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GenePulser [[ 2
1.2 PCR
1
Table 1  Plasmids and strains used in this study
Plasmids or strains Characteristics Sources
pBMB982-304 Ap" Em" containing full length of ctc gene 10.6kb 6
pBMB-CSA Ap" Tec" containing full length of csaAB operon 9.8kb 6
pBE2 Ap" Neo" shuttle vector of E. coli and G* strain 6.3kb 7
pMIL-CSA Ap" Neo" full length of csaAB operon in pBE2 10.4kb This study
pKG-NP Ap" full length of np gene in pGEX-KG 6.5kb Stored in this lab
pSNP Ap" Em" full length of np gene replacing Xba | -Sph | fragment of ctc gene in pBMB982-304 9.6kh This study
pCSA-SNP Ap" Erm" full length of csaAB operon inserting in EcoR | site of pSNP 12.6kh This study
pCTC-NPP Ap" Emm" part length of np gene replacing Xba | -Hincll fragment of ctc gene in pPBMB982-304 10.3kb This study
pCSNPP Ap" Em" full length of csaAB operon inserting in EcoR | site of pCTC-NPP 13.4kb This study
DH5a« E. coli rec™ F~ endAl gyr96 thi~ hsdri3 rk~ mk~  sup44 relAl Stored in this lab
BL21 D]jB codon E . coli codon plus strain for expressing heterologous gene harboring pKG-NP Stored in this lab
plus /pKG-NP
BMB171 Plasmid-free derivative of B. thuringiensis Serotype H3abc 3
BN BMB171 harboring pSNP This study
BCN BMBI171 harboring pSNP and pMIL-CSA This study
C-S BMBI171 harboring pCSA-SNP This study
BCCN BMB171 harboring pCTC-NPP and pMIL-CSA This study
CN BMB171 harboring pCSNPP This study
2 PCR
Table 2 Primers involved in this study
Primers Sequence 5'—>3' Linkers Usage PCR program
Np-up GGCTCTAGACATGGCGCTTCAAGGCACCAA Xba | Cloning full length np gene
Np-down CGCTGCATGCTTAATTGTCGTACTCCTCTG Sph 1 1500bp  pKG-NP as template. 94°C Smin  94°C lmin 55°C
Imin 72°C 2min 30 cycles
Npp-up GAATTCTAGACTCCATGGCGCTTC Xba | Cloning part length np gene  72°C 10min.
Npp-down CCAGGTCAACCTTATGTGCTGGATTCTC Hincll 975bp  pKG-NP as template.
1.3 DNA 30°C 200r/min 16h PBS
DNA 3 PBS ODgy,
3 3.0
1.4 1.5.3 25,1,
BHI 30C OD gy, 25pL
0.2~0.3 SG 4 35~ 37C
1720 SG 3min
100 0.2cm 3min
1 ~3ul 2.5kV 25pF  200Q o
Iml. BHI T
1.5ml.  Eppendorf
30°C 150r/min 2h T
1.6
1.5 1.6.1 6~8 SPF BALB/c
1.5.1
PBS 3d
pH7.4 1.6.2 BHI
1.5.2 BHI 30°C 200r/min 16h PBS
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3 PBS
1 x 10° CFU/mL 0.3% SKL 0.2% PEG4000
7 8 Immol/L 2mmol/L
BMB171 BN BCN C-S BCCN GST-NP PBS
014 28 pH8.0 -20C
200pL/ 2 x 10’ CFU/ PBS ELISA
01327 41 2
1.6.4 ELISA ELISA
9 2.1
IgG cte csaAB
GST-NP GST-NP 1-A 10 6 sth
BI21 DE3 codon plus /pKG-NP LB S-layer homology S- cte
BL21 DE3 codon plus /pKG-NP  IPTG sth Xba 1
GST-NP 84kDa Hinc Il sth
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1 A ctc csaAB B np
C ctc-np csa-ctc-np ctc-npp  csa-ctc-npp
Fig.1 A Gene map of S-layer protein gene cic and its upstream operon csaAB B Full length of np gene in pKG-NP
C  Schematic representation of the fusion gene cic-np csa-cte-np cte-npp and csa-cte-npp.  The white rectangle
represents clc gene slh means S-layer homology domain the small dark rectangle represents np epitope gene.
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csaAB S- BMB171
1 5
4 1- 2 np
B C pSNP np cle 5
Xba 1 clc sth 3 5
cte-np pCSA-SNP pSNP 3 5
cle csaAB C-S csa-cte-np CN csa-cte-npp
csa-cle-np pCTC-NPP np BCN  cte-np + csaAB BCCN  cte-npp +
npp np Hinc I csaAB BN cte-np csa-cte-np
2 1-B cte csa-cte-npp
Xba | -Hincll cte
cte-npp pCSNPP pCTC-NPP
cle csaAB 3 NP BN BCN C-S
BCCN CN
csa-cle-npp Table 3 Slide agglutination titer of recombinant
Bt BMB171 strains BN BCN C-S BCCN and CN which displayed NP protein
pSNP pCTC-NPP Recombinant Negative serum dilution Positive serum serial dilution
pMIL-CSA BMBI71 csaAB BMB17IStm;:sconuul = Lz 14 18 1
5 NP BCN BN ’ P _
pSNP  pMIL-CSA cic-np + csaAB  C- BCN - ot B
S pCSA-SNP esa-cte-np  BCCN o ) oo
pCTC-NPP pMIL-CSA cte-npp + N - LA *
esaAB CN P CSNPP csa-cte-npp “ d:ub Lﬁfler;::::l_ls positive result “ - " represents negative result “ " represents
BN pSNP cte-np pMIL- 2.3
CSA csaAB 5
NP
BMB171
2.2 P <0.01 5
NP CN
BMBI71 C-S BCN  BCCN BN
5 PBS 3
csa-cte-npp
CN  pCSNPP cle
csaAB cte
cte
3
Bt S- CTC
csaAB cte
6
CTC csaAB cte
2 NP BN BCN C-S BCCN 1-A csaAB cte
CN
Fig.2  Slide agglutination test of recombinant strains BN BCN C-S C-S pCS A-SNP CN

BCCN and CN which displayed NP protein.

positive serum dilution 1:4
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Fig.4  Colony shapes of recombinant strains BN and C-S. A and B

Photographs of strains BN and C-S on plate the strains were cultured for
30°C 15h on the LB solid medium C and D Micrographs of strains BN
and C-S colony magnification 40 x .
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Display of Avian influenza virus nucleoprotein on Bacillus thuringiensis cell surface

LIU Mei' > LI Shu-yun' ZHAO Chang-ming’ SUN Ming’ BI Ding-ren' *
! College of Veterinary Medicine Huazhong Agricultural University 2 State Key Laboratory of Agricultural Microbiology Wuhan 430070 China

Abstract S-layer protein CTC surface display system of Bacillus thuringiensis Bt was used to test the possibility of
displaying avian influenza virus nucleoprotein NP on Bt cell surface. Four recombinant plasmids were constructed by
replacing 3'- terminal or central part below the surface anchor sequence slh of S-layer protein gene cic with full length of
np gene or part np gene npp . The four resulting plasmids were pSNP harboring fusion gene ctc-np  pCSA-SNP
harboring fusion gene csa-cic-np csa represents csaAB operon which is very important to the anchoring of S-layer
protein on the bacterial cell surface pCTC-NPP  harboring fusion gene cte-npp and pCSNPP  harboring fusion gene
csa-cte-npp . Five recombinant Bt strains were constructed by electro-transferring recombinant plasmids to Bt plasmid-
free derivative strain BMB171. The resulting strains were BN harboring pSNP  BCN  harboring pSNP as well as the
plasmid pMIL-CSA which carried csaAB operon C-S harboring pCSA-SNP  BCCN  harboring pCTC-NPP and pMIL-
CSA  and CN harboring pCSNPP . The vegetative cells of five recombinant strains were used as agglutinogens of slide
agglutination assay. Slide agglutination assay showed recombinant NP proteins were successfully displayed on the surface
of five recombinant strains respectively. After immunizing mice with vegetative cells of five recombinant strains
respectively five recombinant strains all elicited humoral respones to NP and exhibited immunogenicity as assayed by
enzyme-linked immunosorbent assay ELISA . Meanwhile these assays showed recombinant strain CN  harboring fusion
gene csa-cte-npp  exhibited the highest immunogenicity among five recombinant strains. That means the best way of
constructing S-layer fusion gene is csa-ctc- ¥ * denotes heterologous antigen gene which means the central part of S-
layer protein gene cic replaced by the heterologous antigen gene and csaAB operon located on the upstream of fusion
gene. The strategy developed in this study gives a possibility to generate heat stable oral veterinary vaccine with Bt S-
layer protein CTC surface display system.
Keywords Bacillus thuringiensis S-layer surface display avian influenza virus nucleoprotein heat-stable oral vaccine
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