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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 (IgG,, IgG,a, IgG,b 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 IgG, was
produced more than IgG,a 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 Paeruginosa.
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Pseudomonas (P.) aeruginosa is an
opportunistic pathogen that causes a wide range
of acute and chronic infections*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 fibrosis*®.

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 theimmune system®’. On the other
hand, ability of P.aeruginosa to survive under
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different environmental conditions, combined with
its inherent resistance to different antibiotics,
allows it to colonize and proliferate within the
burned wound®®. Thislocalized proliferation may
lead to systemic sepsis, which is often associated
with a high rate of mortality in burn patients.
Statistical studiesindicate that approximately 10%
of burn patients become infected with
P.aeruginosa and of those, up to 80% die from
P.aer uginosa septicemia’®. 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
considered!®*2,

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.aeruginosal®2, Serum therapy has
various advantages. lower cost, lower toxic effects
and a potential of this process to overcome
antibiotic resistance strains'*!. Hereupon,
extensive research studies were done on the
pathogenesis mechanisms of P.aeruginosain 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 factorsis type
[11 secretion system that injects effector proteins
and toxinsdirectly into adjacent eukaryotic cytosol
across the eukaryotic plasmamembrane!'+*8, Type
I11 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 cells!® °, PcrV protein,
(also known as V antigen) plays a uniquerole in
this phenomenon. However, the mutants of
P.aeruginosa lacking the genesof PcrV wereunable
to intoxicate eukaryotic cells'®2,

Previous studies have revealed that
active and passiveimmunization against PcrV can
increase survival in animal models with lung
infection induced by P.aeruginosa®?. 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 asa
vaccine candidate against P.aeruginosa, and also
to investigate how PcrV would promote the
humoral immune responses. On the other word we
goingtorevea how PcrV immunization can protect
burned mouse against P.aeruginosa, infections
and fuscous on Immunoreactivity in this
procedure. Our findings, for thefirst time showed
how PcrV immunization is able to induce poly-
isotypic humoral immune response.

MATERIALS AND METHODS

Bacterial Srainsand Vectors

P.aeruginosa strain PAO1 was obtained
from Pasteur Institute (Iran). E.coli strains DH5a
(Invitrogen, California USA) and BL21 (DE3)
(Novagen Wisconsin, USA) were used for cloning
and expression of recombinant PcrV protein,
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respectively. pET24a (Novagen, Wisconsin USA)
was used as expression vector.
PCR of PcrV Gene Segment

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

Thedesigned primersused for amplifying
PcrV, had nucleotide sequence asfollows: Forward
primer, containing arestriction sitefor BamH| (5-
ATGGATCCGAAGTCAGAAACCTTAATGC-3)
and reverse primer with Hindl 11 restriction site (5'-
GGCAAGCTTGTAGATCGCGCTGAG-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' sinstructions. Then, the purified PcrV
fragment was digested with restriction enzymes)
Hindlll and BamH1 (and ligated into the digested
pET24a vector. Thisprocessprovidessix histidine
residues, (His-tag), on the C-terminal side of the
expressed PcrV protein. Recombinant construct
was transformed into the competent E.coli DH5«
cells. The completeness of the recovered plasmid
was confirmed by controversial methods such as
colony PCR, restriction enzymes digestion method
and sequencing® %,

PcrV Expression

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

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
NaH_PO,, 8 M urea, and 0.01 M Tris, pH 8.0)
containing proteaseinhibitors.Cell suspensionwas
sonicated and centrifuged for 15 min at 20000 rpm,
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recombinant protein (approximately 34kDa) was
purified viaits His-tag, by using Ni-nitrilotriacetic
acid affinity chromatography (Ni-NTA Agarose;
Qiagen), according to manufacturer’sinstructions.

PcrV protein solution was dialyzed
against 0.1 M phosphate buffered saline (PBS, pH
7.4) for 72 hoursto remove ureaand stored at -70
°C until use. It must be reminded that the absence
of detectable levels of endotoxinin final solution
was verified by aLimulus amoebocyte lysate assay
after purification process™ .
Western Blot Analysis

Separated proteins by SDS-PAGE were
transferred to a nitrocellulose membrane
(Schliecher & Schuell). Blocking processwasdone
by using Tris-Buffered Saline (TBS) containing 5-
10% Bovine Serum Albumin (BSA) overnight at 4
°C. 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, membranewastreated with DAB
solution (SigmaSaint Louis, MO, USA), and placed
inthe darkness, until the appearance of the protein
band24, 25'
Micelmmunization

The groups of mice (Six to eight weeks
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old female BALB/c mice) obtained from Pasteur
Institute of Iran. The micewerekept under standard
laboratory conditionsfor oneweek before applying
the antigen. They were given free access to water
and food and maintained in alight/dark cyclewith
lights (12 h / 12 h). In next step, the mice were
assigned into the two groups (N=14) and
immunized with 10 ug of r-PcrV or PBS(for control
group).

Hereupon, the concentration of 0.2 mg/
ml, of r-PerV proteinin PBSwas prepared and mixed
with equivalent ratio (1:1) of Complete Freund's
adjuvant (Sigma, Saint Louis, MO, USA). Finally,
0.1 ml of thissolution (containing 10 g 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 (PBSinjected group
or Control group). Immunization procedure was
performed according to the specific schedul e that
isshownin 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
immuni zation, mice were bled viatheretro-orbital
sinus and the sera were separated and stored at -
20°C until futureanalyzed (Fig. 1)*1%,
Specific Total 1gG

Optimizedindirect 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 microtiter plate was coated with
100 pL of 10 pg/ml r-PerV protein, diluted in PBS
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Fig. 1. Immunization: Schematic diagram of immunization process, and timing of future studies to evaluate the

efficacy of thisimmunization courses
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buffer (1 pg/well) and incubated overnight at 4 °C.
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 hoursat 37 °C. Plateswere
washed and 100 L of (/100 to 1/204800), diluted
serain blocking buffer was added into each well
and incubated for 2 hours, at 37 °C. In next step,
thewellswere washed and incubated with diluted
(1:7000) HRP-conjugated anti mouse-1gG
antibodies, (Sigma, USA) (as secondary antibody),
at 37 °C for 2 hours. Then, immunoplates were
washed five times and incubated for 30 min with
100 pL tetramethylbenzidine (TMB) as the
substratein darkness. The enzymatic reaction was
stopped by adding 100 pl of H,SO,(2N). Optical
density wasread at 450 nm (OD 450). Thistest was
done, to compare and analyzed alteration of total
specific anti-r-PcrV antibodies after each
immuni zation process®?#,
| sotypesAntibodies

After third immunization, the existence of
anti-r-PerV specific subclassigG,, 19G,a, 19G,b, 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
pL of 1:100 diluted sera (in blocking buffer) was
added into each well. Following the incubation
process (one hour) , wellswerewashed and 100 L
of 1:1000dilutionsof anti-mouselgG,, 19G,a, 19G,b,
and IgM subclasses, as secondary antibodies,
were added. After washing three times, 100 uL of
HRP-conjugated anti-mouse antibodies (Sigma)
were added to each well. The plates were washed
five times and incubated with 100 uL of TMB
substrate (30 min) inthe darkness. The Peroxidase-
TMB reaction, was stopped by adding H,SO, (2N),
and the color density was measured at 450 nm?® 2>
27
Thermal Injury Mode

Thermal injury process was done
according to the method devel oped by Stieritz and
Holder with slight modifications® *°. Four weeks
after thelast 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
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back hairs of the mice, were shaved (2.5x2.5cm),
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 lethal® *° 2,

Bacterial Challenge

To evaluate the protective efficacy of
produced anti-seraagainst r-PcrV, the survival of a
burned mouse model against a lethal dose of
P.aeruginosa PAOL, infection was investigated.
Previous studies revealed that thermal injury
caused immune suppression and reduced the lethal
dose of P.aeruginosa from 10° CFU to a 10?- 10°
CFU in these models® *°.

For bacterial challenge, P.aeruginosa
PAO1 was grown overnight on brain-heart infusion
broth (BHI). 50-100 pl of 24h culture, were
transferred into the 5ml BHI broth under agitation
(200 rpm) at 37°C 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 bacteriaininjected
inoculate, was counted by plating 100 pL of each
dilution onto MacConckey agar plates. An
inoculumsof 5-6x10°CFU (3foldshigherthanLD,)
was used and administered in 100 pL volume
subeschar immediately after thermal injury process
in burned site .A new group was defined in this
section that contained only burned model swithout
the challenge as witness group. The animalswere
monitored for survival twice aday up to 14 days™
19, 26
Bacterial Burden

Theefficacy of anti-r-PcrV antibodiesto
inhibit the distribution of P.aeruginosa PAOL from
infected wound to internal organs was assessed.
Twenty five hrs after the challenge (post burn/
infection), bacterial load wasanalyzedin skin, liver
and spleen.

Four mice of each group were sacrificed
and a biopsy of their burned skin (1.5x1.5 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 Sorval, Inc,
Norwalk, Conn.). For bacterial counting, serial
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dilutions (10! -10“fold) of homogenates were
preparedin PBS. In next step, 100 pl of each diluted
suspension were cultured in triplicate on
Pseudomonas selection agar plates (Merck,
Germany), then plateswere incubated at 37°C and
the number of CFUswas counted after 24-48 hours.
Results were expressed as log, CFUg™ of wet
weight for infected organs®1°2,
Satistical analysis

For statistical analysis, the software
statistical packagefor social sciences (SPSS) 20.0
wasused. All datawerereported asthemean£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 significant®®,

RESULTS

PcrV amplification and construction of pET24a-
Pcrv

Genomic DNA of Paeruginosa PAO1 was
extracted and used astemplatetoisolate PcrV gene.
The expected size of PCR product was 885hp,
(Fig. 2).

Theintegrity of PcrV into the pET24awas
confirmed by colony-PCR method that used

Fig. 2. pcrV amplification : Electrophoresis of PCR
product on 1% agarose gel. 885 bp (lane 1 and 2)
fragmentswere amplified by specific primersfrom pcrV
genein P.aeruginosa PAOL. lane M, DNA size marker
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specific designed primers and double digestion
method with Hindlll and BamHI as restriction
enzymes (Fig. 3). Finally, sequencing processwas
doneto reveal identity and orientation of PcrV gene
with the references sequence. The results showed
100% homology between them.

T —— e

L TR i

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 Hindl 11,
Lane4 PCR product of pcrV gene (885bp), LaneM 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 pg. 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
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SDS-PAGE Analysis

SDS-PAGE resultsreveal ed that onemajor
band around the 34kDa position in lysate of
samples that induced with IPTG which was
expected position for PerV fraction. In next step,
recombinant protein was purified with Ni-NTA
affinity chromatography (Fig. 4).

Western Blot Analysis

Western blot analysis was conducted to
confirmtheexpression of desired protein. Themajor
band observed in SDS-PAGE was analyzed with
anti-r-PerV antibodies (anti his-tag antibodies) to
demonstrater-PcrV protein (about 34kDa) (Fig. 5).
Antibody Responses

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

Theresult of thetotal 1gG 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 1gG
subclasses (19G,/19G,a/l1gG,b), and total IgM were
analyzed. Results indicated that the levels of
specific anti-r-PcrV, subclass antibodies in the
serum of infected micediffered significantly among
thetwo groupsin thisexperiment. Theimmunized
(r-PerV injected) group, showed higher level of r-
PerV-specificlgG, (P<0.001), 19G,a(P<0.001), IgG,b
(P<0.001) and IgM (P<0.001), in contrast to control
group (PBSinjected) (Fig. 8).

Survival Rate

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

The results indicated that the antibodies
against r-PcrV caused 65% survival inimmunized
group, within 14 days after the burn wound
infection with P.aeruginosa PAOL. However, there
was no protection effect observed in the control
group, and all mice died only 4 days after the
challenge process (Fig. 9).
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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 burdenin skin and internal organs
(liver and spleen), was examined 25 hour after the
burn wound infection, with P.aeruginosa PAOL.

Theresultsindicated that immunized (r-
PcrV injected) mice had alower number of colony-
forming units (CFU) of PaeruginosaPAOLinliver
and spleen, in comparison with non-immunization
(PBS injected) mice, (P<0.001) (Fig. 10). The

100
70

34 kDa PorV

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
noneinduce samples. Lane M: Protein sizemarker (kDa)
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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 1gG antibody at the dilution of 1/100 to 1/
204800. Values presented asmean £S.D of experimental
group (n=14)
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bacterial loads in skin (eschar) of immunized (r-
PcrV injected) mice decreased but was not

185 B PBS (Inj) - Control

E3 r-PerV (Inj)

0.4

Total anti r-PerV
antibody titers - (OD 450 nm)

Fig. 7. Total 1gG antibody response: Variation of total
1gG anti-r-PerV antibodiesin seraof 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)
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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 PBSinjected) group after challengewith P.aeruginosa
PAOL. Also it must be noted that al mice in witness
group (only burned without challenge) survived

DISCUSSION

P.aeruginosa is an opportunistic
pathogen that frequently causes severe infection
and septicemia in immunocompromised hosts
especially in patientswith major burn injuries®=°,
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statistically significant (P>0.05) in comparison with
the control (PBSinjected) mice (Fig. 10).
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Fig. 8. Poly-isotypic anti-r-PcrV antibody titers :
Immunization with candidate vaccine (r-PcrV)
significantly increased specific 19G,, 19G,a, |gG,b and
IgM antibodies compared with control group
(P<0.001). Experiments carried out triplicate and values
are shown asthe mean + S.D
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Log, , CFLYgram of tissue

e e T T

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)

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 theimmune system. The burn process provides
a susceptible environment for local colonization

J PURE APPL MICROBIO, 9(2), JUNE 2015.
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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
patients® 1 2 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.aer uginosa infections
inburninjuries. Previous studiesrevealed thevital
role of PcrV in P.aeruginosa burns infections'®.
This study demonstrates the protective efficacy
of theanti-PcrV antibodiesin thermal injury mouse
modelsinfected by P.aeruginosa PAOL. Theresults
showed that PcrV can be atarget 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
proteinin theimmunized 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 inremoval of extracellular pathogens, such
as P.aeruginosa. In the presence of this pathogen,
produced antibodies could bind to the target
antigen of thisbacterium and activate complement
system. This phenomenon increased
phagocytosis of this pathogen through
opsonization process. Theresult of asimilar study
by Sawashowed that PcrV immunization provides
protection in the lung infection mouse models?.
In addition, we demonstrated that immunization
with PcrV significantly increased survival of mice
against infections caused by P.aeroginosa PAOL,
in the burned wound model .The data described
here, in confirms the results of asimilar study, by
lanAlan Holder et al. Whilein their studies pET16b
(belonging to pET family), vector was used to
express PcrV protein, but we used pET24a'**°. 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
antibodiesthat bind to PcrV of P.aeruginosainhibit
the delivery of type Il toxins, and enhance the
clearance of high cytotoxic strain of P.aeruginosa,
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during acute lung infections. We obtained similar
results in burn infections? .To date, four type I11
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 toxins®,

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 withinthe burned skin. Itisalso
responsiblefor overall virulence of P.aeruginosa.
While the mentioned toxins, other proteins and
enzymes secreted by typel |l secretion system, are
important in burned wound infection. Thus,
protective antibodies against PcrV could inhibit
the proper function of type Il secretion system
and enhance the clearance process of
P.aeruginosain burned wound models. The death
of non-immunized mice during 24-96 hrspost-burn/
infection with P.aeruginosa PAOL indicatethat 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 Holder'*1,

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
burninjury. In general, we confirmed that systemic
spread of the challenge straininimmunized (r-PcrV
injected) group, isremarkably lower (p<0.001) than
the control (PBS injected) group. Our results
suggested that anti-r-PcrV antibodies play an
important rolein inhibiting the systemic spread of
P.aeruginosa PAOL from the site of infection to
internal organs, whereby, antibodiesagainst r-PcrV
significantly reduced mortality and morbidity (65%
inimmunized group) of miceinthe sepsismodel of
P.aeroginosa PAOL infections.

However, wereved ed that inthethermally
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 thisinconsistency
is due to the devascularized state of the burn
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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 lan Alan Holder4,

Our results display functional responses
of the humoral immune systeminimmunized mice,
in contrast to control group. Overal, it is seems
that immuni zation of micewith 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
bioactivity®=, Our results supported the resulrs
of Neely who showed immunization with PcrV,
enhanced survival of mice challenged with different
serogroups of P.aeruginosal®. 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 1gG, was
produced more than 1gG,ain immunized (r-PcrV
injected) group. This phenomenon (1gG,/IgG,a
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 rolein inhibiting the
systemic spread of P.aeruginosa PAO1 from the
site of infection to internal organs by prevention
of type Il secretion system function. Finally,
according to the previous studies on the efficient
dose of r-PcrV immunogen, we used the dose of 10
(ng/mouse) fromr-PerV for immunization of mice'.
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
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mice two weeks after challenge , and recommend
that moretimeisneeded to bespent onit infuture
studies.

CONCLUSON

We demonstrated that r-PcrV can be
expressed in E. coli BL21 (DE3) at ahighlevel and
stimulated humoral immune responses in burn
wound infection murine model. |sotype antibody
analysis showed that the IgG, was produced more
than 1gG2a 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
limitsthe systemic spread of infection and survival
of infected models against lethal dose of P.
aeruginosa PAOL. These positive effects reveal
that PcrV protein can be used asapotential vaccine
against P.aeruginosa strains. This however
warrants future studies.
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