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Type III secretion system plays an important role in pathogenesis of Pseudomonas
(P.) aeruginosa. PcrV protein is a structural component of this system. Following the
expression and purification of recombinant PcrV (r-PcrV), three shots of immunization
were performed. Specific total and isotype (IgG1, IgG2a, IgG2b and total IgM) antibodies
were measured after each shot. In addition, four weeks after the last immunization,
immunized and nonimmunized groups of mice were burned and challenged with P.
aeruginosa PAO1. To study the efficacy of the immunization, survival rate and bacterial
quantity were evaluated in the skin, liver and spleen. All immunized mice were able to
produce protective antibodies against P.aeruginosa PAO1. Anti-r-PcrV antibodies
effectively enhanced (65%) survival rate of the immunized group in contrast to control
group against challenge strain. Isotype antibody analysis revealed that the IgG1 was
produced more than IgG2a in the immunized group. This phenomenon indicated, although
both humoral and cellular immune systems were activated, of which the humoral
immunity was the dominant immune response against P.aeruginosa.
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Pseudomonas (P.) aeruginosa is an
opportunistic pathogen that causes a wide range
of acute and chronic infections1,2. Almost all of
these associated with the onset of weakness, and
defects in the host immune system, such as
infections occur in patients with human
immunodeficiency virus (HIV), cancers, severe
burn wounds and cystic fibrosis3-5.

Burns are one of the most common and
deteriorating forms of trauma that predispose
patients to be infected  by variety of potential
pathogens, such as P.aeruginosa because of
damage of the protective skin barrier and
suppression of the immune system6-7. On the other
hand, ability of P.aeruginosa to survive under

different environmental conditions, combined with
its inherent resistance to different antibiotics,
allows it to colonize and proliferate within the
burned wound8,9. This localized proliferation may
lead to systemic sepsis, which is often associated
with a high rate of mortality in burn patients.
Statistical studies indicate that approximately 10%
of burn patients become infected with
P.aeruginosa and of those, up to 80% die from
P.aeruginosa septicemia7-9. Hereon these patients
require immediate specialized care. As explained
above, P.aeruginosa has provided extensive
resistance against antibiotic therapy, therefore
immune prophylaxis for P.aeruginosa infections
by active and passive immunization in high risk
people )welders, firefighter, etc), has been widely
considered10-12.

These features have motivated scientists
to search for serum therapy instead of antibiotic
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therapy for prevention of post burn infections
caused by P.aeruginosa10-12.  Serum therapy has
various advantages: lower cost, lower toxic effects
and a potential of this process to overcome
antibiotic resistance strains13-15. Hereupon,
extensive research studies were done on the
pathogenesis mechanisms of P.aeruginosa in burn
infections, in order to discover efficient virulence
associated factor that can be used as an
immunogenic agent against Pseudomonas
infections. One of these virulence factors is type
III secretion system that injects effector proteins
and toxins directly into adjacent eukaryotic cytosol
across the eukaryotic plasma membrane14-18. Type
III secretion system produced by three functional
sets of genes encoding different structural and
functional proteins (secretion, chaperone and
effectors) were involved in the delivery or
translocation of effectors and toxins into the
cytoplasm of eukaryotic cells18, 19. PcrV protein,
(also known as V antigen) plays a unique role in
this phenomenon. However, the mutants of
P.aeruginosa lacking the genes of PcrV were unable
to intoxicate eukaryotic cells18-21.

Previous studies have revealed that
active and passive immunization against PcrV can
increase survival in animal models with lung
infection induced by P.aeruginosa18-23. However,
there are few studies that focused on PcrV
immunization efficiency in burn infections. The
main purpose of the present study was an
explana-tion on the possibility of using PcrV as a
vaccine candidate against P.aeruginosa, and also
to investigate how PcrV would promote the
humoral immune responses. On the other word we
going to reveal how PcrV immunization can protect
burned mouse against P.aeruginosa, infections
and fuscous on Immunoreactivity in this
procedure. Our findings, for the first time showed
how PcrV immunization is able to induce poly-
isotypic humoral immune response.

MATERIALS   AND  METHODS

Bacterial Strains and Vectors
P.aeruginosa strain PAO1 was obtained

from Pasteur Institute (Iran). E.coli strains DH5α
(Invitrogen, California USA) and BL21 (DE3)
(Novagen Wisconsin, USA) were used for cloning
and expression of recombinant PcrV protein,

respectively. pET24a (Novagen, Wisconsin USA)
was used as expression vector.
PCR of PcrV Gene Segment

Genomic DNA of P.aeruginosa PAO1, was
extracted by using bacterial genomic DNA isolation
kit (Me-tabion, South Korea), according to
manufactures instructions. The extracted genomic
DNA was used as template to amplify PcrV gene
fragment.

The designed primers used for amplifying
PcrV, had nucleotide sequence as follows: Forward
primer, containing a restriction site for BamHI (5´-
ATGGATCCGAAG TCAGAAACCTTAATGC-3´)
and reverse primer with HindIII restriction site (5´-
GGCAAGCTTG TAGATCGCGCTGAG-3 )́.

Pfu DNA polymerase (fermentase) was
used as a polymerase enzyme in PCR reactions.
Then, PCR products were purified by using PCR
purification kit (Roche Germany), according to the
manufacture’s instructions. Then, the purified PcrV
fragment was digested with restriction enzymes)
HindIII and BamH1 (and ligated into the digested
pET24a vector. This process provides six histidine
residues, (His-tag), on the C-terminal side of the
expressed PcrV protein. Recombinant construct
was transformed into the competent E.coli DH5α
cells. The completeness of the recovered plasmid
was confirmed by controversial methods such as
colony PCR, restriction enzymes digestion method
and sequencing24, 25.
PcrV Expression

E.coli BL21 (DE3) was transformed with
pET24a-PcrV plasmid to express recombinant
protein. Transformed bacteria were cultured at
37 ºC in LB medium containing the kanamycin (50
mg/ml), until exponential phase (OD600 nm=0.5-
0.6). Following this step, induction process was
done by using 1 mM IPTG (fermentase). Samples
were collected every 3 hours during 24 hours, and
analyzed by SDS-PAGE, to determine the optimal
time point of protein expression .SDS-PAGE and
western blot analysis were carried out to confirm
protein expression24,25.
Purification of Recombinant Protein

Transformed E.coli BL21 (DE3) was
grown in large scale and the pellets of them
harvested and resuspended in lysis buffer (0.1 M
NaH2PO4, 8 M urea, and 0.01 M Tris, pH 8.0)
containing protease inhibitors .Cell suspension was
sonicated and centrifuged for 15 min at 10000 rpm,
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recombinant protein (approximately 34kDa) was
purified via its His-tag, by using Ni-nitrilotriacetic
acid affinity chromatography (Ni-NTA Agarose;
Qiagen), according to manufacturer’s instructions.

PcrV protein solution was dialyzed
against 0.1 M phosphate buffered saline (PBS, pH
7.4) for 72 hours to remove urea and stored at -70
ºC until use. It must be reminded that the absence
of detectable levels of endotoxin in final solution
was verified by a Limulus amoebocyte lysate assay
after purification process24, 25.
Western Blot Analysis

Separated proteins by SDS-PAGE were
transferred to a nitrocellulose membrane
(Schliecher & Schuell). Blocking process was done
by using Tris-Buffered Saline (TBS) containing  5-
10% Bovine Serum Albumin (BSA) overnight at 4
ºC. The membrane was then washed three times
(each time 10 min) with TBS containing 0.05%
Tween 20 (TBST). Subsequently the membrane
was incubated for 2 hours at room temperature,
with diluted (1:10000) mouse anti-His-tag antibody
(Qiagen, USA) in TBST. After incubation period
the membrane was washed with TBST and
incubated with anti-mouse immunoglobulin G,
(Heavy and light chain) Horseradish peroxidase
(HRP) conjugated antibody (diluted 1:5000 in
TBST) for 2 hours at room temperature. After three
times of washing, membrane was treated with DAB
solution (Sigma Saint Louis, MO, USA), and placed
in the darkness, until the appearance of the protein
band24, 25.
Mice Immunization

The groups of mice (Six to eight weeks

old female BALB/c mice) obtained from Pasteur
Institute of Iran. The mice were kept under standard
laboratory conditions for one week before applying
the antigen. They were given free access to water
and food and maintained in a light/dark cycle with
lights (12 h / 12 h). In next step, the mice were
assigned into the two groups (N=14) and
immunized with 10 µg of r-PcrV or PBS (for control
group).

Hereupon, the concentration of 0.2 mg/
ml, of r-PcrV protein in PBS was prepared and mixed
with equivalent ratio (1:1) of Complete Freund’s
adjuvant (Sigma, Saint Louis, MO, USA). Finally,
0.1 ml of this solution (containing 10 µg of r-PcrV)
was used for each injection. On the day 0, the
groups of mice were immunized subcutaneously
(Behind the neck) with r-PcrV (PcrV- injected group
or immunized group) and PBS (PBS injected group
or Control group). Immunization procedure was
performed according to the specific schedule that
is shown in Fig. 1.  Booster doses were prepared,
the same as primary injection condition in PBS,
and mixed with Equivalent ratio (1:1) of incomplete
Freund’s adjuvant. Two weeks after each
immunization, mice were bled via the retro-orbital
sinus and the sera were separated and stored at -
20 ºC until future analyzed (Fig. 1)9, 19, 26.
Specific Total IgG

Optimized indirect enzyme-linked immune
sorbent assay (ELISA) method was used to assess
the existence of anti-r-PcrV antibodies in sera of
immunized mice.

A 96-well micro titer plate was coated with
100 µL of 10 µg/ml r-PcrV protein, diluted in PBS

Fig. 1. Immunization: Schematic diagram of immunization process, and timing of future studies to evaluate the
efficacy of this immunization courses
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buffer (1 µg/well) and incubated overnight at 4 ºC.
Then, each immunoplate was washed three times
with PBS containing 0.05% Tween 20 (washing
buffer) and blocked with PBS containing 3-5% BSA
(blocking buffer) for 2 hours at 37 ºC. Plates were
washed and 100 µL of (1/100 to 1/204800), diluted
sera in blocking buffer was added into each well
and incubated for 2 hours, at 37 ºC. In next step,
the wells were washed and incubated with diluted
(1:7000) HRP-conjugated anti mouse-IgG
antibodies, (Sigma, USA) (as secondary antibody),
at 37 ºC for 2 hours. Then, immunoplates were
washed five times and incubated for 30 min with
100 µL tetramethylbenzidine (TMB) as the
substrate in darkness. The enzymatic reaction was
stopped by adding 100 µl of   H2SO4 (2N). Optical
density was read at 450 nm (OD 450). This test was
done, to compare and analyzed alteration of total
specific anti-r-PcrV antibodies after each
immunization process9,25,27.
Isotypes Antibodies

After third immunization, the existence of
anti-r-PcrV specific subclass IgG1, IgG2a, IgG2b, and
IgM antibodies were analyzed using indirect-
ELISA as described by the manufacturer (R&D
Systems, Minneapolis, MN, USA).

After antigen coating and blocking
process, immunoplates were washed and then 100
µL of 1:100 diluted sera (in blocking buffer) was
added into each well. Following the incubation
process (one hour) , wells were washed and 100 µL
of 1:1000 dilutions of anti-mouse IgG1, IgG2a, IgG2b,
and IgM subclasses, as secondary antibodies,
were added. After washing three times, 100 µL of
HRP-conjugated anti-mouse antibodies (Sigma)
were added to each well. The plates were washed
five times and incubated with 100 µL of TMB
substrate (30 min) in the darkness. The Peroxidase-
TMB reaction, was stopped by adding H2SO4 (2N),
and the color density was measured at 450 nm9, 25,

27.
Thermal Injury Model

Thermal injury process was done
according to the method developed by Stieritz and
Holder with slight modifications9, 19. Four weeks
after the last immunization, female BALB/c mice,
were anesthetized with mixture of ketamin
hydrochloride, (100 mg/ml, alfasan Woerden-
Holand), and xylazine (20 mg/ml Alfasan Woerden-
Holand), in distilled water intraperitonellay. The

back hairs of the mice, were shaved (2.5×2.5cm),
and subjected to a 20s, ethanol flame burn on
shaved area (12-15% of total body). After the
thermal injury process, they received 0.5 ml of
sterile saline solution intraperitoneally without
interruption as fluid replacement therapy. It must
remained that this burned model has a partial-
thickness and not lethal9, 19, 26.
Bacterial Challenge

To evaluate the protective efficacy of
produced anti-sera against r-PcrV, the survival of a
burned mouse model against a lethal dose of
P.aeruginosa PAO1, infection was investigated.
Previous studies revealed that thermal injury
caused immune suppression and reduced the lethal
dose of P.aeruginosa from 106 CFU to a 102 - 103

CFU in these models9, 19.
For bacterial challenge, P.aeruginosa

PAO1 was grown overnight on brain-heart infusion
broth (BHI). 50-100 µl of 24h culture, were
transferred into the 5ml BHI broth under agitation
(200 rpm) at 37ºC and incubated for 3-4 hours to
reach favorite optical density (OD of 0.2 at 620
nm). Bacterial cells were harvested by
centrifugation and resuspended in 10 ml of sterile
saline solution. The number of bacteria in injected
inoculate, was counted by plating 100 µL of each
dilution onto MacConckey agar plates. An
inoculums of 5-6×102CFU (3 folds higher than LD50)
was used and administered in 100 µL volume
subeschar immediately after thermal injury process
in burned site .A new group was defined in this
section that contained only burned models without
the challenge as witness group. The animals were
monitored for survival twice a day up to 14 days9,

19, 26.
Bacterial Burden

The efficacy of anti-r-PcrV antibodies to
inhibit the distribution of P.aeruginosa PAO1 from
infected wound to internal organs was assessed.
Twenty five hrs after the challenge (post burn/
infection), bacterial load was analyzed in skin, liver
and spleen.

Four mice of each group were sacrificed
and a biopsy of their burned skin (1.5×1.5 cm),
spleen and liver was prepared in aseptic condition.
Then, each biopsy sample was rinsed, weighed,
excised, and finally homogenized in PBS (2ml) , by
using a Sorvall Omni mixer (Ivan Sorvall, Inc,
Norwalk, Conn.). For bacterial counting, serial
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dilutions (10-1 -10-4fold) of homogenates were
prepared in PBS. In next step, 100 µl of each diluted
suspension were cultured in triplicate on
Pseudomonas selection agar plates (Merck,
Germany), then plates were incubated at 37ºC and
the number of CFUs was counted after 24-48 hours.
Results were expressed as log10CFUg-1 of wet
weight for infected organs9,19,26.
Statistical analysis

For statistical analysis, the software
statistical package for social sciences (SPSS) 20.0
was used. All data were reported as the mean ±S.D.
One-way analysis of variation (ANOVA) and
student’s t-test (Statview) were used to analyzed
obtained results. A P-value less than 0.05 was
considered as statistically significant9,25.

RESULTS

PcrV amplification and construction of pET24a-
PcrV

Genomic DNA of P.aeruginosa PAO1 was
extracted and used as template to isolate PcrV gene.
The expected size of PCR product was 885bp,
(Fig. 2).

The integrity of PcrV into the pET24a was
confirmed by colony-PCR method that used

specific designed primers and double digestion
method with HindIII and BamHI as restriction
enzymes (Fig. 3). Finally, sequencing process was
done to reveal identity and orientation of PcrV gene
with the references sequence. The results showed
100% homology between them.

Fig. 3. Restriction enzyme digestion method was done
to confirm existence of pcrV fragment in recombinant
vector.The plasmids were extracted and digested with
appropriate restriction enzymes. Lane 1 pET24a vector,
Lane 2, undigested recombinant vector. Lane 3,
Recombinant vector digested with BamHI and HindIII,
Lane 4 PCR product of pcrV gene (885bp), Lane M 1kb
DNA size marker on 1% agarose gel

Fig. 4. SDS-PAGE: Confirm the expression and
purification of recombinant PcrV protein by SDS-PAGE
(12% W/V).Amount of protein loaded in each well was
about 50 µg. Lane 1 to 5 flows through material after
washing and solubilizing. Lane 6, and 7 purified r-PcrV
from Ni-NTA Agarose column with elution buffers, Lane
8 induced bacteria with IPTG, and Lane 9 uninduced
bacteria

Fig. 2. pcrV amplification : Electrophoresis of PCR
product on 1% agarose gel. 885 bp (lane 1 and 2)
fragments were amplified by specific primers from pcrV
gene in P.aeruginosa PAO1. lane M, DNA size marker
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SDS-PAGE Analysis
SDS-PAGE results revealed that one major

band around the 34kDa position in lysate of
samples that induced with IPTG which was
expected position for PcrV fraction. In next step,
recombinant protein was purified with Ni-NTA
affinity chromatography (Fig. 4).
Western Blot Analysis

Western blot analysis was conducted to
confirm the expression of desired protein. The major
band observed in SDS-PAGE was analyzed with
anti-r-PcrV antibodies (anti his-tag antibodies) to
demonstrate r-PcrV protein (about 34kDa) (Fig. 5).
Antibody Responses

Titration results in immunized (r-PcrV
injected) group, after the second booster, revealed
that immunization with r-PcrV significantly
increased the total IgG antibody responses at the
dilution of 1/100 up to 1/12800, as compared with
non-immunized (PBS injected) group (P<0.05) (Fig.
6).

The result of the total IgG antibody assay
revealed that all animals immunized with
recombinant immunogen (r-PcrV) were able to
produce specific antibodies against r-PcrV and the
highest antibody titer were detected after the
second booster (Fig. 7).

To determine the specific isotype
antibodies, the existence of anti-PcrV IgG
subclasses (IgG1/IgG2a/IgG2b), and total IgM were
analyzed. Results indicated that the levels of
specific anti-r-PcrV, subclass antibodies in the
serum of infected mice differed significantly among
the two groups in this experiment. The immunized
(r-PcrV injected) group, showed higher level of r-
PcrV-specific IgG1 (P<0.001), IgG2a (P<0.001), IgG2b
(P<0.001) and IgM (P<0.001), in contrast to control
group (PBS injected) (Fig. 8).
Survival Rate

To evaluate the protective efficacy of
produced anti-sera against r-PcrV, the survival rate
of burned mouse model was investigated against
lethal dose of P.aeruginosa PAO1 infection.

The results indicated that the antibodies
against r-PcrV caused 65% survival in immunized
group, within 14 days after the burn wound
infection with P.aeruginosa PAO1. However, there
was no protection effect observed in the control
group, and all mice died only 4 days after the
challenge process (Fig. 9).

Bacterial Burden
To reveal whether anti-r-PcrV antibodies

have high efficacy to inhibit the distribution of
infection from infected wound (eschar) to internal
organs, bacterial burden in skin and internal organs
(liver and spleen), was examined 25 hour after the
burn wound infection, with P.aeruginosa PAO1.

The results indicated that immunized (r-
PcrV injected) mice had a lower number of colony-
forming units (CFU) of P.aeruginosa PAO1 in liver
and spleen, in comparison with non-immunization
(PBS injected) mice, (P<0.001) (Fig. 10). The

Fig.  5. Western blot: Reactivity of anti r-PcrV antibodies
(anti-His 1:10000) to r-PcrV of P.aeruginosain
immunoblot analysis. Lane 1: purified P. aeruginosa
produced r-PcrV (Molecular weight of the protein was
about 34kDa), Lane 2: induced samples and Lane 3
none induce samples. Lane M: Protein size marker (kDa)

Fig. 6. Titration of anti-r-PcrV antibodies: Sera of
immunized (PcrV injected) and nonimmunized (PBS
injected) group was diluted and ELISA was done to
reveal total IgG antibody at the dilution of 1/100 to 1/
204800. Values presented as mean ±S.D of experimental
group (n=14)
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Fig. 7. Total IgG antibody response:  Variation of total
IgG anti-r-PcrV antibodies in sera of immunized group
(PcrV injected group) in contrast to nonimmunized
group (PBS injected group) after each shot of
immunization. Data presented as mean ±S.D of
experimental group. (n=14)

Fig. 8. Poly-isotypic anti-r-PcrV antibody titers :
Immunization with candidate vaccine (r-PcrV)
significantly increased specific IgG1, IgG2a, IgG2b and
IgM antibodies compared with control group
(P<0.001). Experiments carried out triplicate and values
are shown as the mean ± S.D

bacterial loads in skin (eschar) of immunized (r-
PcrV injected) mice decreased but was not

statistically significant (P>0.05) in comparison with
the control (PBS injected) mice (Fig. 10).

Fig. 9. Survival rate: Antibodies against r-PcrV
effectively enhanced survival rate of immunized (r-PcrV
injected) group in contrast to non-immunized (control
or PBS injected) group after challenge with P.aeruginosa
PAO1. Also it must be noted that all mice in witness
group (only burned without challenge) survived

Fig. 10. Bacterial load in skin, liver and spleen: The
effect of immunization process with r-PcrV on local
and systemic spread of P.aeruginosa PAO1 after the
burn wound infection. (Mean±SD)

DISCUSSION

P.aeruginosa is an opportunistic
pathogen that frequently causes severe infection
and septicemia in immunocompromised hosts
especially in patients with major burn injuries28,30.

Burns are one of the most common and
destructive forms of trauma that predispose
patients to infect by P.aeruginosa because of the
damage to protective skin barrier and suppression
of the immune system. The burn process provides
a susceptible environment for local colonization
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and increases shedding of bacterium into the
bloodstream, leading to systemic infection.
Statistical studies indicate that this infection is
associated with a high rate of mortality in burn
patients9, 19, 29, 31-33. Hereon, burn patients require
immediate specialized care.

The main purpose of this study was to
evaluate the feasibility of using r-PcrV as a
candidate vaccine against P.aeruginosa infections
in burn injuries. Previous studies revealed the vital
role of PcrV in P.aeruginosa burns infections19.
This study demonstrates the protective efficacy
of the anti-PcrV antibodies in thermal injury mouse
models infected by P.aeruginosa PAO1. The results
showed that PcrV can be a target immunogen in
vaccine production against P.aeruginosa.

The ELISA results revealed that
immunization process with r-PcrV can induce
production of specific antibodies against PcrV
protein in the immunized groups. On the other hand,
to investigate the protective effect of these
antibodies, survival rate and bacterial burden,
(systemic and local spread), was evaluated in
burned mice sepsis model that infected with
P.aeruginosa PAO1. Antibodies could be a major
factor in removal of extracellular pathogens, such
as P.aeruginosa. In the presence of this pathogen,
produced antibodies could bind to the target
antigen of this bacterium and activate complement
system. This phenomenon  increased
phagocytosis of this pathogen through
opsonization process. The result of a similar study
by Sawa showed that PcrV immunization provides
protection in the lung infection mouse models21.
In addition, we demonstrated that immunization
with PcrV significantly increased survival of mice
against infections caused by P.aeroginosa PAO1,
in the burned wound model .The data described
here, in confirms the results of a similar study, by
Ian Alan Holder et al. While in their studies pET16b
(belonging to pET family), vector was used to
express PcrV protein, but we used pET24a14,19. In
addition, there was a difference in immunization
schedules .They used one booster dose after
immunization without adjuvant, but in ours, two
booster doses with incomplete Freund’s adjuvant
were used . Frank et al. showed polyclonal
antibodies that bind to PcrV of P.aeruginosa inhibit
the delivery of type III toxins, and enhance the
clearance of high cytotoxic strain of P.aeruginosa,

during acute lung infections. We obtained similar
results in burn infections22 .To date, four type III
secretory effectors (ExoS, ExoT, ExoU, and ExoY)
were identified in P.aeruginosa. A relation was
found between bacterial counts in wound biopsy,
the appearance of bacteremia and positive blood
cultures and production of these toxins33-35.

It seems that these toxins play an
important role in the occurrence of P.aeruginosa
bacteremia, and its lethality in burned patients.
They contribute to dissemination of P.aeruginosa
within the body of burned patients, and its
horizontal spread within the burned skin. It is also
responsible for overall virulence of P.aeruginosa.
While the mentioned toxins, other proteins and
enzymes secreted by type III secretion system, are
important in burned wound infection. Thus,
protective antibodies against PcrV could inhibit
the proper function of type III secretion system
and enhance the clearance process of
P.aeruginosa in burned wound models.  The death
of non-immunized mice during 24-96 hrs post-burn/
infection with P.aeruginosa PAO1 indicate that this
pathogen can proliferate in the burned area. This
means the pathogen can overcome innate
immunity, disseminate to internal organs , cause
bacteremia, septicemia, septic shock and finally
death of infected mice. These results support the
findings of Holder14,19.

Our findings provide in vivo evidence
that specific antibodies against r-PcrV are have
important in bacterial clearance and systemic
spread of P.aeroginosa PAO1 infection, following
burn injury. In general, we confirmed that systemic
spread of the challenge strain in immunized (r-PcrV
injected) group, is remarkably lower (p<0.001) than
the control (PBS injected) group. Our results
suggested that anti-r-PcrV antibodies play an
important role in inhibiting the systemic spread of
P.aeruginosa PAO1 from the site of infection to
internal organs, whereby, antibodies against r-PcrV
significantly reduced mortality and morbidity (65%
in immunized group) of mice in the sepsis model of
P.aeroginosa PAO1 infections.

However, we revealed that in the thermally
injured immunized mice, P.aeroginosa, was not
efficiently inhibited from colonizing at the primary
infection site (burn wound), but could not spread
systemically. It is possible that this inconsistency
is due to the devascularized state of the burn



J PURE APPL MICROBIO, 9(2), JUNE 2015.

943GOLPASHA et al.:  HOW r-PcrV INDUCED POLY-ISOTYPIC HUMORAL IMMUNE RESPONSES

wound that allows an uncontrolled proliferation of
P.aeroginosa. There was not a significant
difference between the immunized and non-
immunized group. The same observation was
reported by Ian Alan Holder14,19.

Our results display functional responses
of the humoral immune system in immunized mice,
in contrast to control group. Overall, it is seems
that immunization of mice with r-PcrV immunogen
induces poly-isotypic humoral immune re-sponse.
Considering this fact that each isotype of
antibodies has a unique function in humoral
immune responses. The production of poly-
isotypic antibodies shows that r-PcrV, could
stimulate humoral immune response with excellent
bioactivity35-39. Our results supported the resulrs
of Neely who showed immunization with PcrV,
enhanced survival of mice challenged with different
serogroups of P.aeruginosa14. The pattern of
expressed antibodies revealed that both cellular
and humoral immune responses were involved in
clearance of P.aeruginosa infections. Isotype
antibody analysis, showed that the IgG1 was
produced more than IgG2a in immunized (r-PcrV
injected) group. This phenomenon (IgG1/IgG2a
response) indicated although both humoral and
cellular immune system are activated, humoral
immunity is dominant immune response against
P.aeruginosa in burn wound sepsis model. These
data display functional responses of the humoral
immune system in immunized groups, in contrast
to control group. Humoral immune response
eventually led to efficient immobilization of
pathogen and moderate killing activity, mediated
by opsonic antibody. Our results showed that
systemic spread of this pathogen within the liver
and spleen of burned/infected mice were
significantly lower than those observed in control
groups. These data suggested that anti PcrV
antibodies play an important role in inhibiting the
systemic spread of P.aeruginosa PAO1 from the
site of infection to internal organs by prevention
of type III secretion system function. Finally,
according to the previous studies on the efficient
dose of r-PcrV immunogen, we used the dose of 10
(µg/mouse) from r-PcrV  for immunization of mice19.
Different immunogen (r-PcrV) concentrations
could be evaluated in future studies. We used the
Freund’s adjuvant, using other adjuvants can be
used. In addition, we followed the survival rate of

mice two weeks after challenge , and recommend
that more time is needed  to be spent on it  in future
studies.

CONCLUSION

We demonstrated that r-PcrV can be
expressed in E. coli BL21 (DE3) at a high level and
stimulated humoral immune responses in burn
wound infection murine model. Isotype antibody
analysis showed that the IgG1 was produced more
than IgG2a in r-PcrV-injected group. This
phenomenon indicates that humoral immunity is
dominant immune response against P.aeruginosa
in burned wound infection models. This process
limits the systemic spread of infection and survival
of infected models against lethal dose of P.
aeruginosa PAO1. These positive effects reveal
that PcrV protein can be used as a potential vaccine
against P.aeruginosa strains. This however
warrants future studies.
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