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Promega DNA
nisin
Sigma
2400PCR PE FR200
3K18
Sigma Pharmacia Biotech
Bio-Rad
1.1.2 @® pNZ8048
NZ9000 L. lactis NZ9000 NIZO Food
Research pRAF800 Laval
Moineau pVES524 INRA
J.C. Piard pGEM-OprF/H
@ Pseudomonas
aeruginosa  CMCC10104 CMCC10120 CMCC10122
CMCC10125 ©)
GEL1 ELI ’ 0.5%
GM17 M17 0.5%
SMM17MC M17 0.5mol/L
20mmol/LL MgCl, 2mmol/L CaCl,  0.5% Melibiose
Mel-ELI EL1 40mg/L 0.5%
Melibiose
1.1.3
1.2 PCR

pNZ8048 nisA
P y-MCS-T,,,x " pVE5S524
Usp45 nucA M6
SPygus-nuicA-CWA ys-t112
P,i-MCS- T, SP Uspds = nucA-CWA ys-1112
OprF/H *

1
PCR
11
PCR
1
Table 1 Primer sequence and size
Primer Sequence 5'—>3' Enzyme site
PAl  GCCTCTAGAATTAAATTCTGAAGTTTGTTAGATACAAT Xba |
P2 TAATCTAGAGCTAGCTTGATTGTTCTATCGAAAGCGAAATCA Nhe 1
PVl AGCCATGGAACCGAACTTAATGGGAGG Neo 1
PV2  GAAGCTAGCCGCAAAAAGGCCATCCGTCAGGA Nhe |
POl ATCGCCATGGGTTGTCATCGGCTCGCTGGTTGC Neo |
P02  ATCGAAGCITTCGGTGCTGGCGTTGGTG Hind[Il
PO3  ATCGGTCGACGTTGTCATCGGCTCGCTGGTTGC Sal 1
PO4  ATCGGATATCTCGGTGCTGGCGTTGGTG EcoRV

1.3 OprF/H
13
pNZ8048 PAl  PA2
P,y-MCS-T,, PCR Xba 1
Xba 1 pRAF800
L. lactis NZ9000 * pRAF800
a-aga
9
pRNA48
pVE5524 PVl  PV2 SP s
nucA-CWA y5-t112 PCR Neo I Nhe
1 Neo 1~ Nhe 1 pRINA48

L. lactis NZ9000

pRNV48 pGEX-OprF/H
PO1  PO2 PO3  PO4 OprF/
H pRNA48  pRINV48

L. lactis NZ9000
pRNA48-OprF/H
pRNV48-OprF/H

OprF/H 15
16 SDS-PAGE
17 Western blot
13
1.4
4

L. lactis NZ9000
L. lactis NZ9000
1.4.1 L.
pRNA48-Oprk/H L.
pRNV48-Oprk/H

lactis NZ9000/
lactis NZ9000/

kg 200pg

6
1.4.2 nisin 3h L.
NZ9000/pRNA48-Oprk/H 1 x 10° cfu/mlL
L. lactis NZ9000/pRNV48-Oprk/

lactis

nisin 1h
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20mL 6 6

1.5

CMCC10104 CMCC10120 CMCC10122 CMCC101-

25 L. lactis NZ9000 L. lactis NZ9000/pRNA48-
OprF/H L. lactis NZ9000/pRNV48-Oprk/H
2
2.1
pNZ8048 P, -MCS-T,,
pRAFS00
pRNA48 PCR
pRNA4S 1 pVES524
SP ys-nucA-CWA y,-1112 pRNA48
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Nbaly §¥he [_
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|
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pRMNAAS-aaEH
Vil — gos7bp  Pmsh e
~hal
aga
1 PRNA48-OprF/H

Fig.1 The physical map of plasmid pRNA48-Oprk/H. The gene OprF/
H was inserted into the site of Nco | and Hindlll of pRNA48.

2.2 OprF/H
pGEX-OprF/H OprF/H 3
pRNA48  pRNV48

pRNA48-Oprk/H
pRNV48-OprF/H 1 2
2.3 L. lactis NZ9000/pRNA48-OprF/H
SDS-PAGE
L. lactis NZ9000/

Xhal el
t1t2

CWAMS

FeoRY
1:pB
PRNV4E-oprEiH

oprFH
TN bp ¥

ThoT

Sal 1

i Mol
4 Xbal

2 PRNV48-OprF/H
Fig.2  The physical map of plasmid pRNV48-Oprk/H. The gene OprF/
H was inserted into the site of Sal I and EcoRV of pRNV43.

pRNA48-OprF/H Sng/mL. 10ng/mL.  nisin
1 ~ 12h SDS-PAGE
OprE/H 10ng/mL  nisin
3h Oprk/H

9.6% 8 3
T 2 3 4 5 6 M D

— 662
35 ha—s
- — — 150
s === —350
—— 283
3 pRNA48-OprF/H L. lactis N79000
nisin 10ng/mL

Fig.3  SDS-PAGE analysis of the extracts of strain L. lactis NZ9000
containing pRNA48-OprF/H. 1 ~5 induction with 10ng of nisin per ml
after 1h 2h 3h 6h 12h respectively 6 L. lactis NZ9000/pRNA48 as
control M low-range protein molecular weight markers kDa . The

bands of OprF/H are indicated by arrow.

2.4 L. lactis NZ9000/pRNV48-OprF/H
SDS-PAGE

Ing/mL.  Sng/mL  nisin
1~ 12h SDS-PAGE
1 2 3 4 5 5} M
y y- kia
kDa PV
6] —= _
58 —=
- — 450
a2 a_d Y
4 pRNV48-OprF/H  L.lactis NZ9000
nisin Ing/mL

Fig.4  SDS-PAGE analysis of the cell wall protein from L. lactis
NZ9000 containing pRNV48-oprk/H. 1 L. lactis NZ9000 control 2-6
induction with Ing of nisin per ml after 12h 6h 3h 2h 1h respectively

. The bands of
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OprE/H 4 Ing/mL 2.5
nisin 1h OprF/H
OprF/H OprF/H + CWA,, 55kDa 2
OprF/H OprF/H + CWA, + ~5
SPus 61kDa 9.8%
2
Table 2 Results of the direct agglutination of injection group.
Bacteria
Antiserum and ; ;
control group L. lactis L. lactis PA PA PA PA
NZ9000/pRNA48-OprEF/H  NZ9000/pRNV48-Oprk/H ~ CMCC 10104  CMCC 10120  CMCC 10122 CMCC 10125
L. lactis NZ9000 . . N . N N
/pRNA48-Oprk/H
L. lactis NZ9000 . . . . . .
/pRNV48-OprF/H
0.9% NaCl control group - - - - - -
PA  Pseudomonas aeruginosa .
3
Table 3 Results of the direct agglutination of oral group
Bacteria
Antiserum and - -
control group L. lactis L. lactis PA PA PA PA
NZ9000/pRNA48-OprEF/H  NZ9000/pRNV48-Oprk/H ~ CMCC 10104 CMCC 10120  CMCC 10122 CMCC 10125
L. lactis NZ9000 + N . + N +
/pRNA48-OprF/H
L. lactis NZ9000 . . . . . .
/pRNV48-OprF/H
0.9% NaCl control group - - - - - -
PA  Pseudomonas aeruginosa .
4 Oprk/
Table 4 Results of the direct agglutination H Oer/H
of injection control
Bacteria
(:::3{] d";{ L. lactis PA PA PA PA [ 203 4 5 8 M
’ group NZ9000  CMCC 10104 CMCC 10120 CMCC 10122 CMCC 10125 klXa Lkl
L. lactis NZ900O + - - - - —662
al —a
serum - - - - - =l 2
0.9% NaCl control group — - - - — =3
PA  Pseudomonas aeruginosa . 4T
5 5 OprF/H
Table 5 Results of the direct agglutination Fig.5 Western blot analysis of fusion OprF/H expressed in recombinant.
1 Reaction between antiserum from L. lactis NZ9000/pRNA48 — Oprk/
of oral control A . ) .
- H protein and cellular OprF/H antigens oral group 2 Reaction
(z::l";‘jp L ladis PA PA PA PA between antiserum from L. lactis NZ9000/pRNA48-Oprk/H protein and
NZ9000  CMCC 10104 CMCC 10120 CMCC 10122 CMCC 10125 cellular OprF/H antigens injection group 3 Reaction between negative
L. lactis NZ900O + - - - - control serum and cellular OprF/H antigens 4  Reaction between

0.9% NaCl control group — - - - -

PA  Pseudomonas aeruginosa .

2.6 Western blot
4 5
Western blot
Oprk/H
Oprk/H 55kDa
Oprk/H 58kDa

OprF/H 61kDa 5

antiserum from L. lactis NZ9000/pRNV48-Oprk/H CWA protein and
CWA OprF/H antigens oral group 5 Reaction between antiserum from
L. lactis NZ9000/pRNV48-Oprk/H CWA protein and CWA Oprk/H
antigens injection group 6 Reaction between negative serum and
CWA OprF/H antigens M Prestained low-range protein molecular weight

Marker running on the same gel with antigen samples.

3
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pRNA48
pRNV48 0
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Construction of food-grade inducible expression system in Lactococcus lactis
and expression of fusion OprF/H from Pseudomonas aeruginosa

XU Bo' CAO Yu-sheng'~ CHEN Yan' GUO Xing-hua' *
' The Key Laboratory of Food Science of Ministry of Education Jiangxi- OAI Joint Research Institute
Nanchang University Nanchang 330047 China
2 Institute of Microbiology Chinese Academy of Sciences Beijing 100080 China

Abstract The food-grade inducible gene expression system in L. lactis was constructed for expression of cytoplasmic and
anchored heterologous proteins. Gene a-aga encoding a-galactosidase was used as food-grade selectable marker instead of
antibiotic resistance gene. Firstly a food-grade cytoplasmic inducible expression vector pPRNA48 containing a-aga theta
replicon from pRAF800 and P, ,-MCS-T,,y from pNZ8048 was constructed. Then the cell wall anchored expression
vector pPRNV48 containing o-aga theta replicon and P,,-SP,,,s-nucA-CWA y-1112 was constructed based on the plasmids
pRNA48 and pVES5524 which was suitable for the heterologous proteins anchored to the cell wall of L. lactis N79000.
The fusion OprF/H derived from Pseudomonas aeruginosa was cloned into plasmids pRNA48 and pRNV48 to construct
the pRNA48-Oprk/H and 3RNV48-Oprk/H for the expression of OprF/H. Oprk/H was produced by the recombinant
strains when induced with nisin. The highest yield of active OprF/H was 9.6% of intracellular soluble protein and 9.8%
of cell wall anchored protein in L. lactis NZ9000 respectively. The immunogenicity and specificity of the expressed
protein from recombinant were tested by animal immunization and Western blot.

Keywords Lactococcus lactis  food-grade vector inducible expression fusion outer membrane protein
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