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Abstract

The major histocompatibility complex class I (MHC class 1) peptide tetramer is a sensitive tool to
evaluate antigen-specific cytotoxic T lymphocytes (CTLs). However, no chicken MHC class I peptide

tetramer has been reported by now.

In order to construct the chicken MHC class I peptide tetramer, genes of the chicken MHC I a chain
(BF2*15) and B2 microglobulin (ChB2m) were amplified from the total RNA of peripheral blood
monouclear cells (PBMCs) by RT-PCR and cloned into pMD18-T. Then the PCR products deleted the
signal sequence at the 5' end of both the BF2 and Chf2m genes and included the BirA substrate peptide
(BSP) sequence at the 3' end of the BF2 gene were sub-cloned into the expression vector pET-28a (+)
and named as pET-BF2-BSP and pET-Chp2m. High levels of BF2-BSP and Chf2m proteins were
successfully expressed in E. coli strain BL21 (DE3) transformed with the recombinant vectors
pET-BF2-BSP and pET-ChB2m. The recombinant target proteins were purified with a Ni*'NTA column

including His-Bind Resin, and then high-quality recombinant proteins were recovered.

BF2-BSP and Chp2m were refolded with synthetic peptide originated from infectious bronchitis virus
nucleoprotein (IBV N7;.75) in refolding buffer to generate the monomer of BF2/peptide complex. The
folded product was then subjected to enzymatic biotinylation by BirA enzyme. After biotinylation the
sample was run over a gel filtration column to purify the BF2/peptide fraction. The tetrameric complexes
of biotinylated BF2/peptide were produced by mixing purified, biotinylated monomer with PE-labeled

streptavidin at a molar ratio of 4:1.

In order to test the function of the prepared BF2/peptide tetramer, one-week SPF chicks were
immunized with 10> EIDso IBV H52 strain through intranasal inoculation. The PBMCs were isolated at
10 days post infection (d.p.i.) and used for flow cytometry staining. The CTLs response of IBV-infected
chicks was evaluated with the prepared BF2/peptide tetramer and 3.65% CTLs frequency specific to IBV
N was detected.

To discuss the kinetics of the antibody titer and the IBV N-specific T cell when the SPF chicks were
infected with the IBV, 125 SPF chicks were divided into three groups at random, namely vaccinated
group, challenge control group and negative control group. The SPF chicks from the vaccinated group
were immunized with 10> EIDso IBV HS52 strain through intranasal inoculation. Five chicks were
sacrificed every three days for pathogenesis observation, assessment of antibody titer and IBV
N-specific T cell measured by prepared BF2/peptide tetramer. The chicks from vaccinated group and
challenge control group were challenged with IBV M41 at the day 15 after vaccination. Also, the same
assessments were taken on as described above. All the results were pooled together to investigate the

interaction between the antibody titer and nucleoprotein-specific T cell after vaccination and challenge.
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The results indicated that the CTL activity was shown to be effective during the initial elimination of
virus in the chicks, later control of infection probably depends on antibody, especially the IgG response,

which likely plays a important role in preventing recrudescence of infection.

Key words: Chicken MHC class I, BF2-BSP, chicken 2m, BF2/peptide tetramer, IBV, nucleoprotein
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N 27.6 kb 2 M
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1992 S1 Niesters et al., 1987; Cavanagh et al., 1988;

Lenstra et al., 1989; Ignjatovic and Galli, 1994
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RNA Collisson et al., 1992

Fig. 2 Structural pattern of IBV

2 2 IBV
IBV IBV IBV
ELISA 2005 IgG
4d IBV IgG,
21d IgM 8d
1 95% 7
30% Mondal and Naqi,
2001
2 3 IBV
IBV IBV
IBV IBV
(peripheral blood lymphocytes, PBLs) IBV PBLs
IBV 12d 30d
Kotani et al., 2000
, delayed typehyper sensitivity, DTH N
S1 S2 M DTH

10



cell mediated immunity CMI 1BV Chen and Itakura, 1996
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IBV Cavanagh, 2003 IBV
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MHC T N 71-78 AA T
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Seah 2000 IBVM41 N 12 Australia T
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N 306-386aa
IBVN N
2.5.2 IBVN
N
Boots et al,1992; Seo et al, 1997 N T
Ignjatovic and Galli, 1994 IBV Gray
CTL CTL MHC
IBV T CD4"TCR1 T
IBV CD8" TCR2 T Collission et al, 2000
CTL N S N C 120aa cDNA
Seoetal., 2000 Yu 2001 IBV Ch3
N C 119 SPF 13 Ch3 Ch5 H4
Ch3 Ch5 H4
ELISA N CTL
Koch IBVN IBV N
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IBV N N N IBV
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IBV N
IBV N IBV
70% N IBV IBV
IBV N T IBV
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BF2 Chf2m

MHC I oo BF2 B2
Chp2m
(MHC) 1 1996 Altman
CD8'T Altman et al.,1996; Appay and Rowland-Jones, 2002;
Hugues et al., 2002; Wang et al., 2004; Wolfl et al., 2004 SARS-CoV Wang et
al., 2004 Wolfl et al., 2004 Echchakir et al., 2002
MHC I 45kD (o ) 12kD G )
o al a2 a3 al a2
B2m MHC 1 Dohlsten et al.,
1993
MHC 1 - , MHC-
MHC 1 COOH 15 BirA
(BSP) MHC I , B2m T
MHC-2m- , MHC-2m- BirA
MHC-2m- (PE FITC) 4:1
MHC 1 a fB2m MHC
Altman et al.,1996; Garboczi et al., 1992
MHC HLA MHC H-2 MHC I
Dunbar et al., 1998; Donahoe et al., 2000; Kalergis et al., 2000;
Skinner et al., 2000; Meidenbauer et al., 2003 MHC SLA MHC ELA
Oleksiewicz et al., 2002; Mealey et al., 2005 MHC 1
BF
SPF BF2 B2m Chp2m
BF2 Chp2m
BF2 BSP (E. coli)
8mol/L
BF2-BSP BF

2.1
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BF2 Chf2m

2.1.1
SPF Gallus gallus
2.1.2
(Escherichia coli) DH5a BL21(DE3) pET-28a(+)
2.1.3
6><His His-Bind Resin  Chromatography Column Novagen DNA
DL2000 DL15000 pMDI18-T EcoRT Hind I XhoI BamHI DNA
X-gal AMV DNA DNA
DEPC TRIzol Invitrogen
(HRP) IgG Sigma
PageRuler™ Protein Ladder Fragments -B-D-
(IPTG) Amerosco DAB
2.14
Thermo PX2 HITACHI CF16RX Eppendorf
WMZK-01 pH BECKMAN 320 PH Meter
Bio-Rad DK-8D
JY92-2D
2.2
2.2.1
GenBank BF2 Chp2m OLIGO6.0 ORF

Fal: 5'-TGC AGC GGT GCG AGG CGA T-3';

Ral: 5-TTATTT CAC AGG AAG CAG TGC-3'

Fbl 5'-ACA GCG GAG CCATGG GGAA-3'

Rbl 5'-ATC CCG GGC ACA GCT CAG A -3'

BF2  Chp2m SingnalP 3.0 BF2
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BF2 Chf2m

pET-28a(+) OLIGO6.0
EcoRI Hind III
BF2 15 BSP DNA BF2 Chp2m

Fa2 5’-GGA ATT CAT GGG GCC GTG CGG GG -3’
EcoR I

Ra2-BSP 5’-GCG CAA GCT TTT AAC GAT GAT TCC ACA CCA TTT TCT GTG CAT CCA
Hind IIT
GAA TAT GAT GCA GGA TGG AGG GGT TGC TCC CGG G-3°

Fb2 5°-GGAATT CAT GGG GAA GGC GGC GGC-3

EcoR I
Rb2 5’-GCG CAAGCTTTT AGAACT CGG GAT CCCA3’
Hind ITI

Ivitrogen

2.2.2 RNA
SPF EDTA-2Na 400uL, ImL TRIzol 5

300uL 15s 3min 12 000 r/min 4 15min

10min 12 000r/min 4 10min 500uL 75%

30uL DEPC -80

2.2.3 RT-PCR BF2 Chp2m

10uL RNA IuL  20pmol BF2 Chp2m Ral Rbl
70 10min 5% 100mmol/L ANTP 4uL.  RNA
1uL(20U) M-MLV luL 10U 42 1.5h, 2min
PCR 10x DNA 10uL 2.5mmol dNTP 4ul. 20pmol/uL Fal
Ral Fbl Rb1 1uL DNA 1uL  2.5U 50uL
95 5min,94 Imin 62 Imin 72 Imin 35
72 10min SuL PCR 1%
pMD18-T I 14 16 1h 1ouL
DH5a 20uL X-gal 50mg/mL  4uL IPTG(200mmol/L)
100pg/mL LB 37
PCR Invitrogen ABI 377
DNA BF2 Chf2m T-BF2

T-Chp2m
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BF2 Chf2m

2.2.4 BF2
DNASP4 PUAPwin32 Treeview SPF BF2
GenBank BF2 SPF
MHC I
2.2.5 BF2 Chf2m
SignalP 3.0
BF2 Chf2m
BF2
22.6 BF2 Chp2m
BSP BF2-BSP Fa2 Ra2 Chp2m
Fb2 Rb2 BF2 Chf2m T-BF2 T-Chp2m 223
PCR BF2-BSP Chf2m EcoR I Hind III
pET-28a(+) DH5a
LB 37 SmL LB
37 pET-28a(+) PCR
XhoI Invitrogen
pET-28a(+) ABI377  DNA
pET-BF2-BSP  pET-Chp2m
22.7 pET-BF2-BSP pET-Chp2m E. coli
pET-BF2-BSP  pET-ChB2m BL21(DE3)
S0ug/mL LB 37 1 100
50ug/mL LB 37 D600nm 0.6
0.4mmol/L IPTG 37 4h 50mmol/L Tris-HCI (pH 8.0 Immol/L
EDTA 50mg/L PMSF 10mmol/L DTT)
( 50mmol/L Tris-HC1 (pH8.0
100mmol/L NaCl 1mmol/L EDTA 1mmol/L DTT 0.5% Triton X-100) 3
Triton X-100 3 10mmol/L Tris-HC1 (pH7.0 8mol/L
Immol/L DTT) 30min 12 000g 10min
2.2.8
SDS-PAGE
3% 15% R-250 2h
SDS-PAGE , PBS pH74 1%

16



BF2 Chf2m

0.05% Tween 20 37 2h 1 5000 6xHis 37
2h 1 5000 HRP- IgG 37 lh DAB

229 pET-BF2-BSP pET-ChP2m

IPTG 2000mL 1% 400mL
LB 37 225r/min ODgoonm 0.6 125mL
20mL 0 1.5mmol/L IPTG 37 4h
10mL 8mol/L 30min
12 000g SDS-PAGE
D60onm 0.2
20ml IPTG 4h
IPTG
lh 20mL SDS-PAGE
2.2.10 BF2-BSP Chf2m
ImL Ni*’NTA 8SmL 8mol/L BF2-BSP  Chf2m
Chromatography Column , 3
8mol/L 0.5mol/L NaCl 0.02mol/L Tris-HCI  0.005mol/L pH7.9 1 3
8mol/L 0.5mol/L NaCl 0.02mol/L Tris-HCI 0.02mol/L pH7.9 2
, 3 8mol/L Imol/L 0.5mol/L NaCl 0.02mol/L Tris-HCl pH7.9
2 SDS-PAGE

2.3

23.1 BF2 Chp2m

GenBank BF2  Chf2m ORF
SPF RNA cDNA PCR
(1035 360bp) DNA ( 3Lane2 6) pMD18-T DHS5a
PCR
ORF BF2 ORF C+G A+T 65.12% 34.88%
Chp2m ORF C+G A+T 65.56%  34.44%
SignalP 3.0 BF2 ORF 63bp
C+G 84.13% 21 11 Chp2m ORF

63bp C+G 76.19% GenBank
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BF2 Chf2m

AY989897  AY989898
GenBank Chp2m ORF 100%
BF2 GenBank DNASP4
PUAPwin32  Treeview GenBank BF2 ORF
SPF MHC 1 GenBank B15
4 SPF MHCI BF2*15
1 2 3 4 5 6
bp
b
2000 — p
1000 — 2000
750 1000
500 750
250 — 500
250
100 —— 100
3 MHCI o (BF2) Chp2m RT-PCR
Fig. 3 Chicken MHC o (BF2) and ChP2m gene were amplified from the total RNA
of whole blood by RT-PCR.
1 4 DNA DL-2000 Lane 1, 4: DNA Marker;
2 BF2 RT-PCR lane 2: RT-PCR product of BF2 gene;
3 5 Lane 3, 5: negative control;
6 Chp2m RT-PCR Lane 6: RT-PCR product of Chf32m gene.
CAL1-AB159063
Bi5-AFD1 3451
B 7-AF073425
i1 - AFC11 3456
B19-L28959
CAL-AR159071
CALIZ-AB178051
CAL-ABTAE0ER
CAL-AB1RA0E9
| CAU-AB150065
CAL-AB159067
[ r CAL-AB170045
1 Call-AB178047
r Bi2-AFD13492
1 B2-AYII7T0
B4 ¥234760
B 2-M3T012
B13-%12780
BA-/o4326
AR
{ [ B21-AFD13493
| 2P
[ TTAYEIED
—| L B15.54316
T CALAR 78043
1 CAl-AR1 78045
[ B G- hE47 B
t i1 9254360
B19-254317
[ CAL-AR159065
{ , B1Z-AFD13494
' CAU-ASTE9064
B14-754315
———1 r CA-AB178042
1 CAL-AB178045
B6-754330
4|—' CALTABT59070
: CAL-AB178049
1 CAL-AR178505
CAL-AB159072
¢ CAL-AB159076
| [ CAL-ART59073
{ CAL-ARTEA0/
CAl-ABTRA0E
10

4 BF2

Fig. 4 Phylogenetic Trees of BF2 Gene
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BF2 Chf2m

232  pET-BF2-BSP pET-Chp2m

E. coli BF2-BSP Chp2m BF2 ChfB2m T-BF2
T-Chp2m , Fa2 Ra2 Fb2 Rb2 PCR BF2-BSP
Chp2m DNA ( 1017bp 300bp) pET-28a(+)

PCR Xho 1 BF2-BSP PCR
5 Lane 3, Lane 6 6 Lane 3,
Lane 8 BF2-BSP Chf2m
6 >< His ORF pET-BF2-BSP
pET-Chf32m
1 2 3 4 5 6 7 8
bp bp
2000 2000
1000 1000
750 750
500 500
100
100
5 pET-BF2-BSP  pET-Ch2m  PCR
Fig. 5 Identification of the recombinant plasmids pET-B-F2-BSP and pET-Chf2m by PCR
1 5 DNA DL2000 Lane 1, 5: DNA Marker;
2 7 pET-28a(+) lane 2, 7: PCR product of pET-28a(+) with universal primers;
3 pET-BF2-BSP lane 3: PCR product of pET-BF2-BSP with universal primers;
4 8 lane 4, 8: negative control,
6 pET-ChB2m lane 6: PCR product of pET-Ch2m.
1 2 3 4 5 6 7 8 9
15000 b
10000 15000 P
7500 10000
7500
;288 5000 2000
2500 1000
1000 1000 750
250 500
250 250
100
6. pET-BF2-BSP  pET-Chp2m
Fig. 6 Identification of the recombinant plasmids pET-BF2-BSP and pET-Chf32m by restricted enzyme analysis
1 4 5 9 DNA DL15000 2000 Lanel,4,5,9: DNA Marker;
2 pET-BF2-BSP lane 2: recombinant plasmid of pET-BF2-BSP;
3 pET-BF2-BSP  XhoI lane 3: pET-BF2-BSP digested by Xho I,
6 pET-Chf2m lane 6: recombinant plasmid of pET-Chf32m;
7 pET-ChB2m lane 7: lined recombinant plasmid of pET-Chf32m;
8 pET-Chf2m BamH I lane 8: recombinant plasmid of pET-Chf2m digested by BarH 1
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233  pET-BF2-BSP pET-Chp2m

pET-BF2-BSP pET-ChB2m BL21(DE3)
IPTG 37 4h
8mol/L SDS-PAGE 38kD 15kD
pET-28a(+) E. coli
7 Lane 3, 8 Western-blot pET-BF2-BSP
pET-Chp2m 38kD 15kD 6>His
8 Lane 3, 6 ( pET-28a(+) ) IPTG
8 Lane 2, 5 6><His

1 2 3 4 5

kD

50
40

30
25
20

15

7. BF2-BSP  Chf2m  SDS-PAGE
Fig.7 Recombinant proteins BF2-BSP and Chf2m were detected by SDS-PAGE
1 6 10-200 kD Lane 1, 6: Protein molecular ladder (10-200 kD);
2 7 pET-28a(+) lane 2, 7: pET-28a(+) induced;
3 pET-BF2-BSP lane 3: pET-BF2-BSP induced;
4 9 pET-28a(+) lane 4, 9: pET-28a(+) uninduced;
5 pET-BF2-BSP lane 5: pET-BF2-BSP uninduced;
8 pET-CB2m lane 8: pET-CB2m induced;
10 pET-CB2m lane 10: pET-CB2m uninduced.

kD
kD

50
40

50
40

30
25
20

30
25
20

15 15

10
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BF2 Chp2m

8. BF2-BSP  Chf2m  Western-blot
Fig.8 Identification of recombinant BF2-BSP and Ch2m by Western-blot
1 4 10-200 kD Lane 1, 4: protein Marker (10-200 kD);
2 5 pET-28a(+) lane 2, 5: pET-28a(+) Control;
3 BF2-BSP  Western-blot lane 3: recombinant BF2-BSP;
6 Chp2m  Western-blot lane 6: recombinant Chf32m.
234
pET-BF2-BSP  pET-Chp2m [BL21(DE3)] 50ug/mL
LB ODgoonm 0.6 0 1.5mmol/L IPTG 4
SDS-PAGE IPTG pET-BF2-BSP
IPTG IPTG 1.1 mmol/L 9,
A pET-Chf2m IPTG pET-ChB2m
9, A ODg¢oonm 0.2 0.4
pET-BF2-BSP OD6OOnm 08 1.2 9
B pET-ChBZm ODGOOnm 0.6 9
B SDS-PAGE
IPTG  2-4h 9C pET-Chf2m
5h 9 C pET-BF2-BSP
BL21(DE3) 1.1 mmol/L IPTG ODgoonm  0.8-1.2
2-4h pET-Chf32m 0.3 mmol/L IPTG ODgoonm 0.6
5h
S 5 55 =25s55s5 5 =2 =2 =2 5 =5 s =
S & € € E E E & & E E E & & E &
S S TR R L V=T X © ) e - [S R T S Ve
(= (e (e (el (e (=] (el (e [« = — — — — — —
A ’
pET-Chf2m
- N < © 0 o o < ©
2 o =2 =2 = =2 =2 = =
©S ~ &N @ <+ »n v ©~  ©
C ra—

9. pET-BF2-BSP  pET-Chf32m
Fig. 9 Optimize the expression condition of pET-BF2-BSP and pET-Chf32m

A IPTG 0 1.5mM A: different IPTG concentration from 0 to 1.5mM,;
B ODgoonm 0.1 1.6 B: different concentration of E .coli at ODggy from 0.1 to 1.6;
C 1-8h C: different induced time from 1 to 8 hours.
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235 BF2-BSP Chp2m
BF2-BSP Chp2m
10 Lane2 6 8mol/L Ni*'NTA
10 Lane 7 10 Lane3 8
kD
50
40
30
25
20
15
10
10. BF2-BSP Chf2m
Fig.10 Purification of recombinant BF2-BSP and Chf2m
1 4 10-200kD Lane 1, 4: protein marker (10-200kD);
2 BF2-BSP lane 2: unpurified recombinant BF2-BSP;
3 BF2-BSP lane 3: purified recombinant BF2-BSP protein;
5 pET-28a (+) lane 5: pET-28a (+) vector expressed in BL21 (DE3);
6 Chp2m lane 6: recombinant Ch2m expressed in BL21 (DE3);
7 lane 7: target protein was removed from the sample;
8 Chp2m lane 8: target protein eluted from His-Binding Resin.
2.4
MHC MHC 1 CTL
CTL 1996 Altman (Altman et al.,
1996) MHC MHC
HIV CTL
2m MHC R MHC
Kozlowski et al., 1991; Otten et al., 1992 B2m
MHC Shields et al., 1998a Shields et al., 1998b MHC 1
Altman et al., 1996 Hugues et al., 2002
pET-28a(+) 6><His
6xHis Ni** Ni*'NTA
Jauknecht (1991) 6xHis
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6xHis
Ni** ,
Altman 1996 MHC I HPLC
His
15 (Schatz, 1993)
2002 MHC 1 pET-42b(+)
6xHis BSP BirA
6xHis
pET-28a(+)
BF2 Chf2m
2006 2007  Tobias Tobias
etal., 1991 Arg Lys phe Leu
Trp Tyr 2min 10h
BF2 G/C 84.13% 21 11
5 Leu Chp2m G/C 76.19%
5 Leu BF2 Chp2m
57 G/C
Yuriko et al., 2002
pET-BF2-BSP  pET-Chp2m
MHC 1 MHC 1 B2m
Kozlowski et al., 1991 Parker et al., 1992 2002;
2004 BF2-BSP Chf2m
Eliana(1998)
, MHC 1 Altman et al.,
1996 Garboczi et al., 1992
MHC 1 Piao 2004 pET-30a
pET-42b pET-22b pET-28b pBV220 pKKH
IPTG

Chf32m
BF2-BSP Chp2m
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BF2 Chf2m
BF2-BSP Chp2m E. coli
SDS-PAGE Wstern-blot
6xHis BF2-BSP
Chp2m BF2 BF BF2
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BF2/

BF2/
MHC 1 - Garboczi 1992 MHC 1 HLA-A2
B2m
HIV-1 gp120 1 2 40 4
200 ml 10 CTLs TCR MHC-
Altman 1996
MHC-
T
MHC ; MHC ,
COOH 15 BirA ,
MHC B2m MHC-f2m-
MHC-f2m- BirA MHC-f2m-
PE FITC 4:1
MHC HLA-A2 A2-Gag A2-Pol
HLA-A2 HIV CTLs Altman et al., 1996 MHC p2m
MHC
, , MHC , HLA-All
A28 B8 B27 B35 El Gl DR DQ CDId
CD4' T CD8" T NK
MHC
MHC
Oleksiewicz et al., 2002; Mealey et al., 2005
SPF MHC I Boots et al.,
1991 T IBV N7y78
MHC/ PE MHC/
3.1
3.1.1
SPF Gallus gallus
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3.1.2
IBV H52
3.1.3
IBV N T N7i.7s - WRRQARYK HPLC
95%
314
DNA DTT
Sigma MgCl, Tris.Hel Triton X-100  NaCl L-
Na,EDTA PMSF Amerosco DMSO Amerosco
BirA Avidity PE- Zymed
CDS8 FITC- IgG Southernbiotech FITC- PE- Beads BD BCA
3.1.5
HITACHI CF16RX BECKMAN pH BECKMAN 320 PH
Meter Bio-Rad JY92-2D
AMICON AR820 10kD 100kD 10kD 100kD Millipore BD
3.2
3.2.1 SPF
SPF 10°° EIDso IBV H52
322
BF2-BSP Chf2m Iml LB 1L LB
37 ODgoonm 0.6
13ml solution buffer 50 mM TrisHCl 25% ImM NaEDTA
0.1% NaAzide 10mM DTT pH 8.0 30ml 15mL
100uL 50mg/ml 250uL DNA 1
2mg/mL 50ul MgCl 0.5 M 12.5mL lysis buffer
1h -80 20 min 37
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30min 50ul MgCl, 30min 350uL Na,EDTA
0.5M 4 11000g 20min
10ml Triton X-100 50 mM Tris HC1  0.5% Triton X-100 100 mM NaCl 1 mM
NaEDTA 0.1% NaAzide 1 mM DTT pH 8.0
4 11000g 20min 2-4ml 8M 4 35000g 45min
-80

323 BF2-BSP Chf2m

&M BF2-BSP Chf2m 227 SDS-PAGE
BCA
BF2-BSP Chf2m BSA &M 2000 1750 1500
1250 1000 750 500 250 Opg/ml &M 10 A 1%
2% Na,CO; 0.16% Na,CsHsO¢ 0.4% NaOH 0.95% NaHCOs, pH 11.25 B
4% CuSO4 50:1 1:20 37
30min ODs620m
324 BF2/
BF2-BSP Chf2m 3 0.2pumol
-20 200mL 100mM Tris. HCl 400mM L- 2mM NaEDTA 0.5mM
5 mM 250-300mL
10 2 ml PMSF (100 mM) 100 pL 2
mg/mL 100 pL 2 mg/mL 12 mg Nypzs BF2-BSP
Chp2m 12 3M 10mM 10 mM NaEDTA
Chp2m 27 ImL
BF2-BSP
10 8h Chp2m BF2-BSP
10 6-12h
Chp2m BF2-BSP 10
24h SDS-PAGE
3.2.5
4 2500g 15 min
4 55 psi 10 kD
10 mL 90 mL 20 mM Tris HCI 50 mM NaCl 10 mL
90 mL 10mL 0.22 pm
2000g 700 ul
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32.6 BF2/
FPLC FPLC 20 mM Tris HCI 50 mM
NaCl 0.22 pm Superdex 200HR
0.5 mL/min OD250nm 500 uL
2000g 700 uL
3.2.7
700 uL BF2/ 100 pL A 100 uL 100 pL d-
10 puL BirA 0.5 uL. 2 mg/mL 0.5 uL 2 mg/mL
3.2.8 BF2/
3.2.6 FPLC BF2/
BF2/ 10 kD 500-1000uL 322
BCA FPLC 1000 pL
0.5pL (2 mg/mL) 0.5uL 2mg/mL 1uL 30%
luL Na,EDTA 0.5M
3.2.9
BF2/ 10 uL A+B PBS
C 5 uL PBS A 5puL (20 mg/mL) B C
10% SDS-PAGE
3.2.10 BF2/
PE- BF2/
4 2h PE- 10 20 min
100 kD 2000g 4
500uL PBS pHS8.0 4 mL
500uL PBS pHS8.0 PBS pH&.0 4
mL 2ul (2 mg/mL) 2uL 2mg/mL 4 uL
30% 8 uL NaEDTA 0.5M 2-2.5 mg/mL
1mM IBV N71_7g 4
3.2.11 PBMCs
IBV H52 SPF 3mL 15mL 3 mL
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250 8 3mL
600g 20min
PBMCs SmL 137mM NaCl, 2.7mM KCI, 10mM Na,HPO,, 2mM KH,PO,, 0.2%
NaEDTA, 0.1NaN; 500g
2x10’ /mL
3.2.12 BF2/
2><10° PBMC 4 350g Smin 20ulL 1 100
CDS8 4 30min 4 350g Smin ImL
4 350g 10min 20uL 1
100 FITC- IgG 4 30min 20uL
10 PE-BF2/ 4 30min
500uL FITC- PE- Beads
CELLQuest
3.3
3.3.1
BF2-BSP  Chf2m &M
SDS-PAGE 11 PAGE
BF2-BSP 89.3% Chp2m 85.3% 12
&M BF2-BSP  Chf2m BCA
BF2-BSP 25.57Tmg/mL  Chp2m 18.86mg/mL
1 2 3 4
= = =) :
| ——— H
— -
| — b
—— ) "

11. BF2-BSP  Chf2m
Fig.11 Purification of BF2-BSP and Chf32m inclusion bodies

1 10-200kD lane 1: protein marker (10-200kD);

2 pET-28a (+) lane 2: pET-28a (+) vector;

3 Chf2m lane3: Purified ChB2m inclusion body;

4 BF2-BSP lane 4: purified BF2-BSP inclusion body.
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Fig 12 The percentage of BF2-BSP and Chf32m determined by gel scan

BF2/

BF2-BSP Chf2m IBV H52 Ny 10
SDS-PAGE BF2/
FPLC 7-12mL

14
FPLC BF2/
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15 ChB2m

13 SDS-PAGE
Fig. 13 Non-reduced SDS-PAGE of refolded complexes
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Wizard GF method002:10 UV

Wizard GF method002:10_UV@01,BASEM

TA/?;S 20.17
BF2/
1200 \ 8.31
1000
800
600
400
200
24.57| 26.02
0
0.0 5.0 25.0 ml
14 BF2 Chp2m FPLC
Fig. 14 Refolding complexes was purified by FPLC

——_Wizard GF method004:10 UV Wizard GF method004:10_UV@01,BASEM

mAU 20.25

1500

1000

500

0 }24 u‘) 25.86
-500
0.0 5.0 100 15.0 20.0 25.0 30.0 ml
15 BF2/ FPLC

Fig. 15 Biotinylated BF2 molecules was purified by FPLC

333 BF2/

BF2/
SDS-PAGE 200kD 16 Lane 3
BF2/ BF2/
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16 Lane 3 BF2/ PE-
BF2/ BF2/ 100kD
BF2/ BF2/

kD
z00__ [
150— ..
120 -
100— | ——
90— ==
TO— -
C
T -
N— =
N— =
20— =
20—
16 BF2/

Fig. 16 Streptavidin-shift assay to identify the information of BF2-peptide tetramer

1. (10-200kD) Lane 1: protein marker (10-200kD)

2. BF2/ Lane 2: biotinylated MHC molecules

3. BF2/ PE- Lane 3: multimerization of biotinylated BF2

molecules with PE-streptavidin;
4, PE- Lane 4: PE-conjugated streptavidin.
334 BF2/
SPF 10d PBMC CD8
IgG BF2
FITC-Beads PE-Beads 17 18
FITC PE 3.65% 18 A
18 B
BF2/ IBVN CTLs
e 10’ 107 1% 10 21_00. : 1ot e
FITC

17 BD
Fig. 17 Fluorescence compensation of BD flow cytometry
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18 BF2/
Fig. 18 Function test of BF2/peptide tetramer
A IBV H52 PBMCs A. PBMCs from infected chicken was measured by
FCM with BF2/peptide tetramer
B PBMCs B. PBMCs from negative control chicken was
measured by FCM with BF2/peptide tetramer
3.4
CD8' T
Serbina et al., 2003 T
Owen et al., 1982; Maier et al., 1986; Murali-Krishna et al., 1998 T

ey LDA ELISPOT ICS MHC/
Taswell, 1981; Jung, 1993; Scheibenbogen et al., 1997; Scheibenbogen et al., 2000 Altman et
al., 1996

*Icr ICr LDA
T 6-7d Taswell,
1981
Rehermann et al., 1996a; Rehermann et al., 1996b ELISPOT
ICS T Jung, 1993 MHC/
T
MHC/ MHC/ MHC/
MHC B2
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Garboczi et al., 1996a; Garboczi et al., 1996b; Busch et al., 1998a

BF2 Chp2m MHC/ BF2
C- LHHILDAQKMVWNHR Altman et al., 1996 Busch et al.,
1998b

BirA Schatz 1993

MHC/ MHC/

Altman et al., 1996 Murali-Krishna et al., 1998; Busch et al., 1998a; Busch et al., 1998b
Busch et al., 1998¢; Busch et al., 1999a; Busch et al., 1999b

T
T Altman et al., 1996 MHC 1
CD8' T
Haanen et al., 2000; Skinner et al., 2000
BF2/ BF2 Chp2m MHC IBV Nyi78
David Garboczi
L- -
10-20% David Garboczi
1L 200mL BF2-BSP Chf2m
200mL
1-2mg MHC/
800-1000
MHC/
Altman NIH ,
www.niaid.nih.gov/reposit/tetramer/index.html
BF2/
MHC Busch 1999b HPLC
12mg -80
200mL
pH
BF2/ BirA d- ATP C-
MHC AVIDITY BirA
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d- ATP

MHC/ 45kD
d-
BF2/ BF2/
MHC
MHC
MHC MHC -MHC
BF2*15
BF2/
- 10*M
SDS-PAGE
BF2/
SDS-PAGE
90% Laitinen et al., 2001
pH d-
BF2/ pH
4 MHC/
MHC/
MHC/
BF2/
MHC/
BF2/ 15 1 4
BF2/
100 kD BF2/ PBS
MHC
FITC PE TR Alexa568 APE PE
PE FITC CDS'T
MHC/ 4
1 mM
BF2/ CDS' T

Seo Collisson 1997 IBV H52 SPF 10d PBMCs
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BF2/ BF2/
IBVN CTLs 10 CTLs 3.65%

IBV N T Sler
CTLs

Seo 1997

BF2/ IBV CTLs
BF2- T BF2
BF2 CTL
BF2 T BF2/
CTLs

BF2-BSP Chp2m BF2/
BF2/ IBV
IBV CTLs
BF2/ T
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IBV T

IBV
T
IBV
IBV IBV IBV
PBLs IBV PBLs IBV
12d 30d Kotani et al., 2000

, delayed typehyper sensitivity, DTH Chen and

[takura, 1996 N S1 S2 M DTH
cell mediated immunity CMI IBV
CMI IBV
3
N
IBV N T
IBVN T IBV IBVN
CTLs T
IBV 2001
SPF IBV T
125  SPF IBV H52
3 5
BF2/ N T 15d IBV M4l
IBV
N T
4.1
4.1.1
SPF Gallus gallus

4.1.2
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IBV T
IBV H52 M4l
4.1.3 BF2/
IBV T N7 WRRQARYK BF2 PE
4
4.1.4
CDS8 FITC- IgG Southernbiotech FITC- PE- Beads
BD 1B Biocheck B.V.
4.1.5
HITACHI CF16RX pH BECKMAN 320 PH Meter BD
Lecia D300F Bio-rad 96
4.2
4.2.1 SPF
125 SPF 3 50 25 50
50 SPF 10°° EIDs, IBV
H52 15 10°? EIDso IBV M41
422 SPF
36 9 12 15 5 0.5mL 37
1h 4 1h 3mL PBMCs
3
6 9 12 15d
423
SPF 24h
2x1-1.5cm 24h 50% 70 85 95
1h
30min 20min
2h 4um 45
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50 3-4h HE 10min
95% 90% 80% 70% 60% Smin 2g
2g KAI(SO4),-12H,0 10mL 100mL 100mL 100mL 10-15min
1-2min 1% 10-30sec 10-30min 1% 1-2min
1-2min 70% 80% 90% 95% 1-2min 2-5min
424
1:500 0.5 mL
IB Al BI 100 pL Cl DI 100 pL
100 pL (22-27°C) 30
300uL 4 ,
100 pL (22-27°C) 30
100 pL (22-27°C) 15 100 pL
ODa4o5nm
- / - S/p
1! (og  SP3.62] IBV
4.2.5 BF2/ IBV N T
SPF T
3.2.11 PBMC 3.2.12
200 3mL PBS 3mL
600g 20min
S5mL 137mM NaCl, 2.7mM KCI, 10mM Na,HPO,4, 2mM KH,POy,,
0.2% NaEDTA, 0.1NaNj; 500g
2x10’ /mL 3.2.12
4 3
43.1 SPF
SPF SPF
11d 3 10
HE
SPF
19 A2 SPF 19 Al
A3 SPF
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19 B2

SPF 19B1 B3 SPF
19 C2 SPF

19C1 C3

19 IBV (A,B 200> C100>)
Fig. 19 Pathohistological changes in the major organs of chickens after being challenged by IBV M41
Al. Al. Section of lung from vaccinated chicken
A2. A2. Section of lung from challenged chicken
A3. A3. Section of lung from negative control chicken
BI. B1. Section of kidney from vaccinated chicken
B2. B2. Section of kidney from challenged chicken
B3. B3. Section of kidney from negative control chicken
BI. Cl1. Section of bursa from vaccinated chicken
B2. C2. Section of bursa from challenged chicken
B3. C2. Section of bursa from negative control chicken
432 SPF
SPF 500pL IBV
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IBV T
SPF 10 EIDs, IBV H52 9d 15d
M41 9d 242451 1
SPF M41 6d 1
SPF 20
1
Table 1 The IB antibody titre at different time courses after immunization and challenge
@ 3 6 9 12 15 18 21 24 27 30
30.43* 0 17.8 32557 45731 86424 2276.11 2424.51 1539.08 1224.36
- - - - - 0 0 1644.13 1781.7 3017.3
4.69 0 0 65.66 0 0 0 32.93 9.38 0
Sk i >834
Note: ““*7~The positive of the IB antibody titer is 834 or more
““-7?Not determined
3200 |
2800 r
2 2400 | —e— Negative control
I —a— [BV H52 innoculation
= 2000 T
2 IBVM41 challenge
2 1600 ¢ Y\;
>
® 1200 M41 Challenge
800
400
0 % 4= + ~—
3 6 9 12 15 18 21 24 27 30
dp.i
20. IBV
Fig. 20 Kinesis of the antibody in the serum from the chickens inoculated and challenged by IBV
433 IBVN T
IBV H52 M41 SPF PBMCs
BF2/ CDS8
SPF H52 N CTLs
2 21 PBMCs SPF IBV H52 3d
N CTLs 9d 12d
15d M41 N CTLs
6d 9d IBV SPF
22 SPF M41

40



IBV T

CTLs SPF
15d CTLs
PBMCs CTLs
@ 3 6 9 12 15 18 21 24 27 30
PEM 063 065 063 1.7 126 312 323 091 047 041
C - - - - - 059 099 1.05 095 3.13
128 1.13 168 72 344 427 859 286 319 294
- - - - - 214 265 792 791 14.01
2 IBVN CTL %

Table 2 The frequency of nucleoprotein-specific CTLs of IBV assessed in different time course

Note: ““-””Not determined

16
- 14 - —— PBMC
N . PBMC
12
10
—
58
61 M4l
4 ¢ .
= 21 M
O | | | | | | | | | |
3 6 9 12 15 18 21 24 27 30
d
21. IBVN CTL
Fig. 21. Kinesis of the nucleoprotein-specific CTLs of IBV determined by FCM
: 12
. 30 Bl 800
25 2400
20 2000
= 15 1600
o 1200
10 800
5 400
= 0 0
3 6 9 12 15 18 21 24 27 30
d.p.i.
22 SPF IBV N CTL

Fig.22 The antibody and the N protein-sepecific CTL response
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4.4
CTLs
CTLs T MHC
Doherty et al., 1976; Townsend A., and Bodmer., 1989 CTLs
Lin et al., 1981; Reusser et al., 1991; McNeal et al., 1995
SPF IBV T
SPF 10> EIDso IBV H52 15d M41
Biocheck IBV BF2/
IBV T
IBV H52 SPF
=834 15d
H52 5-8d 1
SPF
Seo 1997 IBV Gray
10d IeG 20d
20-30d IgM 10d
12d 20d
15d M41
SPF SPF
11d 3 SPF
SPF
9d SPF M41 6d
IBV
IBV CTLs
IgM
BF2/ N T
H52 SPF 3d T 9d
12d IBV H52
SPF T SPF
Collisson 2000 CTLs
IBV
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IBV T
IgG SPF H52 12d T
Collisson
IBV CTLs Thacker
et al., 1995 CTLs IBV 12d
Tashiro et al., 1988 CTLs 2-3
Allen et al., 1995
PBMCs IBV N
T
PBMCs PBMCs
T
BF2/ SPF N T
T BF2/ T
MHC ey
N Seo 1997
S1cy
BF2/
T T
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pET-Chp2m
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BF2/
IBV

Gallus gallus

BF2
BI15

BF2/

ChpB2m

BF2 COOH-

IBV N7i78

IBV H52

44
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