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Uropathogenic E.coli PapG Protein: The Expression and Immune Characterization in
Balb/C Mice
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Abstract

Urinary tract infection (UTI) is one of the most complications in human caused by uropathogenic Escherichia coli (UPEC) and there is no
effective vaccine against UTI. In this study the PapG protein was expressed and monitored for immunoassay. The pEXA/PapG vector was
digested with Ndel/EcoR|1 enzymes, and the gene segment was sub-cloned into pET21a vector. After transformation to E. coli strain Origami,
PapG was expressed under the 1 mM IPTG. Protein expression was detected by SDS-PAGE and western blotting. Protein purification was
carried out using Ni-NTA column. Experimental mice (n=18) were divided into three groups. The groups 1 to 3 were immunized three times
with 2 weeks interval with the PapG protein with freund’s adjuvant, alum adjuvanted protein and PBS, as a control. Two weeks after the last
injection, lymphocyte proliferation assessed with Brdu method, secretion of IL-4 and IFN-y cytokines were quantified by ELISA kit. In
addition, total antibody, 1gG1 and IgG2a subtypes were assayed with ELISA. The results indicated that PapG, as a vaccine candidate,
significantly increase lymphocyte proliferation and Thl cytokine pattern versus control group. Humoral immune responses induced with both
IgG1 and 1gG2a classes. Although PapG, as a vaccine candidate, strongly induced cellular and humoral immune responses, more studies and

experimental bacterial challenges remained to be clarified.

Keywords: Uropathogenic E.coli, PapG, expression, immunization, immune responses

INTRODUCTION

Urinary tract infection (UTI) remains one of the well-
known infections in humans especially in young women
[1]. The bacteria responsible for this infection, UPEC, often
originate from feces. After overcoming the host's immune
responses, the bacteria were colonized in the lower urinary
tract, establishing infection in the urinary tract that can
progress to pyelonephritis [2-4] . The infection caused by
UPEC is usually self-limiting and rarely spread beyond the
urethra. However, UPEC bacteria invade to bladder
epithelial cells by intracellular amplification, and upon
exiting the cell's surface, invade to other epithelial cells in
the tissues of the bladder, establishing a persistent infection
[5, 6]. Due to urinary flow, mucus and secretory IgA
secretion as well as bactericidal property of urine epithelial
cells, the urinary tract is normally sterile [7, 8]. However,
some strains of E coli bacteria can grow in the urinary tract
because they share several virulence factors such as
adhesion molecules and toxins [9].The early step in the
colonization of UPEC strains on the mucosal surfaces of
the host is dependent on some adhesion molecules such as
pili S, adhesion family of Dr, pili p and pili type 1 [10].
Them, type | and p Pili in the adhesion is considered to be

more important [11-14]. PapG, as a critical adhesion
molecule, is known to be pyelonephritis-associated pili [15,
16].Current treatment of acute urinary tract infection is
limited due to the increasing rate of antibiotic resistance
strains as well as adverse effects of vaccines[9, 17].
Vaccine as a most economic method for prevention and
controlling infection is considered in public health. Herein,
many vaccines were used for prevention of infection
diseases in human and also in livestock and poultry
Industry and resulted to the control of some infection
diseases [18, 19]. Because of origination of antibiotic
resistance strains of UPEC, it is seemed that preparation of
a vaccine against urinary tract infection would be useful for
controlling the infection [20, 21]. Several clinical trials of
vaccine candidates have currently been tested against
urinary tract infection in human [22-25], no suitable results
have been found so far. Therefore, targeting critical
molecules in the adhesion process such as PapG as a
vaccine candidate can lead to an increase in vaccines
efficacy [26].

In the present study, the recombinant PapG protein was
produced in E.coli BL21 DE3 and immune responses
against the molecule was evaluated in the murine model.
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MATERIALS AND METHODS

Construction of a recombinant PapG expression
vector

The synthesized PapG gene in pEXA vector at
Ndel/EcoRI restriction enzyme sites was purchased from
Bioneer Company (Bioneer, Korea). The plasmid was
digested with Ndel and EcoRI (Fermentase, Lituania), and
the PapG gene segment was ligated into the pET21a vector.
To confirm whether pET21a vector contained the PapG
gene segment, the recombinant plasmid was double
digested with Ndel/EcoRl enzymes and electrophoresis
carried out in a 1% agarose gel. Finally, the fidelity of the
pET21a/PapG vector was confirmed by gene sequencing.
(Macrogene Institute, South Korea).

The expression of the recombinant PapG protein

PET21a/PapG vector was transformed into the E. coli
strain origami using a standard calcium chloride protocol.
To express the recombinant PapG protein, the bacteria
containing the plasmid were induced 4 hours using 1 mM
IPTG. Furthermore, the protein expression was confirmed
by SDS-page.

Western blot analysis of recombinant PapG

After IPTG-induction of the cells to express the
recombinant PapG, SDS-page was performed to separate
the protein bands according to the molecular weights.
Subsequently, proteins from an SDS-PAGE gel were
electrophoretically transferred to the nitrocellulose
membrane in Tris-glycin buffer containing 20% methanol.
The membrane was blocked by 3% TBS-BSA containing
tween-20 and then washed three times with TBS-T, and
incubated with the 6 His-tag antibody HRP conjugate
(Roche, Germany) for 2 hours. Afterwards, the membrane
was washed again and incubated with of 3, 3-
diaminobenzidine (DAB) substrate solution containing 1%
H,0,. When a deep brown band appeared, the membrane
was washed with distilled water to stop the enzymatic
reaction.

Purification of the PapG protein

Ni-NTA column (Qiagen, USA) was used for mass
purification. The pellet of E.coli cells expressing the
recombinant proteins was suspended in buffer A (20mM
Tris-Hcl, 0.5M NaCl, 0.3% Triton X100, 1mM PMSF,
10mM imidazole, pH 8.0), and sonicated in 10 cycles of 40

seconds at 4°(C by a sonicator (MSE, UK). The suspension

was centrifuged (12000rpm, 20min, 4C{:), the sample was

loaded on a Ni-NTA column and purification was
performed according to the manufacturer's standard
protocol. Protein refolding was carried out by urea. After
dialysis of purified samples, the concentration of each
protein was detected through the Bradford method.

Endotoxin analysis of the recombinant PapG
protein

The endotoxin level of purified PapG was detected by
the limulous amoebocyte lysate test (LAL test) according to
the manufacturer's standard protocol (Thermoscientific,
USA).

Mice
Six-to-eight weeks inbred female BALB/c mice were
purchased from Pasteur Institute of Iran (Karaj, Iran). Mice

were housed for 1 week before the immunization, given
free access to food and water, and maintained in a
light/dark cycle with lights on from 6:00 to 18:00 hours.
All mouse experiments were performed in agreement with
the Animal Care and Use Protocol of Islamic Azad
University.

Experimental groups and immunization

Experimental mice (n=18) were divided into 3 groups
(n=6). The groups 1 to 3 were subcutaneously immunized
three times with 2 weeks interval with 20 pg of the PapG
protein adjuvanted with complete freund's adjuvant, 20 pg
of the PapG protein adjuvanted with alum and PBS, as a
control group.

Lymphocyte proliferation assay

Two weeks after the last shooting of the vaccine, the
spleens of mice were re-suspended in cold PBS containing
5% FBS. RBCs were lysed with lysis buffer and, after
centrifugation, the pellet was re-suspended and adjusted to
3x10° cellssml in RPMI 1640 (Gibco, Germany)
supplemented with 10% FBS, 4 mM/L-glutamine, 1mM
sodium pyruvate, 50um 2ME, 100pg/ml streptomycin and
100 IU/ml penicillin. 100 pl of the cell suspension was then
dispensed into each well of 96-well flat-bottom culture
plates in triplicate and stimulated with 10 pg/ml of the
PapG protein. Phytohemagglutinin-A (5 pg/ml, Gibco),
unstimulated wells and complete culture medium were used
as a positive control, the negative controls and a blank,
respectively. Three days later, 100 pl of 5-bromo-2-deoxy-
uridine labeling solution was added to each well and
incubation continued for 18 hrs. Subsequently, the plates
were centrifuged, and culture medium was completely
removed and dried at 60 ° C for 30 minutes. Then, 100 pl
of the anti-Brdu antibody was added to each well for 2 hrs,
the plates were washed five times with PBS, 100 pl of the
TMB substrate was added to each well in the dark
condition and the reaction was stopped by adding 100 pl of
2N H,SO,. Absorbance was measured using a
spectrophotometric plate reader at 450/630 nm. Stimulation
Index (SI) was calculated according to the following
formula: OD of stimulated wells/OD of un-stimulated
wells.

IFN-y and IL-4 Cytokines ELISA

Two weeks after the final immunization, a total number
of 3x10° splenocytes were seeded into each well of a 24-
well plate and stimulated with 10 pg/ml of PapG protein
and incubated at 37°C in 5% CO,. Three days later,
supernatants were collected and IFN-y and IL-4 cytokines
were assessed through commercial ELISA Kits (Mabtech,
Sweden) according to the manufacturer’s instructions. The
quantity of cytokines was expressed as pg/ml according to
the related standard curve.

Total antibody ELISA and determination of 1gGl1,
1gG2a subclasses

Sera of experimental mice were collected and total
antibodies were determined by an optimized ELISA
method. Briefly, 100 ul of 10 pg/ml of the PapG antigen in
PBS buffer were added to 96-well ELISA Maxisorp plates
(Nunc, Naperville, IL), and incubated overnight at 4 °C.
The wells washed three times with PBS containing 0.05%
Tween 20 (washing buffer) and blocked for 1 hour at 37 °C
with 5% skimmed milk in PBS (blocking buffer). The
plates were washed with washing buffer, and 100ul of 1/50
to 1/6400 diluted sera were added to individual wells and
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incubated at 37 °C for 2 hours. The wells were washed five
times with washing buffer, and incubated for 2 hours with
100 pl of 1/10000 dilution of HRP-conjugated anti mouse
(Sigma, USA). The wells were washed six times and
incubated in the dark for 30 minutes with 100 ul of TMB
substrate. Finally, the reaction was stopped with adding 100
ul of 2N H2S04, and the color density was measured at
Ausoszp "M with an ELISA plate reader. In addition,
specific lgGland 1gG2a subclasses were assessed at
dilution of 1/50 of experimental sera with goat anti-mouse
IlgGland 1gG2a secondary antibodies (Sigma, USA)
according to the manufacture’s protocol.

Statistical analysis

All experiments were performed in triplicate, and the
data was expressed as means + S.D for each experiment.
All statistical analyses were carried out by the T-Test, one
way annova test and SPSS v18 software. In all of the cases,
P values < 0.05 were considered to be statistically
significant.

RESULTS

Construction of the PapG expression vector

The constructed pET21a/PapG vector was double
digested with Ndel/BamHI restriction enzymes. The results
of agarose gel electrophoresis of digested plasmid showed a
band 629 bp for the PapG gene segment. The results of
sequencing also confirmed the gene segment in the pET21a
vector (data not shown) (figure 1).

629 bp

Figure 1. Enzymatic digestion of pET21a/PapG expression vector.

Expression of the PapG protein in the E. coli
Origami strain

The E.coli strain origami, as a host, was used to express
the recombinant PapG protein. After transformation and
expression under 1 mM IPTG induction, SDS-page analysis
showed over expression of about 24 KD (figure 2). In
addition, western blotting analysis with the anti His-tag
antibody indicated a band about 24 KD for PapG protein
(figure 3).
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Figure 3. Western blot analysis of PapG protein.

Purification of the recombinant PapG protein

The Ni-NTA column was used to purify the
recombinant PapG protein. The purification results showed
that after purification of the PapG protein and SDS-page
analysis, a 24 KD band for PapG was observed (figure 4).

%ure 4. Prification of PapG protein using Ni-NTA column and
analysis of the purification with SDS-page.
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Endotoxin level in the purified PapG protein

The results of endotoxin levels in the purified
recombinant PapG proteins using LAL test showed that the
endotoxin level was less than 0.07 EU/ml.

Lymphocyte proliferation

The results of lymphocyte proliferation indicated that
the PapG protein adjuvanted with alum and freund’s
resulted in an increase in lymphocyte proliferation as
compared to control group (p=0.0001, p= 0.0708
respectively). In addition, the PapG/alum immunization of
mice led to increased lymphocyte proliferation in
comparison to the PapG/freund’s immunized group
(p=0.0011). (figure 5).
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Figure 5. Lymphocyte proliferation according to stimulation
index.

IL-4 and IFN-y cytokine assay

The results of the IL-4 cytokine analysis showed that
immunization with the candidate vaccine formulated with
freund’s and alum adjuvants increased the IL-4 cytokine
compared to the control group (p= 0.0182, p= 0.1282
respectively). No significant difference was observed
between alum and freund’s adjuvanted groups in the
induction of the IL-4 cytokine (figure 6).

Assessment of the IFN-y cytokine in the experimental
groups showed that immunization with PapG/freund’s and
PapG/alum increased the IFN-y cytokine as compared to
the control group (p=0.0008, p=0.005 respectively).
Analysis of the IFN-y cytokine release in the PapG/freund’s
group when compared to the PapG/Alum group, indicated
no significant difference (p=0.7069) (figure 6).
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Figure 6. Interleukin-4 and IFN-y cytokines in the experimental
groups.

Total antibody

The results of total antibody indicated that
immunization with PapG/Alum increased the total IgG
responses compared to the control group at dilutions of
50,100 and 200 (p<0.0394). In addition, PapG/freund’s
group increased the total antibody responses compared to
the control group at dilutions of 50, 100, 200, 400 and 800
(p<0.0188).No significant differences were observed
between freund's and alum-adjuvanted groups in the
induction of the total IgG response (figure 7).
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Figure 7. Total antibody responses after immunization course.

1gG1 and 1gG2a isotypes

Assessment of a specific 1gG1 isotype showed that
immunization with PapG/Alum and PapG/freund's
increased the 1gG1 level versus control group (p< 0.0001).
Immunization with PapG/alum increased the 1gG1 level in
comparison to the PapG/freund's but no significantly
difference (p= 0.9838) (figure 8). The IgG2a isotype
responses indicated that immunization with PapG/alum as
well as PapG/freund's increased 1gG2a when compared to
the control group (p= 0.0374). No significant differences
were observed in the 1gG2a level between PapG/alum and
PapG/freund's immunized groups (p= 0.8604) (figure 8).
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Figure 8. Specific IgG1 and IgG2a in the experimental groups.

DISCUSSION

Vaccination is the most economic and safe method for
prevention and even therapy of the infectious diseases[17].
E. coli is the most important agent of urinary tract infection
in human [14, 27, 28]. On the other hand, antibiotic therapy
was encountered to origination of antibiotic resistant
strains. Therefore, a vaccine is the best choice for fighting
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against UTI [26, 28, 29]. Attachment of UPEC to the
bladder is an important stage in the colonization and
pathogenesis of the disease. In this regard, targeting the
attachment and abrogation stage may be resulted in the
control and prevention of the infection. Nowadays, vaccine
strategies against UTI focused on the inhibition of bacterial
binding molecules as targets [29-31].

Pili type P of UPEC is one of the important agents of
the urinary tract infection [9-12]. According to the various
reports, the binding process in uropathogenic Escherichia
coli is facilitated through type 1 and P fimbriae; P fimbria
causes the ascending infections in the urinary tract.
Ascending of the urinary tract infection from the lower
parts to the upper urinary tract system provides the
progression of infection to the kidney, establishing
pyelonephritis [14, 16]. Considering the mechanism of
pyelonephritis establishment and the critical role of PapG
in the formation of pyelonephritis, it can be considered as a
suitable vaccine candidate for UTI. In this study, the
recombinant PapG protein was expressed in E.coli. Herein,
the PapG gene segment was cloned into the PET2la
expressing vector and then expressed in E. coli strain
origami, as a host. In the following, the recombinant
protein PapG was purified and used as a vaccine candidate
in immunoassay using alum as well as freund’s adjuvants.
Results of Ilymphocyte proliferation showed that
immunization of mice with PapG/alum as well as freund’s
adjuvants increase lymphocyte proliferation  when
compared to the control group. Lymphocyte proliferation as
a cellular immunity marker [32, 33], showed the ability of
PapG protein in the induction of cellular immunity.

Several studies showed that cellular immune responses
play important roles in the clearance of infection in UTI
[34-37] and PapG and, as a vaccine candidate, can
successfully induce cellular immune responses. Cytokine
analysis showed that PapG, as a vaccine, in combination
with both alum and freund’s adjuvants could strongly
induce IFN-y secretion and polarize the Thl pattern. A
study of Carson et al. in immunodeficient mice showed that
the Thl immune platform and cellular immunity play
important roles in the resistance to UTI [36]. The results of
cytokine assay confirmed the ability of PapG protein to
induce Thl cytokine profile, and the possible potency of
this vaccine to induce the resistance to the infection.
Considering the involvement of antibodies in the resistance
to UTI, total antibodies were then evaluated. The results of
total antibodies showed that immunization with PapG/alum
and freund’s adjuvants significantly increased total
antibodies as compared to the control group. Various
studies showed the role of humoral immune responses in
the resistance to the infection [34, 38, 39]. In fact,
antibodies masking the adhesion molecules on UPEC are
able to inhibit the attachment to the host cells and abrogate
colonization and subsequently the infection [38] and PapG,
as an adhesion molecule, can induce strong antibody
responses with increased 1gG1 and IgG2a classes. Taken
together, in the preset study we have shown the potency of
the PapG molecule as an immunogen in the induction of
humoral and cellular immune responses. However, in the
near future, the PapG vaccine using the surface display
strategy would be evaluated in the experimental UTI
challenges.
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