragment (IBVc1-IBVc2, 539 bp of A1171)
Lane 1 : protein molecular weight markers (LMW 14,000-94,000) Lane2, 4,5, 7, 8: pRSET B containing S1 gene fragment. A
protein with molecular weight about 27.5 kDaisinduced. Lane 3, 9: pRSET A. Lane 6: pRSET C.



Figure 2. Electrophoresis of expressed S1 fragment (IBy-1Bz, 331 bp of A1171)
Lanel: protein molecular weight markers (Prestained protein marker, broad range) Lane 2, 3, 4 : pGEX-4T-2 containing S1
fragment y-z). A protein with molecular weight about 43 kDA isinduced. Lane 5: pGEX-4T-2. Lane 6: DH5a .

1 S1 (A1171) (IBVa-IBVb, 539 bp)
Lane 1 : protein molecular weight markers (LMW  14,000-94,000) Lane2,4,5,7,8: pRSET B S1
275kDa Lane3, 9: pRSET A S1 Lane6: pRSET C S1
2 S1 (A2330) (Iby-1bz, 331 bp)
Lanel:protein molecular weight markers (Prestained protein marker, Broad range) Lane2, 3,4 : (pGEX-
4T-2) S1 43kDa Lane5: (PGEX-4T-2) S1

29 kDa Lane6: (DH5a)
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(RT-PCR)
BsoFl Dad  Mball
(restriction fragment length polymorphism, RFLP)
PCR-RFLP IBV
PCR-RFLP
(RT-PCR) (RFLP)
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(infectious bronchitis, IB 1964 [1]
[5,11,13]
1964 B
1969 1991 89 1B 655 [1] 1996
S1 HVRI [16]
B [11,15] B

[10,11]

[5,13,16,17]
(reverse
transcription-polymerase chain reaction, RT-PCR) (resctriction fragment length polymorphism, RFLP)
B
1B [2,14] S1 5’ hypervariable region, HVR
[3,4,6,12] PCR-RFLP [16]

1 1B Mass ( ) 5
5 M48 (Vindand, USA); MIl (Solvay, USA); MAS (Intervet, Netherlands);
28/86+H120 ( ), H120 (Vineland, USA)

2.
9-11 SPF 48-72 EM
-710C

3.PCR (primers)
Megalign (Lasergene , DNASTAR Inc., Madison, USA) 22 1B S1
S HVR | (143 320 base) 114 133 base 326 342 base
(C2u-C3L) C2U: 5-TGG TTG GCA TTT ACA CGG GG-3'
C3L: 5-CAA TGG GTA ACA AAC AC-3' (C2U-C3L) [16]

4.1B RNA

0.1% DEPC (diethyl-pyrocarbonate) (Sigma) RNase
free 100 nL 1.5mL 600 . 4M guanidinium thiocyanate (GTC) (Sigma), 70ni. 3M
NaOAC (pH5.2), 600 ni. phenol-chloroform-isoamylalcohol (25:24:1) 20

15 10,000xg4 20 ( 700nt)
(700 i) isopropanol (Merck) 20 -20 1 10,000 xg 4 20
60 nL. 60% 60 ni. 60% 10,000xg4 20
( RNA) 15 RT-PCR 40 mL

5. (RT-PCR)

1.5mL pfu polymerase 10X buffer 10 ni. (Stratagene),
25 mM dNTP 8 ni (Stratagene), RNasin (40 U/nL) (Promega) 0.4 ni, RTase (AMV) (Promega) (5 U/ni) 0.3 ni, primer3'
(C3L, 20 nM) 1 ni, primer5' (C2U, 20 nM) 1 ni, pfu polymerase (2.5U/nm.) (Stratagene) 0.8 i, 58.5nt, RNA
20, 100 L RT:42 1 1 ) PCRRY4 30 45 1 72 1 (35 )
72 7 @) 4

6.
2 IB S1 HVRI Megalign
BsoFl  Ddd  Mboll Al Rsal PCR
2.5% metaphor agarose (FM C Bioproducts Inc.) +1% pure agarose (BRL) gel 100 V
7. HVRI
22 1B (H120, KB8523, Connecticut, M41, Beaudette, D3896, D207, D274, D1466, 6/82, UK/123/82,
UK/142/86, UK/167/82, UK/918/67, Gary, MK, PP14, Ark99, SE17, lowa609, Holte, V1397) HVR |
21 GenBank+EMBL Release 87 lowa609 Dr. Collisson (Texas A&M Universty, USA)
Megalign (Lasergene, DNASTAR Inc., Madison, USA) Clustal 22
1996 12 (A1211, A1960, A1953, A1955, A2003, A2054, A1967, A1171, A1980, A2012,
Al1121, A1916) HVR| ( )



1 Mes 4 C2U-C3L 220 b.p. Marker (1 MA5
28/86+H120 (multiband) BsoF |  Ddel Mboll Alul Rsal PCR (
2) H120 ( 3 BsoF | Ddel

PCR ( 2A,2B) Mboll Alul Rsal 3,23 ( 2C,2D, 2E)

Mbo 1l ( 20 Massachusetts
BsoF 1: 228 (b.p) Ddel: 228 Mboll: 54, 60, 114  Alul: 97, 131
Rsal: 47, 82,99 (RFLP patterns)
2.

12 22 (Phylogenetic
tree) A1916 M I, 1 (E,D,A,M ) ( 9 |
M (NXS, NXT; X# P)

( 9

Connecticut (Conn.) H120
PCR RFLP
22 S1 22 4
Wang [17] BsoF | Ddel Mboll Alul Rsal PCR ( HVR
1) 22 HVRI BsoF | Ddel Mboll Alul Rsal Haelll EcoR 1
( 85% )
28/86+H120 PCR
28/86 H120 PCR
IB @ @) (©)
B H120 MII MA5 M48
28/86+H120 1996 Conn.
[16] BsoFl  216(bp) Dadd 216 Mbol 114,102 Al 119,97 Rsal 169,47
1B
PCR
B VN HA
5
(NXS, NXT; N£ P) Conn. Hoalte A1171 2 RFLP (
) A1171 | A1171 |
[16] A1916 1B C2U-C3L
H120 1 |
|
42 50
S1
22
HVRI
S1 ( )
Cavanagh (1988) HVRI [4]
PCR
pfu polymerase
B
[16]
[16] 22 IB
1B 1B

19:119-129,1993
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ABSTRACT

Evolution of infectious bronchitis virus in Taiwan

A primer set, C2U-C3L, containing hypervarible region 1, was selected for amplifying one Mass strains and five vaccine strains,
M48, M, MAS5, 28/86+H/20, H120. Their PCR products were digested with 5 restriction enzymes, BsoFl  Ddd ~ Mboll

Alul Rsal. The restriction fragment length polymorphism (RFLP) patterns of these strains were the same and different from
those obtained from the Taiwan field isolates. However, the two groups (Taiwan | and Taiwan Il) of Taiwan isolates were
conspicuously divergent with foreign strains by sequence comparison. In conclusion, PCR-RFLP using C2U-C3L primers is a
convenient method for differentiation of 1BV isolates with vaccine strains.

Keywords: Infectious bornchitis virus, Reverse transcription-polymerase chain reaction (RT-PCR), Restriction fragment length
polymorphism (RFLP), Vaccine strains

1.1BV PCR
1 8 GelMarker IMT (50-1000b.p.); 2: Mass; 3: M48; 4: MII; 5:MADB; 6:28/86+H120; 7: H120
Fig. 1 PCR products of IBV vaccine strains. 1, 8: GelMarker IMT (50-1000b.p.); 2: Mass; 3: M48; 4: MIl; 5:MAS5;
6:28/86+H120; 7: H120

Fig. 2. RFLP patterns of Mass strain and five
vaccine strains.

1, 8: 20b.p. ladder Marker 2: Mass; 3: M48; 4:
MIl; 5:MA5; 6:28/86+H120; 7: H120 5
restriction enzymes A: BsoF | B: Ddel C: Mbo
Il D: Alul E: Rsal Thesizes of each fragmens
are BsoF |: 228 b.p. Ddel: 228 Mboll: 54, 64,
110  Alul: 93,135 Rsal: 43,86, 99

2.1 Mass 5
(RFLP peattern)
1 8:20b.p. ladder Marker 2: Mass; 3: M48; 4:
MIl; 5:MAS5; 6:28/86+H120; 7: H120 5

A: BsoF| B:Ddel C:Mboll D:Alul
E: Rsal

BsoF |: 228 b.p. Ddel: 228 Mboll: 54, 64,
110  Alul: 93,135 Rsal: 43,86, 99

TGGTTGGCATTTACATGGGGGTGCGTATGCGGTTGTTAATATTTCTAGTG 50

M R
v v
AATCTAATAATGCAGGCTCTTCATCTGGGTGTACTGTTGGTATTATTCAT 100
M A
v v
GGTGGTCGTGTTGTTAATGCTICTTCTATAGCTATGACGGCACCGTCATC 150
R

v
AGGTATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGTAACTTTT 200

CAGATACTACAGTGTTTGTTACACATTG 228

Fig. 3. The sequence and the restriction sites of different enzymes on the C2U-C3L region of H120 gtrain. Only three from those
five enzymes showw cutting sites, M: Mboll, R: Rsal, A: Alul. Recognized sites are indicated by underlines. Cutting sites are
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indicated by iverted triangle.
3. H120 ( GeneBank+EMBL Release 87) C2U-C3L 5 M:
Mbadll, R: Rsal, A: Alul 3

Fig. 4. Phylogenetic tree of Taiwan isolates and foreign strains of IBV (from GeneBank+EMBL Release 87) based on nucleotide
sequences of C2U-C3L region.

4. ( GeneBank+EMBL Release 87) C2U-C3L

Fig. 5. Comparison of the amino acid sequences of Taiwan isolates and foreign strains on C2U-C3L region. () means the same
amino acid. (- ) means deletion. Glycosylation sites (NXS, NXT; N# P) are underline.

1 5 . @y
() (-) (NXS,
NXT: N£ P)
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