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Abstract
AIM: To construct a prokaryotic expression vector 
carrying Campylobacter jejuni  peb1A gene and express 
it in Escherichia coli . Immunoreactivity and antigenicity 
of rPEB1 were evaluated. The ability of rPEB1 to 
induce antibody responses and protective efficacy was 
identified.
METHODS: peb1A  gene was amplified by PCR, target 
gene and prokaryotic expression plasmid pET28a 
(+) was digested with BamHI and XhoI, respectively. 
DNA was ligated with T4 DNA ligase to construct 
recombinant plasmid pET28a(+)-peb1A . The rPEB1 
was expressed in E. coli  BL21 (DE3) and identified by 
SDS-PAGE. BALB/c mice were immunized with rPEB1. 
ELISA was used to detect the specific antibody titer 
and MTT method was used to measure the stimulation 
index of spleen lymphocyte transformation.
RESULTS: The recombinant p lasmid pET28a 
(+)-peb1A was correctly constructed. The expression 
output of PEB1 protein in pET28a (+)-peb1A  system 
was approximately 33% of total proteins in E. coli . 
The specific IgG antibody was detected in serum of 
BALB/c mice immunized with rPEB1 protein. Effective 
immunological protection with a lower sickness 
incidence and mortality was seen in the mice suffering 
from massive C. jejuni  infection.
CONCLUSION: rPEB1 protein is a valuable candidate 
for C. jejuni  subunit vaccine.
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INTRODUCTION
Campylobacter j e juni is one of  the leading causes 
of  bacteria l diar rhea in travelers, chi ldren, and 
military personnel in regions where water and food 
sources are commonly contaminated[1]. Moreover,  
C. jejuni is an infectious agent most often associated with 
Guillain-Barre syndrome (GBS), a post-infectious poly-
neuropathy[2-5]. Campylobacter has been reported in 
many geographic regions and its incidence varies with 
the season. Campylobacter outbreak and sporadic cases 
occur in developed countries, but the risk of  developing 
campylobacteriosis is greater in travelers, children, and 
military personnel in regions where water and food 
sources are commonly contaminated. Currently, no 
commercial vaccines are available for the prevention of  
campylobacter-induced diseases in humans or for the 
reduction/elimination of  colonization in poultry.

The development of  vaccines has been hampered 
because the pathogenesis of  campylobacter infections 
is poorly understood. The live-attenuated or killed 
whole-cell campylobacter vaccine candidates have 
raised questions about its safety. The protein PEB1, 
encoded by peb1A genes, is considered a common 
antigen and a major cel l adherence molecule of   
C. jejuni[6]. The peb1A gene contains 780 bases encoding 
a 259-residue polypeptide. The peptide sequence starting 
at residue 27 matches that determined from amino-
terminal sequencing of  mature PEB1 from C. jejuni. The 
molecular mass of  mature PEBl (amino acids s 27-259) 
is 25.5 kDa. In this study, we constructed a prokaryotic 
expression vector carrying C. jejuni peb1A gene minus 
its signal sequence and expressed it in E. coli. These 
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vaccine candidates were evaluated in mice for their 
ability to induce antibody responses specific to rPEB1 
immunization and to protect the candidates against oral 
challenge with C. jejuni.

MATERIALS AND METHODS
Animals
BALB/c mice, at the age of  6-8 wk, were purchased 
from Center of  Experiment Animal of  Sun Yat-sen 
University and housed in cages for 7 d before use.

Bacterial strains and culture conditions
C. jejuni was grown in brucella agar plates at 37℃ in 
a microaerobic environment. E. coli JM109 used for 
amplification of  the recombinant plasmid pET28a 
(+) was grown in a LB medium supplemented with 
kanamycin (50 µg/mL) at 37℃.

Construction of pET28a (+)-peb1A
Primers were designed according to the sequence of  
the C. jejuni peb1A gene (Genbank, ATCC700819) minus 
its signal sequence. The sequence of  up primer is 5'-GC
GGATCCGCAGAAGGTAAACTTGAGTCTAT-3' and 
the sequence of  down primer is 5'-CCGCTCGAGTTA
TAAACCCCATTTTTTCGCT-3'. The restriction sites 
of  BamHI and XhoI (underline) were introduced into the 
sequences of  up and down primers, respectively, for 
gene cloning.

As a first step in amplification of  the C. jejuni 
peb1A gene, template DNA was extracted from the  
C. jejuni genome. In a 50-µL Eppendoff  tube, 30.5 µL 
of  ddH2O, 5 µL of  2 mmol/L dNTP, 5 µL 10 × PCR 
buffer, 0.5 µL of  Taq polymerase, 1 µL of  template 
DNA were added. The PCR product was subjected to 
electrophoresis on 1.5% agarose, purified using a DNA 
purification kit and then subjected to digestion with 
BamHI and XhoI. The digested PCR product was purified 
and inserted into pET28a (+) digested with the same 
restriction enzyme to construct pET28a (+)-peb1A. 
pET28a (+)-peb1A was transfected into E. coli JM109. 
After propagation, pET28a (+)-peb1A was identified with 
restriction enzyme by direct sequencing.

Protein expression and purification
The peb1A gene from C. jejuni was expressed in E. 
coli as hexahistidine tagged proteins in pET-28a (+).  
E. coli BL21 (DE3) containing peb1A clone was grown 
in LB broth containing 30 µg/mL kanamycin. Cells were 
incubated at 37℃ with shaking at 250 r/min for 3-4 h 
until the culture reached an OD of  0.3-0.4. Then, IPTG 
was added to the LB broth at a final concentration of  
1 mmol/L to induce expression of  the target protein 
PEB1. Culture was continued for 6 h and BL21(DE3) 
cells were harvested at 1, 2, 3, 4 and 6 h, respectively, 
by centrifugation. The pellet of  BL21(DE3) cells was 
resuspended in 1 × LEW buffer containing 50 mmol/L 
NaH2PO4, 300 mmol/L NaCl, pH 8, and subjected to 
ultrasound in ice water. To evaluate the solubility and 
inclusion body formation, the resulting supernatant and 

sediments were separated by centrifugation at 12 000 r/min  
for 10 min at 4℃, and subjected to SDS-PAGE for 
expression of  recombinant PEB1 (rPEB1), which was 
purified by nickel chromatography under native conditions.

Vaccination
BALB/c mice were injected with 100 µL of  PBS or 
with PBS containing 25, 50 or 100 µg of  rPEB1 protein 
emulsified with an equal volume of  CFA or IFA. Mice 
in each vaccination group (n =10 mice) were immunized 
four times at 1-wk intervals by intramuscular and 
subcutaneous injection. Following vaccination, the mice 
were monitored for adverse effects. Blood was collected 
from mice at various time points before and after 
immunization, and allowed to clot. The tubes were spun 
at 3000 r/min for 10 min, and the serum was collected 
into a clean microcentrifuge tube. Serum samples were 
logged in and stored at -20℃.

ELISA was used to evaluate the level of  antibody 
response to anti-PEB1. Briefly, rPEB1 was used as the 
solid phase. After blocking with PBST supplemented 
with 10% fetal calf  serum, the serum from mice was 
added. After extensive washing, bound antibodies 
were detected with goat anti-mouse IgG labeled with 
horseradish peroxidase. Antibody titers were determined 
by the serial end-point dilution method. The titer of  
serum was expressed as group geometric mean ± SD of  
the mean of  individual animal values, which represented 
the average of  duplicate assays.

T-cell proliferation assays
BALB/c mice immunized with rPEB1 or PBS (control) 
were sacrificed on day 60 after the first immunization. 
Splenocytes were harvested from the mice, co-cultured 
with rPEB1 (2 µg/mL) or with PHA in RPMI1640 
for 54 h before addition of  MTT (10 µL per well), 
and incubated at 37℃ for 3 h. The supernatant was 
transferred into a new Eppendorf  tube. Absorbance 
of  the converted dye was measured at a wavelength of   
570 nm with a spectrophotometer.

Protective efficacy of oral challenge with C. jejuni
BALB/c mice at the age of  7-9 wk without specific 
pathogen were used in the study. The vaccinated mice 
were challenged with C. jejuni strain 81-176 in the oral 
model. We compared the protective efficacy of  rPEB1 in 
immunized and non-immunized mice. Deaths occurred 
in challenged and control mice were recorded for more 
than 7 d. Illness index was scored as follows: 2 = dead, 
1 = lethargic with ruffled fur and lower activity, and 0 = 
healthy. 

RESULTS
Construction of pET28a (+)-peb1A
A single band at the 720-bp site was well shown in  
C. jejuni genome amplified by PCR. Recombinant 
plasmid pET28a (+)-peb1A analyzed by restriction 
enzyme digestion and DNA sequence was correctly 
constructed.



Expression and purification of recombinant protein
A rPEB1 protein with an expected molecular weight 
of  29kD was efficiently expressed in E. coli BL (DE3). 
The rPEB1 was mainly observed in supernatant of  the 
E. coli BL (DE3) lysate and purified to approximately 
96% purity by Ni-NTA resin after ultrasonication. The 
expression output of  PEB1 protein in pET28a (+)-peb1A 
system was approximately 33% of  total proteins of   
E. coli (Figure 1). 

Strong immune response of BALB/c mice immunized 
with rPEB1
In subcutaneous and intramuscular injection groups, no 
apparent side effects were noted in mice and delivery 
of  rPEB1 with CFA caused a ruffled fur appearance 
in all mice that lasted < 24 h, suggesting that injection 
of  rPEB1 was safe. The mice in subcutaneous and 
intramuscular injection groups were immunized with 
rPEB1 interfused in CFA or IFA. PBS was substituted 
for rPEB1 in the control group. Anti- rPEB1 serum 
was detected 2 wk after the first immunization in both 
subcutaneous and intramuscular injection groups  
(Figure 2). Compared to the PBS group, significantly 
higher levels of  serum IgG were detected in ≥ 90% of  
the animals when 50 µg or higher rPEB1 was delivered 

with the adjuvant. Vaccination with 100 µg rPEB1 with 
the adjuvant induced antigen specific serum IgG, which 
was indistinguishable from that in 200 µg recipients 
(Table 1). A clear vaccine dose-dependent response was 
seen for the response magnitude and a strong immune 
response was observed in mice after immunization with 
rPEB1. The highest end point dilution titer of  anti- 
rPEB1 serum was 1:5600.

T-cell proliferation assay of splenocytes in BALB/c mice
The proliferating response of  splenocytes was generated 
in immunized mice when they were stimulated by PHA 
or rPEB1 protein. The stimulation index (SI) value for 
the immunized group was significantly higher than that 
for the control group, suggesting that proliferation of  
T cells from immunized mice could be stimulated by 
rPEB1. No difference in SI was observed in different 
groups immunized with different doses of  rPEB1 
compared with the PHA control group (Figure 3).

Protective efficacy of oral challenge with wild-type 
C. jejuni
Fourteen days following vaccination, animals immunized 
with different doses of  rPEB1 were challenged with wild-
type C. jejuni. The results are summarized in Table 2. Fifty 
micrograms rPEB1 failed to protect mice against C. jejuni 
infection and no significant difference was observed in 
illness pattern of  PBS recipients. The efficacy of  rPEB1 
vaccine was significantly higher in animals challenged with 
C. jejuni than in those of  the control group, indicating that 
rPEB1 vaccine could eradicate C. jejuni infection (Figure 4).

DISCUSSION
PEB1, a surface-exposed conserved antigen in C. jejuni, 
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Figure 1  Analysis of expression pattern of recombinant protein by SDS-
PAGE. Lane 1: protein marker; lanes 2-3: E. coli BL (DE3) transformed with 
pET28a(+) and pET28a(+)-peb1A respectively after induced with IPTG for 4 
h; lanes 4-5: supernatant and precipitate of sonicated broken E. coli BL (DE3) 
transformed with pET28a(+)-peb1A; lanes 6-7: Purified recombinant protein.
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Figure 2  OD values of specific serum IgG antibody levels after 
immunization with rPEB1.

Table 1  OD values of specific serum IgG antibody levels in 
BALB/c mice after immunization with recombinant PEB1 
protein vaccine

Groups Immune route Serum IgG (mean ± SD)

Control Subcutaneous 0.157 ± 0.010
P50 μg Subcutaneous  0.365 ± 0.0191

P100 μg Subcutaneous  0.521 ± 0.0241

P200 μg Subcutaneous  0.619 ± 0.0281

Control Muscular 0.157 ± 0.010
J50 μg Muscular  0.350 ± 0.0161

J100 μg Muscular  0.641 ± 0.0191

J200 μg Muscular  0.638 ± 0.0231

1P < 0.01 vs control group.

Table 2  Illness index of BALB/c mice after oral challenge 
with wild-type C. jejuni

Groups Cases Healthy Sickness Dead Illness index Protective 
rate (%)

Control 6 0 2 4 9.14 ± 0.90  0
J50 μg 6 2 1 3 5.71 ± 0.49    33.3
J100 μg 6 4 1 1 3.00 ± 0.82 75
J200 μg 6 3 2 1 3.14 ± 0.90    66.7
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is commonly recognized in convalescent sera from 
infected patients and involves binding of  C. jejuni to 
eukaryotic cells[7]. Pei et al[8] have reported that PEB1 
is a homolog of  cluster 3 binding proteins of  bacterial 
ABC transporters and a C. jejuni adhesion cell-binding 
factor 1. They determined the role of  PEB1 in C. jejuni 
adherence and noted that the rate and duration of  
intestinal colonization by its mutants are significantly 
lower and shorter than those of  the wild-type strain 
in mouse challenge test[8]. The adherence to epithelial 
cells is essential for the establishment of  colonization 
in the gastrointestinal tract. It has also been shown that 
the PEB1 can adhere to Hela cells[9]. Inactivation of  
the peb1A locus significantly reduces C. jejuni adherence 
to Hela cells[10,11]. Moreover, the particulate PEB1 is 
the only antigen, known to elicit a prominent immune 
response[12,13]. We believe that PEB1 may be used as a 
vaccine for C. jejuni infection, which was confirmed by 
the fact that we successfully constructed a fusion gene 
containing C. jejuni peb1A gene and expressed rPEB1 
protein in E. coil BL21 (DE3). rPEB1 with adjuvant 
CFA/IFA was used to immunize BALB/c mice, in which 
strong specific humoral immune responses were induced. 
High specific anti-rPEB1 and significantly higher specific 
T-cell proliferation were detected in BALB/c mice  
3 wk after their first immunization. Furthermore, rPEB1 
vaccination was found to have an effect on reducing the 
illness index of  BALB/c mice after oral challenge with 

wild-type C. jejuni.
S izemore e t a l [14] have repor ted that l ive and 

attenuated Salmonella Typhimurium strains expressing 
PEB1 can induce antibody responses specific to PEB1 
following oral immunization, and have the ability to 
protect mice against infection with S. Typhimurium 
strains by reducing or eliminating systemic dissemination 
and intestinal colonization of  wild-type C. jejuni strain 
81-176. However, they noted that attenuated salmonella 
can stimulate production of  serum IgG in mice and 
cannot protect mice against challenge with wild-type  
C. jejuni[14]. They believe that a small amount of  antigen, 
available at the time of  vaccination, may play a role 
in the absence of  serum IgG[14]. Our results indicated 
that immunization with a low dose (50 µg) of  rPEB1 
could stimulate specific humoral immune responses and 
could not protect mice against challenge with wild-type  
C. jejuni.

The results of  the animal protection test using 100 µg  
rPEB1 showed that most immunized mice remained 
healthy after C. jejuni challenge. Eighty percent of  the 
control mice were lethargic with ruffled fur and lower 
activity and died 2 d post-challenge. The protective rate 
of  rPEB1 immunization was 75% in the 100 µg rPEB1 
group.

In conclusion, rPEB1, as a candidate vaccine, offers 
several advantages. It can lead to strong immune response, 
and provide a protective efficacy. Further study is needed 
to address its mechanism. 

 COMMENTS
Background
Despite the growing importance and widespread recognition of campylobacter 
enteritis as a major international public health problem, no commercial vaccines 
are available for the control of campylobacter-associated enteric disease in 
humans, or for the reduction/elimination of colonization in poultry.
Research frontiers
This study looked for the best induction of protective immune responses when 
the immunogenic campylobacter protein PEB1 was expressed. 
Innovations and breakthroughs
The results of this study showed that rPEB1 was successfully expressed in  
Escherichia coli and immunization of mice through systemic routes could induce 
strong and specific serum IgG responses and splenocyte proliferation. 
Applications
Based on the results of our study, further investigation should be focused on 
mucosal immune responses, which may be more important to Campylobacter 
jejuni subunit vaccines.
Peer review
The results of this study are interesting. The authors evaluated immunoreactivity 
and antigenicity of rPEB1, identified the ability of rPEB1 to induce systemic 
immune responses and its protective efficacy.
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